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Supplement 33: Position paper on olfactory dysfunction: 2023

Abstract 
Background: Since publication of the original Position Paper on Olfactory Dysfunction in 2017 (PPOD-17), the personal and so-

cietal burden of olfactory disorders has come sharply into focus through the lens of the COVID-19 pandemic. Clinicians, scientists 

and the public are now more aware of the importance of olfaction, and the impact of its dysfunction on quality of life, nutrition, 

social relationships and mental health. Accordingly, new basic, translational and clinical research has resulted in significant pro-

gress since the PPOD-17.

In this updated document, we present and discuss currently available evidence for the diagnosis and management of olfactory 

dysfunction. Major updates to the current version include, amongst others: new recommendations on olfactory related termino-

logy; new imaging recommendations; new sections on qualitative olfactory dysfunction (OD) and COVID-19 olfactory dysfunc-

tion; and an updated management section. Recommendations were agreed by all co-authors using a modified Delphi process.

Conclusions: We have provided an overview of current evidence and expert-agreed recommendations for the definition, inves-

tigation, and management of olfactory dysfunction. As for our original Position Paper, we hope that this updated document will 

encourage clinicians and researchers to adopt a common language, and in so doing, increase the methodological quality, consis-

tency, and generalisability of work in this field.

Key words: smell, olfaction disorders, therapeutics, investigative techniques 
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Abbreviations
ACE2 Angiotensin-converting enzyme 2

AERD Aspirin exacerbated respiratory disease

ALA α-linolenic acid 

APOE Apolipoprotein E

AUC Area under receiver operating characteristic (ROC) curve

BAST-24 Barcelona Smell Test – 24 odours

BID Twice a day

BOT-8 8-Odourant Barcelona Olfactory Test 

B-SIT Brief Smell Identification Test

C19OD COVID-19-associated olfactory dysfunction

cAMP Cyclic adenosine monophosphate

CCAD Central compartment atopic disease

CCCRCT Connecticut Chemosensory Clinical Research Center Test

CC-SIT Cross-cultural Smell Identification Test

CENTRAL Cochrane Central Register of Controlled Trials

cGMP Cyclic guanosine monophosphate

CI Confidence interval

CNS Central nervous system

COVID-19 Coronavirus disease 2019

COWoG Clinical Olfactory Working Group

CRS Chronic rhinosinusitis

CT Computed Tomography Scan

DHA Docosahexaenoic acid

EEG Electroencephalography

ENT Ear, Nose, and Throat

EOG Electroolfactogram

EPA Eicosapentaenoic acid

FESS Functional endoscopic sinus surgery

fMRI Functional magnetic resonance imaging

GA2LEN Global Allergy and Asthma European Network

GBC Globose stem cells

H2S Hydrogen sulfide

HAAS Honolulu Asia Aging Study

HBC Horizontal stem cells

HIV Human immunodeficiency virus

IFT88 Intraflagellar Transport 88

IL Interleukin

IU International units

KNHANES Korea National Health and Nutrition Examination Survey

LIFE LIFE-Adult-Study of the Leipzig Center for Civilization Diseases

LoS Loss of Smell Scale

MAP Memory and Aging Project

MCID Minimal clinically important difference

MCS Multiple chemical sensitivity, also idiopathic environmental intolerance

MeSH Medical subject heading

MMSE Mini-mental State Examination
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MRI Magnetic Resonance Imaging

NAC N-acetylcysteine

NHANES National Health and Nutrition Examination Survey

NHIS National Health Interview Survey

NSHAP National Social Life, Health, and Aging Project

OB Olfactory bulb

OBP Odorant binding protein

OC Olfactory cleft

OCES Olfactory Cleft Endoscopy Scale

OD Olfactory dysfunction

ODOUR Olfactory Dysfunction Outcomes Ratings

OE Olfactory neuroepithelium

OERP Olfactory event-related potential

OFC Orbitofrontal cortex

OLFACAT Olfaction in Catalonia

OR Olfactory receptor

OSC Olfactory sustentacular cells

OSN Olfactory sensory neuron

OT Olfactory training

pBOT-6 6-Odourant Paediatric Barcelona Olfactory Test 

PD Parkinson’s disease

PET Positron emission tomography

PIOD Post-infectious olfactory dysfunction

PPE Personal protective equipment

PROM Patient-reported outcome measures

PRP Platelet-rich plasma

PTOD Post-traumatic olfactory dysfunction

QID Four times a day

QOD Questionnaire of Olfactory Disorders

QOD-NS Questionnaire of Olfactory Disorders-Negative Statements

Q-SIT 3-item Quick Smell Identification Test

RA Retinoic acid

RAND/UCLA Research and Development/University of California – Los Angeles

REACT-1 REal-time Assessment of Community Transmission

RNA Ribonucleic acid

SARS-CoV-2 Severe Acute Respiratory Syndrome associated coronavirus 2

SC Subcutaneous injection

SD Standard deviation

SDOIT San Diego Odour Identification Test

SIT/SIT-40 40-item Smell Identification Test (previously known as UPSIT)

SNAC-K Swedish National Study on Aging and Care in Kungsholmen

SNOT-22 Sino-nasal Outcome Test – 22 

SOIT Scandinavian Odour Identification Test

sQOD-NS Short version of Questionnaire of Olfactory Disorders – Negative Statements

SR Steroid responsiveness

SSParoT Sniffin Sticks Parosmia Test

T&T Toyota & Takagi Olfactometer

TDI Threshold, Discrimination, Identification Score, as in extended “Sniffin’ Sticks” Olfactory Test
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TID Three times a day

TMPRSS2 Transmembrane serine protease 2

UK United Kingdom

UPSIT University of Pennsylvania Smell Identification Test

UPSIT-TC UPSIT Traditional Chinese Version

URTI Upper respiratory tract infection

US/USA United States of America

UV Ultraviolet

VAS Visual analogue scale

WMD Weighted mean difference
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Executive summary

Since publication of the original Position Paper on Olfactory 

Dysfunction in 2017 (PPOD-17), the personal and societal bur-

den of olfactory disorders has come sharply into focus through 

the lens of the COVID-19 pandemic. Clinicians, scientists and the 

public are now more aware of the importance of olfaction, and 

the impact of its dysfunction on quality of life, nutrition, social 

relationships and mental health. Accordingly, new basic, trans-

lational and clinical research has resulted in significant progress 

since the PPOD-17. However, the overall quality of evidence, 

particularly for the management of olfactory dysfunction (OD), 

continues to lag behind that of other sensory impairments. 

In this updated document, we present and discuss currently 

available evidence for the diagnosis and management of olfac-

tory dysfunction. Major updates to the current version include: 

1. New recommendations on olfactory related terminology.

2. New sections on qualitative olfactory dysfunction (paros-

mia and phantosmia), including pathophysiology, assess-

ment, and treatment.

3. New section on COVID-19-related olfactory dysfunction, 

including clinical presentation and pathogenesis.

4. New imaging recommendations according to underlying 

aetiology.

5. Updated management section – including new medica-

tions such as biological therapies as well as updates on 

research related to olfactory training and surgery. Sum-

mary evidence is now presented in table form according to 

aetiology.

6. New section on novel treatments including research on: 

vitamin A; olfactory implants; stem cell therapies; gene the-

rapy; platelet-rich plasma; omega-3 fatty acids; N-acetylcys-

teine, and other treatments.

7. New section on unmet needs and future research.

The recommendations found within this document were agreed 

by all co-authors using a modified Delphi process. Recommen-

dations and key points can be found in the summary below.

Summary of contents

Terminology
Heterogeneity in olfactory related terminology is still present in 

the literature. We recommend terminology in keeping with the 

recently published consensus statement from the Clinical Olfac-

tory Working Group (725), as outlined in Table 1. Most notably, the 

term ‘functional anosmia’ is replaced with ‘anosmia’. 

Recommendation:

➢ We recommend the use of the terms highlighted in bold in 

the above table, with their associated definitions.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7)

Epidemiology of olfactory dysfunction
Estimated prevalence rates vary according to assessment 

technique and sample population. It is therefore important that 

studies are interpreted and planned with this in mind. The pre-

valence of olfactory dysfunction increases with age. Idiopathic 

dysfunction in older adults is linked with cognitive decline and 

increased risk of mortality. Other factors, such as male gender, 

smoking and race/ethnicity have been linked to dysfunction in 

some, but not all studies. 

Key Points:

• Estimates of olfactory dysfunction prevalence vary with as-

sessment method and should ideally be determined using a 

validated psychophysical tool for the population in question, 

Table 1. Definitions of terminology used in olfactory research/practice.

Normosmia Quantitatively normal olfactory function  

Hyposmia 
(or ‘microsmia’)

Quantitatively reduced olfactory function.

Anosmia Quantitatively reduced olfaction to the extent 
that the sense of smell is not useful in daily life

Specific Anosmia 
(or ‘partial anosmia’)

Quantitatively reduced ability to smell a speci-
fic odour despite preserved ability to smell the 
vast majority of other odours. 

Hyperosmia Quantitatively increased ability to smell 
odours (>90th percentile of scores in an 
olfactory test)

Olfactory 
intolerance

Qualitative olfactory dysfunction where indivi-
duals, without odor distortions, complain of a 
subjectively enhanced sense of smell and are 
intolerant of everyday odors

Parosmia Qualitative dysfunction in the presence of 
an odourant (i.e., distorted perception of an 
odour stimulus).

Phantosmia Qualitative dysfunction in the absence of 
an odourant (i.e., an odourant is perceived 
without concurrent stimulus, an ‘olfactory 
hallucination’).

Orthonasal 
olfaction

The perception of odourants anteriorly due to 
airflow from the nostrils to the olfactory clefts, 
e.g., during sniffing.

Retronasal 
olfaction

The perception of odourants located within 
the oropharynx, caused by airflow to the 
olfactory clefts via the nasopharynx during 
swallowing or nasal exhalation.
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in addition to subjective reporting.

• Meta-analytic work demonstrates that olfactory dysfunction 

affects approximately 22% of the general population (46). 

• Normal aging significantly contributes to this burden.

Anatomy and physiology of olfaction
Except for in rare cases, olfactory perception requires intact 

peripheral and central systems. Peripherally, olfactory sensory 

neurons are found within the neuroepithelium of the olfactory 

cleft, and following activation by odourants, transmit signals via 

their axons (collectively CN I) to the olfactory bulb. Following 

signal integration at the level of the olfactory bulb, further pro-

cessing occurs within structures of the primary and secondary 

olfactory networks. 

Key point:

• Olfactory sensory neurons are prone to damage due to their 

exposed position but are capable of regeneration from stem 

cells found within the olfactory neuroepithelium.

Causes and classifications of olfactory dysfunction 

There are many possible underlying causes of olfactory dys-

function. The most common of these are (excluding dysfunction 

related to age): sinonasal disease (including CRS, particularly in 

Type-2/CRSwNP), post-infectious olfactory dysfunction, post-

traumatic olfactory dysfunction and dysfunction related to neu-

rological diseases. Idiopathic olfactory dysfunction is a diagnosis 

of exclusion, that should only be made after exhaustive work up. 

Recommendation:

➢ Classification of olfactory dysfunction should be according to 

underlying aetiology (e.g., post-infectious, post-traumatic etc).

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

➢ Idiopathic olfactory dysfunction is a diagnosis of exclu-

sion that should only be made following careful assessment, 

including normal MRI and exclusion of underlying inflammatory 

pathology.

o Delphi result: Agreed (score 7-9 = 93.5%, average score 8.5)

Qualitative olfactory dysfunction
Parosmia and phantosmia are the most common types of qua-

litative olfactory dysfunction, and can have significant impact 

on quality of life and nutrition. The pathophysiology of such 

dysfunction has not yet been fully delineated, and may involve 

both peripheral and central elements. At present, the evidence 

base for treatment of qualitative dysfunction is poor, limiting 

possible recommendations on their use. 

Recommendation:

➢ The presence of parosmia or phantosmia, and their poten-

tial underlying causes, should be established through careful 

medical history. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7)

➢ Structured symptom questionnaires, severity scores, and 

psychophysical olfactory tests may be used as adjuncts to 

diagnosis.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

➢ Due to their frequency of co-occurrence, assessment for 

quantitative olfactory dysfunction should be undertaken when 

qualitative dysfunction is reported.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

➢ Imaging in qualitative dysfunction may be of use where there 

is suspicion of an endogenous odour source, or central patho-

logy. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.6)

➢ Where a neurological or psychiatric cause is suspected, ap-

propriate specialist input should be sought. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.8)

Clinical assessment
Thorough assessment of olfaction includes the medical history, 

clinical examination, chemosensory testing ± structural ima-

ging. With regards to these, we make the following recommen-

dations:

Recommendation:

History 

➢ Thorough clinical histories should be sought from all 

patients.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.9)

Examination

➢ Patients with suspected olfactory dysfunction should un-

dergo a full ENT examination, including nasal endoscopy with 

careful inspection of the olfactory cleft. 

o Delphi result: Agreed (score 7-9 = 98%, average score 8.8)

➢ Basic neurological examination should be undertaken 

where there is suspicion of an underlying neurological aetio-

logy, or in otherwise assumed idiopathic cases, though formal 

and detailed neurocognitive testing can be deferred to the 

appropriate specialists. 

o Delphi result: Agreed (score 7-9 = 96%, average score 8.7)

Subjective olfactory assessment

➢ In patients reporting olfactory dysfunction, subjective 

olfactory assessment should be undertaken in order to fully 

determine quality of life and disease burden, as well as the 

clinical impact of interventions.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.6)

➢ When possible, validated questionnaires should be used. 

When this is not possible, a recognised form of assessment, 

possibly quantitative and/or anchored, such as a visual analo-
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gue scale, should be used.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5)

➢ Subjective olfactory assessment should not be relied upon 

in isolation.

o Delphi result: Agreed (score 7-9 = 91%, average score 8.4)

Psychophysical olfactory assessment: general

➢ Psychophysical olfactory assessment tools should be relia-

ble and validated for the target population.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.8)

➢ Psychophysical olfactory assessment tools used in clinical 

and research settings should include tests of odour threshold, 

and/or one of odour identification or discrimination. However, 

we strongly encourage to test olfactory function by including 

two or three of these subcomponents.

o Use of other suprathreshold olfactory testing modalities 

can be considered, where such tests have been validated and 

have sufficient normative data.

o Delphi result: Agreed (score 7-9 = 91%, average score 8.3)

Psychophysical olfactory assessment: children

➢ When testing olfaction in children, the test should fit the 

motivation of the child, be culturally appropriate, and valida-

ted for the target age. 

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

Psychophysical olfactory assessment: use for diagnosis of impair-

ment

➢ Definitions of olfactory impairment should only be made 

with reference to normative values for the psychophysical 

olfactory test being used.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7)

➢ Psychophysical olfactory testing should ideally begin with 

monorhinal odour threshold testing, if feasible. Where there 

is no significant difference in lateralised scores, testing may 

continue birhinally. 

o Delphi result: Agreed (score 7-9 = 70%, average score 7.2)

Psychophysical olfactory assessment: use to define clinically rele-

vant change in olfactory function

➢ When reporting changes in psychophysical olfactory test 

scores, improvement or deterioration in olfactory function 

should be defined according to established clinical correlates 

and target population for that olfactory test.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5)

Psychophysical olfactory assessment: screening

➢ Screening for abnormal olfactory function in asymptomatic 

patients should be undertaken using validated psychophysical 

olfactory tools. 

o Delphi result: Agreed (score 7-9 = 89%, average score 8.2)

➢ Patients with abnormal screening results should undergo 

full olfactory testing.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5)

Psychophysical olfactory assessment: home tests

➢ When formal psychophysical olfactory testing is not pos-

sible (for example, in acutely infectious COVID-19 patients), 

validated home smell tests may be of use.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.3)

➢ Patients with abnormal results should undergo full olfactory 

testing.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.5)

Retronasal olfactory and gustatory testing

➢ Comprehensive psychophysical assessment should include 

gustatory screening for sweet, salty, sour, and bitter tastes in 

all cases.

o Delphi result: Agreed (score 7-9 = 80%, average score 7.7)

➢ Full gustatory testing should be performed where abnor-

malities are identified on screening or where it is not possible 

to differentiate between impaired gustation and retronasal ol-

faction. Accordingly, this should ideally include discrimination 

between retronasal olfaction (flavours) and gustatory (taste) 

abnormalities.

o Delphi result: Agreed (score 7-9 = 89%, average score 7.9)

Electrophysiology and functional imaging

➢ Whilst electrophysiological and imaging studies are often 

reserved for research purposes, EEG-based olfactory testing 

can be useful for medico-legal purposes.

o Delphi result: Agreed (score 7-9 = 85%, average score 7.9) 

Structural imaging

➢ Structural imaging should be undertaken according to 

suspected underlying aetiology (Table 6). 

➢ In idiopathic olfactory dysfunction: CT of the paranasal sinu-

ses is optional and may identify inflammation not otherwise 

diagnosed by endoscopy or trial of corticosteroids; MRI brain is 

recommended.

o Delphi result: Agreed (score 7-9 = 91%, average score 8.3) 

➢ CT should be performed as first line imaging of the parana-

sal sinuses when sinonasal inflammation or bony abnormali-

ties are suspected. MRI should be performed as first line when 

intracranial abnormalities are suspected, or morphometry of 

the OB is required.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.8) 

A suggested approach to assessment and management of olfac-

tory dysfunction can be found in Figure 4. A summarised basic 

version of the assessment arm can be found in Figure e1.
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Treatment of olfactory dysfunction
Despite considerable efforts within both the clinical and 

research communities, long-term, effective treatments for OD 

largely remain elusive. The current evidence base is limited by 

lack of high-level evidence. Recommendations regarding the 

following treatments have been made:

Recommendations:

Corticosteroids

➢ Systemic (short courses) and/or intranasal (long-term) 

corticosteroids should be prescribed in patients with olfactory 

dysfunction secondary to CRS, severe allergic rhinitis, and 

other inflammatory conditions according to existing clinical 

guidelines.

o Delphi result: Agreed (score 7-9 = 100%, average score 

8.7) 

➢ There is limited evidence to support use of systemic or 

intranasal corticosteroids for other causes of olfactory dys-

function, but if topical steroids are used, a delivery mechanism 

that can reach the olfactory cleft (i.e., rinses in place of sprays) 

would be recommended.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.5) 

➢ Potential side effects and contraindications should be taken 

into account when prescribing systemic corticosteroids. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.9) 

Monoclonal antibodies (biologics)

➢ Further research with larger patient cohorts and use of 

thorough psychophysical olfactory testing is required to fully 

delineate the effect of monoclonal antibody treatment for 

CRS-related olfactory dysfunction. 

o Delphi result: Agreed (score 7-9 = 94%, average score 8.4) 

➢ In severe CRSwNP, biologic treatment appears to improve 

olfactory dysfunction. Among them, dupilumab seems to be 

the most effective. However, we would refer you to existing 

guidelines on the treatment of CRS for use of these medicati-

ons.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.6) 

Phosphodiesterase inhibitors

➢ Currently, there is insufficient clinical evidence to support 

the use of phosphodiesterase inhibitors in the treatment of 

olfactory dysfunction for any underlying aetiology.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.5) 

Intranasal calcium buffers

➢ Currently, there is insufficient clinical evidence to support 

Figure e1. Basic summary flowchart of clinical assessment (for full flowchart see Figure 4).
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the use of calcium buffers, in the treatment of olfactory dys-

function for any underlying aetiology.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.5) 

Olfactory training

➢ Olfactory training can be recommended in patients with ol-

factory loss due to several aetiologies, such as PTOD and PIOD. 

However, this treatment requires further evaluation in patients 

with sinonasal inflammatory disease and neurodegenerative 

diseases.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7) 

Surgery

➢ Functional endoscopic sinus surgery for olfactory loss 

caused by the chronic rhinosinusitis disease spectrum should 

be undertaken in line with existing guidelines, and is not 

recommended for olfactory dysfunction without associated 

chronic rhinosinusitis.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.6) 

➢ There is presently insufficient evidence to support other 

surgery types for olfactory dysfunction.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7) 

Treatment of qualitative olfactory dysfunction
The evidence base for treatment of qualitative olfactory dys-

function is very limited. For the majority of evidence available, 

qualitative disorders have been included as secondary outco-

mes of interest. Further research is therefore required.

Recommendations:

Parosmia

➢ A higher level of evidence is required for existing therapies 

before recommendations regarding their use in the treatment 

of parosmia can be made. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.6) 

➢ Until further evidence is available, treatment of parosmia 

associated with known quantitative olfactory dysfunction 

(e.g., PIOD) should be in line with evidence for the quantitative 

condition.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5) 

Phantosmia

➢ Treatment of phantosmia associated with neurological con-

ditions should be undertaken as for the underlying condition, 

with appropriate specialist guidance.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.8) 

➢ For non-neurological phantosmia, a higher level of evidence 

is required for existing therapies before recommendations for 

their use can be made. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.8) 

➢ Until further evidence is available, treatment of phantosmia 

associated with known quantitative olfactory dysfunction 

(e.g., PIOD) should be in line with evidence for the quantitative 

condition.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.6) 

Novel treatments
Early basic and clinical research for novel treatments is des-

cribed. These include: vitamin A; olfactory implants; stem cell 

therapies; gene therapy; platelet-rich plasma; omega-3 fatty 

acids; N-acetylcysteine; and other treatments. 

Recommendations:

➢ Further high-quality research is required for all of the above 

novel treatments before recommendations for their clinical use 

can be made. 

o Delphi result: Agreed (score 7-9 = 96%, average score 8.7) 

Recommendations and Delphi Exercise Summary
A summary of the recommendations made and a discussion 

regarding those achieving the lowest level of consensus are 

discussed in this section. As a result of this, one further recom-

mendation was included as follows:

Recommendation:

➢ Increased funding should be made available in order to 

facilitate chemosensory assessment as outlined in this position 

paper. Where this is not possible at the local level, clear referral 

pathways should be established to specialist centres where 

such assessment can be undertaken, thereby enabling equit-

able access to care.

Unmet needs and future research
Future basic and translational research would benefit from 

specific steps, such as the development of immortalised (ideally 

human) cell lines and organoids, establishing multicentre/inter-

national consortia and databases, longitudinal studies, as well 

as more general shifts in approach, including cross-disciplinary 

collaboration and training of future clinical scientists. Clinical 

practice would benefit from increased uptake and consistency 

in psychophysical testing, international collaboration (through 

registries, databases and multicentre RCTs) and big data work. 

Core outcome sets have been proposed with respect to these 

aims. Finally, integration of patients and participants into all 

stages of the research process should be encouraged. 
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Introduction
Since publication of the original Position Paper on Olfactory 

Dysfunction (1), the olfactory landscape has been radically alte-

red by the emergence of SARS-CoV-2. The global pandemic has 

created the largest single cohort of acute and post-infectious 

olfactory dysfunction in history, with some estimates placing 

the number of patients affected (at time of writing) at several 

hundred million. In addition to this highly significant burden 

of disease, COVID-19 has brought olfactory dysfunction to the 

forefront of public knowledge and catalysed a dynamic body of 

new research within the ENT and wider community. 

With this new clinical and research interest, evidence-based 

approaches to both the diagnosis and management of olfactory 

dysfunction are pivotal. Whilst there have been improvements in 

recent years, heterogeneity in both clinical and research appro-

aches still exist – made worse by the challenges of safe olfactory 

assessment during times of pandemic. The individual impact of 

impairment can be high – ranging from nutritional disturbances, 

to social dysfunction and insidious mental ill health (2–6). These 

effects are particularly pronounced in qualitative disorders such 

as parosmia (7–9) – the pathophysiology of which remains largely 

unknown. Moreover, new evidence continues to link olfactory 

dysfunction with major health outcomes such as neurodegene-

ration and death (10–12). 

In an effort to promote quality of clinical care and guide new 

research, we provide the following review of current literature 

and expert agreed recommendations on the assessment and 

management of olfactory dysfunction. 

Materials and methods
Current olfactory literature was systematically reviewed for each 

respective topic from December 2021 to February 2022. Data-

bases interrogated included Medline (via PubMed, inception - 

current), Embase (Jan 1958 – current), Cochrane Central Register 

of Controlled Trials (CENTRAL) (inception – current), and Google 

Scholar (only first 1,000 results were reviewed). MedRxiv and 

BioRxiv were also screened for relevant preprints. Search terms 

were devised using appropriate truncation, Boolean operators 

(within and between domain), and MeSH term mapping where 

relevant. Finally, citing literature and reference lists for included 

studies were hand-searched. 

Expert agreement for the included recommendations was as-

sessed using a modified Delphi process (RAND/UCLA metho-

dology) (13). Recommendations were devised by KLW and TH 

and distributed to a subgroup of co-authors for initial content 

review. Further discussion was then undertaken by a steering 

group comprising members of the Clinical Olfactory Working 

Group, prior to formal scoring, The manuscript and recommen-

dations were then distributed to all co-authors, who were asked 

to score their agreement with the recommendations on a Likert 

scale (1-9: 1 being the lowest and 9 being the highest level of 

agreement). Results were classified as: agreed (≥70% score 7-9, 

≤15% score 1-3), disagreed (≥70% score 1-3, ≤15% score 7-9) 

or no consensus. Full agreement on all recommendations was 

achieved during the first Delphi round. Further rounds were 

therefore not undertaken.
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Terminology
Olfactory dysfunction (OD) can be classified as either quanti-

tative, involving alteration in the strength but not quality of 

odours, or qualitative, in which the quality of odours is chan-

ged or there is perception of smell in the absence of an odour 

stimulus. Qualitative disorders, such as parosmia, often involve 

negatively perceived changes in quality of smell. Very often, 

qualitative changes are found in combination with quantitative 

changes, whereas it is much less frequent to find qualitative 

changes alone. With regard to qualitative changes, parosmia 

and phantosmia often occur together, but may also appear se-

parately. Definitions of terms used to describe olfactory function 

and dysfunction are listed in Table 1.

There has previously been disagreement in the literature regar-

ding terminology. Whilst ‘parosmia’ is generally used to indicate 

a qualitative olfactory distortion in the presence of a stimulus, it 

has on occasion been used to describe more general OD (inclu-

ding quantitative loss) (14). ‘Dysosmia’ has been used by some to 

describe any distortion in olfaction, which would therefore in-

clude both quantitative and qualitative changes (14,15). However, 

others have used this term with reference to qualitative dysfunc-

tion in the presence of an odourant stimulus only, thus making 

it synonymous with parosmia (16). Whilst the term ‘cacosmia’ is 

generally accepted as a ‘negatively perceived olfactory percep-

tion’, often in the presence of an endogenous odour source (e.g. 

from the sinuses), some consider this either a form of parosmia 

(stimulus present) (16), phantosmia (stimulus absent) (14), or both 
(15). Euosmia is used to describe qualitative olfactory distortion 

in the presence of a stimulus that is typically considered as 

pleasant and can therefore be considered a subtype of parosmia 
(17). Troposmia is generally considered to be synonymous with 

parosmia (14), but has not been used often. Olfactory agnosia has 

been mentioned as an inability to recognize odors. In light of 

these inconsistencies, clear definitions of olfactory terms have 

recently been proposed (Hernandez et al., (725)), which are in line 

with those found in Table 1. Of note, the term ‘functional anos-

mia’ has been replaced by ‘anosmia’, with the same correspon-

ding definition: quantitatively reduced olfaction to the extent 

that the subject has no function that is useful in daily life.

Care should be taken when using the words ‘taste’ and ‘flavour’ – 

particularly when discussing with patients or other lay audie-

nces. Whilst ‘taste’ should only be used to describe gustation, 

‘flavour’ describes the perception during eating and drinking, 

that involves gustation, retronasal olfaction, chemesthetic and 

food-texture related sensations. 

It should be noted that hyperosmia is extremely rarely reported 

(though it has been so, for example, in association with migraine 
(18)) and its existence as an organic olfactory disorder is debated. 

Multiple chemical sensitivity (MCS; also known as ‘Idiopathic 

Environmental Intolerance’) is a condition in which patients des-

cribe a range of subjective symptoms following exposure to va-

rious chemicals. Due to the range of organ systems affected and 

disparity of offending substances, it has also been suggested 

that MCS is not an organic clinical entity, but rather a predomi-

nantly psychological condition. This view has been supported 

by studies demonstrating no significant difference in patient 

response to ‘active’ substances versus placebo (19,20). For this rea-

son, MCS has not been considered further in this position paper, 

but we would refer to the recent review by Zucco and Doty (21).

Finally, specific anosmia is thought to be a normal physiological 

trait with little or no clinical significance (22).

Recommendation:

➢ We recommend the use of the terms highlighted in bold in 

the above table, with their associated definitions.

o Delphi results: Agreed (score 7-9 = 100%, average score 

8.7).
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Epidemiology of olfactory 
dysfunction
The prevalence of OD in the general population has been dy-

namically evolving since the onset of the COVID-19 pandemic. 

In both COVID-19-associated and non-COVID-19-associated 

OD, epidemiological estimates vary widely according to sample 

demographics, definitions of impairment, and assessment 

technique. The following sections will discuss epidemiological 

evidence for the prevalence of non-COVID-19-associated OD. 

For a discussion of prevalence in COVID-19-associated OD, 

please see section on ‘Causes and Classification of Olfactory 

Loss’, subsection ‘COVID-19-associated Olfactory Dysfunction’. 

Furthermore, unless otherwise stated, the following estimates 

are for quantitative OD. For a discussion of prevalence in qualita-

tive OD, please see section on ‘Qualitative Olfactory Dysfunction’. 

Studies using only subjective reporting
Population based studies using subjective methods of assess-

ment have produced estimates ranging from 1.4 to 23% (see 

Table 2). This variance appears to depend on the precise nature 

of the question asked, in addition to potential demographic 

and true population level differences. For example, two studies 

analysing the prevalence of self-reported olfactory impairment 

have been published using data from the US-based National 

Health and Nutrition Examination Survey (NHANES). Analysing 

2011-2012 data, Bhattacharyya and Kepnes (23) estimated that 

10.6% ± 1.0% of the US population had experienced smell 

disturbance in the last 12 months. In 2016, Rawal and colleagues 

also published results from the 2011-2012 NHANES data (24). They 

reported a higher prevalence of subjective OD at 23%. Howe-

ver, in this case, impairment was defined ‘since age 25’. Also of 

interest, Huang and colleagues (25) assessed subjective olfactory 

function in China using a single question that was modelled 

on the earlier US-based ‘Disability Supplement to the National 

Health Interview Survey’ (26). The prevalence of OD demonstrated 

in China was similar to that found in the USA, at 2.4 and 1.4% 

respectively. True population prevalence notwithstanding, the 

similarity of these estimates may be influenced by the similarity 

of the question construct. With this in mind, care should be 

taken when generalising the results of studies using subjective 

assessment alone.

Studies including psychophysical testing
In addition to the above, previous work has demonstrated poor 

correlation between subjective assessment and less biased 

‘objective’ psychophysical tests of olfaction (for full discussion, 

please see section on ‘Clinical Assessment’, subsection ‘Olfactory 

Testing’). Indeed, epidemiological work has demonstrated either 

no correlation between subjective and psychophysical measures 
(27), or very low levels of self-reporting sensitivity (28). Therefore, 

recent epidemiological studies have moved towards the use of 

psychophysical assessment in place of, or often in addition to, 

subjective patient reporting.

Prevalence estimates based on psychophysical assessment have 

been produced from a number of countries internationally, 

including Germany, Sweden, Spain, Mexico, the USA, Australia 

and Taiwan. The majority of studies report odour identification 

scores, though some have used composite ‘TDI’ (threshold, 

discrimination and identification – see section on ‘Clinical As-

sessment’) scores, or, for example, separate detection, recogni-

tion and identification scores. In general, prevalence estimates 

produced using psychophysical tools are higher than those 

using subjective assessment (Table 2 and ‘meta-analysis’ section 

below). Again, however, when comparing such estimates, the 

exact nature of the psychophysical tool as well as the definition 

of OD used should be noted. 

Olfactory function deteriorates with age. This has been demon-

strated by a number of geographically disparate studies (see 

Table 2), some of which have estimated OD to affect more than 

50% of older adults (29–34). Comparing subjective with psychop-

hysical outcomes, the ability to self-assess olfactory function 

also appears to decrease with age (27,34). Indeed, the sensitivity 

of self-report can be as low as 35% in people over 60 years of 

age (28). Furthermore, epidemiological studies have helped to 

establish the link between OD and impaired cognitive health. 

For example, an early study from Graves and colleagues de-

monstrated an increased risk of cognitive decline in older adults 

with idiopathic OD and one or more APOE-e4 alleles. They also 

found that the 12-item Cross-Cultural Smell Identification Test 

(CC-SIT) classified people with cognitive decline more accurately 

than global cognitive testing (29). More recently, Schlosser and 

colleagues demonstrated a significant association between a 

composite olfactory test score (‘TDI’ score), as well as an odour 

discrimination score, and cognitive function as determined 

using the Mini-Mental State Examination (35).

Olfaction additionally appears to correlate with general health 

in the aging person (36), meaning it could be used as an early 

biomarker for age-related decline. In their study of Australian 

older adults, Karpa et al., demonstrated a negative correlation 

between odour identification scores and body mass index (37) – a 

finding which could reflect an overlap between age-related OD, 
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anorexia and frailty. Further analysis of this data from Gopinath 

and colleagues in 2012 demonstrated decreased independence 

(as measured by increased dependence on community and 

informal support services and difficulty in performing activi-

ties of daily living) in older adults with OD, after controlling for 

confounding factors such as cognitive function (38). In another 

study by Van Regemorter and colleagues, OD was found to 

predict frailty and poor postoperative outcome in older patients 

scheduled for elective non-cardiac surgery (39). Gopinath and col-

leagues also demonstrated an increased risk of all-cause 5-year 

mortality in older adults with moderately impaired olfaction, 

compared with those with normal olfaction (multivariable-ad-

justed hazard ratio 1.68, 95% CI 1.10—2.56) (40). The link between 

OD and increased risk of mortality has also been shown in 

other studies. Devanand and colleagues reported a statistically 

significant, independent association between OD (particularly 

anosmia) and increased risk of mortality, in North American ol-

der adults (41). Logistic regression of data from another US-based 

study of older adult (National Social Life, Health, and Aging Pro-

ject (NSHAP)) further demonstrated OD to be an independent 

predictor of 5-year mortality (10,11,42).

OD has also been linked to other factors, such as male sex (43), 

smoking (44) and race/ethnicity (43,45), in some, but not all studies. 

With regards to the latter, data from the NSHAP study demon-

strated significant racial disparity – with African Americans and 

Hispanic Americans being more likely to have age-related olfac-

tory loss (presbyosmia) than White Americans, after controlling 

for age and gender (45). Cognition, education, and household 

assets were found to account for differences between White 

Americans and Hispanic Americans, but neither these nor other 

potential confounding factors could account for the compara-

tive impairment in African Americans.

Meta-analysis

A recent meta-analysis pooled data from 25 studies, to include 

a total of 175,073 participants (mean age 63 years, 56.3% 

male) (46). The overall prevalence of OD was 22.2% (95% CI 14.8 

- 30.6%). Prevalence of OD was significantly higher when psy-

chophysical tools were used, as opposed to subjective patient 

report (28.8% and 9.5% respectively, p<0.001) and was also gre-

ater where psychophysical tools employed more than 8 odour 

stimuli (30.3% vs 21.1%). As has been demonstrated extensively 

already, this meta-analysis confirmed that prevalence of OD 

increases with age. 

Key Points:

➢ Estimates of olfactory dysfunction prevalence vary with 

assessment method and should ideally be determined using a 

validated psychophysical tool for the population in question, 

in addition to subjective reporting.

➢ Meta-analytic work demonstrates that olfactory dysfunc-

tion affects approximately 22% of the general population. 

➢ Normal aging significantly contributes to this burden.
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Author/s Study Sample 
Population

Location Assessment Tool Prevalence Estimates Other

Desiato et 
al., 2021 (46)

175,073, aged 18-
101 years

Europe, 
USA, Aus-
tralia, Asia

Subjective and Psy-
chophysical (Brief and 
Expanded Identificati-
on Tests, Sniffin’ Sticks/
Butanol Threshold 
Test)

OD: 22.2% overall 
prevalence; 28.8% 
psychophysical; 9.5% 
subjective

Prevalence of OD was 
greater where psychop-
hysical tools used more 
than 8 odour stimuli; 
prevalence increases 
with age

Castillo-
López et al., 
2020 (673)

Olfaction in 
Mexico (OLFAMEX)

1,921, aged 16-59 
years

Mexico Subjective and 
Psychophysical (OL-
FAMEX-4)

Anosmia: 0.1% detec-
tion, 0.5% recognition, 
1.8% identification;
Hyposmia: 7.1% detec-
tion, 20.9% recogniti-
on, 53.8% identification

Deterioration of odour 
detection, recognition, 
and identification in 
participants ≥40 years

Schlosser et 
al., 2020 (35)

176, aged 20-93 
years

USA Psychophysical 
(“Sniffin’ Sticks”, odour 
threshold, discrimina-
tion, and identification 
test)

OD: 53.4% overall; 
5.7% anosmia; 47.7% 
hyposmia

Significant associations 
between the following: 
TDI score and MMSE 
score; threshold score 
and age; discrimination 
score, age and MMSE 
score; identification score 
and age

Hinz et al., 
2019 (31)

Leipzig Center for 
Civilization Disea-
ses (LIFE)-Adult-
Study

7,267, aged 18-80 
years

Germany Psychophysical (“Snif-
fin’ Sticks” 12-item 
odour identification 
test)

5.1% anosmia; 52.4% 
hyposmia; 42.5% 
normosmia

No association between 
olfactory function and 
QoL

Huang et 
al., 2017 (25)

Kailuan study 12,627 adults aged 
25-95 years

China Subjective (based on 
NHIS questionnaire)

2.4% smell dysfunction Worse smell and taste 
dysfunction was associa-
ted with higher total cho-
lesterol concentrations

Seubert et 
al., 2017 (28)

Swedish National 
Study on Aging 
and Care in Kungs-
holmen (SNAC-K) 

2,234, aged 60-90 
years

Sweden Subjective and Psy-
chophysical (“Sniffin 
Sticks” 16-item Odour 
Identification Test)

OD: 24.8% (“Sniffin’ 
Sticks”), 17 % (Subjec-
tive)

Self-report had poor sen-
sitivity (31%), but good 
specificity (87%)

Hirsch et al., 
2016 (674)

Chronic Rhinosi-
nusitis Integrative 
Studies Program 
(CRISP)

7,847, aged 39-71 
years

USA Subjective (part of CRS 
prevalence study)

9.4% smell loss

Hwang et 
al., 2016 (675)

Korea National 
Health and Nutri-
tion Examination 
Survey (KNHANES)

11,609, aged ≥ 19 
years

Korea Subjective 6.3% with OD Prevalence of OD was hi-
gher in older people with 
metabolic syndrome 
than those without

Liu et al, 
2016 (43)

National Health 
and Nutrition Exa-
mination Survey 
(NHANES)

3,519, aged ≥40 
years

USA Psychophysical (NHA-
NES Pocket Smell Test)

13.5% smell impair-
ment only; 2.2% smell 
and taste impairment

Higher rates of OD in ol-
der age, men, and ethnic 
minorities

Rawal et al., 
2016 (24)

National Health 
and Nutrition Exa-
mination Survey 
(NHANES)

3,603, aged ≥ 40 
years

USA Subjective (Chemo-
sensory Questionnaire 
(CSQ))

16.7% smell loss since 
age 25; 23% any smell 
alteration; 6% phantos-
mia; highest prevalen-
ce of smell alteration in 
≥ 80 years (32%)

Bhatta-
charyya 
& Kepnes, 
2015 (23)

National Health 
and Nutrition Exa-
mination Survey 
(NHANES)

3,594 adults, aged 
≥ 40 years

USA Subjective (last 12 
months)

10.6% with smell 
disturbance in the last 
12 months [of these, 
50.2% ± 1.8% reported 
their problem was 
‘always there’; 45.2% ± 
2.2% ‘comes and goes’; 
and 4.5% ± 0.9% ‘only 
present with a cold’]

Prevalence increased 
with age, but was not 
affected by sex

Table 2. Epidemiological studies addressing olfactory dysfunction.
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Author/s Study Sample 
Population

Location Assessment Tool Prevalence Estimates Other

Devanand 
et al., 2015 
(41)

Washington 
Heights / Inwood 
Columbia Aging 
Project

1,169, aged ≥65 
years

USA Psychophysical (SIT-
40)

Average score was 
25.18 ± 7.26 (between 
“severe microsmia” and 
“microsmia”)

Lower SIT-40 score was 
found to be statistically 
significantly and inde-
pendently associated 
with an increased risk of 
mortality

Kern et al., 
2014 (676)

National Social 
Life, Health, and 
Aging Project 
(NSHAP)

2,094, aged 62-90 
years

USA Psychophysical (Ol-
factory Function Field 
Exam (OFFE, odour 
identification and 
detection)

Detection and identifica-
tion ability was worse at 
older ages

Pinto et al., 
2014a (45)

National Social 
Life, Health, and 
Aging Project 
(NSHAP)

3,005, aged 57-85 
years

USA Psychophysical (Ol-
factory Function Field 
Exam (OFFE, odour 
identification and 
detection)

1.1% were unable to 
identify any odour 
(anosmia or severe 
hyposmia) 

African Americans and 
Hispanics were more li-
kely to have presbyosmia 
than white Americans 

Lee et al., 
2013 (677)

Korea National 
Health and Nutri-
tion Examination 
Survey (KNHANES)

7,306, aged 20-95 
years 

Korea Subjective 4.5% with OD Increasing prevalence 
with age

Gopinath et 
al., 2012a (38)

Blue Mountains 
Eye Study

1,636, aged ≥60 
years

Australia Psychophysical (San 
Diego Odour Identifi-
cation Test (SDOIT)

Decreased independence 
in older adults with OD

Gopinath et 
al., 2012b 
(40)

Blue Mountains 
Eye Study

1,636, aged ≥60 
years

Australia Psychophysical (San 
Diego Odour Identifi-
cation Test (SDOIT)

Moderate olfactory loss 
was associated with a 
68% increased risk of all-
cause mortality 

Mullol et al., 
2012 (285)

Olfaction in Cata-
lonia (OLFACAT)

9,348, aged 5-91 
years

Spain Psychophysical (4 
self-administered 
microencapsulated 
odourants)

Overall prevalence of 
OD: 19.4% detection, 
43.5% recognition, 
48.8% identification; 
Anosmia: 0.3% detec-
tion, 0.2% recognition, 
0.8% identification; 
Hyposmia: 19.1% de-
tection; 43.3% recogni-
tion; 48% identification

Significant and progres-
sive age-related decline 
of smell detection, smell 
recognition and identi-
fication increased up to 
the 4th decade of life, 
plateaued up to the 6th 
decade and declined 
after

Schubert et 
al., 2012 (678)

Beaver Dam 
Offspring Study 
(BOSS)

2,838, aged 21-84 
years

USA Subjective and 
Psychophysical (San 
Diego Odour Identifi-
cation Test (SDOIT))

OD: 3.8% mean preva-
lence for adults (rising 
to 13.9% for adults ≥65 
years, SDOIT)

Prevalence of OD was 
greater among men and 
older age groups

Boesveldt 
et al., 2011 
(679)

National Social 
Life, Health, and 
Aging Project 
(NSHAP)

3,005, aged 57-85 
years

USA Psychophysical (5-item 
“Sniffin’ Sticks” odour 
identification test)

Severe OD in 2.7%

Hastan et 
al., 2011 (209)

Global Allergy and 
Asthma European 
Network (GA2LEN)

57,128, aged 31-58 
years

Europe Subjective (part of CRS 
prevalence study)

OD: 7.6% of total sam-
ple; 48.5% of patients 
with CRS based on 
EPOS criteria

Karpa et al., 
2010 (37)

Blue Mountains 
Eye Study

1,636, aged ≥60 
years

Australia Psychophysical (San 
Diego Odour Identifi-
cation Test (SDOIT)

27% olfactory impair-
ment

Prevalence of OD 
increased two-fold with 
each decade of life after 
60 years and was higher 
in men

Lin et al., 
2009 (294)

211, aged 19-89 
years

Taiwan Subjective and Psy-
chophysical (“Sniffin’ 
Sticks” 16-item odour 
identification test)

12.3% olfactory dys-
function; 10% paros-
mia; 30.8% phantosmia
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Author/s Study Sample 
Population

Location Assessment Tool Prevalence Estimates Other

Shu et al., 
2009 (27)

1,005, aged 18-89 
years

Taiwan Psychophysical 
(Modified “Sniffin’ 
Sticks” 16-item odour 
identification test)

Measured OD: 3.7% 
(18-35 years), 17.4% 
(36-55 years), 35.6% 
(>55 years); 
Subjective OD: 9% (18-
35 years), 14% (36-55 
years), 12% (>55 years)

No significant correlation 
between subjective and 
measured OD

Ross et al., 
2008 (32)

Honolulu-Asia 
Aging Study 
(HAAS) 

2,267 men, aged 
71-95 years

USA Psychophysical (12-
item Cross-Cultural 
Smell Identification 
Test (CC-SIT))

Impaired odour identi-
fication in ~3/4 of adult 
men ≥71 years

Venne-
mann et al., 
2008 (44)

Dortmund Health 
Study (DHS)

1,277, aged 25-75 
years

Germany Psychophysical (“Snif-
fin’ Sticks” 12-item 
odour identification 
test)

22.1% impaired olfac-
tion; 3.8% anosmia; 
18.3% hyposmia

Prevalence increased 
with age and cigarette 
smoking

Nordin et 
al., 2007 (293)

Skövde Populati-
on-Based Study

1713, aged ≥20 
years

Sweden Subjective (structured 
interview for adults, 
questionnaire for 
teenagers)

3.9% overall preva-
lence of parosmia 
(4% in adults, 3.4% in 
teenagers)

Significant difference 
in parosmia prevalence 
across age groups

Wilson et 
al., 2006 (33)

Memory and 
Aging Project 
(MAP)

481, aged 74-88 
years

USA Psychophysical (12-
item Cross-Cultural 
Smell Identification 
Test (CC-SIT))

Impaired odour identi-
fication in 55.3% 

Brämerson 
et al., 2004 
(680)

Skövde Populati-
on-Based Study

1,387, aged ≥20 
years

Sweden Psychophysical 
(Scandinavian Odour 
Identification Test 
(SOIT))

19.1% overall preva-
lence; 5.8% anosmia; 
13.3% hyposmia

Landis et 
al., 2004 (326)

1,240, aged 5-86 
years

Germany Subjective and Psy-
chophysical (“Sniffin’ 
Sticks” 16-item odour 
identification test)

4.7% anosmia; 16% hy-
posmia; 2.1% parosmia, 
0.8% phantosmia

Larsson et 
al., 2004 (681)

Betula Project 1,906, aged 45-90 
years

Sweden Psychophysical (Mo-
dified Scandinavian 
Odour Identification 
Test (SOIT))

Age-related deterioration 
in odour identification 
performance

Nordin et 
al., 2004 (682)

Skövde Populati-
on-Based Study

1,387, aged ≥20 
years

Sweden Subjective (self-report: 
poorer than normal, 
normal, better than 
normal)

15.3% “poorer-than-
normal” olfactory 
function

Significant difference in 
prevalence of “poorer-
than-normal” olfac-
tory function across age 
groups

Murphy et 
al., 2002 (34)

Epidemiology 
of Hearing Loss 
Study

2,491, aged 53-97 
years

USA Subjective and 
Psychophysical (San 
Diego Odour Identifi-
cation Test (SDOIT))

OD: 24.5% mean preva-
lence for adults, rising 
to 62.5% for adults over 
80 years (SDOIT); 9.5% 
(self-report)

Prevalence of OD was 
greater among men and 
older age groups

Graves et 
al., 1999 (29)

Community-based 
longitudinal 
study of memory 
and aging in the 
Japanese-Ameri-
can community 
in King County, 
Washington

1,604, aged ≥65 
years

USA Psychophysical (12-
item Cross-Cultural 
Smell Identification 
Test (CC-SIT))

OD: 56.9% overall; 
10.5% anosmia; 46.4% 
microsmia

CC-SIT more accurately 
classified people with 
cognitive decline com-
pared to global cognitive 
testing

Hoffmann 
et al., 1998 
(26)

Disability Sup-
plement to the 
National Health 
Interview Survey 
(NHIS)

80,000, randomly 
selected adults 
(>18 years)

USA Subjective (impaired 
smell lasting >3 
months)

1.4% with an olfactory 
problem; rising to 40% 
with a chemosensory 
problem ≥ 65 years

Exponentially increasing 
prevalence with age
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Figure 1. Anatomy of the olfactory bulb, olfactory mucosa, and cell membrane.
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ANATOMY AND 
PHYSIOLOGY OF OLFACTION
Except in rare circumstances in which intact olfactory function 

can be demonstrated in people without radiologically apparent 

olfactory bulbs (47), the perception of smell requires a functional 

peripheral sensory organ and central pathways.

Approximately 6-30 million olfactory sensory neurons (OSN), can 

be found in the olfactory neuroepithelium (OE) of young adult 

humans, whose axons collectively constitute the olfactory nerve 

(cranial nerve 1) (48). The cell bodies of these bipolar neurons are 

found within the OE, a pseudostratified columnar epithelium 

which contains three main cell types: OSNs, basal cells (a stem 

cell population including horizontal and globose subtypes) 

and supporting (sustentacular) cells (for more details regarding 

the latter cell type, see: COVID-19-associated post-infectious 

olfactory dysfunction). Under both homeostatic conditions and 

following injury, OSN undergo replacement by the resident stem 

cell population. Therefore, the OSN present within the OE are 

at various stages of maturation. The OE is separated from the 

underlying lamina propria (which contains Bowman’s glands, 

vascular networks, connective tissue, olfactory ensheathing 

cells and olfactory nerve fibroblasts) by a basal membrane and 

collectively these structures (OE, basal membrane and lamina 

propria) make up the olfactory mucosa. Overlying the OE is a 

thin layer of olfactory mucus, which is secreted from Bowman’s 

glands, and likely mixes with goblet cell output from neighbou-

ring respiratory mucosa. Odourants must enter into the mucus 

layer prior to binding with olfactory receptors (OR) found on 

the dendrites of OSN, a process which is facilitated by odorant 

binding proteins (OBP). Apically, mature OSNs extend multiple 

dendritic cilia into the olfactory mucus layer, creating a large 

surface area for odourant binding (49). 

Olfactory receptors are G protein-coupled receptors and binding 

of an odourant ligand leads to downstream signalling casca-

des involving activation of adenylyl cyclase and subsequent 

opening of cAMP-dependent cation channels (50). Resultant 

action potential generation is then propagated along the axons 

of OSNs towards the olfactory bulb (OB) and central olfactory 

networks. A mature OSN is thought to express only one intact 

odorant receptor (OR) gene (50) out of a repertoire of approxima-

tely 400 active genes (51). Despite this, humans are able to detect 

thousands of distinct odours (52–54). This is made possible through 

complex combinatorial encoding, whereby each odourant 

ligand is recognised by varying combinations of OR, where 

they can act as agonists and antagonists (55–58). In addition, other 

types of chemoreceptors have been identified which are likely 

to be involved in human chemoreception (59–61).

Traditionally thought to be limited to the olfactory cleft (OC), 

there is uncertainty about the extent of the OE within the 

human nasal cavity (62). Recent work has demonstrated proporti-

onally similar distribution in the embryonic and adult nasal cavi-

ties, though there also appears to be a reduction in OE area with 

age, progressing from an anterior-ventral to a posterior-dorsal 

direction (63). Some studies have found mature and functional 

OSN at the insertion of the middle turbinate (64–68), whilst others 

have not (63). 

Basally, each mature OSN projects a single axon through the 

basal membrane into the lamina propria, where it is received 

by olfactory ensheathing cells (specialized glial cells which are 

also found in the OB) (639, 718, 719). Progressively, OSNs and olfac-

tory ensheathing cells together form olfactory axon fascicles of 

increasing diameter which become enwrapped by perineurial 

olfactory nerve fibroblasts (720-725). Those bundles (olfactory fila) 

run- through the foramina of the cribriform plate towards the 

OB. The OB is the first relay in the olfactory system and is found 

immediately superior (dorsal) to the cribriform plate and inferior 

(ventral) to the orbitofrontal cortex. Within the OB, OSN axons 

form their first synapse with bulbar glomerular cells. It is there-

fore interesting that OSNs are first order excitatory sensory neu-

rons, which extend directly from the mucosa of the OC into the 

brain. In this way, they are exposed to the external environment, 

including pathogens and toxins that can cause damage and/or 

death. OSN neurogenesis, which, under healthy circumstances 

occurs during adulthood, may be a compensatory response to 

such exposure and associated damage (69,70). 

The second order output neurons from the olfactory bulb are 

the mitral and tufted cells. Following signal integration, these 

neurons extend their axons along the lateral olfactory tract 

towards the structures of the primary olfactory cortex. These 

structures include: the anterior olfactory nucleus, the piriform 

cortex, the periamygdaloid cortex, the anterior cortical nucleus 

of the amygdala and the rostral entorhinal cortex. Odour proces-

sing also involves ‘secondary’ and ‘tertiary’ brain areas, including 

structures such as the hippocampus, parahippocampus, insula, 

and orbitofrontal cortex (71–73).

Finally, it is important to remember that the sensation of smell is 

also influenced by the somatosensory and chemesthetic sensati-

ons of the nose: for example, the cooling sensation of menthol 
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or the prickle of carbon dioxide from carbonated drinks. These 

sensations are mediated in the nose by the trigeminal nerve 
(74,75), and there is increasing evidence that trigeminal and olfac-

tory functions are closely linked and potentially interdependent 
(76–79). In addition, trigeminal activation is crucial to the percep-

tion of nasal airflow (80–83). In addition to trigeminal nerve effects, 

gustation has also been reported to enhance olfactory sensa-

tion (i.e., sweet tastants enhancing the perceived sweetness of 

odors) (84).

Key point:

➢ Olfactory sensory neurons are prone to damage due to their 

exposed position, but are capable of regeneration from stem 

cells found within the olfactory neuroepithelium. 

Table 3. Definition of olfactory dysfunction according to anatomical location of lesion.

Conductive dysfunction Resulting from blockage of odourant transmission to the olfactory neuroepithelium.

Sensorineural dysfunction Resulting from damage/loss of the olfactory neuroepithelium or nerve.

Central dysfunction Resulting from damage/loss of the olfactory processing pathways of the central nervous system.
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Causes and classification of 
olfactory dysfunction
Previous attempts have been made to classify OD according to 

the location of presumed pathology, in a similar way to classifi-

cation used in the auditory system. In this way, definitions have 

included those as in Table 3.

However, anatomical classification in this way may be restrictive. 

The above categories are not mutually exclusive and their use 

as such may lead to incomplete appreciation of the underlying 

pathophysiology. This is particularly evident with regards to 

several conditions known to cause OD. 

Chronic rhinosinusitis (CRS) is a common inflammatory condi-

tion affecting the mucosa of the nose and one or more of the 

paranasal sinuses (85). It has several distinct phenotypic subtypes 

including CRS with or without polyps. It has been suggested 

that hyposmia and anosmia associated with CRS is caused by 

mechanical obstruction of odourant transmission to the OC due 

to mucosal oedema or polyps (86). Accordingly, opacification of 

the OC on CT has been correlated with olfactory function (87). 

Alone, this would make CRS a conductive OD. However, the 

link between eosinophilia and OD has been well demonstrated 
(88–92), and increasing evidence from both animal models and 

human research has suggested that inflammation within the 

neuroepithelium can lead to temporary, reversible interference 

with odourant binding/olfactory perception (93,94). Furthermore, 

long-term inflammation is believed to cause shifts in olfactory 

stem cell populations from regenerative to immune phenotypes 
(95), neuroepithelial remodelling and replacement with respira-

tory type epithelium (96,97). Olfactory bulb volumes are additi-

onally decreased in patients with CRS (98). Indeed, Gudziol and 

colleagues have shown that olfactory bulb volume can increase 

significantly after treatment in patients with CRS, compared 

with controls (99). Finally, reduced grey matter volume has been 

demonstrated despite preserved OB volume in patients with 

CRS (100), and olfactory eloquent areas have been shown to 

undergo both functional and structural plasticity after surgical 

treatment for CRS (101,102). Therefore, it would appear that OD due 

to CRS may be a combination of conductive, sensorineural, and 

even central components in established disease. These observa-

tions make an argument against the anatomical classification of 

olfactory disorders. 

Similar anatomical overlap might be described in post-traumatic 

olfactory dysfunction (PTOD). The causative pathology in 

these cases has traditionally been described as severing of the 

olfactory nerve filaments as they cross the cribriform plate to 

reach olfactory bulb (103). However, the temporal course in such 

patients often does not fit with such dramatic and complete 

damage, but rather with delayed central damage, for example, 

through cortical oedema (104). In addition, the degree of PTOD 

can be correlated with central lesions, demonstrated with 

magnetic resonance imaging (MRI) of the brain (104). In this way, 

the anatomical site of the lesion might either be sensorineural, 

central, or both. One should also bear in mind that facial lesions 

obtained during head injury may cause obstruction of airflow to 

the OC, thereby contributing a conductive element to any OD.

To bypass these limitations in classification, chemosensory 

research has evolved to describe OD according to putative 

underlying aetiology. Whilst an extensive number of underlying 

aetiological conditions have been linked to OD, the main causes 

are as follows:

• Post infectious olfactory dysfunction (PIOD) 

o COVID-19-associated PIOD (C19OD) 

o Non-COVID-19-associated PIOD

• Olfactory dysfunction secondary to sinonasal disease

• Post-traumatic olfactory dysfunction (PTOD)

• Olfactory dysfunction associated with neurological disease

• Olfactory dysfunction associated with exposure to drugs/

toxins

• Congenital olfactory dysfunction

• Olfactory dysfunction associated with aging (presbyosmia)

• Other possible causes: iatrogenic - complications (e.g., 

sinonasal and skull base surgery), iatrogenic - consequence 

(e.g., laryngectomy), tumours, multiple systemic co-morbi-

dities

• Idiopathic olfactory dysfunction

The following sections will describe the clinical presentation 

and current pathophysiological evidence for the above classifi-

cations, with an emphasis on COVID-19-associated OD (C19OD) 

which is discussed separately to other causes of PIOD, given the 

large amount of expressly SARS-CoV-2 focused research produ-

ced since the start of the pandemic.

Qualitative OD (including parosmia and phantosmia) may be 

related to a number of underlying aetiologies and will therefore 

be discussed in depth separately in the section on “Qualitative 

Olfactory Dysfunction’.
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COVID-19-associated post-infectious olfactory dysfunction

Prevalence and clinical presentation 

Following extensive media coverage and geographically dis-

parate anecdotal reports, OD was officially recognised by the 

World Health Organisation as a symptom of COVID-19 in May 

2020. Concurrent to this, research began to delineate the clinical 

presentation, course and prevalence of C19OD. 

Prevalence estimates are, as for epidemiological work, depen-

dent on the method of assessment. Subjective patient report 

formed the basis for many early estimates, given the inherent 

difficulty in psychophysically assessing patients who were 

acutely infectious. A meta-analysis of 3,563 patients performed 

early in the pandemic demonstrated an overall prevalence of 

47%, which rose to 67% in those who were mild to modera-

tely symptomatic (105,106). Methods of assessment used in the 

included studies ranged from review of medical records and ad 

hoc questions to validated patient-reported outcome measures 

(PROMs) such as the Sino-nasal Outcome Test (SNOT-22) and the 

Short version of Questionnaire of Olfactory Disorders - Negative 

Statements (sQOD-NS) (107,108). In a large online survey that collec-

ted visual analogue scale (VAS)-based information on chemo-

sensory dysfunction in 4,039 COVID-positive patients from 41 

countries, mean difference scores (pre- vs mid-/post- infection) 

in smell, taste and chemesthesis were -79.7 ± 28.7 (mean ± SD), 

-69.0 ± 32.6, and -37.3 ± 36.2, respectively (109). Using an updated 

sample of this data, patients with confirmed COVID-19 were 

compared with those with non-COVID-19 respiratory illness. 

The authors demonstrated that subjective smell loss was the 

best predictor of COVID-19 in patients experiencing respiratory 

symptoms – specifically, VAS smell ratings were more predictive 

than binary yes/no questions covering chemosensation or other 

cardinal symptoms such as fever or cough (110). In another study 

addressing the predictive value of OD in COVID-19, Haehner and 

colleagues found that subjectively reported ‘sudden smell loss’ 

had a specificity of 97%, sensitivity of 65%, a positive predictive 

value of 63% and a negative predictive value of 97% (where 

patients with nasal congestion were excluded) (111). Perhaps the 

largest cohort of subjective data was provided through a UK/

USA app-based symptom tracker (112). In 18,401 respondents 

who had undergone SARS-CoV-2 testing, subjective loss of 

smell/taste was more common in those with a positive test 

result (65.03% of 7,178 people) than those with a negative result 

(21.71% of 11,223 people) (odds ratio = 6.74; 95% confidence 

interval = 6.31–7.21).

The estimated prevalence of C19OD is higher where psychop-

hysical tools are used. A systematic review and meta-analysis 

by Hannum and colleagues demonstrated pooled prevalence 

estimates of 77% (95% CI of 61.4–89.2%) and 44% (95% CI of 

32.2–57.0%) where psychophysical and subjective measure-

ments were employed, respectively (113). Using the “Sniffin’ Sticks”, 

Huart and colleagues found that composite TDI, as well as indivi-

dual identification and discrimination test scores discriminated 

between patients with COVID-19, and those with acute colds 
(114). Where a cut off value of ≤10 was taken, identification dis-

criminated with a sensitivity of 100% and specificity of 80%. In 

light of these differences, self-administered psychophysical tests 

have been proposed, which will be discussed in more detail in 

the section on ‘Clinical Assessment’, subsection ‘Olfactory Testing 

- Psychophysical Testing.’ 

In some patients, OD is the only symptom of COVID-19 infec-

tion (115–117). In others, the onset of C19OD either precedes or 

is concurrent with the onset of other symptoms. Borsetto and 

colleagues found this to be the case in 20% and 28% of patients, 

respectively (105). During early waves of the pandemic, many 

patients reported C19OD in the absence of rhinitic symptoms 

such as rhinorrhoea and nasal congestion (110,114,118). However, 

with later variants such as omicron and its derivatives, rhinitic 

symptoms are more commonly reported, often with a reduction 

in the proportion of patients reporting OD. For example, C19OD 

was only reported in 1 in 5 users of the UK-based COVID Symp-

tom Study (‘Zoe’) App during a period in which omicron was 

thought to be the dominant strain (December 2021)(119). Indeed, 

based on subjective reporting, Boscolo-Rizzo and colleagues de-

monstrated reduced prevalence of OD in association with infec-

tion during the omicron-dominant period, compared with the 

initial wave of infection at the start of the pandemic (120). Similar 

results were demonstrated by the REal-time Assessment of Com-

munity Transmission (REACT-1) study, which reported subjective 

symptoms from 1,542,510 randomly selected participants in 

England from 1.5.20 to 31.3.22 (121). A recent systematic review 

and meta-analysis of OD in patients infected with the omicron 

variant demonstrated a global prevalence of 3.7% (122). However, 

this varied geographically, with higher rates seen in people of 

European ancestry (11.7%). This variation is thought to reflect 

geographical differences in polymorphisms of the UGT2A1/UG-

T2A2 locus (which encodes an odorant-metabolising enzyme, 

UDP glycosyltransferase)(123). 

With regards to sex and age distribution, some studies have 

documented OD more frequently in younger patients and in 

women than men (124,125). In the aforementioned online survey of 

4,039 COVID-positive respondents, 72% were female. However, 

care should be taken when interpreting such results in light of 

possible selection bias related to gender differences in health-

care seeking and reporting behaviour. 

In early studies relying on subjective patient reporting, the 

mean duration of C19OD was found to be approximately 10 

days (126,127), with recovery rates of between 32 to 89% (128–130). 
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However, studies using psychophysical testing have demon-

strated slower recovery, and higher proportions of patients with 

PIOD. Using “Sniffin’ Sticks”, Prem and colleagues tested 102 

patients between 111-457 days (mean of 216 days) after onset 

of C19OD (131). They found a group mean TDI score of 27.1 (SD 

5.8; range 4.3–38.5): 4.0% were anosmic, 72.5% hyposmic, and 

the remainder were normosmic. A case control study inves-

tigating the prevalence of OD in 340 people (170 cases/170 

controls), demonstrated a significantly higher prevalence of 

OD in COVID-19 cases than non-COVID-19 controls (26.5% of 

cases (21.8% hyposmia, 4.7% anosmia) and 3.5% of controls) 
(132). Using “Sniffin’ Sticks” (full TDI-score) Tognetti and colleagues 

demonstrated persistent OD in 37% of 98 patients tested at 18 

months, of whom 33% were hyposmic and 4% were anosmic 
(133). Sixty percent of these patients were unaware of their persis-

tent dysfunction. Longer follow up is available using subjective 

assessment – with studies producing a wide range of recovery 

rates at two years: McWilliams et al., reported full recovery in 

only 38.2% of 267 respondents (134), whilst Boscolo-Rizzo et al., 

demonstrated subjective recovery in 88.2% of respondents (135). 

Recent meta-analytic work including studies with both subjec-

tive and objective chemosensory outcomes projected persistent 

PIOD in 5.6% of patients (136). Another recent systematic review 

and meta-analysis demonstrated a higher prevalence - with 

persistent OD in approximately 30% of patients, 6 months after 

initial infection (137). Extrapolating from these figures, the future 

burden of COVID-19-associated PIOD could be highly significant 
(138).

Finally, the nature of OD in COVID-19 was initially thought to be 

mainly quantitative – that is, most patients reported hyposmia 

or anosmia (109). However, it has become increasingly apparent 

that qualitative dysfunction, particularly parosmia, is highly 

prevalent. Parosmia may present several months after the 

initial onset of OD, and may appear after a period of apparent 

olfactory recovery (9,139). Critically, Tognetti and colleagues found 

that 49% of all COVID+ patients reported parosmia at 18 months 

post OD onset, compared with only 5% in COVID- patients (133). 

Interestingly, in COVID+ patients, only 20% of patients repor-

ting parosmia also had quantitative OD (specifically hyposmia). 

This indicates that studies assessing long-term outcomes in OD 

should employ both formal psychophysical testing for quanti-

tative OD, as well assessment of qualitative dysfunction. Given 

the significant impact of qualitative OD on quality of life (140), the 

pandemic has highlighted the need for increased research into 

the causes of and treatments for these conditions. This topic 

will be discussed in more detail in the section on ‘Qualitative 

Olfactory Dysfunction’.

Pathogenesis

The pathogenesis of C19OD has not yet been fully elucidated, 

likely in part due to the relatively incomplete state of knowledge 

regarding PIOD prior to the onset of the pandemic. However, 

the research landscape is dynamic, with new data augmenting 

current hypotheses despite inherent barriers, such as infec-

tion control widely varying clinical presentations and newly 

emerging variants. The following section provides an overview 

of evidence available on the pathogenesis of C19OD at time of 

writing. 

SARS-CoV-2 is a single stranded RNA virus with a glycoprotein 

spike (S protein) that binds to angiotensin-converting enzyme 

2 (ACE2) on human cells, facilitated by the priming protease 

TMPRSS2 (141). ACE2 has been located on the surface of cell types 

in various tissues, including amongst others lung, kidneys, heart, 

oral mucosa, and skeletal muscle. In mice, ACE2/TMPRSS2 are 

expressed by sustentacular cells (OSC) of the OE (142), and in 

vascular pericytes of the OB (143). Non-neuronal expression by 

OSC, horizontal stem cells, and Bowman’s gland cells has also 

been demonstrated in human OE (143). Consequently, it has been 

widely inferred that SARS-CoV-2 causes infection of the suppor-

ting OSC population with subsequent downstream effects on 

olfaction. A recent human cadaveric study investigated olfactory 

mucosa and OB samples collected approximately one hour after 

death from 85 subjects, 68 of whom died of/with active CO-

VID-19, 2 convalescent COVID-19 cases and 15 of whom served 

as non-COVID-19 controls (144) and identified sustentacular cells 

(OSC) as the target cell type in the OE for SARS-CoV-2. The aut-

hors also demonstrated evidence of viral replication within the 

OSC of the OE. They additionally demonstrated viral RNA within 

the leptomeningeal layers surrounding the OB, but none within 

OSN or OB parenchyma. These results suggest that acute C19OD 

is due to collateral effects of OE supporting cell infection, rather 

than direct and/or immediate neurotropism. More recent work 

demonstrates increased risk of C19OD with polymorphisms in 

the UGT2A1/UGT2A2 locus - with the resultant gene product 

(the odorant-metabolising enzyme, UDP glycosyltransferase) 

expressed by OSC (123). Therefore, this provides further evidence 

that the OSC cell population is the primary site of infection. 

In animals, OSC have glial as well as epithelial-like properties 

and undertake a variety of supportive roles, including but not 

limited to detoxification, phagocytosis, metabolic, secretory, 

absorptive, and structural support (145). The intimate relationship 

between cell types is demonstrated in rats where OSC enwrap 

OSN dendrites (145), and in humans where OSC and adjacent 

OSN are connected by junctional complexes (146). It, therefore, 

follows that OSC infection may lead to indirect OSN dysfunction 

through changes in the physiological and/or structural microen-

vironment. Alterations in biochemical and electrophysiological 

homeostasis could lead to a transient neuropraxia-type picture 
(147). Following SARS-CoV-2 infection in hamsters, Zazhytska and 
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colleagues demonstrated transcriptional changes within OSC, 

and transient depletion of this cell population (148). However, 

they additionally found subsequent downregulation of OR and 

OR signalling genes, in both hamsters and humans. This was 

preceded by rapid changes in nuclear OSN architecture (with 

dissipation of OR gene compartments) and could be precipi-

tated by administration of UV-neutralised serum from infected 

animals, rather than virion itself. This suggests that changes in 

OSN function are caused by non-cell autonomous mechanisms, 

and therefore do not directly correlate with viral load. The 

authors further suggest that nuclear compartment disruption 

may either prevent reactivation of OR transcription – meaning 

that affected OSN would need to be replaced for restoration of 

olfaction – or, if it is possible for transcription to be reactivated 

within affected OSNs, the OR expressed may no longer match 

that expressed prior to infection. The former of these scenarios 

may lead to delayed recovery of C19OD, and the latter could 

potentially help to explain the frequency of COVID-19 parosmia 

(assuming a miswiring model of parosmia, where incorrect OR 

expression in OSNs causes disruption of odour spatial maps at 

the OB glomerular level – see section on ‘Qualitative Olfactory 

Dysfunction’, subsection ‘Parosmia – Pathophysiology’). 

In addition to the proposed mechanisms above, other factors 

may also contribute to C19OD. Inflammatory infiltrates have 

been demonstrated within human OE specimens (149,150), where 

upregulation of immune response-related genes has also been 

shown (148). Chronic localised inflammation within the OE has 

also been demonstrated (151) and could have long-term ef-

fects: for example, persistent inflammation has been shown in 

genetically modified mice to cause functional shifts in OE stem 

cell populations from regenerative to immune phenotypes, with 

impaired neurogenesis (94,95).

In line with this and other upper respiratory tract infections, 

inflammatory oedema and physical obstruction of airflow to the 

OC, with associated transient OD, has been suggested in some 

patients (152,153). However, a significant number of patients, par-

ticularly in early waves of the pandemic, experienced C19OD in 

the absence of perceived nasal congestion or rhinorrhoea (109,154). 

Though speculative, there may be a cohort of patients in whom 

sufficiently localised oedema within the OC does not cause 

the sensation of nasal congestion. This theory is supported by 

computational nasal aerodynamics work in which changes in 

nasal airflow within the OC are not reflected by measures of 

gross nasal airflow (155). Non-obstructive changes in OC airflow or 

changes in the absorptive qualities of olfactory mucus (inclu-

ding possible changes in the odour binding protein (OBP)) could 

also contribute to alteration of the complex spatiotemporal 

encoding of odour quality (49), though this remains to be proven. 

Other mechanisms of damage to the OE may also include 

hypoxic injury secondary to coagulopathic/vascular pathology 
(156). Of interest, the presence of chronic rhinosinusitis with 

nasal polyposis may be protective against COVID-19, due the 

down-regulation of sinonasal ACE2 expression caused by type 2 

inflammation (157,158).

The role of central dysfunction in C19OD is less clear. Imaging 

studies have demonstrated transient oedema of the bilateral 

OBs in patients with C19OD (159,160). MRI evidence for post-infec-

tious inflammatory neuropathy has also been suggested (161), as 

well as reduced OB volume in patients with persistent C19OD 
(162–164). Whether these findings are secondary to direct infection 

or para-infectious effects (including but not limited to inflam-

mation, coagulopathic, or microvascular changes with secon-

dary hypoxic injury) is unknown. It has been suggested that 

virion or subviral ribonucleoprotein complexes may pass from 

the infected OE to the central nervous system via transcellular 

or paracellular (e.g. via OEC compartments) routes (165), though 

the methodology of such work has now been questioned (166) 

and overall, evidence for the presence of virus within the CNS 

is inconclusive (147). In some previous human cadaveric studies, 

higher viral RNA levels were demonstrated within the OB than 

other brain regions (165,167,168), and spike protein has been found in 

the OB of one patient (169). However, it is now known that the S1 

subunit of the SARS-CoV-2 spike protein can be shed during cell 

entry, and subsequently enter the systemic circulation. Neurons 

within the brain can take up such circulating spike proteins, 

confounding studies that use antibodies against the spike pro-

tein for viral localisation (170). At present, evidence of active and 

replicative virion within the human OB is lacking, with perineu-

ral olfactory nerve fibroblasts potentially playing a protective 

role against neuroinvasion at vulnerable anatomical interfaces 
(171). Similarly, definitive evidence of SARS-CoV-2 within brain re-

gions upstream of the OB has not yet been found (147). Persistent 

inflammation in the absence of detectable virion has, however, 

been demonstrated with hamster OB, where proinflammatory 

cytokines, microglial activation and a Type I interferon response 

was detected at >1 month post infection (172). Such findings 

could be secondary to ongoing inflammation within the OE 

and may contribute to persistent C19OD. Interestingly, a recent 

study in patients presenting with a spectrum of COVID-19 

neurological symptoms (ranging from anosmia to more severe 

symptoms), was unable to demonstrate associations between 

specific neurological symptoms or their severity and specific 

SARS-CoV-2 genomic signatures. The authors concluded that 

CNS manifestations in COVID-19 patients could be mainly linked 

to the individual inflammatory response, more than to specific 

viral features (173).

Whilst some of the above studies suggest mechanisms that may 
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contribute to early, transient or more long-lasting effects (e.g. 

as in Frere et al., and Zazhytska et al., (148,172)), the majority do 

not specifically aim to differentiate between acute and persis-

tent disease. Persistent disease/PIOD should be diagnosed in 

line with post-COVID-19 syndrome (‘long COVID’) criteria at ≥3 

months. In their recent study, Finlay et al., performed single-cell 

RNA sequencing of 3 biopsies and 3 brushings taken from the 

olfactory cleft of patients with persistent C19OD (confirmed 

with SIT testing at 4 months post initial infection) compared 

with a mixed group of controls (174). Supporting immunohis-

tochemical analysis, as well as olfactory mucus assays were 

available from separate patients. Across these different sam-

ples, the authors demonstrated increased T cell infiltrates (with 

interferon-g expression) and an inflammatory shift in myeloid 

cell population. PIOD secondary to COVID-19 may, therefore, 

be associated with persistent inflammation at the level of the 

OE. While awaiting further confirmation, this is in keeping with 

earlier work, in which SARS-CoV-2 and increased inflammatory 

infiltrates were identified from OSN containing olfactory cleft 

brushing in 4 subjects with subjective OD of greater than 3 

months duration(151). Continued work is required to delineate 

the ongoing pathophysiological mechanisms in PIOD, caused 

both by SARS-CoV-2 and other pathogens. 

Possible mechanisms of qualitative OD will be discussed in the 

section on ‘Qualitative Olfactory Dysfunction’, subsection ‘Paros-

mia/Phantosmia – Pathophysiology’.

Non-COVID-19-associated post-infectious olfactory dysfunc-

tion (PIOD)

In addition to SARS-CoV-2, upper respiratory tract infections 

with other viruses are a frequent cause of OD. Indeed, post-

infectious loss has consistently been one of the most common 

presentations seen in specialist clinics (175,176). Typically, women 

are affected more frequently than men, and are middle-aged or 

older at presentation (97). The latter may be due to the reduced 

regenerative ability of the olfactory system with advancing age 

and the accumulation of previous insults (177). The incidence of 

PIOD is higher in March or May, during which higher rate of 

influenza /parainfluenza virus type 3 infections are also reported 
(178,179). Onset is usually sudden, and though patients may des-

cribe an unusually severe infection, some may be unaware of 

the causative episode. Such cases may therefore be incorrectly 

labelled as idiopathic. Often, patients are affected by parosmia 

and there is little fluctuation in olfactory ability over time (180). 

Whilst post-infectious olfactory impairment can be permanent, 

this is often not the case. Indeed, it has been suggested that 

post-infectious olfactory loss improves more frequently than 

in other common aetiological subgroups (175). In their 2006 

prospective cohort study, Reden and colleagues demonstrated 

an improvement in the psychophysical test scores of approxi-

mately one third of 262 patients with PIOD (of duration ≥18 

months) over an observation period of 14 months (181). Whilst 

higher estimates of recovery have been quoted elsewhere in the 

literature (182), care should be taken in interpreting data based on 

patient self-reporting (183), or where patient numbers are limited 
(184). It also appears to be important at what time point after the 

infection the patients entered the study.

A variety of pathogens may cause PIOD, including viruses, 

bacteria, fungi, or rare organisms such as microfilaria (16). For pur-

poses of discussion in this paper, PIOD refers to non-COVID-19 

infectious aetiologies. Even prior to the pandemic, the most 

common of these was viruses, of which a wide variety have been 

linked with OD, including those causing the common cold, influ-

enza and human immunodeficiency virus (HIV) (185,186). However, 

the terminology post-infectious should be used preferentially as 

opposed to post-viral olfactory dysfunction to acknowledge the 

various causative pathogens within this group. 

The pathophysiology of PIOD remains poorly delineated, but is 

thought to involve either damage to the OE or central olfac-

tory processing pathways (mediated via direct transmission of 

pathogens to the brain through the olfactory nerve) (187,188). With 

regard to the former, histological analysis in patients with PIOD 

shows neuroepithelial remodelling and replacement with res-

piratory type epithelium or occasionally metaplastic squamous 

epithelium (97,189). The number of OSN cells is reduced, they are 

found in patchy distribution and their morphology may be al-

tered: for example, they may be shrunken in size with dendrites 

that do not reach the mucosal layer. The associated number 

of receptors is also reduced (97). Furthermore, OB volumes are 

reduced in patients with PIOD and correlate with residual 

olfactory function (190,191). This likely reflects bulb plasticity, partly 

in response to reduced afferent input from the OSN of the neu-

roepithelium. 

Olfactory dysfunction secondary to sinonasal disease

Rhinosinusitis is the main cause of olfactory loss due to sino-

nasal disease. This may be either acute, subacute or chronic 

rhinosinusitis (CRS). Whilst CRS is generally defined when 

symptoms persist for 12 weeks or longer, there is some variation 

in definition of the acute/subacute stages according to guide-

line used, as outlined below:

• EPOS-2020 (85)

o <10days = acute viral rhinosinusitis

o ≥10 days but <12 weeks = acute-post-viral rhinosinu-

sitis (bacterial to be considered when specific clinical 

criteria met e.g. pyrexia over 38°C, severe local pain etc.)

o ≥12 weeks = CRS

• ICAR:RS (192)

o ≤4 weeks = viral URTI or acute bacterial rhinosinusitis

o >4 weeks but <12 weeks = subacute rhinosinusitis

o ≥12 weeks = CRS
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Quantitative OD (in the form of hyposmia or anosmia) is a key 

diagnostic symptom for CRS (85,192,193). Current guidelines classify 

CRS as primary or secondary, according to anatomical distribu-

tion (localised or diffuse) and endotype dominance (type 2 or 

non-type 2) (85). Olfaction is most severely affected in patients 

with type 2 inflammation (194). Accordingly, OD has been linked 

with endotypes that are characterised by severe nasal polyposis, 

tissue eosinophilia and aspirin-exacerbated respiratory disease 

(AERD) (195). Central compartment atopic disease (CCAD) is a 

subtype of CRS (type 2) involving inhalant allergen sensitisation 

and inflammation of the central sinonasal compartment (mid-

dle and superior turbinates, posterosuperior septum) that has 

recently been associated with OD to a greater extent than other 

subtypes (196). 

Previous guidelines classified CRS according to phenotypic sub-

type (CRS with nasal polyposis (CRSwNP) and CRS without nasal 

polyposis (CRSsNP)) and this practice is continued in many stu-

dies. Where olfaction is considered according to this phenotypic 

classification, it is most affected by CRSwNP, followed by CRSsNP, 

non-allergic rhinitis, atrophic rhinitis, allergic rhinitis and chronic 

obstructive pulmonary disease (197–199). Use of olfaction as a mar-

ker of inflammatory burden in CRS has been suggested (200). 

With regards to allergic rhinitis, there is significant overlap in 

symptomatic presentation with CRS, which can cause difficulty 

in discriminating between the two conditions. Whilst OD may 

occur in allergic rhinitis, it is less prevalent (20 - 40% of cases, 

compared with 84% of CRS cases) and is less severe than in CRS 
(85,201). However, the presence of OD appears to correlate with 

disease severity in allergic rhinitis, and recent work in paediatric 

populations has demonstrated the utility of OD as a marker for 

uncontrolled disease (202,203). 

As outlined in the above section, OD due to CRS is likely caused 

by a combination of factors. These include: obstructed transmis-

sion of odourants to the OE caused by oedema, discharge ± 

polyps; short-term reversible ligand-OR inflammatory-mediated 

binding dysfunction (93,94); longer-term neuroepithelium remo-

delling (97) and finally OB or upstream olfactory eloquent 1 brain 

region functional and/or structural remodelling (98–100,102).

OD associated with sinonasal disease tends to occur gradually, 

and fluctuates over time (204). It infrequently improves without 

treatment and is not commonly associated with parosmias 
(180,205,206). Fluctuation as symptom, and its clinical value, has been 

re-examined recently and found to be a factor closely associated 

to CRS related OD. It is a symptom to be actively looked or asked 

for during patients history (207,208). 

Given the high prevalence of CRS within the general population 

(10.9% in Europe (209)), it is likely that sinonasal diseases consti-

tute the most frequent cause of OD, perhaps excluding C19OD 
(210,211) and not considering aging. However, such patients are 

often managed by their general practitioner or general ENT 

surgeons and are therefore less commonly encountered in spe-

cialist smell and taste clinics. 

Post-traumatic olfactory dysfunction (PTOD)

Olfactory dysfunction secondary to traumatic injury is a major 

cause of permanent olfactory impairment and can be ascribed 

to one or more mechanisms. First, injuries affecting the nose 

may result in mechanical obstruction of odourants to the OE, 

through distorting nasal bone or septal fractures, direct neu-

roepithelial injury, blood clots, oedema or alteration in mucous 

characteristics (212). The second mechanism involves transection, 

or shearing of the olfactory fila as they traverse the cribriform 

plate (103). Such transection may occur with more severe coup/

contra-coup type injuries, or with fractures of the midface/ante-

rior skull base, with possible subsequent scarring that may limit 

axonal regeneration and targeting (213,214). Finally, contusions, 

intraparenchymal haemorrhage or resultant gliosis may lead 

to dysfunction of the central structures involved in olfactory 

processing (104,215,216). For example, localised contusion of the OBs 
(217), also ‘scattered’ (disintegrated) and/or irregular olfactory 

bulbs (218,219) following injury has been previously documented. 

However, PTOD can occur without any visible signs of trauma on 

imaging studies (104).

Patients with PTOD often describe sudden onset loss following 

their injury, however, presentation may also be delayed. Such 

delay may be in line with the patient first noticing their impair-

ment when back in their usual environment. Alternatively, delay-

ed presentation may reflect an underlying pathology that does 

not involve olfactory fila transection, but possibly central da-

mage exacted through progressive mechanisms (e.g., oedema). 

Cognitive dysfunction over time may also lead to unawareness 

of chemosensory loss (220,221). Increased subjective impairment, 

without increased rates of psychophysically proven OD, have 

also been demonstrated (222). Following onset, fluctuation in 

function is infrequent and patients are often affected by phan-

tosmia (and to a lesser degree, by parosmia) (180,223,224). Evidence 

from several studies suggests that recovery is less frequent 

than in post-infectious loss and whilst prognosis is often poor, 

recovery may occur in approximately 30% of cases over time de-

pending on the severity of the insult (175,181,225–228). Recovery may 

involve central and/or peripheral mechanisms (229,230). Finally, the 

presence of OD in patients with traumatic brain injury correlates 

with altered neuropsychiatric behaviour (231).

1 ‘Eloquent’: anatomical brain regions which directly control neurological 
function, and for which neurological deficit may be observed following 
their damage.
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Olfactory dysfunction associated with neurological disease

Over recent years, the link between OD and neurological disease 

has been increasingly recognised. Whilst such dysfunction has 

been associated with epilepsy (232,233), myasthenia gravis (234), 

schizophrenia and stroke (235), it is most commonly seen in 

neurodegenerative conditions such as Parkinson’s disease and 

Alzheimer’s disease (12, 236–238). Indeed, evidence suggests that OD 

in Parkinson’s disease (PD) is more common than the resting 

tremor and predates motor symptoms by many years (32, 239–242). 

Furthermore, OD appears to be present in both genetic (specifi-

cally LRRK2-associated) and idiopathic PD (243).

Functional imaging studies have demonstrated reduced activity 

of the hippocampus and amygdala in response to odour stimuli 

in patients with PD compared with healthy controls (244). His-

tological studies have shown deposition of pathological Lewy 

bodies in neurites within the central olfactory system, including 

the OB and tract, as well as decreased neuronal populations wit-

hin the anterior olfactory nucleus (236,245). However, the significan-

ce of such changes with regards to the wider neuropathology of 

PD remains to be fully elucidated. Whilst it has been suggested 

that the OE may offer an attractive target for diagnostic biopsies 

or brushings, several studies have shown no significant diffe-

rence in immunohistochemical markers (including different sy-

nuclein subtypes) of OE in PD patients versus controls (246,247). In 

addition, work by Huisman and colleagues indicates that there 

are an increased number of (inhibitory) dopaminergic neurons 

in the olfactory bulb which may explain, at least to some degree, 

hyposmia in PD patients (248) (but see also (249). 

Patients with OD secondary to PD commonly describe a gradual 

onset, and may be initially unaware of their deficit. Such patients 

do not often report parosmia and are unlikely to see any im-

provement over time (180). OD is not affected by treatment with 

anti-PD medications (250). 

Olfactory dysfunction associated with exposure to drugs or 

toxins

Chronic exposure to toxins can result in OD. Pathogenic agents 

include heavy metals such as: cadmium and manganese, and 

pesticides, herbicides, and solvents. Chemotherapeutic agents 

and other medications should also be considered in this group. 

The pathological correlates of OD associated with toxin expo-

sure may involve either peripheral, neuroepithelial, or central 

damage, the latter being facilitated through transport of toxins 

via the olfactory nerve (16). 

Table 4 shows an abbreviated list of agents and medications that 

have been reported to affect olfaction. Although many medica-

tions have been reported to affect olfaction, carefully controlled 

data for the effects of such drugs on olfaction is limited.

Congenital olfactory dysfunction

Certain genetic conditions are known to be associated with con-

genital dysfunction, most notably the developmental endocrine 

disorder Kallmann syndrome (hypogonadotropic hypogona-

dism). Typically, the diagnosis is made at an age between 12 and 

16 years. The condition is associated with hypoplastic/aplastic 

olfactory bulbs and olfactory sulci, and OSN of varying number 

and maturity (97,251–253). Such patients usually have anosmia, or 

severe hyposmia from birth. Recent work has also demonstrated 

olfactory, but not gustatory dysfunction in Turner’s syndrome 
(254), and the Bardet Biedl Syndrome (255). 

As MRI scanning becomes more common, non-syndromic hy-

poplasia/aplasia of the olfactory bulb is increasingly recognised. 

As such, the most frequent cause of congenital or ‘develop-

mental’ anosmia is now thought to be isolated, non-syndromic, 

idiopathic congenital anosmia with no known genetic cause 
(256). To make this diagnosis, the olfactory bulb structure should 

be hypoplastic or absent and the olfactory sulcus should be 

shortened (the sulcus is seen just above the olfactory bulb on 

coronal scanning) (257). However, it should be noted that normal 

olfactory function has been demonstrated in the absence of 

MRI-demonstrable OB (47). On the other end of the spectrum 

OB are present in congenital anosmia due to a mutation of the 

CNGA2 gene (258). Following diagnosis, patients should undergo 

genetic, endocrinological and paediatric (if appropriate) evalua-

tion in order to delineate the complete phenotype of the conge-

nital dysfunction. As an exception to the rule, normal olfaction 

is also possible in the absence of MRI-demonstrable olfactory 

bulbs among left-handed women (47).

Agents Medications

Acids
Benzene
Cadmium
Chlorine
Ethyl acetate
Formaldehyde
Hydrazine
Hydrogen sulphide
Lead
Mercury
Nitrous gases
Paint solvents
Silicon dioxide
Trichloroethylene
Zinc gluconate

Anaesthetics (local)
•         Cocaine hydrochloride
• Procaine hydrochloride
• Tetracaine hydrochloride

Antimicrobials 
•         Aminoglycosides
•         Macrolides
•         Penicillins
•         Tetracyclines
•         Terbinafine

Anti-thyroid medications 
•         Propylthiouracil
•         Thiouracil

Chemotherapy

Alpha-receptor antagonists 

Table 4. Abbreviated list of agents and medications that affect olfaction 

(adapted from ref (16,708–715)).
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Olfactory dysfunction associated with aging

As evidenced through epidemiological studies, olfactory 

function decreases with age, and age-related olfactory loss is 

the most frequent cause of OD (see ‘Epidemiology of Olfactory 

Dysfunction’ for more details). In addition to evidence linking 

it with mortality (10,11,40–42), OD appears to correlate with general 

health in the aging person, meaning it could be used as an early 

biomarker for age-related decline (36,39).

Previous work has suggested that olfactory loss with age is not 

homogeneous across smells: sensitivity towards unpleasant 

odours are usually preserved longer than pleasant ones, per-

haps due to the formers’ role in environmental navigation and 

defence (259). 

The potential causes of olfactory impairment with advancing 

age are multiple and varied. A number of generic physiological 

changes occur within the nose of the aged that may affect ol-

faction, including parasympathetic/sympathetic dysregulation, 

reduced mucosal blood flow, fibrosis of the cribriform foramina 

and possibly also age-related mucociliary dysfunction. More-

over, age-related changes in the OE, OBs and central olfactory 

system also occur (260). Changes in the OE and OB may be in part 

due to the reduced regenerative capacity of the OSN (177,261). 

Recent work has suggested that age-related inflammation may 

lead to reduced OE stem cell differentiation (262). In the absence 

of efficient OSN regeneration, damage from previous insults 

(e.g., upper respiratory tract infections and exposure to toxins) 

may accumulate to form permanent damage, which manifests 

as neuronal loss and stem cell reduction (63). This results in a 

patchy distribution of OE in the aging nose, with associated 

decreased in number of OR. The reduced OB volumes seen 

with advancing age may be partially due to reduced afferent 

input (and consequent trophic effects) in line with OSN damage 
(63,99,263,264). Rawson and colleagues showed that OSNs from 

subjects above 60 years of age lose their selectivity to specific 

odourants, instead responding to multiple odorants. This may 

impact the ability of older adults to discriminate odours (265). Also 

of note, in the elderly, the number of medications taken can be 

inversely correlated with olfactory function (specifically with 

regards to odour threshold) (266).

Other disorders associated with olfactory dysfunction

Other disorders associated with OD may include intranasal or 

intracranial neoplasms, endocrine disorders (such as Addison’s 

Disease, Turner’s Syndrome or hypothyroidism), metabolic 

disorders such as diabetes mellitus, hypertension or vitamin B12 

deficiency. Iatrogenic dysfunction due to surgery can be a com-

plication of sinonasal surgery (e.g., septoplasty (267) or anterior 

skull base operations (16,268,269)), or surgery resulting in decreased 

airflow to the OC (270) (e.g. tracheostomy or laryngectomy (271)). 

Psychiatric conditions (272,273) and migraine (18,274) have also been 

Figure 2. Criteria for diagnosis of idiopathic olfactory dysfunction.
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linked to dysfunction, as has radiotherapy (275) or alcohol depen-

dence (276–278). 

The role of smoking/nicotine in olfactory loss remains controver-

sial. Several previous studies have demonstrated a dose-depen-

dent, negative effect of smoking on olfactory function (44,279,280). 

The underlying pathophysiology of this loss has been suggested 

to involve increased apoptosis of OSN (281) and/or replacement of 

the OE with squamous metaplasia (282). However, other work has 

shown either negligible (283,284), or indeed protective effects (285) of 

smoking on olfaction. Work in rats has shown increased odour 

memory following treatment with nicotine agonists (286), and it 

has been postulated that this may contribute to the aforemen-

tioned protective effects (285). Smoking also likely causes nasal 

inflammation, providing another mechanism for OD. Therefore, 

although it seems to be clear that smoking causes OD in certain 

cases, more research is needed. 

Idiopathic olfactory dysfunction

Idiopathic OD is a diagnosis of exclusion. Studies suggest that 

up to 16% to 24% of patients screened at smell and taste centres 

fall into this category (287,288). However, care should be employed 

when making this diagnosis, as some such cases may be due to 

asymptomatic upper respiratory infections, or in older patients 

– early neurodegeneration (242). With respect to the latter, a 

multidisciplinary approach should be considered (289). A trial of 

systemic and/or intranasal corticosteroids can also be useful in 

excluding otherwise undiagnosed inflammatory pathology, but 

– for systemic corticosteroids – should only be undertaken with 

appropriate patient counselling and consideration of contraindi-

cations (including, for example, diabetic status). Further studies 

are needed in this area, and as we understand more about the 

ways in which other underlying aetiologies affect the olfactory 

system, this category is likely to shrink substantially. 

We suggest that the following criteria be fulfilled as a minimum, 

prior to diagnosis of idiopathic OD (for full details of clinical as-

sessment, psychophysical testing and investigations, please see 

corresponding sections later in document, Figure 2).

Recommendations:

➢ Classification of olfactory dysfunction should be according 

to underlying aetiology (e.g., post-infectious, post-traumatic 

etc).

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

➢ Idiopathic olfactory dysfunction is a diagnosis of exclusion 

that should only be made following careful assessment, inclu-

ding normal MRI and exclusion of underlying inflammatory 

pathology.

o Delphi result: Agreed (score 7-9 = 93.5%, average score 8.5)
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Qualitative olfactory 
dysfunction
Qualitative OD describes altered olfactory perceptual expe-

rience: parosmia involving the distortion of odour quality in 

the presence of a stimulus; phantosmia being the perception 

of odour in the absence of stimulus. Qualitative OD has been 

less researched than its quantitative counterpart and, whilst 

parosmia and phantosmia may co-occur, they are often grouped 

together in basic and clinical research, despite inherent differen-

ces in perceptual experience and variations in presentation rate. 

As the SARS-CoV-2 pandemic has progressed, however, a large 

cohort of patients with COVID-19-associated qualitative OD 

has emerged, making these conditions an important research 

priority.

Parosmia
Clinical presentation

Parosmia occurs when there is a mismatch between these pa-

tients’ perceptual expectations (from their memory of an odour), 

and their actual experience. In general, distortions are descri-

bed as unpleasant, though pleasant distortion (‘euosmia’) has 

been occasionally described (17,290). Parosmia has been reported 

in 3.9% to 10% of the general population, and 7% to 56% of 

patients with OD (109,291–294). Variation in patient prevalence rates 

occurs in relation to the specific OD population being sampled: 

parosmia appears to occur most frequently in patients with 

PIOD, followed by sinonasal, post-traumatic and idiopathic 

dysfunction (9,292). Variance may also be associated with sample 

timing – for example, the online survey by Parma and colleagues 

captured C19OD symptoms within two weeks of illness onset, 

and found prevalence rates of less than 10% (109). Conversely, 

Tognetti and colleagues reported parosmia in 49% of all COVID+ 

patients 18 months after initial diagnosis (133). This is in line with 

reports that parosmia may occur several months after the onset 

of OD (9,139), and may be in keeping with a potential recovery 

period. Though the prognostic value of parosmia is debated, its 

occurrence during the recovery phase may be in keeping with 

the ‘re-wiring’ pathophysiological hypothesis (described below). 

The majority of parosmic patients appear to have hyposmia 

(71%), followed by anosmia (22%) or normosmia (7%) (292). 

Interestingly, however, Tognetti and colleagues demonstrated 

a larger proportion of parosmia in normosmic than hyposmic 

patients after COVID-19 (30% vs 20% respectively) (133). In compa-

rison to patients with quantitative OD, parosmic patients tend to 

be younger and more often female (9). 

The psychosocial impact of parosmia appears to be far reaching: 

an exploratory thematic analysis of user-generated text from 

9000 respondents within a social media charity support group 

(AbScent COVID-19 Smell and Taste Loss moderated Facebook 

group), identified marked impact on physical health (often sur-

rounding altered eating, nutrition and weight (295)), psychological 

well-being, relationships and sense of self (140). Indeed, it appears 

that patients with qualitative OD are more impacted than those 

with quantitative OD as manifest through: higher depression 

scores (Beck Depression Inventory) (296), reduced quality of life 

scores (Questionnaire of Olfactory Disorders) (297), and reduced 

ability to cope with OD (297). Patients with qualitative dysfunc-

tion have been shown to report parosmia more frequently than 

phantosmia (7). In line with this, recent data suggest that patients 

with parosmia have higher severity scores (composite score 

based on frequency and duration of distortion) than those with 

phantosmia (9). 

Pathophysiology

The pathophysiology of parosmia remains unclear. Several mo-

dels have been suggested, largely based on clinical presentation 

combined with existing knowledge and theories on olfactory 

system repair and odour quality encoding. 

The quality of an odour is encoded through a complex spatio-

temporal neural fingerprint. OSNs are monoallelic (i.e., express 

only one type of OR) and will therefore only respond to a charac-

teristic set of odour ligands. In animals, OSNs are distributed sto-

chastically within set zones of the OE, and the axon of each OSN 

type synapses within a set number of specific glomeruli within 

the OB. In this way (and ignoring the superadded complexities 

of nasal aerodynamics, odour absorption and OR-binding faci-

litation though OBP) it is thought that odour quality is spatially 

encoded at the level of the OB (though there may be some 

exceptions to this (47)). In animals, glomerular maps are establis-

hed during embryonic development (298) and are subsequently 

stable throughout life (299). Successful OSN repair or replacement, 

therefore, requires targeting of axons to the correct glomeruli 

within the OB (49). 

The ‘mis-wiring’ hypothesis of parosmia speculates that incorrect 

odour quality is the result of incorrect or incomplete OSN – 

glomerulus synapse formation. This could occur in several ways, 

for example: 1) mistargeting of regenerating axons; 2) correct 

targeting of regenerating axons but switch in OR expression; 

3) incomplete OSN population regeneration leading to partial 

odour maps. Several lines of evidence support the mis-wiring 

hypothesis, though definitive evidence in humans remains 
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lacking. In animals, damage to OSN can cause either delayed 

recovery or long-term damage to glomerular odour maps, de-

pending on the mechanism of injury (214,224,300–304). The behaviou-

ral impact of altered glomerular maps has also been demonstra-

ted. For example, in hamsters that have recovered from surgical 

transection of the bilateral olfactory nerve, a period of retraining 

is required before they are able to perform discrimination assays 

in which they were competent pre-transection (223). The authors 

of this work speculate that this is in keeping with relearning 

of odour quality due to altered glomerular maps. In humans, 

symptom onset timing provides circumstantial support for the 

mis-wiring hypothesis – parosmia tends to occur several months 

after the initial onset of OD, which is thought to coincide with 

formation of stable OSN-glomerular synapses (9,139,300). 

Central models of parosmia have also been suggested, based on 

the following observations: 1) patients with parosmia have small 

OBs; 2) patients with parosmia have reduced grey matter (GM) 

volume in olfactory eloquent areas; 3) patients with parosmia 

have altered patterns of activation on functional magnetic re-

sonance imaging (fMRI). Reduced OB volume has been demon-

strated when comparing PIOD patients with parosmia to those 

without, despite similar quantitative olfactory function (305). 

Similar findings have also been demonstrated in mixed cohorts 

of patients with PIOD and PTOD (190). The underlying cause of 

reduced OB volume in parosmia is unknown, though specula-

tive causes could include reduced axonal input from peripheral 

OSNs, reduced OB interneuron populations/synapses or glial 

compartment changes. With regards to GM change, whole brain 

level analysis has demonstrated significantly reduced volume 

within the left anterior insula of parosmics, when compared with 

non-parosmics (306). This is interesting, as the insula is a key node 

within the flavour network, which is thought to be involved in 

the central processing of disgust (307) and odour hedonic value 
(308,309), and more generally is an important part of the salience 

network (a system which integrates external sensory informa-

tion with emotional and interoceptive input to determine stimu-

lus salience (310,311). Potentially in line with this structural finding, 

Iannilli and colleagues demonstrated increased functional acti-

vation within the insula (amongst other olfactory relevant areas) 

of hyposmic compared with parosmic patients. They addition-

ally demonstrated increased activation within the thalamus and 

putamen of parosmic patients, compared to hyposmic (312). This 

is again of interest, as the putamen has also been implicated in 

disgust processing, and the thalamus is thought to be involved 

in the attentional shifts, or ‘thalamic gating’ (313). 

Other proposed mechanisms of parosmia include ephaptic 

firing – whereby aberrant ‘short-circuit’ transmission occurs 

between neurons in a way similar to that seen in epilepsy. This 

could possibly be due to demyelination of intracranial neurons, 

or damage to the OEC population at the periphery. Changes in 

the OB interneuron population could also cause hyperexcitabi-

lity at this level. Such theories have anecdotal support through 

the successful treatment of some parosmic patients with 

anticonvulsant medications (314). Other theories surrounding the 

physicochemical properties of particular ‘trigger’ odourants, 

and some unknown interaction with the damaged or repairing 

peripheral olfactory system have also been suggested (315). The 

latter is supported by patient reports of particular odour types 

that commonly provoke parosmic responses (e.g. coffee, choco-

late, meat, onion, garlic, egg and mint/toothpaste) (316,317). Other 

changes – for example at the level of the OR population (during 

acute and/or regenerative phases) - are possible and have yet to 

be elucidated. 

The interaction between proposed central and peripheral 

mechanisms of parosmia are unknown but these models are 

unlikely to be mutually exclusive. For example, reduced OB size 

may be the result of reduced or incorrect axonal input due to 

peripheral pathology, which could in turn lead to upstream 

structural and/or functional alterations within the central olfac-

tory network. More work is required to delineate the pathophy-

siological processes at play, and their potential interactions, in 

both animal and human subjects.

Assessment

The diagnosis of parosmia is usually based on the patient’s 

medical history (14). Questionnaires may be of use, though their 

uptake in routine clinical practice has not yet been established. 

One such questionnaire from Landis et al., incorporated four 

questions focussing on: 1) altered perception of food; 2) persis-

tence of malodour in absence of stimulus; 3) relative negative 

hedonic perceptual shift compared to other people; 4) alteration 

in odour quality, not strength (318). Of the questions included, 

numbers 4 and 1 were most sensitive and specific in identifying 

parosmia. In addition to questionnaires focussing on perceptual 

experience, Hummel and colleagues proposed a scoring system 

that can be used for quantifying the severity of either parosmia 

or phantosmia, which can be used alongside other questionnai-

res, or medical history (319).

The first psychophysical tool (“Sniffin’ Sticks” Parosmia Test 

– ‘SSParoT’) developed for the assessment of parosmia was 

recently reported by Liu and colleagues (320). They developed a 

test in which odour pairs of opposite hedonic valence (pleasant 

and unpleasant) are presented to the patient, who is scored 

based on two metrics of hedonic perception: hedonic range (the 

perceived hedonic distance between two odours of opposite 

valence) and hedonic direction (indicator of overall hedonic 

perception of odours). Whilst this test was originally validated 

in 162 normosmic subjects, recent retrospective work using the 
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short version of the SSParoT in 63 patients with PIOD demon-

strated poor sensitivity for the identification of parosmia, using 

either the hedonic range (sensitivity 29%) or hedonic direction 

(sensitivity 6%). The specificity of these two measures was better 

at 67% and 100% respectively. More work is needed to deter-

mine the utility of the extended SSParoT in clinical practice. 

Imaging should be performed in line with the suspected 

underlying pathology (see section on ‘Clinical Assessment’, 

subsection ‘Structural Imaging’). In cases of clear PIOD, whilst 

volumetric imaging of the OB may help to confirm the diagnosis 

and give prognostic information, where resources are scare, or 

where volumetry is not routinely performed, MRI OB/brain may 

be omitted. With regards to other potential assessment tools, 

though differences in fMRI activation between parosmic and 

hyposmic patients have been shown (312), diagnosis based on 

single participant functional imaging is not advised, due to high 

levels of inter- and intrasubject variability. 

Given the common co-occurrence of qualitative and quantita-

tive OD, we would additionally suggest that quantitative ortho- 

± retronasal olfactory function is assessed (please see section on 

‘Clinical Assessment’, subsection ‘Olfactory Testing - Psychophy-

sical Testing’).

Treatment options for parosmia have been traditionally limited, 

and based on clinician-specific, anecdotal evidence. Available 

evidence will be reviewed in the section on ‘Treatment of Olfac-

tory Dysfunction’.

Prognosis

Pellegrino and colleagues reported that, in comparison with 

quantitative OD and phantosmia, parosmia appears to be 

shorter lived and more likely to occur during recovery from an 

initial impairment. In line with this, patients are more likely to 

report improvement than in other forms of OD (9). Other studies 

have also described parosmia during periods of recovery, with 

the majority of patients no longer experiencing parosmia after 

a period of approximately one year (291,292,321,322). Whilst some 

studies have described greater recovery of quantitative olfactory 

function in the presence of parosmia (321,323), others have not (292). 

However, it should be taken into consideration that the investi-

gated groups vary, especially regarding duration of the olfactory 

loss at point of inclusion into the respective studies.

Phantosmia 
Clinical presentation

Phantosmia is the perception of smell in the absence of an 

odour source (olfactory ‘hallucination’). Similar to parosmia, pa-

tients with phantosmia usually describe their experiences as un-

pleasant, using terms such as ‘burned’, ‘rotten’, ‘faecal’, or ‘chemi-

cal’ (324), with ‘smoky/burnt’ being the most common descriptor 

in one series (325). Phantosmia appears to be less prevalent than 

parosmia, affecting approximately 0.8 to 2.1% of the general 

population (326) (this figure rising to 6.5% of adults over the age 

of 40 (327), and has been as high as 31% in a small but randomly 

selected sample from Taiwan (294)), and up to 16% of patients 

with OD (9,292,325,328). When coincident with parosmia, however, 

prevalence has been estimated in approximately one quarter of 

OD patients (291). In comparison to patients with parosmia, those 

with phantosmia are more often anosmic (43%), though the 

majority of these patients, as for parosmia, are hyposmic (53%) 
(292). The gender distribution also appears to be more balanced 

than in patients with parosmia (9), though a female preponde-

rance has been suggested within the general population (325,327). 

In comparison to patients with quantitative OD or parosmia, 

patients with phantosmia are more likely to be middle-aged (9). 

Phantosmia is seen in patients with OD of varying aetiologies, 

including PIOD, sinonasal and iatrogenic OD, but appears to be 

most frequently reported in patients with PTOD (9,292). Olfactory 

hallucinations are also reported in neurological and psychiatric 

conditions, for example, in temporal lobe epilepsy or migraine 

aura (2,329). Unlike parosmia, phantosmia does not present as 

frequently during the proposed ‘recovery’ phase, indicating that 

phantosmia is not or less dependent on residual or changing 

olfactory function. As for parosmia, the impact of phantosmia 

on quality of life appears to be greater than in quantitative OD. 

Furthermore, Pellegrino and colleagues recently demonstrated 

higher levels of anxiety regarding environmental hazards and 

cleanliness and greater weight disturbance (with associated po-

tential effects on physical health) in phantosmic than parosmic 

patients (9). 

Pathophysiology

As for parosmia, the pathophysiology of phantosmia remains 

speculative. Existing theories are largely based on corollaries 

with the understood mechanisms of hallucinations in other 

senses, and the observation that phantosmia frequently occurs 

in PTOD, neurological and psychiatric conditions. However, it 

remains unclear whether phantosmia is due to purely central, 

peripheral or mixed central and peripheral mechanisms. 

Epileptiform activity within the temporal lobe is known to cause 

olfactory hallucination (aura). In line with this, several studies 

have directly stimulated olfactory eloquent areas, including 

the OB, orbitofrontal cortex (OFC) and hippocampus. Holbrook 

and colleagues recently demonstrated subjective olfactory 

perception following transethmoidal electrical stimulation of 

the OB, in 3 out of 5 patients tested (330). The elicited smells were 

generally unpleasant (‘onion-like’, ‘antiseptic-like’, ‘fruity/bad’). 

Intracranial electrical stimulation of areas around the OB has 

also been performed during invasive surgical procedures being 

undertaken for epilepsy. In 2012, Kumar and colleagues elicited 
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subjective olfactory perception following subdural electrical 

stimulation of the ventral frontal lobe in 11 of 16 children (331). 

More specifically, they elicited pleasant (n=9) or unpleasant 

(n=2) hallucinations following stimulation medial, but not lateral 

to the medial orbital sulcus (i.e., in areas proximal to the OB and 

tract on the gyrus rectus or medial OFC). More recently Bérard 

and colleagues elicited pleasant subjective olfactory perception 

in adult patients following stimulation of the bilateral OFC, but 

not the hippocampus, using stereotactically placed intracerebral 

electrodes (332). Specific areas stimulated included the olfactory 

sulcus, medial OFC and medial orbital sulcus. The possibility 

that non-specific electrical stimulation of the OB could lead to 

unpleasant subjective odour perception is interesting: could 

phantosmia (± parosmia), which is usually unpleasant in nature, 

be due to aberrant electrical activity at the level of the OB? This 

is highly speculative and countered by the observation that 

olfactory aura in temporal lobe epilepsy is often unpleasant in 

nature. 

The possible role of the OB in phantosmia has also been sug-

gested in cases where surgical bulbectomy has proved curative 

in severe disease (333,334). More peripherally, surgical excision of 

the OE has also been performed in a limited number of patients, 

with reported long-term success in the majority of cases (335). 

Furthermore, histological abnormalities have been demonstra-

ted within such surgically excised OE – including reduced matu-

re OSN populations and axonal abnormalities (335). Observations 

of symptom unilaterality, and relief with nasal obstruction or OE 

anaesthetisation have also been proposed to reflect peripheral 

aetiology (336). Finally, peripheral dysfunction has been sugge-

sted by patient reports, where higher levels of nasal congestion 

and sinonasal disease are reported with phantosmia than pa-

rosmia (9). Whether abnormality at the level of the OE itself could 

cause phantosmia, or whether such peripheral abnormalities 

lead to causative upstream dysfunction is, however, unknown. 

As it stands, there is insufficient evidence to propose a defini-

tive pathophysiological model for OD-related phantosmia. It 

is possible that both peripheral and central dysfunction may 

be involved, either together, or separately in different patients. 

Finally, care should be taken when equating proposed mecha-

nisms of phantosmia associated with neurological or psychiatric 

disease with that occurring in the context of OD: these patients 

may form different cohorts based on divergent pathophysiology 

and required treatments.

Assessment

The diagnosis of phantosmia is based on the patient’s medical 

history. The utility of structured questionnaires has been explo-

red, but to date appear to be more sensitive to parosmia than 

phantosmia (318). The severity score as described by Hummel 

and colleagues (see section ‘Qualitative Olfactory Dysfunction’, 

subsection ‘Parosmia – Assessment and Treatment’) can also be 

used in phantosmia (319). 

As for parosmia, because phantosmia frequently occurs along-

side quantitative OD, we would again suggest that ortho- ± 

retronasal olfactory function is assessed (please see section on 

‘Clinical Assessment’, subsection ‘Olfactory Testing – Psychophy-

sical Testing’).

Whilst imaging should again be performed in line with suspec-

ted underlying pathology (see section on ‘Clinical Assessment’, 

subsection ‘Structural Imaging’), there is a lower threshold in 

phantosmia than parosmia. CT of the paranasal sinuses should 

be undertaken where there is suspicion of an endogenous 

odour source (suspected ‘cacosmia’ for example due to fungal si-

nusitis). MRI brain (including appropriate sequences for imaging 

of the OB) should be undertaken where there is suspicion of 

central pathology – for example in cases of PTOD or suspected 

temporal epilepsy. 

Phantosmia associated with neurological or psychiatric disease 

should be treated as per the parent condition, with appropriate 

specialist consultation as required, ideally within a multidiscipli-

nary setting. As in parosmia, treatment options for phantosmia 

associated with quantitative OD, or idiopathic phantosmia are 

limited, and based largely on anecdotal evidence. Again, avai-

lable evidence will be reviewed in the section on ‘Treatment of 

Olfactory Dysfunction’.

Prognosis

Phantosmia is not as frequently associated with recovery as 

parosmia. Rather, phantosmic patients are more likely to report 

that their condition was unchanged over time (9). Landis and 

colleagues investigated long-term outcomes in 44 patients with 

idiopathic phantosmia and found that symptoms were gone or 

improved in 32% and 25% of patients, respectively, and unchan-

ged or worse in 39% and 5% of patients, respectively (337). Finally, 

the presence of phantosmia is not associated with increased 

rates of quantitative olfactory recovery (292,321,323).

Recommendations:

➢ The presence of parosmia or phantosmia, and their poten-

tial underlying causes, should be established through careful 

medical history. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7)

➢ Structured symptom questionnaires, severity scores, and 

psychophysical olfactory tests may be used as adjuncts to 

diagnosis.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

➢ Due to their frequency of co-occurrence, assessment for 
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quantitative olfactory dysfunction should be undertaken when 

qualitative dysfunction is reported.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

➢ Imaging in qualitative dysfunction may be of use where 

there is suspicion of an endogenous odour source, or central 

pathology. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.6)

➢ Where a neurological or psychiatric cause is suspected, ap-

propriate specialist input should be sought. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.8)

Clinical assessment 
The initial clinical assessment of the olfactory patient is of vital 

importance: from the history alone a diagnosis can often be 

made. In this way, thorough clinical assessment is the founda-

tion for full chemosensory assessment. Accurate diagnosis is 

required not just to guide management but also to give prog-

nostic information (338). This is particularly important in medico-

legal cases. 

When assessing patients with chemosensory impairment, one 

should bear in mind the close association of smell and taste (339). 

Where a patient complains of reduced or distorted taste, often 

they are in fact suffering from olfactory impairment and descri-

bing consequent impact on flavour perception (176). For example, 

the patient may be complaining of retronasal OD but unaware 

that they are also experiencing orthonasal impairment. Careful 

exploration to separate retronasal olfaction and gustation is 

required, particularly in the case of C19OD, where taste impair-

ment may occur (109).

History
Thorough history taking should include (340):

Specific impairment

Are patients describing a problem with their sense of smell, 

taste with respect to flavour, or taste with respect to basic gus-

tatory attributes (sweet/salty/bitter/sour/umami)? Is their dys-

function quantitative, qualitative or both? If they are experien-

cing qualitative dysfunction, is this parosmia (stimulus present; 

parosmia absent when nares closed) or phantosmia (stimulus 

absent) or could there in fact be an internal stimulus, e.g., from 

the sinuses. If they are experiencing quantitative dysfunction, is 

this affecting all odours, or only specific odours, and how severe 

is their dysfunction in terms of frequency (i.e., daily or less) and 

intensity (i.e., anosmia or hyposmia)? What treatment have they 

had for their dysfunction to date, and has this been successful? 

Onset

Sudden onset loss is more common in PIOD or PTOD, although 

in PTOD often there is a gap of days and weeks between the 

trauma and recognition of the deficit. Gradual onset is more 

often seen in sinonasal disease, neurodegenerative causes, and 

aging. 

Duration

Dysfunction since childhood is likely to indicate congenital 

anosmia (and pertinent questions regarding other syndromic at-

tributes should be considered). Longer duration of dysfunction 

may be a poor prognostic sign, particularly in cases of CRS and 
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PTOD. 

Fluctuation

Olfactory function fluctuates markedly in cases due to inflam-

matory disease (CRS or allergy). Fluctuation may also occur in 

some, but not all cases of PIOD(180,341).

Other symptoms: sinonasal 

Common symptoms of sinonasal disease (e.g., CRS, allergy) 

should be assessed, including nasal obstruction, rhinorrhoea, 

postnasal drip, facial pain, sneezing, and itching. 

Other symptoms: non-sinonasal 

Symptoms of the locally prevalent variant of COVID-19 should 

be assessed, including any temporal association with onset of 

OD. Symptoms suggestive of other systemic disease should also 

be considered.

Specific impairments and quality of life

Does the patient rely on their sense of smell professionally (e.g., 

chef, sommelier)? Is their dysfunction causing problems with 

interpersonal communication (particularly of note in mothers) 

or nutrition (including quantified weight change)? Does the 

patient describe anxiety or depression as a result of their 

dysfunction? If the patient is suffering from significant psycho-

logical effects, referral for assessment and management should 

be considered as appropriate. Does the patient live alone? If so, 

have they experienced any home accidents (e.g., fires, gas leaks 

etc.)? Such patients should be counselled regarding smoke and 

gas alarms and adherence to ‘use-by’ dates on foods. 

Past medical history

Direct questioning should include previous head injuries, upper 

respiratory tract infections, sinonasal surgery or neurosurgery 

and any other chronic diseases that might affect olfaction (for 

example chronic kidney disease). Specific questions regarding 

symptoms of undiagnosed neurodegenerative disease should 

be considered in older patients where there is clinical suspicion. 

Such patients should be referred to neurological services as 

appropriate. Assess symptoms and contacts for COVID-19, if not 

done so already. 

Medications

Current and previous medication history (including chemo-

therapies) should be obtained as well as compliance. The latter 

may be important where medications are required for control 

of chronic conditions (such as L-thyroxine in hypothyroidism). 

Where a patient has previously been treated with corticosteroids 

with improvement in smell, it is likely that they are suffering 

from sinonasal disease.

Allergies

Allergies to medications, seasonal, perennial and occupational 

environmental allergens should be assessed, as well as the 

treatment for these. 

Smoking and alcohol

Current smoking and drinking may be associated with both 

reduced olfaction and taste. 

Toxins and occupational exposure

Exposure to toxins known to cause OD should be assessed. 

Additionally, exposure to substances that increase the risk of 

sinonasal and nasopharyngeal carcinoma should be considered 

(e.g., softwood and hardwood dusts and sinonasal/nasopharyn-

geal carcinoma). 

Family history 

Family history of OD may aid in a diagnosis of congenital dys-

function. In older patients, a family history of neurodegenerative 

diseases should be assessed (including PD and Alzheimer’s 

disease). 

Recommendation: 

➢ Thorough clinical histories should be sought from all pa-

tients.

o Delphi result: Agreed (score 7-9 = 100%, average score 

8.9)

Clinical examination
Examination should include a full ENT physical examination 2 . 

Nasal endoscopy should be performed, ideally with a 0° Hopkins 

rod lens endoscope (4mm diameter or smaller) to start. A 30° 

endoscope may then be used to facilitate visualisation of the 

OC, which is found in the superior nasal cavity, and bounded by 

the superior and middle turbinates laterally and superior nasal 

septum medially (67). Whilst nasal decongestant should ideally be 

used (since meaningful examination of the nasal cavity is other-

wise limited) (342), it should be noted that topical anaesthetic may 

cause temporary OD (343) and should therefore be avoided until 

after olfactory testing is performed.

Features to note on endoscopy include:

• General nasal anatomy including inferior, middle and supe-

rior meati.

• Visibility of OC, patency and any abnormalities thereof. 

Discharge, polyps, oedema, crusting, and scarring may be 

documented using the Olfactory Cleft Endoscopy Scale 

2 Please note, appropriate PPE should be used when examining a patient 
with confirmed or suspected COVID-19, particularly where endoscopy is 
undertaken, which is an aerosol generating procedure (338). 
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(OCES), which correlates with olfactory function in patients 

with CRS (344). Signs of acute or chronic rhinosinusitis outside 

of the OC should be noted. Traditional endoscopic staging 

of the paranasal sinuses in CRS can be performed using the 

Lund-Kennedy scoring system (345). 

• Other sinonasal abnormalities such as benign or malignant 

neoplasms. Where malignancy is suspected, a full examina-

tion of the mucosal surfaces of the head and neck should 

be undertaken, including thorough oral, pharyngeal and 

laryngeal examinations.

Where a neurological aetiology is suspected, a full neurological 

examination, including assessment of cranial nerves, and motor 

and sensory function should be undertaken. Tests of memory 

and cognition should be deferred to the appropriate neurologi-

cal specialists (346), although appropriate screening tests may be 

performed if feasible. 

When an asymptomatic patient requires assessment for medico-

legal purposes, for example, prior to surgery (e.g. anterior skull 

base (269)), a full examination of the head and neck should be 

undertaken, including nasal endoscopy, though neurological 

examination can be omitted if appropriate. 

Recommendations:

➢ Patients with suspected olfactory dysfunction should un-

dergo a full ENT examination, including nasal endoscopy with 

careful inspection of the olfactory cleft. 

o Delphi result: Agreed (score 7-9 = 98%, average score 8.8)

➢ Basic neurological examination should be undertaken 

where there is suspicion of an underlying neurological aetio-

logy, or in otherwise assumed idiopathic cases, though formal 

and detailed neurocognitive testing can be deferred to the 

appropriate specialists. 

o Delphi result: Agreed (score 7-9 = 96%, average score 8.7)

Olfactory Testing
The method used for assessing olfactory function is vitally 

important with respect to accurate diagnosis, outcome repor-

ting and tracking of olfactory changes over time. A limitation of 

the current literature base is the heterogeneity of assessment 

techniques used, with consequent effect on definitions of im-

pairment and improvement. As highlighted in the epidemiology 

section above, this can lead, for example, to large differences 

in estimated prevalence rates, and impacts significantly on the 

generalisability of results, especially where non-standardised 

and potentially unreliable tests are used. 

In general, three different types of olfactory testing can be 

undertaken: 

1. Subjective, patient-reported olfactory assessment.

2. Psychophysical olfactory assessment.

3. Olfactory assessment using electrophysiological studies or 

magnetic resonance imaging.

Again, when performing any assessment of olfactory function 

using the above methods, appropriate PPE should be worn 

where COVID-19 is confirmed or suspected (338).

Subjective assessment

Subjective testing can be performed using visual analogue 

scales, Likert questionnaires, or as part of other outcome 

assessments. For example, the commonly used SNOT-22 is a 

validated patient-reported outcome measure for CRS, which 

assesses overall disease burden. However, this contains only one 

question regarding OD (347). Olfactory-specific patient-reported 

outcome measures, such as the Questionnaire of Olfactory 

Disorders (QOD), appear to have a greater ability to differentiate 

between patients with normosmia versus hyposmia than simple 

Likert questions such as those found in sinus-specific question-

naires such as the SNOT-22 and the Rhinosinusitis Disability 

Index (348). For a recent systematic review of olfactory-related 

questionnaires and scales, see Han et al., 2021 (349). 

However, as discussed briefly above, olfactory self-assessment 

tends to be unreliable and it has been shown that people do not 

perform well when compared to psychophysical testing (88,350–355). 

In 2003, a group of healthy individuals were assessed for cor-

relation between subjective, self-reported olfactory ability, and 

composite psychophysical olfactory test scores (355). This study 

found that where subjective rating preceded psychophysical 

testing (using “Sniffin’ Sticks”- see below), there was no signifi-

cant correlation between the two. As outlined in the section on 

‘Epidemiology of Olfactory Dysfunction’, accuracy in self-repor-

ted olfactory function does not appear to vary across age ranges 
(27), and the specificity of self-reported ratings is better than the 

sensitivity (87% and 31%, respectively) (28).

Poor approximation of self-rating to measured olfactory 

function has also been shown in patient populations. An early 

study by Delank and colleagues showed that 30-40% of CRS 

patients with impaired olfactory function rated themselves as 

unimpaired (351). In a UK-based study of 80 patients presenting to 

a rhinology clinic, only 28% accurately reported their olfactory 

ability (350). 

 

Whilst subjective assessment is useful in characterising the 

clinical effect of interventions, including the ‘minimal clinically 

important difference/change’ (356), given the above issues, these 

should not be performed in isolation. Rather, when diagnosing 

olfactory impairment, or assessing the effects of treatment, 

patient-reported outcomes should be used in conjunction with 
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more objective forms of assessment, as outlined below. 

Recommendations:

➢ In patients reporting olfactory dysfunction, subjective 

olfactory assessment should be undertaken in order to fully 

determine quality of life and disease burden, as well as the 

clinical impact of interventions.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.6)

➢ When possible, validated questionnaires should be used. 

When this is not possible, a recognised form of assessment, 

possibly quantitative and/or anchored, such as a visual analo-

gue scale, should be used.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5)

➢ Subjective olfactory assessment should not be relied upon 

in isolation.

o Delphi result: Agreed (score 7-9 = 91%, average score 8.4)

Psychophysical Testing
Psychophysical tests provide a more reliable assessment of 

olfactory function than subjective reporting. Similar to an audio-

gram, during such assessment, an olfactory stimulus is provided 

and the outcome of the test is dependent on the patient’s res-

ponse. Psychophysical testing therefore requires a cooperative 

subject who can understand and follow instructions, as well as 

communicate choices to the clinician/investigator. 

Orthonasal psychophysical tools

Through modification of psychophysical test type, different as-

pects of olfaction can be quantitatively assessed. Broadly, these 

different aspects can be divided into threshold and suprathres-

hold olfactory function. 

Odour threshold is the lowest concentration of an odourant that 

a subject can perceive. Operationally, this is the concentration 

where 50% of stimuli are detected and 50% remain undetected. 

Odour threshold does not require specific identification of the 

odourant stimulus, rather a detection of ‘something’, usually in 

comparison to a blank, odourless stimulus. Where comparison 

is made between odourant and blank stimuli, some degree of 

short-term, working memory is required. However, this test is 

less directly related to episodic or semantic memory (357) and 

therefore has a lower cognitive burden.

Suprathreshold olfactory testing involves presentation of odour 

stimuli of sufficient concentration such that they should be 

detectable (i.e., above the threshold level) in an unimpaired 

person. By varying the odour presented, such tools allow for 

the testing of odour discrimination and identification abilities. 

Odour discrimination describes the ability to differentiate 

between different odours. Odour identification involves both 

recognition of a stimulus and communication of its correct 

identity (i.e., the ability to name an odour). Unprompted odour 

identification is difficult (358), hence most psychophysical tests 

incorporate either visual or written cues (359). Unlike odour 

threshold, performance in the suprathreshold tasks of discrimi-

nation and identification correlate significantly with a subject’s 

executive function and semantic memory (357). Furthermore, 

tests of odour identification require previous exposure to odour 

stimulus, and may therefore be culturally specific (e.g., the 

well-known smell of wintergreen in the USA which is almost 

unknown in Germany). This also includes the idea that olfactory 

tests should be adapted to children (see below). For this reason, 

such tests must be validated in a local population and associa-

ted normative data collected before use. 

The hedonic value of an odour as well as its relative intensity can 

also be considered forms of suprathreshold olfactory testing. 

Hedonic assessment of an odour, or how pleasant or unpleasant 

an odour is, does not require recognition or identification. Ho-

wever, there is a greater emotional component to these ratings 

and as such, episodic memory may be of greater importance 

compared with the other aspects of olfaction described above. 

Relative intensity can also be considered a form of threshold 

testing. Odour detection threshold is not to be confused with 

odour recognition threshold, which is the concentration of an 

odour required for recognition or identification. As this test 

involves identification of the odourant, it combines elements of 

both suprathreshold and threshold tasks. Hedonic value, inten-

sity ratings and odour recognition thresholds are infrequently 

used during clinical diagnosis or outcomes assessment. 

In addition, there are tests that rely on changes in breathing 

behaviour in relation to olfactory stimulation, e.g., the Sniff 

Magnitude Test (360) or the recording of respiratory patterns in 

relation to olfactory stimulation (361). The Alcohol Sniff Test uses 

the distance of an odour source from the nostrils as a mea-

sure of olfactory function (362). Subjects close their eyes, and 

an opened alcohol pad is placed 30 cm below the nose. With 

each exhalation the odour source is moved 1cm closer until the 

patient reports smelling alcohol. Whilst Davidson et al., demon-

strated significant differences between patients and controls, 

and between patients with varying severity of OD, the day-to-

day reliability and therefore utility of this test is dependent on 

the precise original protocol being used, including the correct 

concentration and opening of the alcohol pad. Where this is not 

done, the utility of this test in clinical practice is questionable. 

Furthermore, the high alcohol concentration used has signifi-

cant trigeminal activity, possibly complicating its role as a test of 

olfaction. 

The utility of testing for multiple psychophysical components 

of olfaction (e.g., threshold, discrimination and identification) 
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when assessing OD is debated. Previous work by Doty has sug-

gested that different psychophysical tests measure a common 

source of variance, meaning that olfactory impairment and 

improvement may be effectively assessed using, for example, 

odour identification alone (363). However, this theory is contradic-

ted by other work. In 1988, Jones-Gotman and Zatorre descri-

bed impairment of odour identification but not thresholds after 

selective cerebral excision (364). Similarly, odour identification is 

affected by HIV dementia, whereas odour threshold scores are 

preserved (365). Work by Whitcroft and colleagues demonstrated 

that the pattern of psychophysical test scores obtained in 1,226 

subjects, with olfactory loss of varying cause, reflected underly-

ing disease aetiology (180). In this study, subjects with olfactory 

loss due to sinonasal disease were particularly impaired in 

their odour threshold scores, whereas patients with Parkinson’s 

disease were preferentially impaired in suprathreshold olfactory 

tasks (odour discrimination and identification). Taken together, 

these studies suggest that olfactory threshold preferentially 

tests peripheral causes of olfactory loss (for example, due to 

sinonasal disease), whereas the suprathreshold tests of discrimi-

nation and identification preferentially assess central or cogni-

tive causes of OD. Further data driven work using unsupervised 

machine learning in 10,714 subjects has identified three distinct 

clusters of subtest results which can be defined by odour 

threshold score [1) low threshold, good odour discrimination 

and identification; 2) very high threshold, absent to poor dis-

crimination and identification; 3) medium threshold, preserved 

discrimination and identification] (366). Whilst clear division of 

aetiology was not possible using these emergent clusters, there 

was overrepresentation of congenital OD within cluster 2 and 

PIOD within cluster 3. Therefore, assessing both odour threshold 

and suprathreshold tasks appears to add to the diagnostic value 

of the psychophysical tool. 

Furthermore, the accuracy of psychophysical tools has been 

shown to increase when composite scores are used. In a study of 

2,178 participants of mixed olfactory ability, the diagnostic sen-

sitivity of the individual tests of odour threshold (T), discrimina-

tion (D) and identification (I) as compared with composite ‘TDI’ 

scores, were 64%, 56%, and 47% respectively (367). These sensiti-

vities increased where paired test scores were used but did not 

reach the diagnostic sensitivity of the full composite ‘TDI’ score. 

Using principal component analysis, this study further demon-

strated that olfactory threshold scores individually explained 

more of the observed variance than odour discrimination or 

identification. However, these tests require additional time and 

staff for administration, so logistical issues may limit their use.

A variety of orthonasal psychophysical olfactory tests have been 

developed for clinical and research use. Some of these tests 

assess just one aspect of olfaction, whilst other assess multiple 

components (368,369). For example, the well-known Smell Identifi-

cation Test (‘SIT/SIT-40’, previously also known as ‘UPSIT’) is a reli-

able, standardised microencapsulated odour identification test, 

which has been adapted and validated for use in a number of 

different countries, as well as in children (370–373). The SIT-40 does 

not require clinician supervision and is therefore very conve-

nient. Accordingly, it is frequently used in the clinical setting, as 

well as in research (374–376). The “Sniffin’ Sticks” are another popular 

psychophysical test battery, in which the classical (‘extended’) 

version tests odour threshold and discrimination in addition 

to identification (377). This tool utilises reusable odourant ‘pens’ 

which are presented to the subject by an examiner. A three-al-

ternate forced choice paradigm is employed for odour threshold 

and discrimination, whilst odour identification is tested using 

four-alternate forced choice written/visual cues. Composite ‘TDI’ 

scores from the individual subtests are used in diagnosis, and hi-

gher scores indicate better olfactory function. Again, this assess-

ment tool is reliable, has been validated in different countries, 

and normative data are also available for children (378–382), as well 

as a minimal clinically important difference (MCID, equivalent to 

a composite TDI score difference ≥ 5.5) (383). Accordingly, Sniffin’ 

Sticks are used extensively in research (241,384,385). Other olfactory 

tests allow for the assessment of some, but not all components 

of olfaction. For example, the Connecticut Chemosensory Clini-

cal Research Center Test (CCCRCT) assesses odour threshold and 

identification (386). 

As mentioned previously, odour identification tests are culturally 

specific. Certain odours may not be familiar to those outside the 

country where the specific test had been developed. For this 

reason, normative data should ideally be collected from local 

populations [e.g., (387)] or alternatively local versions developed. 

[e.g., (370,371)]. Some attempts have been made to develop tests 

that would overcome geographic and possible genetic biases 
(388,389). However, these tests have yet not been implemented in 

clinical routine.

Table 5 provides a non-exhaustive list of psychophysical ol-

factory tests which have been used in research and/or clinical 

settings.

Given the diagnostic utility of assessing multiple aspects of 

olfaction as described above, in combination with the apparent 

individual value of threshold testing, we suggest that psychop-

hysical tools used in the comprehensive assessment of olfaction 

should ideally incorporate threshold testing as well as a test of 

suprathreshold function, for example, identification. 

Recommendations:

➢ Psychophysical olfactory assessment tools should be relia-

ble and validated for the target population.
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o Delphi result: Agreed (score 7-9 = 98%, average score 8.8)

➢ Psychophysical olfactory assessment tools used in clinical 

and research settings should include tests of odour threshold, 

and/or one of odour identification or discrimination. However, 

we strongly encourage to test olfactory function by including 

two or three of these subcomponents.

o Use of other suprathreshold olfactory testing modalities 

can be considered, where such tests have been validated 

and have sufficient normative data.

o Delphi result: Agreed (score 7-9 = 91%, average score 8.3)

Olfactory testing in children

Measuring olfactory ability in children can be challenging since 

attention span can be limited and, for example, pairing of odour 

names with the smells may be age and location dependent (390). 

However, olfactory tests have been successfully used in children 

as young as five, with successful completion of the test increa-

sing with age. As an alternative, for very young and/or noncom-

pliant children, the ‘Smell Wheel’ has been used successfully in 

children as young as four (391). The smell wheel is an 11-odour 

game-like test in which odours are identified using words and 

pictures. A paediatric version of the “Sniffin’ Sticks” (a 14 odour 

identification test) was developed in 2014 (392), with an internati-

Psychophysical test Olfactory components assessed

Full Orthonasal Tests

“Sniffin’ Sticks” (original version) Threshold, discrimination, identification

Connecticut Chemosensory Clinical Research Center Test Threshold, identification

T & T Olfactometer Threshold, identification

University of Pennsylvania Smell Identification Test  Identification

Other Orthonasal Tests

Scandinavian Odour Identification Test Identification

Smell Threshold Test Threshold

Olfactory Perception Threshold Test Threshold

Barcelona Smell Test (BAST-24) Odour detection, identification, memory 

Snap & Sniff Olfactory Test System Threshold

Orthonasal Screening Tests

Smell Diskettes Test Identification

Cross-Cultural Smell Identification Test Identification

Pocket Smell Test Identification

San Diego Odour Identification Test Identification

Odourised Marker Test Identification

Open Essence Identification

Q-Sticks (3-item “Sniffin’ Sticks”) Identification

 “Sniffin’ Sticks” (5- or 12-item version) Identification

Brief Smell Identification Test (B-SIT; 12-item Cross-Cultural Smell Identification Test) Identification

Quick Smell Identification Test (Q-SIT) Identification

Novel Anosmia Screening at Leisure (3- and 7-item) Identification

Barcelona Olfactory Test (BOT-8) Odour detection, identification, memory

Paediatric Tests

Smell Wheel Identification

U-Sniff (“Sniffin’ Sticks” paediatric version) Identification

pBOT-6 Identification, threshold

Retronasal Tests

Taste powders (20-item) Identification

Candy Smell Test (23-item) Identification

Candy Smell Screening Test (7-item) Identification

Table 5. Different psychophysical tests available.
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onal updated version (12-item identification test, Universal Sniff 

Test, ‘U-Sniff’) described in 2018 (393). The pBOT-6 is brief 6-item 

identification/threshold test that was recently validated for use 

in Spanish children (394).

Recommendation:

➢ When testing olfaction in children, the test should fit the 

motivation of the child, be culturally appropriate, and valida-

ted for the target age. 

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7)

Use of psychophysical tools to diagnose olfactory 
impairment 
When using psychophysical tools to define olfactory impairment 

and improvement, it is important that reference is made to 

normative data collected for that test. Hyposmia can be sepa-

rated from normosmia using the 10th percentile of normal test 

scores gathered from a population of young, healthy subjects 
(373,377,395). Whilst age-related normative values should be known 

for the test in question (e.g. (395)), typically normosmia is related 

to young healthy adults. In contrast, anosmia is defined on the 

basis of the empirical distribution of scores obtained by anosmic 

people (378,396). Whilst sex-related differences in psychophysical 

test scores have been demonstrated (women often outperform 

men (395)), diagnoses of impairment are not typically defined 

according to sex, but rather using values derived from mixed 

cohorts (373,377,395). 

In a clinical setting, psychophysical testing is most commonly 

performed birhinally, where results represent the better of the 

two sides (355,397), and best reflect patient-level experience. Ho-

wever, evidence suggests that lateralised olfactory testing may 

serve both diagnostic and prognostic utility. 

In 2007, Gudziol et al. reported results of monorhinal olfactory 

testing in 479 healthy controls, 765 patients with CRS and 53 

patients with sinonasal or olfactory bulb neoplasms (398). Using a 

12-item screening version of the “Sniffin’ Sticks” odour identifi-

cation test, they found lateralised differences in function of 3 or 

more points occurred in 15% of controls, 26% of patients with 

CRS, and 32% of those with neoplasms. In 2010, Welge-Lussen 

and colleagues performed a similar study in 518 patients with 

OD of mixed causes (399). Using the full Sniffin’ Stick test bat-

tery they demonstrated significant lateralised differences of 

between 12.5 and 57.1%, depending on cause, the largest side 

differences being in patients with neoplasms. This study went 

on to demonstrate that lateralised differences in threshold score 

correlated significantly with lateralised differences in discri-

mination, identification and composite TDI scores. Work from 

Huart and colleagues demonstrated asymmetrical olfactory 

function (using the “Sniffin’ Sticks” test battery) in patients with 

mild cognitive impairment, which could be used to efficiently 

differentiate these patients from those with post-infectious 

impairment or age-matched controls (400). Imaging studies 

have additionally shown correlation between monorhinal test 

scores and ipsilateral olfactory bulb volume (401). With regards to 

prognosis, follow-up work by Gudziol et al. showed that patients 

with lateralised olfactory differences were more likely to develop 

bilateral dysfunction than those without side differences (402). 

Should lateralised olfactory testing be considered, even in a 

time-pressured clinical setting, psychophysical testing could 

begin with monorhinal odour threshold testing, or, for example, 

with the 32-item extended version of the “Sniffin’ Sticks” iden-

tification test with 16 items being used for each side, or the 

40-item SIT test with 20 items presented to each nostril. Where 

there is no significant difference in threshold score (e.g., for “Snif-

fin’ Sticks” threshold <2.5 and identification <3 points) between 

the right and left sides, testing can continue birhinally. However, 

where a lateralised difference is present, full monorhinal testing 

should be performed. 

Recommendations:

➢ Definitions of olfactory impairment should only be made 

with reference to normative values for the psychophysical 

olfactory test being used.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7)

➢ Psychophysical olfactory testing should ideally begin with 

monorhinal odour threshold testing, if feasible. Where there 

is no significant difference in lateralised scores, testing may 

continue birhinally. 

o Delphi result: Agreed (score 7-9 = 70%, average score 7.2)

Use of psychophysical tools to define clinically rele-
vant change in olfactory function
The final consideration when using psychophysical tools to cha-

racterise olfactory function is the minimum test score change 

required to indicate clinical improvement or deterioration. This 

is particularly important when reporting the results of longitudi-

nal prognostic studies and when assessing interventions: whilst 

there may be a statistically significant improvement in olfac-

tory test scores following some form of treatment, this will not 

necessarily reflect an improvement in subjective disease burden, 

unless the change is of sufficient magnitude to be clinically 

relevant (i.e. has reached the MCID) (227,383). For the “Sniffin’ Sticks”, 

the MCID has been defined as 5.5 for composite TDI, 3 for iden-

tification/discrimination and 2.5 for threshold (383). The MCID for 

the SIT-40 has been taken as 4 (10% change) in several previous 

studies (403,404).

Recommendation:

➢ When reporting changes in psychophysical olfactory test 
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scores, improvement or deterioration in olfactory function 

should be defined according to established clinical correlates 

and target population for that olfactory test.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5)

Psychophysical tests used in screening
In a clinical context, olfactory screening tests are often required 

for identification of potential impairment in asymptomatic 

subjects (for example, during pre-operative assessment for 

medico-legal reasons) (405). Where screening is required, valida-

ted tools have been developed which allow for rapid differen-

tiation between normal and impaired olfactory function. Such 

tests include the 12-item Cross-Cultural Smell Identification 

Test (also called the ‘Brief Smell Identification Test’ ‘B-SIT’) (406), 

the 12-item identification adaptation of the Sniffin’ Sticks test 
(407), or the recently developed 8-Odourant Barcelona Olfactory 

Test (BOT-8), which tests threshold, memory/recognition and 

identification (408). Where abnormalities are identified through 

screening, patients should then undergo full olfactory testing. 

Olfactory screening using dedicated psychophysical tools is 

felt to be preferable to subjective assessment alone, as self-

reported symptom questionnaires are not as sensitive or specific 

as screening odour identification testing, particularly for mild 

hyposmia (409).

Where very rapid screening is required, for example, during 

large-scale population-based studies, tests using only a few 

odours have been developed. Again, these allow for separation 

of normosmia from OD, but do not allow quantification of OD 

(e.g., hyposmia vs anosmia). These include odour identification 

tests derived from the SIT-40 [the 3 or 4-item ‘Pocket Smell Test’ 

and 3-item ‘Quick Smell Identification Test’ (‘Q-SIT’) (410)] and the 

odour identification component of the “Sniffin’ Sticks” [3-item ‘Q-

Sticks’ (411,412) and a 5-item test (413)]. When using these tests, one 

should bear in mind the increased possibility of both false posi-

tives and false negatives. As outlined above, in a clinical setting, 

an abnormal test result using such tools should be followed by 

full psychophysical testing. 

Recommendations:

➢ Screening for abnormal olfactory function in asymptomatic 

patients should be undertaken using validated psychophysical 

olfactory tools. 

o Delphi result: Agreed (score 7-9 = 89%, average score 8.2)

➢ Patients with abnormal screening results should undergo 

full olfactory testing.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5)

Home tests 
As outlined above, it is well evidenced that subjective patient-

reported olfactory function does not correlate well with psy-

chophysical testing. Lack of accurate testing is problematic and 

may result in incorrect diagnoses and treatment plans, inaccura-

te outcomes measurement, inaccurate research data and limited 

patient insight into their condition. The need for validated, 

self-administered psychophysical tests has therefore become 

apparent during the course of the COVID-19 pandemic, where 

infection control issues have made testing impractical or impos-

sible in many settings. Such tests may either be constructed by 

the patient at home or pre-prepared tests sent to their home by 

the clinician/researcher. In cases of the latter, in addition to self-

administration, such tools must be relatively cheap and easy to 

transport. Some existing tests, including screening derivatives of 

the SIT-40 (e.g., B-SIT, Q-SIT or Pocket Smell Test), could therefore 

be included in this category. 

Gupta and colleagues developed Novel Anosmia Screening at 

Leisure, a seven- (NASAL-7) and three- (NASAL-3) item self-admi-

nistered odour identification test, based on common household 

items (414). They demonstrated moderate accuracy in identifying 

patients with anosmia, anchored to SIT-40 testing [NASAL-7 AUC 

(area under ROC curve), 0.706; 95% CI, 0.551-0.862; NASAL-3 

AUC, 0.658; 95% CI, 0.503-0.814]. A score of ≤7 on the NASAL-7 

test was 70% sensitive and 53% specific in discriminating 

anosmic patients. A score of ≤2 on the NASAL-3 test was 57% 

sensitive and 78% specific. Other groups have also described the 

development of tests intended for use at home (415,416). It remains 

to be seen whether these tests achieve wide-spread use. 

Recommendation:

➢ When formal psychophysical olfactory testing is not pos-

sible (for example, in acutely infectious COVID-19 patients), 

validated home smell tests may be of use.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.3)

➢ Patients with abnormal results should undergo full olfactory 

testing.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.5)

Retronasal olfactory and gustatory testing
Gustatory dysfunction occurs less frequently than olfactory 

impairment. The ability to distinguish subtleties of food flavour 

relies heavily on retronasal olfaction, including features unique 

to the human oropharynx and inspiratory airflow (417). Accor-

dingly, when patients complain of ‘abnormal taste’, they are 

usually suffering from retronasal OD (176). However, as mentioned 

above, careful exploration to separate retronasal olfaction and 

gustation is required. Where it is not possible to separate the 

two through patient report, retronasal olfactory and gustatory 

testing may be undertaken. This may be particularly useful in 

the case of C19OD, where smell and taste impairment may co-

occur (109). Such testing may also be of use in other situations in 

which there is diagnostic uncertainly. For example, it has been 
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demonstrated that in cases of sudden onset OD, such as PTOD, 

both orthonasal and retronasal functions decline concurrently. 

However, more progressive dysfunction, such as is seen in 

sinonasal disease, may preferentially affect the orthonasal route 

whilst retronasal olfaction may be preserved (418,419).

Several approaches have been described for testing retronasal 

olfactory function. In Japan, intravenous injection of chemicals 

that undergo pulmonary excretion has been used, with test 

outcome depending on presence/absence of perceived smell 

and latency of such perception (420,421). More simply, retronasal 

olfaction can be tested by asking patients to identify flavoured 

solutions (422), powders (including pulverised foods and spices) 
(418), freeze dried gels (423) and candies (419). There is some concern 

that the pure ‘taste’ components of these stimuli may confound 

results (e.g., identification of coffee through its associated bitter 

taste, rather than through the retronasal coffee aroma). In order 

to circumnavigate this, tests using ‘tasteless’ powders (424) or 

retronasal odour delivery devices (425) have been developed.

As part of a full olfactory assessment, screening of gustatory 

function should be undertaken. This can be achieved using 

liquids applied to the tongue separately for each of the different 

tastants. In practice, this is usually done for sweet, salty, sour or 

bitter. Whilst ideally umami should also be tested for, in practice 

it is poorly identified, reducing its utility in clinical practice (426,427). 

Where any abnormalities are identified, full gustatory testing 

should be undertaken using validated tests with normative data 
(428–434). Ideally, testing of retronasal olfactory function should 

also be undertaken. 

In practice, where a patient complains of abnormal taste, it may 

be simplest to screen for gustatory dysfunction (as above), and 

where this is normal, progress to testing of olfaction as required. 

Recommendations:

➢ Comprehensive psychophysical assessment should include 

gustatory screening for sweet, salty, sour, and bitter tastes in 

all cases.

o Delphi result: Agreed (score 7-9 = 80%, average score 7.7)

➢ Full gustatory testing should be performed where abnor-

malities are identified on screening or where it is not possible 

to differentiate between impaired gustation and retronasal ol-

faction. Accordingly, this should ideally include discrimination 

between retronasal olfaction (flavours) and gustatory (taste) 

abnormalities.

o Delphi result: Agreed (score 7-9 = 89%, average score 7.9)

Electrophysiology and Functional Imaging

Whilst subjective and psychophysical tools are sufficient for 

most clinical and research-based testing, olfaction can also be 

assessed in a less subjective way using electrophysiological and 

imaging studies. 

Electrophysiological studies include electroencep-
halography 
(EEG) and electroolfactograms (EOG - the recording of generator 

potential of OSN via an electrode in contact with the OE) (435–439). 

As EEG and EOG are both event-related, delivery of a known 

concentration of odourant must be precisely controlled using 

an olfactometer, which therefore limits the use of such testing 

for clinical purposes (440). Instead, EEG is useful in medico-legal 

assessment as well as in patients who might not be able to 

comply with psychophysical testing. EOG testing is limited to 

the research setting.

Functional imaging allows for the identification of brain activity 

in response to odour stimuli, and includes positron emission to-

mography (PET) and fMRI (441). These techniques utilise changes 

in metabolism and cerebral blood flow, respectively, in order to 

map brain activity changes in response to stimuli (442). However, 

the use of radioactive isotopes for PET makes this a less attrac-

tive technique, and fMRI has become more common. The use 

of olfactory functional imaging is again typically limited to the 

research setting. 

Recommendation:

➢ Whilst electrophysiological and imaging studies are often 

reserved for research purposes, EEG-based olfactory testing 

can be useful for medico-legal purposes. 

o Delphi result: Agreed (score 7-9 = 85%, average score 7.9) 

Structural Imaging
Structural imaging may be undertaken during the assessment of 

patients with OD for diagnostic and/or prognostic purposes. Ho-

wever, there is considerable heterogeneity in practice between 

clinicians (443), and – outside of the context of CRS – no clear 

consensus in the literature regarding when imaging should be 

undertaken (444). In the following section, we provide a brief dis-

cussion of the different structural modalities available, followed 

by recommendations for use according to aetiology. 

CT

CT of the paranasal sinuses is commonly performed to delineate 

inflammatory pathology in the context of chronic rhinosinusitis. 

Its use in cases of clear CRS should be in line with existing guide-

lines (85). Of note, volumetric techniques that assess opacification 

of the OC have been shown to correlate with olfactory function 

(odour identification scores) to a greater degree than traditional 

CT staging (Lund-Mackay score) in patients with CRSwNP, but 

not in patients with CRSsNP (445). In cases where inflammation is 

not clinically suspected, CT scanning may reveal a small number 
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of additional cases: Mueller and colleagues demonstrated an 

additional 7 in a cohort of 101 patients with presumed non-

sinonasal OD (446). In patients in whom thorough endoscopic 

examination of the OC is not possible (e.g., due to high septal 

deviation), or in whom a diagnosis of idiopathic OD would 

otherwise be made, CT of the paranasal sinuses may be used to 

exclude underlying inflammation. An alternative approach in 

such patients would be to administer a trial of systemic and/or 

intranasal corticosteroids. Contraindications to corticosteroids 

and patient preference should be considered when choosing 

between these options.

CT of the paranasal sinuses/facial bones may also be of use 

in cases of PTOD or iatrogenic OD, where injury to the OC or 

cribriform plate is suspected. Additionally, such imaging may be 

informative in patients presenting with phantosmia of unknown 

aetiology – where an endogenous odour source due to sinona-

sal pathology (e.g., fungal sinusitis) may be demonstrated. 

Finally, CT imaging of the brain is often performed acutely in 

cases of head injury or cerebrovascular accident. Whilst gross 

abnormalities may be identified in this way, MRI is preferable for 

the investigation of intracranial pathology related to OD.

MRI

Magnetic resonance imaging provides superior visualisation of 

soft tissues compared to CT. Furthermore, coronal T2 sequences 

allow easy visualisation of the OB. Therefore, MRI is the modality 

of choice when investigating intracranial structures and patho-

logy related to OD. Accordingly, in a recent survey of interna-

tional practice, 15 – 31% of clinicians (depending on location) 

‘always’ performed MRI of the brain/olfactory system during the 

initial assessment of OD as a presenting or isolated symptom, 

irrespective of suspected cause (443). MRI in olfactory assessment 

can be used to provide diagnostic and prognostic information 

and is targeted at: 1) OB morphometry (volume and shape); 2) 

structures of the primary and secondary olfactory network; 3) 

olfactory sulcus (OS) depth. 

OB volumetry can be performed using MRI. Adjusted for age and 

gender, the OB volume can be considered as normal, hypoplas-

tic or aplastic. If the OB volume is taken at the 10th percentile 

of the distribution, an abnormal OB volume for a person (male/

female) <45 years is less than 58mm3 and for a person (male/

female) >45 years is less than 46mm3 (191). Reduced OB volume 

has been demonstrated in patients with OD due to a variety 

of underlying aetiologies, including congenital OD, idiopathic 

OD, PIOD and PTOD, and have been linked to poor prognostic 

outcomes in the latter two (252,256,447–449). Even in the absence 

of formal volumetry, grossly absent or atrophic OB may aid in 

the diagnosis of suspected congenital OD (216). The presence of 

parosmia is additionally associated with reduced OB volume, 

independent of quantitative olfactory function, in patients with 

PIOD and PTOD (190,305). In addition to reduced volume in disease 

states, OB volume has also been found to correlate significantly 

with olfactory function in many, but not all studies (161,190,191,305,450–

452). Potentially in line with this, prospective work in patients un-

Suspected Aetiology CT paranasal sinuses MRI brain (including OB)

PIOD  - Optional – OB imaging may provide diagnostic 
/ prognostic information

Sinonasal OD Recommended*  - 

PTOD Optional – may be considered when bony 
facial / cribriform plate injury suspected

Recommended

Neurological  - Recommended

Drug/toxin related  -  - 

Congenital  - Recommended

Aging  - Optional – may be of use when it is not pos-
sible to exclude early neurodegeneration 

Iatrogenic Optional – may be of use when OC/cribriform 
plate injury suspected

Optional – may be of use when intracranial 
pathology suspected

Idiopathic Optional – may be of use to identify inflam-
mation/OCS not otherwise diagnosed by 
endoscopy or trial of corticosteroids.

Recommended

Parosmia – unknown aetiology Optional – may be of use to identify inflam-
mation/OCS not otherwise diagnosed by 
endoscopy or trial of corticosteroids.

Recommended

Phantosmia – unknown aetiology Recommended Recommended

Table 6. – = not recommended. Please note that for qualitative OD (parosmia and phantosmia), the recommendations above are for idiopathic dys-

function – where there is an aetiology suspected (e.g., PIOD), imaging should be in line with this suspected aetiology. * Where not evident on endos-

copy or if surgery is required/considered. 
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Figure 3. Olfactory bulb shape. Top – diagrams showing classification of OB shape (right) with radiological examples (left). Bottom – diagram showing 

location of OB (olfactory bulb), OS (olfactory sulcus), GR (gyrus rectus) and mOFC (medial orbitofrontal cortex).
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dergoing surgical treatment for CRS has demonstrated increases 

in OB volume in association with improved olfactory function 

(specifically, odour threshold) (99). Also in patients undergoing 

treatment for CRS, prospective change in right OB volume has 

been significantly correlated with change in GM volume within 

the ipsilateral orbitofrontal cortex (101). OB shape has also been 

linked to olfactory function (191). In a recent study of 192 patients 

(sinonasal, PIOD, PTOD, Parkinson’s disease, idiopathic) and 

77 healthy controls, ‘non-convex’ shapes were associated with 

significantly worse olfactory function (TDI score), independent 

of age, sex and OB volume (219). Furthermore, irregular ‘scattered’ 

OBs, were seen significantly more often in PTOD. See Figure 3 for 

diagram showing classification of OB shape. Finally, however, it 

should be noted that olfactory perception has been demonstra-

ted in the absence of radiologically evident OBs in women (47,453). 

With this in mind, structures upstream of the OB should also be 

assessed. First, regions of the primary and secondary olfactory 

networks should be investigated for structural abnormalities, 

including potential neoplastic lesions and signs of neurodege-

neration (e.g., cerebral atrophy). PTOD is often associated with 

abnormalities at the level of the OB, frontal and temporal lobes. 

Features such as orbitofrontal gliosis should be noted in these 

patients, as these are associated with poor prognosis and are 

therefore important for appropriate counselling. The pattern of 

brain lesions demonstrated following head injury can be used 

to predict the degree of OD, though this requires more complex 

scan interpretation (104). 

Using specialist neuroimaging techniques, volumetric assess-

ment of regions upstream of the OB has been performed. Accor-

dingly, grey matter volume alterations have been demonstrated 

in structures of the primary and secondary olfactory networks, 

in patients with OD of various aetiology (PIOD, PTOD, idiopathic 

OD, sinonasal OD and mixed cohorts), compared with healthy 

controls (454–460). Across these studies, the insula and orbitofron-

tal cortices appear to be the most frequently affected by OD, 

followed by the piriform cortex, anterior cingulate and parahip-

pocampus. Structural plasticity in association with improved 

olfaction, following treatment for CRS or olfactory training in 

patients/healthy controls, has also been demonstrated (101,461–463). 

Furthermore, multimodal prospective neuroimaging work has 

demonstrated functionally significant structural plasticity within 

the orbitofrontal cortex, insula, anterior cingulate, and temporal 

pole, in association with improved olfaction after surgical treat-

ment for OD (102,464). At present, however, the use of such regions 

as personalised biomarkers of OD (in a similar way to the OB), 

has yet to be established – both within individual patients, and 

with regards to the complexity of imaging analysis required. 

Finally, the depth of the OS has also been linked to olfactory 

function, with reductions demonstrated in patients with PIOD 

and congenital OD, as well as some, but not all patients with 

PTOD and idiopathic loss (161,253,256,257,344,465–469). The OS demarcates 

the division between the medial orbitofrontal gyrus and the rec-

tus gyrus. It can be relatively easily identified and measured on 

coronal images (in the plane of the posterior tangent through 

the eyeball), making it an easy target for clinical assessment. It 

should be noted that the right OS is larger than the left under 

normal circumstances (470).

Despite the above, there is debate in the literature regarding 

the diagnostic utility and therefore cost effectiveness of MRI 

scanning. In a study of 247 patients with idiopathic OD (of 

whom 54.9% were scanned), only 0.8% had OD that could be 

attributed to abnormalities seen on imaging (471). The authors 

therefore argued that such scanning was not cost-effective. 

However, in another study of 122 patients with idiopathic OD, 

intracranial neoplasms were demonstrated in 4.9% of patients. 

These authors argued that medical malpractice costs associated 

with missed intracranial neoplasms were sufficient to justify MRI 

for idiopathic OD (472). In line with this, the most common reason 

for scanning in the recent ICAS survey was to ‘exclude neoplasm’ 
(443). We provide recommendations for ideal scanning practice 

according to aetiology below. However, we acknowledge that 

these recommendations will necessarily be interpreted through 

the lens of local healthcare systems, wider economic burdens, 

and individual clinician preference.

Recommendations:

➢ Structural imaging should be undertaken according to 

suspected underlying aetiology (see table 6). 

➢ In idiopathic olfactory dysfunction: CT of the paranasal si-

nuses is optional and may identify inflammation not otherwise 

diagnosed by endoscopy or trial of corticosteroids; MRI brain is 

recommended.

o Delphi result: Agreed (score 7-9 = 91%, average score 8.3) 

➢ CT should be performed as first line imaging of the parana-

sal sinuses when sinonasal inflammation or bony abnormali-

ties are suspected. MRI should be performed as first line when 

intracranial abnormalities are suspected, or morphometry of 

the OB is required.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.8) 

Technical note: 

Intracranial MRI should ideally cover the whole brain. The OB 

are best assessed using coronal T2 images, whilst other struc-

tures can be assessed using high resolution axial T1 images. 

With regards to the OB, possible imaging acquisition parame-

ters are as follows: coronal scans, T2 weighted images, repeti-

tion time (TR) = 6770 ms; echo time (TE) = 84 ms; flip angle = 

150˚; slice thickness = 1mm; field of view matrix = 263 x 350).
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Treatment of olfactory 
dysfunction
Despite considerable efforts within both the clinical and 

research communities, long-term, effective treatments for 

OD largely remain elusive (473–478). The current literature base is 

limited by lack of high-level evidence (e.g., from large-scale ran-

domised control trials), likely due to historical lack of funding, 

insufficient study participants, and inherent methodological 

and/or hypothesis driven differences that prevent generalisation 

of results. However, the devastating impact of the COVID-19 

pandemic has focused efforts and attracted funding towards 

PIOD. The whole arena of OD will likely benefit from such on-

going work.

In the following sections we will outline the more common, 

or more successful interventions currently available and their 

evidence base. Following this, we will present evidence and 

rationale for more novel treatment approaches. 

Medications 
In the following sections we will review evidence for the use 

of corticosteroids, monoclonal antibodies, phosphodiesterase 

inhibitors and intranasal calcium sequestrants. Other medicati-

ons are covered either in the ‘Novel Treatments’ subsection, or in 

Table 7. Treatment of qualitative OD is covered in the ‘Treatment 

of Qualitative Olfactory Dysfunction’ subsection.

Delivery Mechanism for Intranasal Medications
As outlined in the earlier section ‘Anatomy and Physiology of 

Olfaction’, the precise extent of the OE is debated, and likely 

varies between patients. However, it would appear that OE can 

consistently be located immediately below the cribriform plate 
(62). Effort has therefore been made to facilitate delivery of intra-

nasal medication as high into the OC as possible, using various 

approaches, including head positioning, varying drug preparati-

ons and specialist application devices. 

The ‘Kaiteki’ position describes a position in which the patient 

lies laterally, with their head rotated (away from the bed/re-

cumbent shoulder to the ‘upwards’ side) by 20-30 degrees, and 

with their neck extended by 20-40 degrees (479). Instillation of 

intranasal medication to the upper nostril (i.e., contralateral 

nostril to the recumbent shoulder) in this position appears to 

improve access to the OC, particularly when the nasal cavity has 

been decongested. Other positions appear to confer little bene-

fit in directing medications towards the OC (480,481). With regards 

to drug preparation, nebulisation, atomization or delivery of 

drops diluted in intranasal douches (irrigation/rinses) appear to 

improve access to the OC (482,483). Application devices such as the 

‘squirt system’ (which utilises a thin cannula affixed to a syringe, 

and which allows application of a high pressure stream directed 

towards the OC) or the liquid Exhalation Delivery System (which 

enables positive pressure delivery of intranasal medication with 

a closed nasopharynx through patient exhalation (484)) have also 

been shown to facilitate improved access to the OC, though 

their use is dependent on funding/availability. 

Corticosteroids

Corticosteroids are a mainstay in the treatment of CRS, though 

their recommended use differs according to endotype/phe-

notype (with olfaction being more prominently affected in 

CRSwNP/Type 2 inflammation, as outlined in Olfactory dys-

function secondary to sinonasal disease). With regards to OD 

secondary to CRSwNP/Type-2 inflammation, evidence exists to 

support use of corticosteroids, with efficacy varying according 

to route of administration (86,385,485–491). The duration of benefit 

from systemic corticosteroids may be limited, with return to 

baseline often seen within 3 months (492); repeated use may be 

limited by the risk of adverse events, and intranasal corticoste-

roids therefore play a more important role in first line mainte-

nance therapy. As outlined above, different ways of maximising 

drug delivery to the olfactory cleft have been explored – inclu-

ding use of particular head positions, dilution of medication 

into irrigation solutions, and special devices such as the liquid 

Exhalation Delivery System (see Delivery Mechanism for Intra-

nasal Medications for full discussion). Extensive guidelines exist 

for the management of CRS, and use of corticosteroids therein 
(85,92,193,492–498). We would refer you to these guidelines for detailed 

management of these patients. 

With regards to non-CRS-related causes of OD, the literature 

base is less robust, and it is more difficult to draw firm conclu-

sions regarding the utility of corticosteroids in such patients. 

However, there is some rationale for their use: for example, long-

term inflammation in the OE of C19OD animal models has been 

demonstrated and such processes may contribute to persistent 

olfactory impairment in both COVID-19 and non-COVID-19 PIOD 

(499). The following outlines available evidence for use of syste-

mic and topical corticosteroids in the non-sinonasal disease OD 

patient group.

Systemic corticosteroids

Several studies have addressed the use of systemic corticoste-

roids for the treatment of PIOD. An early study from Ikeda and 
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

COVID-19-associated Olfactory Dysfunction

Corticosteroids Le Bon et 
al. (502)

2021 Prospective, 
controlled

Oral methylprednisolone 
(32 mg OD) + OT (n=9); 
OT only (n=18) Duration: 
10 days (oral methylpred-
nisolone); 10 weeks (OT)

Patients with 
C19OD; n=27

Change in Sniffin’ 
Sticks (TDI) scores 
after 10 weeks

Yes (p=0.046) Significantly higher 
increase in composite TDI 
scores in those who re-
ceived oral corticosteroids 
compared to controls

Corticosteroids Vaira et al. (683) 2021 Prospective, case-
control

Oral prednisone (1 mg/
kg/day tapering for 
15 days) + intranasal 
betamethasone irrigation 
+ ambroxol + rinazine 
(n=9); No treatment 
(n=9) Duration: 15 days

Patients with 
COVID-19-associ-
ated anosmia or 
severe hyposmia; 
n=18

Change in CCCRCT 
score at 20 and 40 
days after 

Yes (p=0.011 at 20 
days, p=0.024 at 
40 days)

Significantly higher 
CCCRCT scores for the 
treatment group at 20 
and 40 days, compared to 
control

Corticosteroids Kasiri et al. (523) 2021 Prospective, 
controlled

Intranasal mometasone 
furoate spray (2 puffs, 
100 μg BID in each 
nostril) + OT (n=39); in-
tranasal sodium chloride 
(2 puffs BID) + OT (n=38) 
Duration: 4 weeks

Patients with CO-
VID-19- associated 
severe anosmia or 
microsmia; n=77

Change in 
Visual Analogue 
Scale (measured 
weekly), Iran-SIT 
after 4 weeks

No (Iran-SIT) Yes 
(VAS at week 1, 2, 
3, and 4, p<0.001)

No significant difference in 
mean odour identification 
score after 4 weeks, but 
significantly more patients 
in the intervention group 
regained their normal 
sense of smell (p<0.001)

Corticosteroids Abdelalim et 
al. (524)

2021 Prospective, 
controlled

Intranasal mometasone 
furoate spray (2 puffs, 
100 μg OD in each 
nostril) + OT (n=50); OT 
only (n=50) Duration: 
3 weeks

Patients with 
C19OD; n=100

Change in Visual 
Analog Scale (0 to 
10) scores (measu-
red weekly)

No No significant difference 
in VAS scores between 
the treatment and control 
groups, but statistically 
significant improvement 
in smell scores in both 
groups after 3 weeks 
(p<0.001)

Post-infectious Olfactory Dysfunction (Non-COVID-19)

Corticosteroids Kim et al. (521) 2017 Retrospective, 
case series

Oral prednisolone (40 mg 
x 14 days, tapering by 5 
mg daily) (n=60); intrana-
sal mometasone furoate 
monohydrate spray (2 
puffs, 100 μg in each 
nostril OD) (n=181); Oral 
prednisolone + intranasal 
mometasone spray 
(n=250) Duration: 16 
days (Oral prednisolone), 
1 month (Intranasal 
mometasone)

Patients with 
olfactory dys-
function of mixed 
causes; n=491
178 PIOD
96 PTOD
94 Sinonasal
89 Idiopathic
23 Post-Sinonasal 
Surgery
9 Xerostomia
2 Congenital

Change in 
CCCRCT, CCSIT, 
subjective rating 
(recovery vs. no 
recovery) 1 month 
after treatment

Yes (p<0.001) Oral + intranasal and oral 
corticosteroid groups 
had better smell recovery 
outcomes than the intra-
nasal group, No significant 
difference between oral + 
intranasal versus oral only 
(p<0.978)

Corticosteroids Fleiner et 
al. (520)

2012 Retrospective Topical corticosteroid 
(unspecified drug / 
dose) + OT (n=18); OT 
only (n=28) Duration: 
unspecified

Patients with 
olfactory dys-
function of mixed 
causes;
n=46
16 PIOD
15 Sinonasal
8 Idiopathic
7 PTOD

Change in Sniffin’ 
Sticks (TDI) scores 
at 4 or 8 months

Yes (p=0.001 at 8 
months)

Statistically clinically signi-
ficant improvement in TDI 
scores in the topical corti-
costeroid + OT group after 
8 months of treatment

Corticosteroids Heilmann et 
al. (519)

2004 Retrospective Intranasal mometasone 
spray (2 sprays OD, ~0.1 
mg per nostril) x 1 to 
3 months) (n=37); oral 
prednisolone (40 mg/
day, tapering doses over 
21 days) (n=55) Duration: 
1 to 3 months (Intranasal 
mometasone), 21 days 
(Oral prednisolone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=92
58 Idiopathic
22 PIOD
12 Sinonasal

Change in Sniffin’ 
Sticks (TDI) scores 
after 21 to 330 
days

Yes (p<0.001) Treatment with oral 
prednisolone led to 
significantly improved 
TDI scores regardless 
of aetiology (p<0.001), 
intranasal mometasone 
had no significant effect 
on olfaction

Corticosteroids Nguyen & 
Patel (522)

2018 Prospective, 
controlled

Intranasal budesonide 
irrigation (0.5 mg/ 2 ml 
BID) + OT (n=66); Intrana-
sal saline irrigation (BID) 
+ OT (n=67) Duration: 6 
months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=133
62 PIOD
46 Idiopathic
16 PTOD
6 Medication-
related
3 Environmental 
exposure

Clinically signi-
ficant change 
in SIT-40 after 6 
months

No Clinically significant 
change in SIT-40 scores in 
35.3% of patients (n=47), 
Younger age and shorter 
duration of OD were asso-
ciated with improvement 
(p<0.0001) 

Table 7. Summary of current clinical and experimental evidence for medication therapy in olfactory dysfunction.
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Stenner et 
al. (509)

2008 Retrospective Oral beclomethasone 
(3 to 0.5 mg OD to TID) 
+ topical budesonide 
(1.5 mg/day, divided 
into 2 equal doses per 
side of the nose BID); 
oral beclomethasone 
+ topical budesonide 
and neomycin (7.5 mg/
day, divided into 2 equal 
doses per side of the 
nose BID) Duration: 20 
days (Oral beclomethaso-
ne), 12 weeks (Topical 
budesonide only or with 
Neomycin)

Patients with 
olfactory dys-
function of mixed 
causes;
n=89
31 PIOD
22 Idiopathic
16 Sinonasal
14 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after 12 weeks

No No significant difference 
between TDI scores of 
treatment and control 
groups, Improved mean 
TDI scores with oral ste-
roids across all treatment 
groups, with benefit from 
topical corticosteroids +/ 
antibiotic influenced by 
initial oral steroid respon-
siveness

Corticosteroids Blomqvist  et 
al. (518)

2003 Prospective, 
controlled

Oral prednisolone 
(40 mg/day x 3 days, 
tapering by 5 mg daily), 
then either Intranasal 
fluticasone spray (2 
sprays, 100 μg OD in 
each nostril) (n=20); pla-
cebo spray (water, avisel, 
polysorbate 80, glucose, 
benzalkonium chloride 
(198 μg/g) and phenyl 
ethyl alcohol (2.5 mg/g) 
(n=10); no treatment 
(n=10) Duration: 10 days 
(Oral prednisolone), 
6 months (Intranasal 
fluticasone, placebo)

Patients with 
olfactory dys-
function of mixed 
causes;
n=40
23 PIOD
10 Sinonasal
7 Unknown/Idio-
pathic

Change in CC-
CRCT, VAS after 10 
days, 2, 6 months)

No Significant improvement 
after the initial treatment 
with oral corticosteroids, 
no significant difference in 
olfactory threshold scores 
between treatment and 
control groups after 10 
days, 2 and 6 months

Corticosteroids Schriever et 
al. (510)

2012 Retrospective Oral methyl-prednisolo-
ne (40 mg, then tapering 
by 5 mg every other day) 
Duration: 15 days

Patients with 
olfactory dys-
function of mixed 
causes; 
n=425
221 Sinonasal
157 Idiopathic
27 PIOD
20 PTOD, Post-
surgical, Others)

Change in Sniffin’ 
Sticks (TDI) scores 
after 15 days

No control group Greater and clinically signi-
ficant increase in TDI sco-
res among patients with 
nasal polyps (p<0.001) 
who received treatment, 
PIOD (p=0.003) and idiopa-
thic (p=0.01) patients who 
received corticosteroids 
also significantly improved 
but the improvement 
was less than those with 
sinonasal causes

Corticosteroids Fukazawa (501) 2005 Prospective Dexamethasone (5 mg 
every 2 weeks) septal 
injection; betamethasone 
(5 mg every 2 weeks) 
septal injection Duration: 
8 to 10 times

Patients with 
PIOD; n=133

Change in T&T ol-
factometer, Visual 
Analogue Scale

No control group 49.6% of patients achieved 
improvement in recogni-
tion threshold, VAS impro-
ved from 10.2 to 39.5

Corticosteroids Heilmann et 
al. (513)

2004 Prospective Oral prednisolone (40 
mg/day, tapering doses 
over 21 days) (n=85); 
intranasal mometasone 
(2 sprays OD in each nos-
tril) (n=76); oral Vitamin 
B complex (thiamine 12 
mg, riboflavin 12 mg, 
pyridoxine 0.75 mg, 
nicotinamide 60 mg, cal-
cium pantothenate 6 mg 
2 capsules TID) (n=31) 
Duration: 21 days (Oral 
prednisolone), 6 months 
(Intranasal mometasone 
and Vitamin B complex)

Patients with 
olfactory dys-
function of mixed 
causes; n=192
85 Idiopathic
72 PIOD
19 Sinonasal
10 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after an average of 
2 and 6 months

No control group Improvement following 
oral and intranasal 
corticosteroids (p<0.001, 
p=0.03 respectively); 
improvement with oral 
Vitamin B only after 6 
months (p=0.001) but not 
after 2 months (p=0.07)

Corticosteroids Ikeda et al. (500) 1995 Non-controlled Intranasal betamethaso-
ne (few drops of 0.1% 
solution to superior nasal 
cavity in Kaiteki position) 
(n=5) or beclomethasone 
dipropionate (aerosol, 
400 mg/day) (n=16); then 
oral prednisolone (40 to 
60 mg/day tapered over 
10 to 14 days

Patients with sino-
nasal and PIOD;
n=21
12 Sinonasal
9 PIOD

Change in T&T 
olfactometer 
threshold

Yes (Detection: 
p<0.05, Recogni-
tion: p<0.01 for 
sinonasal)

Significant improvement 
in T&T olfactometer 
detection and recognition 
thresholds for sinonasal 
group but not for post-
infectious group
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Phosphodiestera-
se Inhibitors

Hosein & 
Henkin (551)

2022 Prospective Intranasal theophylline 
(20 μg in 0.4 ml saline 
solution, 1 spray OD, 
with increasing dosage 
if no improvement after 
2-4 months after to a 
maximum of 4 sprays 
/ day) (n=39), placebo 
(saline) (n=39), normal 
(n=17) Duration: at least 
2 months

Patients with nor-
mal olfactory func-
tion and hyposmia 
from multiple 
causes; 
n=56
12 PIOD
7 Sinonasal
9 PTOD
5 Idiopathic
3 Chemical 
Exposure
3 Congenital

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic eva-
luation (H)) after at 
least 2 months of 
treatment

Yes (DT: all odours, 
p<0.01, RT: 
Pyridine p<0.005, 
Nitrobenzene, 
Thiophene, Amyl 
Acetate p<0.01) 

Over half of treated 
patients experienced a 
decrease in nasal mucus 
IL-10 toward control levels 
after intranasal theophyl-
line administration, cor-
related with a significant 
improvement in taste and 
smell function

Phosphodiestera-
se Inhibitors

Henkin et 
al. (554)

2012 Prospective, inter-
nally controlled

Oral theophylline 
anhydrous (200 to 800 
mg/day x 2 to 12 months; 
intranasal theophylline 
methylpropyl paraben 
20 μg/day in each naris 
x 4 weeks, controls were 
same group

Patients with 
olfactory dys-
function of mixed 
causes; 
n=10
3 Sinonasal
3 PIOD
2 PTOD
1 Congenital
1 Other

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100)

Yes (DT for Sucrose 
and Hydrochloride 
(p<0.01), and Urea, 
(p<0.05))

Intranasal theophylline 
treatment improved taste 
and smell acuity in 8 of 10 
patients after 4 weeks, Oral 
theophylline treatment 
improved taste and smell 
acuity in 6 of 10 patients 
after 2-12 months

Phosphodiestera-
se Inhibitors

Henkin et 
al. (550)

2017 Prospective Oral theophylline (200 to 
800 mg taken over 2 to 
10 months) (n=44)

Patients with 
hyposmia from 
multiple causes; 
n=44
15 Sinonasal
10 PIOD
9 Congenital 
8 PTOD
1 Post anaesthesia
1 Oropyrosis/Dys-
geusia

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective impro-
vement in smell/
taste/flavour (0 
to 100)

No control group Significant improvement 
in subjective responses in 
smell (p<0.05), taste, and 
flavour perception and in 
olfactometry, associated 
with increased nasal 
mucus sonic hedgehog 
and serum theophylline 
after treatment

Phosphodiestera-
se Inhibitors

Henkin et 
al. (553)

2009 Prospective Oral Theophylline in 
increasing doses (200, 
400, 600, and 800 mg) 
over 2-8 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=312
97 PIOD
97 Sinonasal
76 Others
42 PTOD

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100) 
daily 

No control group Subjective smell loss 
improved in 157 
patients (50.3%), Greater 
improvement in mean 
DT and RT before and 
after treatment (DT: 
Pyridine (PYR) (p<0.001), 
Nitrobenzene (NO2B) 
(p<0.05), Thiophene 
(THIO) and Amyl Acetate 
(AA) (p<0.01); RT: PYR and 
NO2B (p<0.001), NO2B, 
THIO, and AA (p<0.01)) at 
doses of 600 and 800mg of 
oral theophylline, Improve-
ment persisted as long as 
treatment was continued 
(up to 72 months)

Phosphodiestera-
se Inhibitors

Lee et al. (556) 2022 Prospective, 
controlled

Intranasal theophyl-
line irrigation (12 mg 
dissolved in 240 ml saline 
solution, ½ bottle as per 
day) (n=12); placebo 
(saline) (n=10) Duration: 
6 weeks

Patients with 
PIOD; n=22

Change in SIT-40, 
Global Rating of 
Smell Change, 
QOD-NS, and 
ODOR after 6 
weeks

No explicit p-
values stated, but 
CI were overlap-
ping for SIT-40: 
theophylline 
(10-38), placebo 
(8-39)) 

No clinically or statistically 
significant differences in 
treatment scores after 6 
weeks, but a significant 
improvement in olfaction-
related quality of life was 
observed in the treatment 
group

Phosphodiestera-
se Inhibitors

Meusel et 
al. (559)

2016 Experimental, pla-
cebo- controlled

Espresso with caffeine 
(65 mg/cup) (n=39); es-
presso without caffeine 
(placebo) (n=38)

Patients with sino-
nasal and PIOD 
n=76
48 PIOD
28 Sinonasal

Change in Sniffin’ 
Sticks (TD) score 
45 mins after es-
presso consump-
tion; Subjective 
smell rating

No The phosphodiesterase-
inhibitor / adenosine-
receptor agonist caffeine 
has little or no short-term 
effect on olfactory 
function 

Intranasal Calcium 
Buffers

Philpott et 
al. (566)

2017 Prospective, 
controlled

Sodium citrate solution 
(0.5 ml in each nostril x 
1 dose) (n=31); Placebo 
(sterile water, 0.5 ml in 
each nostril x 1 dose) 
(n=24)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=55
21 PIOD
13 Idiopathic
4 PTOD

Change in phenyl 
ethyl alcohol, 
1-butanol, euca-
lyptol, and acetic 
acid thresholds 
every 15 minutes 
up to a maximum 
of 2 hours

Yes (all odours 
except acetic acid, 
p<0.05)

Improved threshold scores 
in the treatment group 
compared to controls for 3 
out of 4 odours tested, but 
effect is transient, peaking 
at 30-60 minutes after 
application, Rhinorrhoea 
and Sore throat were 
frequently reported side 
effects 

Intranasal Calcium 
Buffers

Whitcroft et 
al. (684)

2017 Prospective, inter-
nally controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml, 10 to 
15 drops in total BID in 
the left nostril); Placebo 
(1 ml saline, in the right 
nostril)

Patients with 
PIOD; n=49

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (composite TI: 
p=0.04)

Significant improvement 
in composite threshold 
and identification scores 
after treatment compared 
to placebo
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Intranasal Calcium 
Buffers

Whitcroft et 
al. (685)

2016 Prospective, 
controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml x 1 
dose in the left or right 
nostril), Placebo (1 ml 
saline, in the contralateral 
nostril)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=57
30 Sinonasal
10 PTOD
10 Idiopathic
7 PIOD

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (PIOD odour 
identification sco-
res only, p=0.02)

Significantly improved 
identification scores in pa-
tients with post-infectious 
loss compared to placebo, 
No significant difference 
in threshold scores after 
treatment, Nasal discharge 
was the most common 
side effect

Intranasal Calcium 
Buffers

Whitcroft et 
al. (568)

2021 Prospective, inter-
nally controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml, 10 
to 15 drops in total BID 
on the right nostril); No 
treatment (left nostril), 
Duration: 2 weeks

Patients with 
PIOD; 
n=60

Change in monor-
hinal Sniffin’ Sticks 
(TDI) score after 2 
weeks

No No significant differences 
in TDI scores of treated 
and untreated sides, 
Statistically significant 
improvement in TDI scores 
before and after treatment 
(p<0.0001), Significant 
reduction in proportion of 
patients reporting phan-
tosmia (p=0.001)

Intranasal Calcium 
Buffers

Panagiotopou-
los et al. (564)

2005 Prospective Sodium citrate buffer 
solution (3.5 g/140 ml x 
1 dose) to the nasal cleft 
using head down and 
forwards position, Epi-
nephrine (1 mg/ml, 1ml 
in each nostril x 1 dose), 
placebo (saline, 1ml in 
each nostril x 1 dose)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=31
18 PIOD 
7 Post-nasal 
surgery
5 Unspecified
1 PTOD

Change in Sniffin’ 
Sticks 12-item 
screening test
Day 1 olfaction 
evaluated 2 times 
(no medication 
and saline)
Days 2 and 3 olfac-
tion evaluated be-
fore and every 15 
minutes after 1cc 
in each nostril of 
epinephrine (day 
2) and sodium 
citrate buffer (day 
3), for 1 hour 

No Significantly higher scores 
compared to baseline 
after administration of 
buffer solution (p<0.0001), 
Measured improvement 
in 97% of patients within 
one hour; 74% noticed im-
provement, with a median 
duration of 3 hours, Itching 
was the most common 
side effect

Novel Treatments Hummel et 
al. (686)

2017 Retrospective 
cohort

Topical vitamin A (10,000 
IU OD) + OT (n=124), OT 
only (n=46); Duration: 
8 weeks

Patients with PIOD 
and PTOD;
n=170
102 PIOD
68 PTOD

Change in Sniffin’ 
Sticks (TDI) score 
after approxima-
tely 10 months

Yes (Odour discri-
mination higher 
for Vitamin A + 
OT for all patients, 
p=0.008; PIOD 
odour threshold 
and discrimination 
scores higher for 
Vitamin A + OT, 
p=0.01 and p=0.04 
respectively

Vitamin A + OT group had 
significantly higher odour 
discrimination scores for 
all patients; and signifi-
cantly higher threshold 
and discrimination scores 
in the post-infectious 
group

Novel Treatments Reden et 
al. (631)

2012 Prospective, 
controlled

Oral vitamin A (10,000 IU 
OD x 3 months) (n=26) or 
placebo (n=26)

Patients with PIOD 
and PTOD; 
n=52
33 PIOD
19 PTOD

Change in Sniffin’ 
Sticks (TDI) score 
after mean of 5 
months

No No significant difference 
between treatment and 
controls

Novel Treatments Hernandez et 
al. (657)

2022 Prospective Omega-3 (Omega 3 fatty 
acids 485 mg/capsule, 
2 capsules BID) + OT 
(n=29) or OT only (n=29); 
Duration: 12 weeks

Patients with 
PIOD;
n=58

Change in Sniffin’ 
Sticks (TDI) score 
after 12 weeks

Yes (Odour thres-
hold of Omega 
3 + OT group, 
p=0.040)

Significantly higher score 
difference for threshold 
subtest among patients in 
the omega-3 group

Novel Treatments Schöpf et 
al. (687)

2015 Prospective, 
controlled

Intranasal insulin (2 puffs 
in each nostril, 0.1 ml 
insulin / puff, total dose 
0.4 ml = 40 IU) (n=10), 
placebo (saline, 2 puffs 
in each nostril, total dose 
0.4ml) (n=7)

Patients with 
PIOD; 
n=10

Change in Sniffin’ 
Sticks (TDI) score, 
subjective hedo-
nic and intensity 
rating, (Insulin 
group: at baseline 
and 30 mins after 
treatment, with 
measurements 
1 week apart; 
Placebo group: 
after mean of 55 
weeks from insulin 
administration, 
before and after 
placebo, with 
measurements 1 
week apart)

Yes (Subjective 
intensity rating, 
p=0.043) 

No significant difference 
in TDI scores and subtests 
between measurements 
and groups, Improved 
odour threshold in 6 
patients, Significant 
correlation between 
BMI, odour identification 
(r=0.909. p=0.005) and 
composite TDI (r=0.821, 
p=0.023) score after insulin 
administration

Novel Treatments Reden et 
al. (688)

2011 Prospective, 
controlled

Minocycline (50 mg/
capsule, 2 capsules OD) 
(n=26); placebo (n=29); 
Duration: 21 days

Patients with 
PIOD; 
n=55

Change in Sniffin’ 
Sticks (TDI) at 
mean of 207 days 
after initiation of 
treatment

No Statistically, but not 
clinically significant 
increase in TDI scores for 
treatment (p=0.036) and 
control (p=0.009) groups, 
Spontaneous recovery 
in 20% of patients over a 
period of 7 months
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Novel Treatments Quint et al. (689) 2002 Prospective, 
controlled

Caroverine (120 mg/day) 
(n=51), Control: zinc sul-
fate (400 mg/day) (n=26); 
Duration: 4 weeks

Patients with 
PIOD, PTOD, and 
idiopathic OD); 
n=77
38 PIOD
25 Idiopathic
14 PTOD

Change in Sniffin 
Sticks’ (TDI) score, 
after 4 weeks

Unspecified Significant improvement 
of odour thresholds 
among anosmics (p=0.005) 
and odour identification 
for all patients (Anosmia: 
p=0.038, Hyposmia: 
p=0.041), Zinc did not 
result in any significant 
measurable improvement 
in olfaction

Novel Treatments Hummel et 
al. (612)

2002 Prospective Oral alpha-lipoic acid 
(600 mg/day); Duration: 3 
to 11 months, median of 
4 months

Patients with 
PIOD; n=23

Change in Sniffin’ 
Sticks (TDI) score, 
subjective paros-
mia questionnaire 
after treatment

No control group Significant improvement 
of olfaction (p=0.002) 
after treatment; more 
pronounced in patients 
<60 years of age (p=0.018), 
Parosmia was less frequent 
after treatment (48% → 
22%)

Novel Treatments Seo et al. (512) 2009 Prospective, 
controlled

Oral prednisolone (30 
mg/day x 3 days, 20 mg/
day x 4 days, 10 mg/day 
x 7 days) + ginkgo biloba 
(80 mg TID) + intranasal 
mometasone furoate 
(2 puffs, BID x 4 weeks) 
(n=43); oral prednisolone 
+ intranasal mometasone 
furoate(n=28); Duration: 
4 weeks (Ginkgo biloba 
and intranasal mome-
tasone), 2 weeks (Oral 
prednisolone)

Patients with 
PIOD; n=71

Butanol threshold 
test, CCSIT, after 4 
weeks

No No significant difference 
in improvement between 
corticosteroids + ginkgo 
biloba vs. controls (BSIT: 
p=0.66, CCSIT: p=0.08)

Sinonasal Olfactory Dysfunction

Corticosteroids Kim et al. (521) 2017 Retrospective, 
case series

Oral prednisolone (40 mg 
x 14 days, tapering by 5 
mg daily) (n=60); intrana-
sal mometasone furoate 
monohydrate spray (2 
puffs, 100 μg in each 
nostril OD) (n=181); Oral 
prednisolone + intranasal 
mometasone spray 
(n=250); Duration: 16 
days (Oral prednisolone), 
1 month (Intranasal 
mometasone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=491
178 PIOD
96 PTOD
94 Sinonasal
89 Idiopathic
23 Previous Sino-
nasal Surgery
9 Xerostomia
2 Congenital

Change in 
CCCRCT, CCSIT, 
subjective rating 
(recovery vs. no 
recovery) 1 month 
after treatment

Yes (p<0.001) Oral + intranasal and oral 
corticosteroid groups 
had better smell recovery 
outcomes than the intra-
nasal group, No significant 
difference between oral + 
intranasal versus oral only 
(p<0.978)

Corticosteroids Fleiner et 
al. (520)

2012 Retrospective Topical corticosteroid 
(unspecified drug / 
dose) + OT (n=18); OT 
only (n=28); Duration: 
unspecified

Patients with 
olfactory dys-
function of mixed 
causes;
n=46
16 PIOD
15 Sinonasal
8 Idiopathic 
7 PTOD

Change in Sniffin’ 
Sticks (TDI) scores 
at 4 or 8 months

Yes (p=0.001 at 8 
months)

Statistically clinically signi-
ficant improvement in TDI 
scores in the topical corti-
costeroid + OT group after 
8 months of treatment

Corticosteroids Heilmann et 
al. (519)

2004 Retrospective Intranasal mometasone 
spray (2 sprays OD, ~0.1 
mg per nostril) x 1 to 
3 months) (n=37); oral 
prednisolone (40 mg/day, 
tapering doses over 21 
days) (n=55); Duration: 1 
to 3 months (Intranasal 
mometasone), 21 days 
(Oral prednisolone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=92
58 Idiopathic
22 PIOD
12 Sinonasal

Change in Sniffin’ 
Sticks (TDI) scores 
after 21 to 330 
days

Yes (p<0.001) Treatment with oral 
prednisolone led to 
significantly improved 
TDI scores regardless 
of aetiology (p<0.001), 
intranasal mometasone 
had no significant effect 
on olfaction

Corticosteroids Ikeda et al.  (500) 1995 Non-controlled Intranasal betamethaso-
ne (few drops of 0.1% 
solution to superior nasal 
cavity in Kaiteki position) 
(n=5) or beclomethasone 
dipropionate (aerosol, 
400 mg/day) (n=16); then 
oral prednisolone (40 to 
60 mg/day tapered over 
10 to 14 days

Patients with 
PIOD;
n=21
12 Sinonasal
9 PIOD

Change in T&T 
olfactometer 
threshold

Yes (Detection: 
p<0.05, Recogni-
tion: p<0.01 for 
sinonasal)

Significant improvement 
in T&T olfactometer 
detection and recognition 
thresholds for sinonasal 
group but not for post-
infectious group
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Stenner et 
al. (509)

2008 Retrospective Oral beclomethasone 
(3 to 0.5 mg OD to TID) 
+ topical budesonide 
(1.5 mg/day, divided 
into 2 equal doses per 
side of the nose BID); 
oral beclomethasone 
+ topical budesonide 
and neomycin (7.5 mg/
day, divided into 2 equal 
doses per side of the 
nose BID); Duration: 20 
days (Oral beclomethaso-
ne), 12 weeks (Topical 
budesonide only or with 
Neomycin)

Patients with 
olfactory dys-
function of mixed 
causes;
n=89
31 PIOD
22 Idiopathic
16 Sinonasal
14 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after 12 weeks

No No significant difference 
between TDI scores of 
treatment and control 
groups, Improved mean 
TDI scores with oral ste-
roids across all treatment 
groups, with benefit from 
topical corticosteroids +/ 
antibiotic influenced by 
initial oral steroid respon-
siveness

Corticosteroids Blomqvist  et 
al. (518)

2003 Prospective, 
controlled

Oral prednisolone 
(40 mg/day x 3 days, 
tapering by 5 mg daily), 
then either Intranasal 
fluticasone spray (2 
sprays, 100 μg OD in 
each nostril) (n=20); pla-
cebo spray (water, avisel, 
polysorbate 80, glucose, 
benzalkonium chloride 
(198 μg/g) and phenyl 
ethyl alcohol (2.5 mg/g) 
(n=10); no treatment 
(n=10); Duration: 10 
days (Oral prednisolone), 
6 months (Intranasal 
fluticasone, placebo)

Patients with 
olfactory dys-
function of mixed 
causes;
n=40
23 PIOD
10 Sinonasal
7 Unknown/Idio-
pathic

Change in CC-
CRCT, VAS after 10 
days, 2, 6 months)

No Significant improvement 
after the initial treatment 
with oral corticosteroids, 
no significant difference in 
olfactory threshold scores 
between treatment and 
control groups after 10 
days, 2 and 6 months

Corticosteroids Schriever et 
al. (510)

2012 Retrospective Oral methyl-prednisolo-
ne (40 mg, then tapering 
by 5 mg every other day); 
Duration: 15 days

Patients with 
olfactory dys-
function of mixed 
causes; 
n=425
221 Sinonasal
157 Idiopathic
27 PIOD
20 PTOD, Post-
surgical, Others)

Change in Sniffin’ 
Sticks (TDI) scores 
after 15 days

No control group Greater and clinically signi-
ficant increase in TDI sco-
res among patients with 
nasal polyps (p<0.001) 
who received treatment, 
PIOD (p=0.003) and idiopa-
thic (p=0.01) patients who 
received corticosteroids 
also significantly improved 
but the improvement 
was less than those with 
sinonasal causes

Corticosteroids Heilmann et 
al. (513)

2004 Prospective Oral prednisolone (40 
mg/day, tapering doses 
over 21 days) (n=85); 
intranasal mometasone 
(2 sprays OD in each nos-
tril) (n=76); oral Vitamin 
B complex (thiamine 12 
mg, riboflavin 12 mg, 
pyridoxine 0.75 mg, nico-
tinamide 60 mg, calcium 
pantothenate 6 mg 2 
capsules TID) (n=31); 
Duration: 21 days (Oral 
prednisolone), 6 months 
(Intranasal mometasone 
and Vitamin B complex)

Patients with 
olfactory dys-
function of mixed 
causes; n=192
85 Idiopathic
72 PIOD
19 Sinonasal
10 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after an average of 
2 and 6 months

No control group Improvement following 
oral and intranasal 
corticosteroids (p<0.001, 
p=0.03 respectively); 
improvement with oral 
Vitamin B only after 6 
months (p=0.001) but not 
after 2 months (p=0.07)

Monoclonal 
Antibodies

Barroso et 
al. (549)

2022 Retrospective Omalizumab (n=81); 
Mepolizumab (n=65); 
Benralizumab (n=46); 
Reslizumab (n=14); 
Duration: minimum of 
1 year

Patients with 
severe asthma and 
CRSwNP, n=206

Change in Subjec-
tive rating (Yes/No 
question on the 
degrees of smell 
loss: normos-
mia, hyposmia, 
anosmia)

Yes (Omalizumab: 
p=0.041)

No significant difference 
in total or partial improve-
ment in loss of smell after 
treatment with any of the 
monoclonal antibodies, 
Significant increase in 
patients reporting nor-
mosmia in Omalizumab 
group compared to other 
monoclonal antibodies, 
Statistically significant 
decrease in subjects 
with anosmia from all 
groups except Reslizumab 
(p<0.0001)
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Monoclonal 
Antibodies

Mullol et al. (532) 2022 Prospective, 
controlled; Pooled 
analysis

SINUS-24: subcutaneous 
dupilumab (300mg 
SC every 2 weeks) + 
intranasal corticosteroids, 
placebo + intranasal cor-
ticosteroids; SINUS-52: 
dupilumab (every 2 
weeks x 52 weeks), du-
pilumab (every 2 weeks 
x 24 weeks, then every 
4 weeks until 52weeks), 
placebo every 2 weeks 
for 52 weeks
Dupilumab (n=438), 
Placebo (n=286)
Duration: 24 weeks 
(SINUS-24), 52 weeks 
(SINUS-52)

Patients with 
severe CRSwNP; 
n=724

Change in Subjec-
tive Loss of Smell 
(LoS) rating (0 to 
3) daily, SIT-40 (at 
weeks 2, 8, 16, 24, 
52), SNOT-22 (1 
question, 0 to 5, at 
weeks 4, 8, 16, 24, 
40, and 52)

Yes (LoS p<0.01, 
SIT-40 and SNOT-
22 p<0.0001 at 2 
and 8 weeks after)

Rapid and sustained 
improvement in olfactory 
function in the Dupilumab 
group compared to 
controls as early as week 
2 until week 24 (SINUS-24, 
UPSIT, p<0.0001), Dif-
ference of 10.52 and 
10.3 for weeks 24 and 52 
respectively, between 
Dupilumab and placebo 
(SINUS-52, p<0.0001)

Monoclonal 
Antibodies

Oykhman et 
al. (546)

2022 Systematic review, 
network meta-
analysis

Dupilumab; Omalizumab; 
Mepolizumab; Benralizu-
mab; ASA-D

Patients with 
CRSwNP, 14 RCTs;
n=2046

Change in SIT-40 
score

Yes (Dupilumab 
[CI 9.75 to 12.17], 
Omalizumab [2.14 
to 5.35], Mepolizu-
mab [4.07 to 8.19], 
Benralizumab 
[1.02 to 4.88])

Moderate certainty 
evidence that Dupilumab 
> Omalizumab, Mepolizu-
mab, Benralizumab, and 
ASA-D likely improves 
smell

Monoclonal 
Antibodies

Wu et al. (545) 2022 Systematic review, 
network meta-
analysis

Dupilumab; Omalizumab; 
Mepolizumab; placebo

Patients with mo-
derate to severe 
CRSwNP, 9 RCTs; 
n=1190

Change in SIT-40 
score

Yes (p<0.00001 for 
Omalizumab or 
Dupilumab versus 
placebo (SIT-40))

Dupilumab had the best 
efficacy (WMD: 10.96) 
in terms of SIT-40 score; 
Omalizumab (WMD: 3.84) 
ranked second

Monoclonal 
Antibodies

Peters et al. (547) 2021 Systematic review, 
Indirect treatment 
comparison

Dupilumab; Omalizumab Patients with 
CRSwNP, 4 RCTs; 
n=989

Change in SIT-40 
score, Subjective 
Loss of Smell (LoS) 
rating (0 to 3)

Yes (LoS: MD -0.66 
[95% CI -0.9 to 
-0.42]; SIT-40: MD 
6.7 [95% CI 4.67 to 
8.73])

Greater improvements in 
key CRSwNP outcomes 
with Dupilumab versus 
Omalizumab

Monoclonal 
Antibodies

Gevaert et 
al. (539)

2020 Prospective, 
controlled

Omalizumab (75 to 
600 mg SC, every 2 or 4 
weeks + intranasal mo-
metasone (n=72 POLYP 
1, 62 POLYP 2); placebo + 
intranasal mometasone 
(n=66 POLYP 1, 65 POLYP 
2); Duration: 24 weeks

Patients with 
severe CRSwNP 
having inadequate 
INCS response; 
n=265

Change in SIT-40 
score after weeks 
4, 8, 16, and 24, 
Subjective Loss of 
Smell (LoS) score 
(0 to 3) daily

Yes (SIT-40: POLYP 
1 p=0.0024, POLYP 
2 p=0.011)

Improved SIT-40 scores in 
Omalizumab group vs. pla-
cebo, Significant difference 
in LoS score between 
Omalizumab and placebo 
only for POLYP 2. 

Monoclonal 
Antibodies

Bachert et 
al. (531)

2019 Prospective, 
controlled

SINUS-24: Dupilumab 
(300 mg SC, every 2 
weeks x 24 weeks) + 
intranasal mometasone 
furoate (2 sprays, 100 
μg BID in each nostril) 
(n=143); placebo every 
2 weeks for 24 weeks 
(n=133); SINUS-52: Dupi-
lumab (300 mg SC every 
2 weeks x 52 weeks) + 
intranasal mometasone 
furoate (n=150); Dupi-
lumab (every 2 weeks x 
24 weeks, then every 4 
weeks until week 52 + 
intranasal mometasone 
furoate (n=145); placebo 
every 2 weeks x 52 weeks 
+ intranasal mometasone 
furoate (n=153)

Patients with 
severe CRSwNP;
n=276 (SINUS-24), 
448 (SINUS-52)

Change in SIT-40 
score after weeks 
4, 8, 16, 24, 40, and 
52), Subjective 
Loss of Smell (LoS) 
score (0 to 3) daily

Yes (SIT-40: 
p<0.0001 for 
SINUS-24 and -52; 
LoS: p<0.0001 for 
SINUS-24 and -52)

Significantly improved SIT-
40 scores in the treatment 
groups compared with 
controls

Monoclonal 
Antibodies

Gevaert et 
al. (538)

2013 Prospective, 
controlled

Omalizumab (maximum 
375 mg every 2 weeks 
total of 8 injections OR 
every month total of 
4 injections) every 2 
weeks x 20 weeks (n=15); 
placebo (n=8); Duration: 
16 weeks 

Patients with 
CRSwNP;
n=23

Change in 
Subjective Loss of 
smell (LoS) score 
(0 to 3)

Yes LoS (p=0.004 
after 16 weeks of 
treatment)

Significantly improved LoS 
scores in the Omalizumab 
group

Monoclonal 
Antibodies

Bachert et 
al. (544)

2022 Prospective, 
controlled

Benralizumab (30mg SC, 
every 4 weeks x 3 doses, 
then every 8 weeks) + 
Intranasal mometasone 
furoate spray (400 μg /
day) (n=91); placebo + 
Intranasal mometasone 
furoate spray (n=91); 
Duration: 40 weeks

Patients with 
CRSwNP, history 
of systemic cor-
ticosteroid use 
and/or surgery, 
and symptomatic 
despite INCS; 
¬n=413

Change in SIT-40, 
biweekly mean 
difficulty with 
sense of smell 
score (DSS) at 
week 40 and 56 
(Self-rating from 
0 to 3)

No (SIT-40)
Yes (p=0.003 at 
week 40, p=0.002 
at week 56 DSS)

Significantly improved DSS 
at week 40 and 56; no sig-
nificant difference in SIT-40 
scores between treatment 
and control groups at 
weeks 40 or 56
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Monoclonal 
Antibodies

Gevaert et 
al.(540)

2022 Prospective, open-
label extension

Benralizumab (30mg SC, 
every 4 weeks x 3 doses, 
then every 8 weeks) + 
Intranasal mometasone 
furoate spray (400 μg /
day) (n=91); placebo + 
Intranasal mometasone 
furoate spray (n=91); 
Duration: 40 weeks

Patients with 
CRSwNP, history 
of systemic cor-
ticosteroid use 
and/or surgery, 
and symptomatic 
despite INCS; 
¬n=413

Change in SIT-40, 
biweekly mean 
difficulty with 
sense of smell 
score (DSS) at 
week 40 and 56 
(Self-rating from 
0 to 3)

No (SIT-40)
Yes (p=0.003 at 
week 40, p=0.002 
at week 56 DSS)

Significantly improved DSS 
at week 40 and 56; no sig-
nificant difference in SIT-40 
scores between treatment 
and control groups at 
weeks 40 or 56

Monoclonal 
Antibodies

Gevaert et 
al.(540)

2022 Prospective, 
controlled

Continued Omalizumab 
(75 to 600 mg SC every 2 
or 4 weeks) + intranasal 
mometasone spray (400 
μg or 200 μg daily if 
intolerant) x 28 weeks 
(n=123); Placebo then 
switched to Omalizumab 
(n=126)
Duration: 52 weeks 
(continued Omalizumab), 
28 weeks (placebo to 
Omalizumab)

Patients with 
CRSwNP who 
completed POLYP 
1 or 2 (previous 
randomized 
placebo-control-
led trials)
n=249

Change in SIT-40 
at 24 weeks 
after Omalizumab 
discontinuation

Unspecified Patients who continued 
treatment experienced 
sustained improvement 
through 52 weeks, but 
gradually worsened over 
the 24-week follow up, but 
remained improved com-
pared to pre-treatment 
levels

Monoclonal 
Antibodies

Han et al.(543) 2021 Prospective, 
controlled

Mepolizumab (100 mg 
IV every 4 weeks x 52 
weeks) + intranasal 
mometasone furoate 
spray (2 sprays BID, 200 
μg into each nostril 
daily) (n=206); placebo + 
intranasal mometasone 
furoate (n=201)
Duration: 52 weeks 
(Mepolizumab), 56 weeks 
(Intranasal mometasone)

Patients with re-
current, refractory, 
severe, bilateral 
nasal polyp 
symptoms eligible 
for repeat nasal 
surgery; n=407

Change in SIT-40 
score measured 
during alternating 
visits every 8 
weeks), Subjective 
Loss of Smell (LoS) 
score (0 to 10, at 
week 49 to 52)

No (SIT-40)
Yes (LoS, p=0.020)

Significant improvement in 
LoS scores; no significant 
difference in SIT-40 scores 
between groups (n=54 per 
treatment group, p=0.3)

Monoclonal 
Antibodies

Bachert et 
al. (541)

2017 Prospective, 
controlled

Intranasal fluticasone 
propionate (1 mg/ml, 
2 sprays, 100 μg, OD in 
each nostril) + Mepolizu-
mab (750 mg IV every 4 
weeks x 6 doses) (n=42); 
intranasal fluticasone 
propionate + placebo (IV 
every 4 weeks x 6 doses 
(n=32)
Duration: 21 weeks (Me-
polizumab, placebo)

Patients with 
CRSwNP; n=74

Change in Sniffin’ 
Sticks 12-item 
screening test 
score 4 weeks after 
last dose (at week 
25); Subjective 
Loss of Smell (LoS) 
score (0 to 3)

No Sniffin’ sticks 
12-item screening 
test
Yes (LoS score: 
p<0.05 at weeks 9 
and 13, p<0.01 at 
week 21, p<0.0001 
at week 25)

Significantly improved LoS 
scores after 25 weeks of 
Mepolizumab

Monoclonal 
Antibodies

Gevaert et 
al.(542)

2011 Prospective, 
controlled

Mepolizumab (750mg 
IV x 2 doses) (n=20); 
placebo (n=10)

Patients with 
severe nasal poly-
posis (grade 3 or 4 
or recurrent after 
surgery) refractory 
to corticosteroid 
therapy;
n=30

Change in 
Subjective Loss of 
Smell (LoS) score 
(0 to 3)

No Long-lasting improvement 
(until 11 months after last 
dose) in subjective LoS 
scores after treatment 
with Mepolizumab, but 
did not reach statistical 
significance

Monoclonal 
Antibodies

Pinto et al. (537) 2010 Prospective, 
controlled

Omalizumab (0.016 mg/
kg per IU total serum IgE/
ml SC every 2 or 4 weeks) 
(n=7); placebo (n=7);  
Duration: 6 months

Patients with 
treatment-refrac-
tory CRS;
n=14

Change in SIT-40 
score after 6 
months, subjec-
tive hyposmia 
symptoms (0 to 
3) daily

No No significant improve-
ment in SIT-40 scores in 
the treatment group vs 
controls (p<0.31)

Phosphodiestera-
se Inhibitors

Hosein & 
Henkin (551)

2022 Prospective Intranasal theophylline 
(20 μg in 0.4 ml saline 
solution, 1 spray OD, with 
increasing dosage if no 
improvement after 2-4 
months after to a maxi-
mum of 4 sprays / day) 
(n=39), placebo (saline) 
(n=39), normal (n=17)
Duration: at least 2 
months

Patients with nor-
mal olfactory func-
tion and hyposmia 
from multiple 
causes; 
n=56
12 PIOD
9 PTOD
7 Sinonasal
5 Idiopathic
3 Chemical 
Exposure
3 Congenital

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic eva-
luation (H)) after at 
least 2 months of 
treatment

Yes (DT: all odours, 
p<0.01, RT: PYR 
p<0.005, NO2B, 
THIO, AA p<0.01) 

Over half of treated 
patients experienced a 
decrease in nasal mucus 
IL-10 toward control levels 
after intranasal theophyl-
line administration, cor-
related with a significant 
improvement in taste and 
smell function

Phosphodiestera-
se Inhibitors

Henkin et 
al. (554)

2012 Prospective, inter-
nally controlled

Oral theophylline 
anhydrous (200 to 800 
mg/day x 2 to 12 months; 
intranasal theophylline 
methylpropyl paraben 
20 μg/day in each naris 
x 4 weeks, controls were 
same group

Patients with 
olfactory dys-
function of mixed 
causes; 
n=10
3 Sinonasal
3 PIOD
2 PTOD
1 Congenital
1 Other

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100)

Yes (DT for Sucrose 
and Hydrochloride 
(p<0.01), and Urea, 
(p<0.05))

Intranasal theophylline 
treatment improved taste 
and smell acuity in 8 of 10 
patients after 4 weeks, Oral 
theophylline treatment 
improved taste and smell 
acuity in 6 of 10 patients 
after 2-12 months
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Phosphodiestera-
se Inhibitors

Henkin et 
al. (550)

2017 Prospective Oral theophylline (200 to 
800 mg taken over 2 to 
10 months) (n=44)

Patients with 
hyposmia from 
multiple causes; 
n=44
10 PIOD
15 Sinonasal
9 Congenital 
8 PTOD
1 Post-anaesthesia
1 Oropyrosis/Dys-
geusia

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective impro-
vement in smell/
taste/flavour (0 
to 100)

No control group Significant improvement 
in subjective responses in 
smell (p<0.05), taste, and 
flavour perception and in 
olfactometry, associated 
with increased nasal 
mucus sonic hedgehog 
and serum theophylline 
after treatment

Phosphodiestera-
se Inhibitors

Henkin et 
al. (553)

2009 Prospective Oral Theophylline in 
increasing doses (200, 
400, 600, and 800 mg) 
over 2-8 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=312
97 PIOD
97 Sinonasal
76 Others
42 PTOD

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100) 
daily 

No control group Subjective smell loss 
improved in 157 patients 
(50.3%), Greater improve-
ment in mean DT and RT 
before and after treatment 
(DT: PYR (p<0.001), NO2B 
(p<0.05), THIO and AA 
(p<0.01); RT: PYRD and 
NO2B (p<0.001), NO2B 
THIO and AA (p<0.01)) at 
doses of 600 and 800mg of 
oral theophylline, Improve-
ment persisted as long as 
treatment was continued 
(up to 72 months)

Phosphodiestera-
se Inhibitors

Meusel et 
al. (559)

2016 Experimental, pla-
cebo- controlled

Espresso with caffeine 
(65 mg/cup) (n=39); es-
presso without caffeine 
(placebo) (n=38)

Patients with sino-
nasal or PIOD; 
n=76
48 PIOD
28 Sinonasal

Change in Snif-
fin' Sticks (TD) 
score 45 mins 
after espresso 
consumption; 
Subjective smell 
rating

No The phosphodiesterase-
inhibitor / adenosine-
receptor agonist caffeine 
has little or no short-term 
effect on olfactory 
function 

Intranasal Calcium 
Buffers

Whitcroft et 
al. (685)

2016 Prospective, 
controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml x 1 
dose in the left or right 
nostril), Placebo (1 ml 
saline, in the contralateral 
nostril)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=57
30 Sinonasal
10 Idiopathic
10 PTOD
7 PIOD

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (PIOD odour 
identification sco-
res only, p=0.02)

Significantly improved 
identification scores in pa-
tients with post-infectious 
loss compared to placebo, 
No significant difference 
in threshold scores after 
treatment, Nasal discharge 
was the most common 
side effect

Post-traumatic Olfactory Dysfunction

Corticosteroids Kim et al. (521) 2017 Retrospective, 
case series

Oral prednisolone (40 
mg x 14 days, tapering 
by 5 mg daily) (n=60); 
intranasal mometasone 
furoate monohydrate 
spray (2 puffs, 100 μg in 
each nostril OD) (n=181); 
Oral prednisolone + 
intranasal mometasone 
spray (n=250)
Duration: 16 days (Oral 
prednisolone), 1 month 
(Intranasal mometasone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=491
178 PIOD
96 PTOD
94 Sinonasal
89 Idiopathic
23 Previous Sino-
nasal Surgery
9 Xerostomia
2 Congenital

Change in 
CCCRCT, CCSIT, 
subjective rating 
(recovery vs. no 
recovery) 1 month 
after treatment

Yes (p<0.001) Oral + intranasal and oral 
corticosteroid groups 
had better smell recovery 
outcomes than the intra-
nasal group, No significant 
difference between oral + 
intranasal versus oral only 
(p<0.978)

Corticosteroids Fleiner et 
al. (520)

2012 Retrospective Topical corticosteroid 
(unspecified drug / dose) 
+ OT (n=18); OT only 
(n=28)
Duration: unspecified

Patients with 
olfactory dys-
function of mixed 
causes;
n=46
16 PIOD
15 Sinonasal
8 Idiopathic 
7 PTOD

Change in Sniffin’ 
Sticks (TDI) scores 
at 4 or 8 months

Yes (p=0.001 at 8 
months)

Statistically clinically signi-
ficant improvement in TDI 
scores in the topical corti-
costeroid + OT group after 
8 months of treatment

Corticosteroids Nguyen & 
Patel (522)

2018 Prospective, 
controlled

Intranasal budesonide 
irrigation (0.5 mg/ 2 ml 
BID) + OT (n=66); Intrana-
sal saline irrigation (BID) 
+ OT (n=67)
Duration: 6 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=133
62 PIOD
46 Idiopathic
16 PTOD
6 Medication-
related
3 Environmental 
exposure

Clinically signi-
ficant change 
in SIT-40 after 6 
months

No Clinically significant 
change in SIT-40 scores in 
35.3% of patients (n=47), 
Younger age and shorter 
duration of OD were asso-
ciated with improvement 
(p<0.0001) 
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Stenner et 
al. (509)

2008 Retrospective Oral beclomethasone (3 
to 0.5 mg OD to TID) + 
topical budesonide (1.5 
mg/day, divided into 2 
equal doses per side of 
the nose BID); oral beclo-
methasone + topical bu-
desonide and neomycin 
(7.5 mg/day, divided into 
2 equal doses per side of 
the nose BID)
Duration: 20 days (Oral 
beclomethasone), 
12 weeks (Topical 
budesonide only or with 
Neomycin)

Patients with 
olfactory dys-
function of mixed 
causes;
n=89
31 PIOD
22 Idiopathic
16 Sinonasal
14 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after 12 weeks

No No significant difference 
between TDI scores of 
treatment and control 
groups, Improved mean 
TDI scores with oral ste-
roids across all treatment 
groups, with benefit from 
topical corticosteroids +/ 
antibiotic influenced by 
initial oral steroid respon-
siveness

Corticosteroids Bratt et al (507) 2020 Prospective Oral prednisolone (30 mg 
OD), then OT only
Duration: 10 days (Oral 
prednisolone); 3 months 
(OT)

Patients with 
PTOD; n=22

Change in Sniffin’ 
Sticks (TDI) score 
after 10 days, 3, 
and 12 months

No control group Clinically significant (≥6) 
improvement in composite 
threshold, discrimination, 
and identification score in 
50% of participants after 1 
year (p<0.001)

Corticosteroids Jiang et al.  (690) 2010 Prospective Oral prednisolone (15 mg 
QID x 3 days, then 10 mg 
QID x 3 days, 10 mg TID 
x 3 days, tapering by 10 
mg/day every 3 days)
Duration: 15 days

Patients with 
PTOD; n=116

Change in PEA 
threshold test 
(monthly for 3 
months after 
treatment)

No control group Improvement in only 
16.4% of patients; sponta-
neous recovery cannot be 
ruled out, Patients whose 
thresholds improved were 
significantly younger 
(p=0.033)

Corticosteroids Heilmann et 
al. (513)

2004 Prospective Oral prednisolone (40 
mg/day, tapering doses 
over 21 days) (n=85); 
intranasal mometasone 
(2 sprays OD in each nos-
tril) (n=76); oral Vitamin 
B complex (thiamine 12 
mg, riboflavin 12 mg, 
pyridoxine 0.75 mg, nico-
tinamide 60 mg, calcium 
pantothenate 6 mg 2 
capsules TID) (n=31)
Duration: 21 days (Oral 
prednisolone), 6 months 
(Intranasal mometasone 
and Vitamin B complex)

Patients with 
olfactory dys-
function of mixed 
causes; n=192
85 Idiopathic
72 PIOD
19 Sinonasal
10 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after an average of 
2 and 6 months

No control group Improvement following 
oral and intranasal 
corticosteroids (p<0.001, 
p=0.03 respectively); 
improvement with oral 
Vitamin B only after 6 
months (p=0.001) but not 
after 2 months (p=0.07)

Corticosteroids Fujii et al. (505) 2002 Prospective Dexamethasone septal 
injection (4 mg/0.5 ml 
every 2 weeks x 8 times)

Patients with 
PTOD; n=27

Change in T&T 
olfactometer 
threshold, Alina-
min test score 
after 4 months

No control group Improvement of detection 
thresholds in 6 patients, 
improvement of recog-
nition thresholds in 4 
patients

Phosphodiestera-
se Inhibitors

Hosein & 
Henkin (551)

2022 Prospective Intranasal theophylline 
(20 μg in 0.4 ml saline 
solution, 1 spray OD, with 
increasing dosage if no 
improvement after 2-4 
months after to a maxi-
mum of 4 sprays / day) 
(n=39), placebo (saline) 
(n=39), normal (n=17)
Duration: at least 2 
months

Patients with nor-
mal olfactory func-
tion and hyposmia 
from multiple 
causes; 
n=56
12 PIOD
9 PTOD
7 Sinonasal
5 Idiopathic
3 Chemical 
Exposure
3 Congenital

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic eva-
luation (H)) after at 
least 2 months of 
treatment

Yes (DT: all odours, 
p<0.01, RT: PYR 
p<0.005, NO2B, 
THIO, AA p<0.01) 

Over half of treated 
patients experienced a 
decrease in nasal mucus 
IL-10 toward control levels 
after intranasal theophyl-
line administration, cor-
related with a significant 
improvement in taste and 
smell function

Phosphodiestera-
se Inhibitors

Henkin et 
al. (554)

2012 Prospective, inter-
nally controlled

Oral theophylline 
anhydrous (200 to 800 
mg/day x 2 to 12 months; 
intranasal theophylline 
methylpropyl paraben 
20 μg/day in each naris 
x 4 weeks, controls were 
same group

Patients with 
olfactory dys-
function of mixed 
causes; 
n=10
3 Sinonasal
3 PIOD
2 PTOD
1 Congenital
1 Other

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100)

Yes (DT for Sucrose 
and Hydrochloride 
(p<0.01), and Urea, 
(p<0.05))

Intranasal theophylline 
treatment improved taste 
and smell acuity in 8 of 10 
patients after 4 weeks, Oral 
theophylline treatment 
improved taste and smell 
acuity in 6 of 10 patients 
after 2-12 months
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Phosphodiestera-
se Inhibitors

Henkin et 
al. (550)

2017 Prospective Oral theophylline (200 to 
800 mg taken over 2 to 
10 months) (n=44)

Patients with 
hyposmia from 
multiple causes; 
n=44
10 PIOD
15 Sinonasal
9 Congenital 
8 PTOD
1 Post-anaesthesia
1 Oropyrosis/Dys-
geusia

Change in 
Olfactometry of 
4 odours: (De-
tection (DT) and 
Recognition (RT) 
thresholds, mag-
nitude estimation 
(ME) and hedonic 
evaluation (H)), 
Subjective impro-
vement in smell/
taste/flavour (0 
to 100)

No control group Significant improvement in 
subjective responses in smell 
(p<0.05), taste, and flavour 
perception and in olfactome-
try, associated with increased 
nasal mucus sonic hedgehog 
and serum theophylline after 
treatment

Phosphodiestera-
se Inhibitors

Henkin et 
al. (553)

2009 Prospective Oral Theophylline in 
increasing doses (200, 
400, 600, and 800 mg) 
over 2-8 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=312
97 PIOD
97 Sinonasal
76 Others
42 PTOD

Change in 
Olfactometry of 
4 odours: (De-
tection (DT) and 
Recognition (RT) 
thresholds, mag-
nitude estimation 
(ME) and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100) 
daily 

No control group Subjective smell loss impro-
ved in 157 patients (50.3%), 
Greater improvement in mean 
DT and RT before and after 
treatment (DT: PYR (p<0.001), 
NO2B (p<0.05), THIO and AA 
(p<0.01); RT: PYRD and NO2B 
(p<0.001), NO2B THIO and AA 
(p<0.01)) at doses of 600 and 
800mg of oral theophylline, 
Improvement persisted as 
long as treatment was conti-
nued (up to 72 months)

Intranasal Calcium 
Buffers

Philpott et 
al. (566)

2017 Prospective, 
controlled

Sodium citrate solution 
(0.5 ml in each nostril x 
1 dose) (n=31); Placebo 
(sterile water, 0.5 ml in 
each nostril x 1 dose) 
(n=24)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=55
21 PIOD
13 Idiopathic
4 PTOD

Change in phenyl 
ethyl alcohol, 
1-butanol, euca-
lyptol, and acetic 
acid thresholds 
every 15 minutes 
up to a maximum 
of 2 hours

Yes (all odours 
except acetic acid, 
p<0.05)

Improved threshold scores 
in the treatment group 
compared to controls for 3 out 
of 4 odours tested, but effect 
is transient, peaking at 30-60 
minutes after application, 
Rhinorrhoea and Sore throat 
were frequently reported side 
effects 

Intranasal Calcium 
Buffers

Panagiotopou-
los et al. (564)

2005 Prospective Sodium citrate buffer 
solution (3.5 g/140 ml x 
1 dose) to the nasal cleft 
using head down and 
forwards position, Epi-
nephrine (1 mg/ml, 1ml 
in each nostril x 1 dose), 
placebo (saline, 1ml in 
each nostril x 1 dose)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=31
18 PIOD 
7 Post-nasal 
surgery
1 PTOD
5 Unspecified

Change in Sniffin’ 
Sticks 12-item 
screening test
Day 1 olfaction 
evaluated 2 times 
(no medication 
and saline)
Days 2 and 3 ol-
faction evaluated 
before and every 
15 minutes after 
1cc in each nostril 
of epinephrine 
(day 2) and 
sodium citrate 
buffer (day 3), for 
1 hour 

No Significantly higher scores 
compared to baseline after 
administration of buffer so-
lution (p<0.0001), Measured 
improvement in 97% of 
patients within one hour; 74% 
noticed improvement, with a 
median duration of 3 hours, 
Itching was the most common 
side effect

Intranasal Calcium 
Buffers

Whitcroft et 
al. (685)

2016 Prospective, 
controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml x 1 
dose in the left or right 
nostril), Placebo (1 ml 
saline, in the contralateral 
nostril)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=57
30 Sinonasal
10 Idiopathic
10 PTOD
7 PIOD

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (PIOD odour 
identification sco-
res only, p=0.02)

Significantly improved identi-
fication scores in patients with 
post-infectious loss compared 
to placebo, No significant 
difference in threshold 
scores after treatment, Nasal 
discharge was the most com-
mon side effect

Zinc Jiang et al. (511) 2015 Prospective, 
controlled

Zinc gluconate (10 
mg TID x 1 month) + 
prednisolone (1 mg/kg/
day then tapering for 2 
weeks) (n=39); zinc only 
(10 mg TID x 1 month) 
(n=35); prednisolone 
only (n=34); no treat-
ment (n=37)

Patients with 
post-traumatic 
anosmia; 
n=145

Change in Phenyl 
ethyl alcohol 
odour detection 
threshold test 
monthly up to a 
mean of 5 to 6 
months after, MRI 
for OB measure-
ment 2 months 
after treatment

Yes (recovery 
rates: p=0.006 for 
zinc + predniso-
lone, p=0.013 for 
zinc only)

Zinc + steroid application 
and zinc only groups showed 
significant threshold impro-
vement compared to “no 
treatment”

Novel Treatments Hummel et 
al. (686)

2017 Retrospective 
cohort

Topical vitamin A (10,000 
IU OD) + OT (n=124), OT 
only (n=46)
Duration: 8 weeks

Patients with PIOD 
and PTOD;
n=170
102 PIOD
68 PTOD

Change in Sniffin’ 
Sticks (TDI) score 
after approxima-
tely 10 months

Yes (Odour discri-
mination higher 
for Vitamin A + 
OT for all patients, 
p=0.008; PIOD 
odour threshold 
and discrimination 
scores higher for 
Vitamin A + OT, 
p=0.01 and p=0.04 
respectively

Vitamin A + OT group had 
significantly higher odour 
discrimination scores for 
all patients; and signifi-
cantly higher threshold and 
discrimination scores in the 
post-infectious group
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Novel Treatments Reden et 
al. (631)

2012 Prospective, 
controlled

Oral vitamin A (10,000 IU 
OD x 3 months) (n=26) or 
placebo (n=26)

Patients with PIOD 
and PTOD; 
n=52
33 PIOD
19 PTOD

Change in Sniffin’ 
Sticks (TDI) score 
after mean of 5 
months

No No significant difference 
between treatment and 
controls

Novel Treatments Quint et al. (689) 2002 Prospective, 
controlled

Caroverine (120 mg/
day) (n=51), Control: zinc 
sulfate (400 mg/day) 
(n=26)
Duration: 4 weeks

Patients with 
olfactory dys-
function of mixed 
causes; 
n=77
38 PIOD
25 Idiopathic
14 PTOD

Change in Sniffin 
Sticks’ (TDI) score, 
after 4 weeks

Unspecified Significant improvement 
of odour thresholds 
among anosmics (p=0.005) 
and odour identification 
for all patients (Anosmia: 
p=0.038, Hyposmia: 
p=0.041), Zinc did not 
result in any significant 
measurable improvement 
in olfaction

Idiopathic Olfactory Dysfunction

Corticosteroids Kim et al. (521) 2017 Retrospective, 
case series

Oral prednisolone (40 
mg x 14 days, tapering 
by 5 mg daily) (n=60); 
intranasal mometasone 
furoate monohydrate 
spray (2 puffs, 100 μg in 
each nostril OD) (n=181); 
Oral prednisolone + 
intranasal mometasone 
spray (n=250)
Duration: 16 days (Oral 
prednisolone), 1 month 
(Intranasal mometasone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=491
178 PIOD
96 PTOD
94 Sinonasal
89 Idiopathic
23 Previous Sino-
nasal Surgery
9 Xerostomia
2 Congenital

Change in 
CCCRCT, CCSIT, 
subjective rating 
(recovery vs. no 
recovery) 1 month 
after treatment

Yes (p<0.001) Oral + intranasal and oral 
corticosteroid groups 
had better smell recovery 
outcomes than the intra-
nasal group, No significant 
difference between oral + 
intranasal versus oral only 
(p<0.978)

Corticosteroids Fleiner et 
al. (520) 

2012 Retrospective Topical corticosteroid 
(unspecified drug / dose) 
+ OT (n=18); OT only 
(n=28)
Duration: unspecified

Patients with 
olfactory dys-
function of mixed 
causes;
n=46
16 PIOD
15 Sinonasal
8 Idiopathic 
7 PTOD

Change in Sniffin’ 
Sticks (TDI) scores 
at 4 or 8 months

Yes (p=0.001 at 8 
months)

Statistically clinically signi-
ficant improvement in TDI 
scores in the topical corti-
costeroid + OT group after 
8 months of treatment

Corticosteroids Heilmann et 
al. (519)

2004 Retrospective Intranasal mometasone 
spray (2 sprays OD, ~0.1 
mg per nostril) x 1 to 
3 months) (n=37); oral 
prednisolone (40 mg/
day, tapering doses over 
21 days) (n=55)
Duration: 1 to 3 months 
(Intranasal mometasone), 
21 days (Oral predni-
solone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=92
58 Idiopathic
22 PIOD
12 Sinonasal

Change in Sniffin’ 
Sticks (TDI) scores 
after 21 to 330 
days

Yes (p<0.001) Treatment with oral 
prednisolone led to 
significantly improved 
TDI scores regardless 
of aetiology (p<0.001), 
intranasal mometasone 
had no significant effect 
on olfaction

Corticosteroids Nguyen & 
Patel (522)

2018 Prospective, 
controlled

Intranasal budesonide 
irrigation (0.5 mg/ 2 ml 
BID) + OT (n=66); Intrana-
sal saline irrigation (BID) 
+ OT (n=67)
Duration: 6 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=133
62 PIOD
46 Idiopathic
16 PTOD
6 Medication-
related
3 Environmental 
exposure

Clinically signi-
ficant change 
in SIT-40 after 6 
months

No Clinically significant 
change in SIT-40 scores in 
35.3% of patients (n=47), 
Younger age and shorter 
duration of OD were asso-
ciated with improvement 
(p<0.0001) 

Corticosteroids Stenner et 
al. (509)

2008 Retrospective Oral beclomethasone (3 
to 0.5 mg OD to TID) + 
topical budesonide (1.5 
mg/day, divided into 2 
equal doses per side of 
the nose BID); oral beclo-
methasone + topical bu-
desonide and neomycin 
(7.5 mg/day, divided into 
2 equal doses per side of 
the nose BID)
Duration: 20 days (Oral 
beclomethasone), 
12 weeks (Topical 
budesonide only or with 
Neomycin)

Patients with 
olfactory dys-
function of mixed 
causes;
n=89
31 PIOD
22 Idiopathic
16 Sinonasal
14 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after 12 weeks

No No significant difference 
between TDI scores of 
treatment and control 
groups, Improved mean 
TDI scores with oral ste-
roids across all treatment 
groups, with benefit from 
topical corticosteroids +/ 
antibiotic influenced by 
initial oral steroid respon-
siveness
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Blomqvist  et 
al. (518)

2003 Prospective, 
controlled

Oral prednisolone 
(40 mg/day x 3 days, 
tapering by 5 mg daily), 
then either Intranasal 
fluticasone spray (2 
sprays, 100 μg OD in 
each nostril) (n=20); pla-
cebo spray (water, avisel, 
polysorbate 80, glucose, 
benzalkonium chloride 
(198 μg/g) and phenyl 
ethyl alcohol (2.5 mg/g) 
(n=10); no treatment 
(n=10)
Duration: 10 days (Oral 
prednisolone), 6 months 
(Intranasal fluticasone, 
placebo)

Patients with 
olfactory dys-
function of mixed 
causes;
n=40
23 PIOD
10 Sinonasal
7 Unknown/Idio-
pathic

Change in CC-
CRCT, VAS after 10 
days, 2, 6 months)

No Significant improvement 
after the initial treatment 
with oral corticosteroids, 
no significant difference in 
olfactory threshold scores 
between treatment and 
control groups after 10 
days, 2 and 6 months

Corticosteroids Schriever et 
al. (510)

2012 Retrospective Oral methyl-prednisolo-
ne (40 mg, then tapering 
by 5 mg every other day)
Duration: 15 days

Patients with 
olfactory dys-
function of mixed 
causes; 
n=425
221 Sinonasal
157 Idiopathic
27 PIOD
20 PTOD, Post-
surgical, Others)

Change in Sniffin’ 
Sticks (TDI) scores 
after 15 days

No control group Greater and clinically signi-
ficant increase in TDI sco-
res among patients with 
nasal polyps (p<0.001) 
who received treatment, 
PIOD (p=0.003) and idiopa-
thic (p=0.01) patients who 
received corticosteroids 
also significantly improved 
but the improvement 
was less than those with 
sinonasal causes

Corticosteroids Heilmann et 
al. (513)

2004 Prospective Oral prednisolone (40 
mg/day, tapering doses 
over 21 days) (n=85); 
intranasal mometasone 
(2 sprays OD in each nos-
tril) (n=76); oral Vitamin 
B complex (thiamine 12 
mg, riboflavin 12 mg, 
pyridoxine 0.75 mg, nico-
tinamide 60 mg, calcium 
pantothenate 6 mg 2 
capsules TID) (n=31); 
Duration: 21 days (Oral 
prednisolone), 6 months 
(Intranasal mometasone 
and Vitamin B complex)

Patients with 
olfactory dys-
function of mixed 
causes; n=192
85 Idiopathic
72 PIOD
19 Sinonasal
10 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after an average of 
2 and 6 months

No control group Improvement following 
oral and intranasal 
corticosteroids (p<0.001, 
p=0.03 respectively); 
improvement with oral 
Vitamin B only after 6 
months (p=0.001) but not 
after 2 months (p=0.07)

Monoclonal 
Antibodies

Barroso et 
al.(549)

2022 Retrospective Omalizumab (n=81); 
Mepolizumab (n=65); 
Benralizumab (n=46); 
Reslizumab (n=14); 
Duration: minimum of 
1 year

Patients with 
severe asthma and 
CRSwNP, n=206

Change in Subjec-
tive rating (Yes/No 
question on the 
degrees of smell 
loss: normos-
mia, hyposmia, 
anosmia)

Yes (Omalizumab: 
p=0.041)

No significant difference 
in total or partial improve-
ment in loss of smell after 
treatment with any of the 
monoclonal antibodies, 
Significant increase in 
patients reporting nor-
mosmia in Omalizumab 
group compared to other 
monoclonal antibodies, 
Statistically significant 
decrease in subjects 
with anosmia from all 
groups except Reslizumab 
(p<0.0001)

Monoclonal 
Antibodies

Mullol et al. (532) 2022 Prospective, 
controlled; Pooled 
analysis

SINUS-24: subcutaneous 
dupilumab (300mg 
SC every 2 weeks) + 
intranasal corticosteroids, 
placebo + intranasal cor-
ticosteroids; SINUS-52: 
dupilumab (every 2 
weeks x 52 weeks), du-
pilumab (every 2 weeks 
x 24 weeks, then every 
4 weeks until 52weeks), 
placebo every 2 weeks 
for 52 weeks
Dupilumab (n=438), 
Placebo (n=286)
Duration: 24 weeks 
(SINUS-24), 52 weeks 
(SINUS-52)

Patients with 
severe CRSwNP; 
n=724

Change in Subjec-
tive Loss of Smell 
(LoS) rating (0 to 
3) daily, SIT-40 (at 
weeks 2, 8, 16, 24, 
52), SNOT-22 (1 
question, 0 to 5, at 
weeks 4, 8, 16, 24, 
40, and 52)

Yes (LoS p<0.01, 
SIT-40 and SNOT-
22 p<0.0001 at 2 
and 8 weeks after)

Rapid and sustained 
improvement in olfactory 
function in the Dupilumab 
group compared to 
controls as early as week 
2 until week 24 (SINUS-24, 
UPSIT, p<0.0001), Dif-
ference of 10.52 and 
10.3 for weeks 24 and 52 
respectively, between 
Dupilumab and placebo 
(SINUS-52, p<0.0001)

Monoclonal 
Antibodies

Oykhman et 
al.(546)

2022 Systematic review, 
network meta-
analysis

Dupilumab; Omalizumab; 
Mepolizumab; Benralizu-
mab; ASA-D

Patients with 
CRSwNP, 14 RCTs;
n=2046

Change in SIT-40 
score

Yes (Dupilumab 
[CI 9.75 to 12.17], 
Omalizumab [2.14 
to 5.35], Mepolizu-
mab [4.07 to 8.19], 
Benralizumab 
[1.02 to 4.88])

Moderate certainty 
evidence that Dupilumab 
> Omalizumab, Mepolizu-
mab, Benralizumab, and 
ASA-D likely improves 
smell
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Monoclonal 
Antibodies

Wu et al.(545) 2022 Systematic review, 
network meta-
analysis

Dupilumab; Omalizumab; 
Mepolizumab; placebo

Patients with mo-
derate to severe 
CRSwNP, 9 RCTs; 
n=1190

Change in SIT-40 
score

Yes (p<0.00001 for 
Omalizumab or 
Dupilumab versus 
placebo (SIT-40))

Dupilumab had the best 
efficacy (WMD: 10.96) 
in terms of SIT-40 score; 
Omalizumab (WMD: 3.84) 
ranked second

Monoclonal 
Antibodies

Peters et al. (547) 2021 Systematic review, 
Indirect treatment 
comparison

Dupilumab; Omalizumab Patients with 
CRSwNP, 4 RCTs; 
n=989

Change in SIT-40 
score, Subjective 
Loss of Smell (LoS) 
rating (0 to 3)

Yes (LoS: MD -0.66 
[95% CI -0.9 to 
-0.42]; SIT-40: MD 
6.7 [95% CI 4.67 to 
8.73])

Greater improvements in 
key CRSwNP outcomes 
with Dupilumab versus 
Omalizumab

Monoclonal 
Antibodies

Gevaert et 
al.(539)

2020 Prospective, 
controlled

Omalizumab (75 to 
600 mg SC, every 2 or 4 
weeks + intranasal mo-
metasone (n=72 POLYP 
1, 62 POLYP 2); placebo + 
intranasal mometasone 
(n=66 POLYP 1, 65 POLYP 
2); Duration: 24 weeks

Patients with 
severe CRSwNP 
having inadequate 
INCS response; 
n=265

Change in SIT-40 
score after weeks 
4, 8, 16, and 24, 
Subjective Loss of 
Smell (LoS) score 
(0 to 3) daily

Yes (SIT-40: POLYP 
1 p=0.0024, POLYP 
2 p=0.011)

Improved SIT-40 scores in 
Omalizumab group vs. pla-
cebo, Significant difference 
in LoS score between 
Omalizumab and placebo 
only for POLYP 2. 

Monoclonal 
Antibodies

Bachert et 
al. (531)

2019 Prospective, 
controlled

SINUS-24: Dupilumab 
(300 mg SC, every 2 
weeks x 24 weeks) + 
intranasal mometasone 
furoate (2 sprays, 100 
μg BID in each nostril) 
(n=143); placebo every 
2 weeks for 24 weeks 
(n=133); SINUS-52: Dupi-
lumab (300 mg SC every 
2 weeks x 52 weeks) + 
intranasal mometasone 
furoate (n=150); Dupi-
lumab (every 2 weeks x 
24 weeks, then every 4 
weeks until week 52 + 
intranasal mometasone 
furoate (n=145); placebo 
every 2 weeks x 52 weeks 
+ intranasal mometasone 
furoate (n=153)

Patients with 
severe CRSwNP;
n=276 (SINUS-24), 
448 (SINUS-52)

Change in SIT-40 
score after weeks 
4, 8, 16, 24, 40, and 
52), Subjective 
Loss of Smell (LoS) 
score (0 to 3) daily

Yes (SIT-40: 
p<0.0001 for 
SINUS-24 and -52; 
LoS: p<0.0001 for 
SINUS-24 and -52)

Significantly improved SIT-
40 scores in the treatment 
groups compared with 
controls

Monoclonal 
Antibodies

Gevaert et 
al. (538)

2013 Prospective, 
controlled

Omalizumab (maximum 
375 mg every 2 weeks 
total of 8 injections OR 
every month total of 
4 injections) every 2 
weeks x 20 weeks (n=15); 
placebo (n=8); Duration: 
16 weeks 

Patients with 
CRSwNP;
n=23

Change in 
Subjective Loss of 
smell (LoS) score 
(0 to 3)

Yes LoS (p=0.004 
after 16 weeks of 
treatment)

Significantly improved LoS 
scores in the Omalizumab 
group

Monoclonal 
Antibodies

Bachert et 
al. (544)

2022 Prospective, 
controlled

Benralizumab (30mg SC, 
every 4 weeks x 3 doses, 
then every 8 weeks) + 
Intranasal mometasone 
furoate spray (400 μg /
day) (n=91); placebo + 
Intranasal mometasone 
furoate spray (n=91); 
Duration: 40 weeks

Patients with 
CRSwNP, history 
of systemic cor-
ticosteroid use 
and/or surgery, 
and symptomatic 
despite INCS; 
¬n=413

Change in SIT-40, 
biweekly mean 
difficulty with 
sense of smell 
score (DSS) at 
week 40 and 56 
(Self-rating from 
0 to 3)

No (SIT-40)
Yes (p=0.003 at 
week 40, p=0.002 
at week 56 DSS)

Significantly improved DSS 
at week 40 and 56; no sig-
nificant difference in SIT-40 
scores between treatment 
and control groups at 
weeks 40 or 56

Monoclonal 
Antibodies

Gevaert et 
al.(540)

2022 Prospective, open-
label extension

Continued Omalizumab 
(75 to 600 mg SC every 2 
or 4 weeks) + intranasal 
mometasone spray (400 
μg or 200 μg daily if 
intolerant) x 28 weeks 
(n=123); Placebo then 
switched to Omalizumab 
(n=126)
Duration: 52 weeks 
(continued Omalizumab), 
28 weeks (placebo to 
Omalizumab)

Patients with 
CRSwNP who 
completed POLYP 
1 or 2 (previous 
randomized 
placebo-control-
led trials)
n=249

Change in SIT-40 
at 24 weeks 
after Omalizumab 
discontinuation

Unspecified Patients who continued 
treatment experienced 
sustained improvement 
through 52 weeks, but 
gradually worsened over 
the 24-week follow up, but 
remained improved com-
pared to pre-treatment 
levels

Monoclonal 
Antibodies

Han et al.(543) 2021 Prospective, 
controlled

Mepolizumab (100 mg 
IV every 4 weeks x 52 
weeks) + intranasal 
mometasone furoate 
spray (2 sprays BID, 200 
μg into each nostril 
daily) (n=206); placebo + 
intranasal mometasone 
furoate (n=201)
Duration: 52 weeks 
(Mepolizumab), 56 weeks 
(Intranasal mometasone)

Patients with re-
current, refractory, 
severe, bilateral 
nasal polyp 
symptoms eligible 
for repeat nasal 
surgery; n=407

Change in SIT-40 
score measured 
during alternating 
visits every 8 
weeks), Subjective 
Loss of Smell (LoS) 
score (0 to 10, at 
week 49 to 52)

No (SIT-40)
Yes (LoS, p=0.020)

Significant improvement in 
LoS scores; no significant 
difference in SIT-40 scores 
between groups (n=54 per 
treatment group, p=0.3)
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Monoclonal 
Antibodies

Bachert et 
al. (541)

2017 Prospective, 
controlled

Intranasal fluticasone 
propionate (1 mg/ml, 
2 sprays, 100 μg, OD in 
each nostril) + Mepolizu-
mab (750 mg IV every 4 
weeks x 6 doses) (n=42); 
intranasal fluticasone 
propionate + placebo (IV 
every 4 weeks x 6 doses 
(n=32)
Duration: 21 weeks (Me-
polizumab, placebo)

Patients with 
CRSwNP; n=74

Change in Sniffin’ 
Sticks 12-item 
screening test 
score 4 weeks after 
last dose (at week 
25); Subjective 
Loss of Smell (LoS) 
score (0 to 3)

No Sniffin’ sticks 
12-item screening 
test
Yes (LoS score: 
p<0.05 at weeks 9 
and 13, p<0.01 at 
week 21, p<0.0001 
at week 25)

Significantly improved LoS 
scores after 25 weeks of 
Mepolizumab

Monoclonal 
Antibodies

Gevaert et 
al.(542)

2011 Prospective, 
controlled

Mepolizumab (750mg 
IV x 2 doses) (n=20); 
placebo (n=10)

Patients with 
severe nasal poly-
posis (grade 3 or 4 
or recurrent after 
surgery) refractory 
to corticosteroid 
therapy;
n=30

Change in 
Subjective Loss of 
Smell (LoS) score 
(0 to 3)

No Long-lasting improvement 
(until 11 months after last 
dose) in subjective LoS 
scores after treatment 
with Mepolizumab, but 
did not reach statistical 
significance

Monoclonal 
Antibodies

Pinto et al. (537) 2010 Prospective, 
controlled

Omalizumab (0.016 mg/
kg per IU total serum IgE/
ml SC every 2 or 4 weeks) 
(n=7); placebo (n=7);  
Duration: 6 months

Patients with 
treatment-refrac-
tory CRS;
n=14

Change in SIT-40 
score after 6 
months, subjec-
tive hyposmia 
symptoms (0 to 
3) daily

No No significant improve-
ment in SIT-40 scores in 
the treatment group vs 
controls (p<0.31)

Phosphodiestera-
se Inhibitors

Hosein & 
Henkin (551)

2022 Prospective Intranasal theophylline 
(20 μg in 0.4 ml saline 
solution, 1 spray OD, with 
increasing dosage if no 
improvement after 2-4 
months after to a maxi-
mum of 4 sprays / day) 
(n=39), placebo (saline) 
(n=39), normal (n=17)
Duration: at least 2 
months

Patients with nor-
mal olfactory func-
tion and hyposmia 
from multiple 
causes; 
n=56
12 PIOD
9 PTOD
7 Sinonasal
5 Idiopathic
3 Chemical 
Exposure
3 Congenital

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic eva-
luation (H)) after at 
least 2 months of 
treatment

Yes (DT: all odours, 
p<0.01, RT: PYR 
p<0.005, NO2B, 
THIO, AA p<0.01) 

Over half of treated 
patients experienced a 
decrease in nasal mucus 
IL-10 toward control levels 
after intranasal theophyl-
line administration, cor-
related with a significant 
improvement in taste and 
smell function

Phosphodiestera-
se Inhibitors

Henkin et 
al. (554)

2012 Prospective, inter-
nally controlled

Oral theophylline 
anhydrous (200 to 800 
mg/day x 2 to 12 months; 
intranasal theophylline 
methylpropyl paraben 
20 μg/day in each naris 
x 4 weeks, controls were 
same group

Patients with 
olfactory dys-
function of mixed 
causes; 
n=10
3 Sinonasal
3 PIOD
2 PTOD
1 Congenital
1 Other

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100)

Yes (DT for Sucrose 
and Hydrochloride 
(p<0.01), and Urea, 
(p<0.05))

Intranasal theophylline 
treatment improved taste 
and smell acuity in 8 of 10 
patients after 4 weeks, Oral 
theophylline treatment 
improved taste and smell 
acuity in 6 of 10 patients 
after 2-12 months

Phosphodiestera-
se Inhibitors

Henkin et 
al. (550)

2017 Prospective Oral theophylline (200 to 
800 mg taken over 2 to 
10 months) (n=44)

Patients with 
hyposmia from 
multiple causes; 
n=44
10 PIOD
15 Sinonasal
9 Congenital 
8 PTOD
1 Post-anaesthesia
1 Oropyrosis/Dys-
geusia

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective impro-
vement in smell/
taste/flavour (0 
to 100)

No control group Significant improvement 
in subjective responses in 
smell (p<0.05), taste, and 
flavour perception and in 
olfactometry, associated 
with increased nasal 
mucus sonic hedgehog 
and serum theophylline 
after treatment

Phosphodiestera-
se Inhibitors

Henkin et 
al. (553)

2009 Prospective Oral Theophylline in 
increasing doses (200, 
400, 600, and 800 mg) 
over 2-8 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=312
97 PIOD
97 Sinonasal
76 Others
42 PTOD

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100) 
daily 

No control group Subjective smell loss 
improved in 157 patients 
(50.3%), Greater improve-
ment in mean DT and RT 
before and after treatment 
(DT: PYR (p<0.001), NO2B 
(p<0.05), THIO and AA 
(p<0.01); RT: PYRD and 
NO2B (p<0.001), NO2B 
THIO and AA (p<0.01)) at 
doses of 600 and 800mg of 
oral theophylline, Improve-
ment persisted as long as 
treatment was continued 
(up to 72 months)
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Phosphodiestera-
se Inhibitors

Meusel et 
al. (559)

2016 Experimental, pla-
cebo- controlled

Espresso with caffeine 
(65 mg/cup) (n=39); es-
presso without caffeine 
(placebo) (n=38)

Patients with sino-
nasal or PIOD; 
n=76
48 PIOD
28 Sinonasal

Change in Snif-
fin' Sticks (TD) 
score 45 mins 
after espresso 
consumption; 
Subjective smell 
rating

No The phosphodiesterase-
inhibitor / adenosine-
receptor agonist caffeine 
has little or no short-term 
effect on olfactory 
function 

Intranasal Calcium 
Buffers

Whitcroft et 
al. (685)

2016 Prospective, 
controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml x 1 
dose in the left or right 
nostril), Placebo (1 ml 
saline, in the contralateral 
nostril)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=57
30 Sinonasal
10 Idiopathic
10 PTOD
7 PIOD

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (PIOD odour 
identification sco-
res only, p=0.02)

Significantly improved 
identification scores in pa-
tients with post-infectious 
loss compared to placebo, 
No significant difference 
in threshold scores after 
treatment, Nasal discharge 
was the most common 
side effect

Post-traumatic Olfactory Dysfunction

Corticosteroids Kim et al. (521) 2017 Retrospective, 
case series

Oral prednisolone (40 
mg x 14 days, tapering 
by 5 mg daily) (n=60); 
intranasal mometasone 
furoate monohydrate 
spray (2 puffs, 100 μg in 
each nostril OD) (n=181); 
Oral prednisolone + 
intranasal mometasone 
spray (n=250)
Duration: 16 days (Oral 
prednisolone), 1 month 
(Intranasal mometasone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=491
178 PIOD
96 PTOD
94 Sinonasal
89 Idiopathic
23 Previous Sino-
nasal Surgery
9 Xerostomia
2 Congenital

Change in 
CCCRCT, CCSIT, 
subjective rating 
(recovery vs. no 
recovery) 1 month 
after treatment

Yes (p<0.001) Oral + intranasal and oral 
corticosteroid groups 
had better smell recovery 
outcomes than the intra-
nasal group, No significant 
difference between oral + 
intranasal versus oral only 
(p<0.978)

Corticosteroids Fleiner et 
al. (520) 

2012 Retrospective Topical corticosteroid 
(unspecified drug / dose) 
+ OT (n=18); OT only 
(n=28)
Duration: unspecified

Patients with 
olfactory dys-
function of mixed 
causes;
n=46
16 PIOD
15 Sinonasal
8 Idiopathic 
7 PTOD

Change in Sniffin’ 
Sticks (TDI) scores 
at 4 or 8 months

Yes (p=0.001 at 8 
months)

Statistically clinically signi-
ficant improvement in TDI 
scores in the topical corti-
costeroid + OT group after 
8 months of treatment

Corticosteroids Nguyen & 
Patel (522)

2018 Prospective, 
controlled

Intranasal budesonide 
irrigation (0.5 mg/ 2 ml 
BID) + OT (n=66); Intrana-
sal saline irrigation (BID) 
+ OT (n=67)
Duration: 6 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=133
62 PIOD
46 Idiopathic
16 PTOD
6 Medication-
related
3 Environmental 
exposure

Clinically signi-
ficant change 
in SIT-40 after 6 
months

No Clinically significant 
change in SIT-40 scores in 
35.3% of patients (n=47), 
Younger age and shorter 
duration of OD were asso-
ciated with improvement 
(p<0.0001) 

Corticosteroids Stenner et 
al. (509)

2008 Retrospective Oral beclomethasone (3 
to 0.5 mg OD to TID) + 
topical budesonide (1.5 
mg/day, divided into 2 
equal doses per side of 
the nose BID); oral beclo-
methasone + topical bu-
desonide and neomycin 
(7.5 mg/day, divided into 
2 equal doses per side of 
the nose BID)
Duration: 20 days (Oral 
beclomethasone), 
12 weeks (Topical 
budesonide only or with 
Neomycin)

Patients with 
olfactory dys-
function of mixed 
causes;
n=89
31 PIOD
22 Idiopathic
16 Sinonasal
14 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after 12 weeks

No No significant difference 
between TDI scores of 
treatment and control 
groups, Improved mean 
TDI scores with oral ste-
roids across all treatment 
groups, with benefit from 
topical corticosteroids +/ 
antibiotic influenced by 
initial oral steroid respon-
siveness

Corticosteroids Bratt et al (507) 2020 Prospective Oral prednisolone (30 mg 
OD), then OT only
Duration: 10 days (Oral 
prednisolone); 3 months 
(OT)

Patients with 
PTOD; n=22

Change in Sniffin’ 
Sticks (TDI) score 
after 10 days, 3, 
and 12 months

No control group Clinically significant (≥6) 
improvement in composite 
threshold, discrimination, 
and identification score in 
50% of participants after 1 
year (p<0.001)

Corticosteroids Jiang et al.  (690) 2010 Prospective Oral prednisolone (15 mg 
QID x 3 days, then 10 mg 
QID x 3 days, 10 mg TID 
x 3 days, tapering by 10 
mg/day every 3 days)
Duration: 15 days

Patients with 
PTOD; n=116

Change in PEA 
threshold test 
(monthly for 3 
months after 
treatment)

No control group Improvement in only 
16.4% of patients; sponta-
neous recovery cannot be 
ruled out, Patients whose 
thresholds improved were 
significantly younger 
(p=0.033)
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Heilmann et 
al. (513)

2004 Prospective Oral prednisolone (40 
mg/day, tapering doses 
over 21 days) (n=85); 
intranasal mometasone 
(2 sprays OD in each nos-
tril) (n=76); oral Vitamin 
B complex (thiamine 12 
mg, riboflavin 12 mg, 
pyridoxine 0.75 mg, nico-
tinamide 60 mg, calcium 
pantothenate 6 mg 2 
capsules TID) (n=31)
Duration: 21 days (Oral 
prednisolone), 6 months 
(Intranasal mometasone 
and Vitamin B complex)

Patients with 
olfactory dys-
function of mixed 
causes; n=192
85 Idiopathic
72 PIOD
19 Sinonasal
10 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after an average of 
2 and 6 months

No control group Improvement following 
oral and intranasal 
corticosteroids (p<0.001, 
p=0.03 respectively); 
improvement with oral 
Vitamin B only after 6 
months (p=0.001) but not 
after 2 months (p=0.07)

Corticosteroids Fujii et al. (505) 2002 Prospective Dexamethasone septal 
injection (4 mg/0.5 ml 
every 2 weeks x 8 times)

Patients with 
PTOD; n=27

Change in T&T 
olfactometer 
threshold, Alina-
min test score 
after 4 months

No control group Improvement of detection 
thresholds in 6 patients, 
improvement of recog-
nition thresholds in 4 
patients

Phosphodiestera-
se Inhibitors

Hosein & 
Henkin (551)

2022 Prospective Intranasal theophylline 
(20 μg in 0.4 ml saline 
solution, 1 spray OD, with 
increasing dosage if no 
improvement after 2-4 
months after to a maxi-
mum of 4 sprays / day) 
(n=39), placebo (saline) 
(n=39), normal (n=17)
Duration: at least 2 
months

Patients with nor-
mal olfactory func-
tion and hyposmia 
from multiple 
causes; 
n=56
12 PIOD
9 PTOD
7 Sinonasal
5 Idiopathic
3 Chemical 
Exposure
3 Congenital

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic eva-
luation (H)) after at 
least 2 months of 
treatment

Yes (DT: all odours, 
p<0.01, RT: PYR 
p<0.005, NO2B, 
THIO, AA p<0.01) 

Over half of treated 
patients experienced a 
decrease in nasal mucus 
IL-10 toward control levels 
after intranasal theophyl-
line administration, cor-
related with a significant 
improvement in taste and 
smell function

Phosphodiestera-
se Inhibitors

Henkin et 
al. (554)

2012 Prospective, inter-
nally controlled

Oral theophylline 
anhydrous (200 to 800 
mg/day x 2 to 12 months; 
intranasal theophylline 
methylpropyl paraben 
20 μg/day in each naris 
x 4 weeks, controls were 
same group

Patients with 
olfactory dys-
function of mixed 
causes; 
n=10
3 Sinonasal
3 PIOD
2 PTOD
1 Congenital
1 Other

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100)

Yes (DT for Sucrose 
and Hydrochloride 
(p<0.01), and Urea, 
(p<0.05))

Intranasal theophylline 
treatment improved taste 
and smell acuity in 8 of 10 
patients after 4 weeks, Oral 
theophylline treatment 
improved taste and smell 
acuity in 6 of 10 patients 
after 2-12 months

Phosphodiestera-
se Inhibitors

Henkin et 
al. (550)

2017 Prospective Oral theophylline (200 to 
800 mg taken over 2 to 
10 months) (n=44)

Patients with 
hyposmia from 
multiple causes; 
n=44
10 PIOD
15 Sinonasal
9 Congenital 
8 PTOD
1 Post-anaesthesia
1 Oropyrosis/Dys-
geusia

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective impro-
vement in smell/
taste/flavour (0 
to 100)

No control group Significant improvement 
in subjective responses in 
smell (p<0.05), taste, and 
flavour perception and in 
olfactometry, associated 
with increased nasal 
mucus sonic hedgehog 
and serum theophylline 
after treatment

Phosphodiestera-
se Inhibitors

Henkin et 
al. (553)

2009 Prospective Oral Theophylline in 
increasing doses (200, 
400, 600, and 800 mg) 
over 2-8 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=312
97 PIOD
97 Sinonasal
76 Others
42 PTOD

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic 
evaluation (H)), 
Subjective Smell 
Rating (0 to 100) 
daily 

No control group Subjective smell loss 
improved in 157 patients 
(50.3%), Greater improve-
ment in mean DT and RT 
before and after treatment 
(DT: PYR (p<0.001), NO2B 
(p<0.05), THIO and AA 
(p<0.01); RT: PYRD and 
NO2B (p<0.001), NO2B 
THIO and AA (p<0.01)) at 
doses of 600 and 800mg of 
oral theophylline, Improve-
ment persisted as long as 
treatment was continued 
(up to 72 months)

Intranasal Calcium 
Buffers

Philpott et 
al. (566)

2017 Prospective, 
controlled

Sodium citrate solution 
(0.5 ml in each nostril x 
1 dose) (n=31); Placebo 
(sterile water, 0.5 ml in 
each nostril x 1 dose) 
(n=24)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=55
21 PIOD
13 Idiopathic
4 PTOD

Change in phenyl 
ethyl alcohol, 
1-butanol, euca-
lyptol, and acetic 
acid thresholds 
every 15 minutes 
up to a maximum 
of 2 hours

Yes (all odours 
except acetic acid, 
p<0.05)

Improved threshold scores 
in the treatment group 
compared to controls for 3 
out of 4 odours tested, but 
effect is transient, peaking 
at 30-60 minutes after 
application, Rhinorrhoea 
and Sore throat were 
frequently reported side 
effects 
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Intranasal Calcium 
Buffers

Panagiotopou-
los et al. (564)

2005 Prospective Sodium citrate buffer 
solution (3.5 g/140 ml x 
1 dose) to the nasal cleft 
using head down and 
forwards position, Epi-
nephrine (1 mg/ml, 1ml 
in each nostril x 1 dose), 
placebo (saline, 1ml in 
each nostril x 1 dose)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=31
18 PIOD 
7 Post-nasal 
surgery
1 PTOD
5 Unspecified

Change in Sniffin’ 
Sticks 12-item 
screening test
Day 1 olfaction 
evaluated 2 times 
(no medication 
and saline)
Days 2 and 3 olfac-
tion evaluated be-
fore and every 15 
minutes after 1cc 
in each nostril of 
epinephrine (day 
2) and sodium 
citrate buffer (day 
3), for 1 hour 

No Significantly higher scores 
compared to baseline 
after administration of 
buffer solution (p<0.0001), 
Measured improvement 
in 97% of patients within 
one hour; 74% noticed im-
provement, with a median 
duration of 3 hours, Itching 
was the most common 
side effect

Intranasal Calcium 
Buffers

Whitcroft et 
al. (685)

2016 Prospective, 
controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml x 1 
dose in the left or right 
nostril), Placebo (1 ml 
saline, in the contralateral 
nostril)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=57
30 Sinonasal
10 Idiopathic
10 PTOD
7 PIOD

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (PIOD odour 
identification sco-
res only, p=0.02)

Significantly improved 
identification scores in pa-
tients with post-infectious 
loss compared to placebo, 
No significant difference 
in threshold scores after 
treatment, Nasal discharge 
was the most common 
side effect

Zinc Jiang et al. (511) 2015 Prospective, 
controlled

Zinc gluconate (10 
mg TID x 1 month) + 
prednisolone (1 mg/kg/
day then tapering for 2 
weeks) (n=39); zinc only 
(10 mg TID x 1 month) 
(n=35); prednisolone 
only (n=34); no treat-
ment (n=37)

Patients with 
post-traumatic 
anosmia; 
n=145

Change in Phenyl 
ethyl alcohol 
odour detection 
threshold test 
monthly up to a 
mean of 5 to 6 
months after, MRI 
for OB measure-
ment 2 months 
after treatment

Yes (recovery 
rates: p=0.006 for 
zinc + predniso-
lone, p=0.013 for 
zinc only)

Zinc + steroid application 
and zinc only groups sho-
wed significant threshold 
improvement compared to 
“no treatment”

Novel Treatments Hummel et 
al. (686)

2017 Retrospective 
cohort

Topical vitamin A (10,000 
IU OD) + OT (n=124), OT 
only (n=46)
Duration: 8 weeks

Patients with PIOD 
and PTOD;
n=170
102 PIOD
68 PTOD

Change in Sniffin’ 
Sticks (TDI) score 
after approxima-
tely 10 months

Yes (Odour discri-
mination higher 
for Vitamin A + 
OT for all patients, 
p=0.008; PIOD 
odour threshold 
and discrimination 
scores higher for 
Vitamin A + OT, 
p=0.01 and p=0.04 
respectively

Vitamin A + OT group had 
significantly higher odour 
discrimination scores for 
all patients; and signifi-
cantly higher threshold 
and discrimination scores 
in the post-infectious 
group

Novel Treatments Reden et 
al. (631)

2012 Prospective, 
controlled

Oral vitamin A (10,000 IU 
OD x 3 months) (n=26) or 
placebo (n=26)

Patients with PIOD 
and PTOD; 
n=52
33 PIOD
19 PTOD

Change in Sniffin’ 
Sticks (TDI) score 
after mean of 5 
months

No No significant difference 
between treatment and 
controls

Novel Treatments Quint et al. (689) 2002 Prospective, 
controlled

Caroverine (120 mg/
day) (n=51), Control: zinc 
sulfate (400 mg/day) 
(n=26)
Duration: 4 weeks

Patients with 
olfactory dys-
function of mixed 
causes; 
n=77
38 PIOD
25 Idiopathic
14 PTOD

Change in Sniffin 
Sticks’ (TDI) score, 
after 4 weeks

Unspecified Significant improvement 
of odour thresholds 
among anosmics (p=0.005) 
and odour identification 
for all patients (Anosmia: 
p=0.038, Hyposmia: 
p=0.041), Zinc did not 
result in any significant 
measurable improvement 
in olfaction

Idiopathic Olfactory Dysfunction

Corticosteroids Kim et al. (521) 2017 Retrospective, 
case series

Oral prednisolone (40 
mg x 14 days, tapering 
by 5 mg daily) (n=60); 
intranasal mometasone 
furoate monohydrate 
spray (2 puffs, 100 μg in 
each nostril OD) (n=181); 
Oral prednisolone + 
intranasal mometasone 
spray (n=250)
Duration: 16 days (Oral 
prednisolone), 1 month 
(Intranasal mometasone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=491
178 PIOD
96 PTOD
94 Sinonasal
89 Idiopathic
23 Previous Sino-
nasal Surgery
9 Xerostomia
2 Congenital

Change in 
CCCRCT, CCSIT, 
subjective rating 
(recovery vs. no 
recovery) 1 month 
after treatment

Yes (p<0.001) Oral + intranasal and oral 
corticosteroid groups 
had better smell recovery 
outcomes than the intra-
nasal group, No significant 
difference between oral + 
intranasal versus oral only 
(p<0.978)



69

Supplement 31: Position paper on olfactory dysfunction: 2023

Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Fleiner et 
al. (520) 

2012 Retrospective Topical corticosteroid 
(unspecified drug / dose) 
+ OT (n=18); OT only 
(n=28)
Duration: unspecified

Patients with 
olfactory dys-
function of mixed 
causes;
n=46
16 PIOD
15 Sinonasal
8 Idiopathic 
7 PTOD

Change in Sniffin’ 
Sticks (TDI) scores 
at 4 or 8 months

Yes (p=0.001 at 8 
months)

Statistically clinically signi-
ficant improvement in TDI 
scores in the topical corti-
costeroid + OT group after 
8 months of treatment

Corticosteroids Heilmann et 
al. (519)

2004 Retrospective Intranasal mometasone 
spray (2 sprays OD, ~0.1 
mg per nostril) x 1 to 
3 months) (n=37); oral 
prednisolone (40 mg/
day, tapering doses over 
21 days) (n=55)
Duration: 1 to 3 months 
(Intranasal mometasone), 
21 days (Oral predni-
solone)

Patients with 
olfactory dys-
function of mixed 
causes;
n=92
58 Idiopathic
22 PIOD
12 Sinonasal

Change in Sniffin’ 
Sticks (TDI) scores 
after 21 to 330 
days

Yes (p<0.001) Treatment with oral 
prednisolone led to 
significantly improved 
TDI scores regardless 
of aetiology (p<0.001), 
intranasal mometasone 
had no significant effect 
on olfaction

Corticosteroids Nguyen & 
Patel (522)

2018 Prospective, 
controlled

Intranasal budesonide 
irrigation (0.5 mg/ 2 ml 
BID) + OT (n=66); Intrana-
sal saline irrigation (BID) 
+ OT (n=67)
Duration: 6 months

Patients with 
olfactory dys-
function of mixed 
causes; 
n=133
62 PIOD
46 Idiopathic
16 PTOD
6 Medication-
related
3 Environmental 
exposure

Clinically signi-
ficant change 
in SIT-40 after 6 
months

No Clinically significant 
change in SIT-40 scores in 
35.3% of patients (n=47), 
Younger age and shorter 
duration of OD were asso-
ciated with improvement 
(p<0.0001) 

Corticosteroids Stenner et 
al. (509)

2008 Retrospective Oral beclomethasone (3 
to 0.5 mg OD to TID) + 
topical budesonide (1.5 
mg/day, divided into 2 
equal doses per side of 
the nose BID); oral beclo-
methasone + topical bu-
desonide and neomycin 
(7.5 mg/day, divided into 
2 equal doses per side of 
the nose BID)
Duration: 20 days (Oral 
beclomethasone), 
12 weeks (Topical 
budesonide only or with 
Neomycin)

Patients with 
olfactory dys-
function of mixed 
causes;
n=89
31 PIOD
22 Idiopathic
16 Sinonasal
14 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after 12 weeks

No No significant difference 
between TDI scores of 
treatment and control 
groups, Improved mean 
TDI scores with oral ste-
roids across all treatment 
groups, with benefit from 
topical corticosteroids +/ 
antibiotic influenced by 
initial oral steroid respon-
siveness

Corticosteroids Blomqvist  et 
al. (518)

2003 Prospective, 
controlled

Oral prednisolone 
(40 mg/day x 3 days, 
tapering by 5 mg daily), 
then either Intranasal 
fluticasone spray (2 
sprays, 100 μg OD in 
each nostril) (n=20); pla-
cebo spray (water, avisel, 
polysorbate 80, glucose, 
benzalkonium chloride 
(198 μg/g) and phenyl 
ethyl alcohol (2.5 mg/g) 
(n=10); no treatment 
(n=10)
Duration: 10 days (Oral 
prednisolone), 6 months 
(Intranasal fluticasone, 
placebo)

Patients with 
olfactory dys-
function of mixed 
causes;
n=40
23 PIOD
10 Sinonasal
7 Unknown/Idio-
pathic

Change in CC-
CRCT, VAS after 10 
days, 2, 6 months)

No Significant improvement 
after the initial treatment 
with oral corticosteroids, 
no significant difference in 
olfactory threshold scores 
between treatment and 
control groups after 10 
days, 2 and 6 months

Corticosteroids Schriever et 
al. (510)

2012 Retrospective Oral methyl-prednisolo-
ne (40 mg, then tapering 
by 5 mg every other day)
Duration: 15 days

Patients with 
olfactory dys-
function of mixed 
causes; 
n=425
221 Sinonasal
157 Idiopathic
27 PIOD
20 PTOD, Post-
surgical, Others)

Change in Sniffin’ 
Sticks (TDI) scores 
after 15 days

No control group Greater and clinically signi-
ficant increase in TDI sco-
res among patients with 
nasal polyps (p<0.001) 
who received treatment, 
PIOD (p=0.003) and idiopa-
thic (p=0.01) patients who 
received corticosteroids 
also significantly improved 
but the improvement 
was less than those with 
sinonasal causes
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Corticosteroids Heilmann et 
al. (513)

2004 Prospective Oral prednisolone (40 
mg/day, tapering doses 
over 21 days) (n=85); 
intranasal mometasone 
(2 sprays OD in each nos-
tril) (n=76); oral Vitamin 
B complex (thiamine 12 
mg, riboflavin 12 mg, 
pyridoxine 0.75 mg, nico-
tinamide 60 mg, calcium 
pantothenate 6 mg 2 
capsules TID) (n=31)
Duration: 21 days (Oral 
prednisolone), 6 months 
(Intranasal mometasone 
and Vitamin B complex)

Patients with 
olfactory dys-
function of mixed 
causes; n=192
85 Idiopathic
72 PIOD
19 Sinonasal
10 PTOD
6 Others

Change in Sniffin’ 
Sticks (TDI) scores 
after an average of 
2 and 6 months

No control group Improvement following 
oral and intranasal 
corticosteroids (p<0.001, 
p=0.03 respectively); 
improvement with oral 
Vitamin B only after 6 
months (p=0.001) but not 
after 2 months (p=0.07)

Phosphodiestera-
se Inhibitors

Hosein & 
Henkin (551)

2022 Prospective Intranasal theophylline 
(20 μg in 0.4 ml saline 
solution, 1 spray OD, with 
increasing dosage if no 
improvement after 2-4 
months after to a maxi-
mum of 4 sprays / day) 
(n=39), placebo (saline) 
(n=39), normal (n=17)
Duration: at least 2 
months

Patients with nor-
mal olfactory func-
tion and hyposmia 
from multiple 
causes; 
n=56
12 PIOD
9 PTOD
7 Sinonasal
5 Idiopathic
3 Chemical 
Exposure
3 Congenital

Change in Olfacto-
metry of 4 odours: 
(Detection (DT) 
and Recognition 
(RT) thresholds, 
magnitude 
estimation (ME) 
and hedonic eva-
luation (H)) after at 
least 2 months of 
treatment

Yes (DT: all odours, 
p<0.01, RT: PYR 
p<0.005, NO2B, 
THIO, AA p<0.01) 

Over half of treated 
patients experienced a 
decrease in nasal mucus 
IL-10 toward control levels 
after intranasal theophyl-
line administration, cor-
related with a significant 
improvement in taste and 
smell function

Intranasal Calcium 
Buffers

Philpott et 
al. (566)

2017 Prospective, 
controlled

Sodium citrate solution 
(0.5 ml in each nostril x 
1 dose) (n=31); Placebo 
(sterile water, 0.5 ml in 
each nostril x 1 dose) 
(n=24)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=55
21 PIOD
13 Idiopathic
4 PTOD

Change in phenyl 
ethyl alcohol, 
1-butanol, euca-
lyptol, and acetic 
acid thresholds 
every 15 minutes 
up to a maximum 
of 2 hours

Yes (all odours 
except acetic acid, 
p<0.05)

Improved threshold scores 
in the treatment group 
compared to controls for 3 
out of 4 odours tested, but 
effect is transient, peaking 
at 30-60 minutes after 
application, Rhinorrhoea 
and Sore throat were 
frequently reported side 
effects 

Intranasal Calcium 
Buffers

Whitcroft et 
al. (685)

2016 Prospective, 
controlled

Intranasal sodium citrate 
(1 ml 3.5 g/ 140 ml x 1 
dose in the left or right 
nostril), Placebo (1 ml 
saline, in the contralateral 
nostril)

Patients with 
olfactory dys-
function of mixed 
causes; 
n=57
30 Sinonasal
10 Idiopathic
10 PTOD
7 PIOD

Change in monor-
hinal Sniffin’ Sticks 
(TI) score 20 to 
30 minutes after 
treatment

Yes (PIOD odour 
identification sco-
res only, p=0.02)

Significantly improved 
identification scores in pa-
tients with post-infectious 
loss compared to placebo, 
No significant difference 
in threshold scores after 
treatment, Nasal discharge 
was the most common 
side effect

Other Causes of Olfactory Dysfunction

Novel Treatments Yan et al. (656) 2020 Prospective, 
controlled

Intranasal saline ir-
rigation (BID) + omega 
3 (1000 mg/ capsule, 1 
capsule BID) (n=46); in-
tranasal saline irrigation 
only (n=41)

Patients who 
underwent en-
doscopic sellar or 
parasellar tumour 
resection;
n=87

Change in SIT-40 
score at 6 weeks, 
3, and 6 months

Yes (3 months, 
p=0.02; 6 months, 
p=0.01)

Patients taking omega-3 
were less likely to have 
post-operative olfactory 
loss compared to controls

Phosphodiestera-
se Inhibitors

Gudziol & 
Hummel (691)

2009 Prospective Intravenous pentoxifyl-
line (200 mg, dissolved 
in 500 ml of 0.9% sodium 
solution, BID infused 
for 2 hours (n=15)); oral 
pentoxifylline (200 mg 
TID) (n=4)

Patients being 
treated for inner 
ear conditions; 
n=19 

Sniffin’ Sticks (TDI) 
score; Subjective 
smell rating (very 
good, good, 
normal, poor, 
very poor, or 
complete loss) 1 
to 2 hours after 
administration of 
pentoxifylline

Yes (p=0.01, Odour 
threshold)

Improvement in odour 
thresholds after adminis-
tration of pentoxifylline, 
with greater improvement 
in younger patients 
(p=0.001)

Zinc Lyckholm et 
al. (692)

2012 Prospective, 
controlled

Oral zinc (220 mg BID, 
~50 mg elemental zinc 
BID) (n=20); placebo 
(lactose monohydrate 
BID) (n=21)

Chemotherapy-
related smell 
disorders; 
n=41

Change in Subjec-
tive smell rating (0 
to 100) at 1, 2, and 
3 months after 
starting treatment

No There was non-significant 
worsening of smell loss 
over time

Monoamine Oxi-
dase B Inhibitors

Haehner et 
al. (693)

2015 Cross-sectional, 
controlled

Rasagiline therapy for at 
least 4 months (n=74), 
Non-rasagiline therapy 
(n=150)

Patients with Par-
kinson’s disease; 
n=224

Change in Sniffin’ 
Sticks (TDI) scores

Yes (only for PD 
<5 years, odour 
discrimination, 
p=0.04)

Rasagiline treated patients 
presented with signi-
ficantly better odour discri-
mination when Parkinson’s 
disease duration was less 
than 8 years
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Drug Class Author Year Study Type Treatment Method Study Popula-
tion; n

Outcome Meas-
ures

Statistically Sig-
nificant Between 
Treatment Groups 
(Y/N)

Results

Monoamine Oxi-
dase B Inhibitors

Haehner et 
al. (694)

2013 Prospective, 
controlled

Rasagiline (1 mg OD) 
(n=17), placebo (n=17) 
Duration: 120 days

Patients with Par-
kinson’s disease; 
n=34

Change in Sniffin’ 
Sticks (TDI) score, 
retronasal flavour 
powders test, 
OERP, after 120 
days of treatment

No No significant difference 
in TDI scores between 
the treatment and 
control groups, but with a 
significant increase in TDI 
score between baseline 
and after 120 days for the 
rasagiline group (p=0.004)

Novel Treatments Rondanelli et 
al. (655)

2012 Prospective, 
controlled

Dietary supplement 
(DHA 720 mg, EPA 286 
mg, Vitamin E 16 mg, 
Soy phospholipids 160 
mg, Tryptophan 95 mg, 
and melatonin 5 mg, 
2 capsules OD, 1 hour 
before bedtime) (n=11); 
placebo (n=14)
Duration: 12 weeks

Patients with 
mild cognitive 
impairment;
n=25

Change in Sniffin’ 
Sticks 12-item 
screening test 
after 12 weeks

Yes (Odour 
identification, 
p<0.0096)

Significantly higher 
identification scores for 
supplementation group 

Phosphodiestera-
se Inhibitors

Gudziol et 
al. (558)

2007 Crossover study Sildenafil (50 mg) on day 
0, then Sildenafil 100 mg) 
at day 4 and 8; placebo 
(starch) at day 4 and 8
Duration: 8 days

Healthy partici-
pants; n=20

Change in Sniffin’ 
Sticks (TDI) scores 
on day 4 and 8

Yes (p=0.007, for 
100 mg Sildenafil)

Higher sildenafil doses 
produced decreased 
olfactory scores compared 
to placebo

colleagues investigated the utility of systemic prednisolone in 

treating 9 patients with topical corticosteroid-resistant PIOD (500). 

The authors demonstrated no significant improvement in T&T 

olfactometer detection or recognition thresholds. In 2005, Fuka-

zawa described results of septal corticosteroid injection (dexa-

methasone or betamethasone) in a case series of 133 patients 

with PIOD (501). 49.6% of patients achieved clinical improvement 

– defined as an average improvement in T&T olfactometer 

recognition threshold of 1 point. However, this study did not 

include a control group. Given the known possibility of sponta-

neous recovery in PIOD, this limits its interpretation. Specifically 

with regards to C19OD, Le Bon and colleagues compared OT 

(n=18) to OT + methylprednisolone (n=9, 32mg once daily for 10 

days) using the “Sniffin’ Sticks” composite TDI score in a prospec-

tive non-randomised trial (502). After 10 weeks of training, there 

was a significantly greater increase in TDI score within the OT + 

corticosteroid group than the OT group. Furthermore, within the 

OT + corticosteroid group, the mean TDI improved by 7.7 points, 

therefore reaching both statistical and clinical significance. Vaira 

and colleagues performed a small multi-site randomised case-

control study assessing the efficacy of oral prednisolone (15 

day tapering dose) + intranasal irrigation with betamethasone, 

ambroxol (a mucolytic) and rinazine (a decongestant) (all for 

15 days) compared with no treatment (n=9 in each group) (503). 

They demonstrated significantly higher CCCRCT scores at both 

interim (20 day) and final (40 day) assessment periods in the 

treatment group, compared to control. However, it is difficult to 

disentangle the potential treatment effects of the different me-

dications used in the intervention arm of this study, which is also 

limited by a small sample size. Recent work from Genetzaki and 

colleagues showed improved psychophysical test scores in 19% 

of PIOD patients treated with a two-week course of oral methyl-

prednisolone + OT vs OT alone (504). Post-hoc testing demonstra-

ted evidence of inflammation in half of those who had improved 

– either residual from the infectious event or as evidence of 

parallel CRS (the latter being supported by the high prevalence 

of this condition in the general population). This highlights the 

importance of excluding underlying inflammation in PIOD, and 

associated potential benefit of systemic corticosteroids for those 

in whom such evidence exists.

Several studies have also specifically addressed the use of 

systemic corticosteroids in PTOD. In 2002, Fujii et al., injected 

dexamethasone 8 times (with 2 weekly intervals) into the 

septal mucosa of 27 patients with PTOD (61.5% anosmic, 38.4% 

hyposmic) (505). Using the T&T olfactometer, they demonstrated 

improvement in detection threshold in 6 and recognition thres-

hold in 4 out of 18 patients who followed up – patients treated 

within 2 months of initial head injury were found to have better 

outcomes. Later, in 2010, Jiang et al. assessed threshold scores 

following administration of high dose systemic prednisolone, 

in 116 patients with PTOD (506). Improved PEA threshold scores 

were demonstrated in 16.4% of the study population (mean 

follow up period 5.5 months), with better outcomes in younger 

patients. Again in patients with PTOD, Bratt and colleagues 

demonstrated a clinically significant improvement in “Sniffin’ 

Sticks” TDI score in 50% of participants (total n=22) at 1 year fol-

lowing treatment with 10 days of systemic prednisolone (30mg 

once daily), followed by 3 months of OT (507). However, none of 

these studies included a control group. Though the spontane-

ous recovery rate in PTOD is less than in PIOD, this still limits 

interpretation of the results. Jiang and colleagues reported re-

sults from a further study in 2015: a randomised controlled trial 

investigating the effect of oral prednisolone and zinc, alone or 

in combination, compared with no-treatment control, on odour 

thresholds in patients with PTOD (508). There was no statistically 
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significant difference in odour threshold between corticosteroid 

and control group. However, treatment with prednisolone + zinc 

or zinc alone was superior to control. 

The use of systemic corticosteroids in mixed patient cohorts has 

also been addressed. Where patients with sinonasal disease-re-

lated OD are included and subgroup analysis by aetiology is not 

performed, this makes interpretation of these studies difficult. In 

2008, Stenner and colleagues investigated the utility of oral bec-

lomethasone followed by topical budesonide or topical budeso-

nide + neomycin in the treatment of OD of mixed causes (509). The 

demonstrated improved composite TDI score (from 15.5 to 18.7) 

after treatment with oral corticosteroids, was observed among 

all patients (including those with sinonasal disease-related OD). 

However, the authors did comment that ‘steroid-responsiveness 

(SR)’ was dependent on the underlying aetiology – with sinona-

sal disease representing the greatest proportion of SR patients, 

and PTOD the least. The distribution of steroid-responsiveness 

and non-steroid-responsiveness was approximately equal for 

PIOD and idiopathic loss. Furthermore, there appeared to be no 

additional benefit in the use of topical corticosteroids. In 2012, 

Schriever et al. published results from a retrospective analysis of 

psychophysical olfactory scores before and after treatment with 

14 days of systemic methylprednisolone. Patients with OD of any 

cause were included, though the majority (52%) had olfactory 

loss secondary to sinonasal disease. Overall, 26.6% of patients 

improved by more than 6 points on TDI testing (the MCID) (510). 

Interpretation of these studies is limited, both by inclusion of 

multiple aetiologies and lack of appropriate control groups.

Systemic corticosteroids have also been combined with other 

agents, namely Zinc (as described above), vitamin B, and Ginkgo 

biloba (511–513). These studies suggest a possible additive benefit 

for the former two, though the additional benefit from Ginkgo 

biloba did not reach statistical significance. 

When considering use of systemic corticosteroids, the risk of 

side effects must be taken into account (514–516). These include: 

gastrointestinal – gastritis, ulcer formation, bleeding; muscu-

loskeletal – osteoporosis, steroid-induced myopathy, osteon-

ecrosis; metabolic/endocrine - increased blood glucose levels 

and impaired glycaemic control in diabetics, weight gain/deve-

lopment of Cushingoid features/Cushing syndrome, HPA axis 

suppression; immune system – immunosuppression; cardio-

vascular – premature atherosclerosis; ophthalmological – cata-

racts, glaucoma; neuropsychiatric – mood (hypomania, anxiety, 

depression) and sleep disturbance, rarely psychosis. At present, 

evidence-based guidelines regarding the acceptable frequency 

of systemic corticosteroid use do not exist. It, therefore, falls to 

the individual clinician to exercise the appropriate prudence, 

particularly in cases of non-CRS-related olfactory loss, where the 

evidence supporting corticosteroid use is poor (517). 

Intranasal corticosteroids

The use of intranasal corticosteroid therapy has been trial-

led with varying results, alone and in combination with other 

therapeutic approaches. The following studies assessed use of 

intranasal corticosteroids in mixed aetiology patient cohorts. 

An early double-blind, randomised controlled trial by Blomqvist 

and colleagues demonstrated no significant difference in odour 

threshold score following 6 months of treatment with intranasal 

fluticasone spray, placebo spray, or no treatment (n=20, n=10, 

n=10 respectively), in patients with OD of mixed causes (518). Of 

note, all patients in this trial had undergone initial preloading 

with systemic prednisolone + intranasal fluticasone for 10 days. 

In 2004, Heilmann and colleagues performed a retrospective 

review of patients with sinonasal disease-related OD, PIOD or 

idiopathic OD treated with either topical mometasone spray 

(1-3 months) or oral prednisolone (21 day tapering dose) (519). 

Across all patients, and within the PIOD and idiopathic sub-

groups, there was no significant improvement in “Sniffin’ Sticks” 

composite TDI score after treatment with topical mometasone. 

Treatment with oral prednisolone, however, led to significantly 

improved TDI scores, irrespective of aetiology. Treatment outco-

mes in this study were not affected by presence of parosmia at 

baseline. In 2012, Fleiner and colleagues performed a retrospec-

tive analysis of patients with OD of mixed causes, who were 

treated with either olfactory training (OT) alone or OT + topical 

corticosteroid. They demonstrated a statistically and clinically 

significant improvement in “Sniffin’ Sticks” composite TDI scores 

in the OT + corticosteroid group (n=18), but not within the OT 

only group (n=28) (520). These changes were driven by the PIOD 

subgroup – no significant improvements from baseline were 

seen in patients with sinonasal, post-traumatic or idiopathic 

OD. In 2017, Kim and colleagues retrospectively demonstra-

ted improved outcomes in patients with OD of mixed causes 

(n=491) who were treated with systemic corticosteroids ± topi-

cal corticosteroids compared with topical corticosteroids alone 

(outcomes assessed using CCCRCT and CC-SIT) (521). There was 

no significant difference in outcomes when comparing systemic 

corticosteroid vs. systemic + topical corticosteroid groups. No 

subgroup analysis comparing treatment outcomes within indivi-

dual aetiology subgroups was performed, though overall, PIOD 

patients showed the greatest level of improvement. In studies 

without subgroup analysis by aetiology, as described for syste-

mic corticosteroid use above, it is difficult to interpret findings 

as results may be driven by sinonasal disease-related OD. 

In a study excluding sinonasal disease, Nguyen and Patel per-

formed a randomised controlled trial comparing OT + intranasal 

budesonide irrigation with OT + intranasal saline irrigation, in 
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133 patients (OT + budesonide n=66, OT + saline n=67) with OD 

of mixed causes (PIOD, PTOD, idiopathic, medication-related, 

environmental) (522). After 6 months, significantly more patients 

in the OT + budesonide group achieved a clinically significant 

improvement in odour identification scores (SIT-40) than in the 

OT + saline group (OT + budesonide proportion improved = 

43.9%, OT + saline = 26.9%, p=0.039). Subgroup analysis accor-

ding to aetiology was not performed. Additionally, participants 

in this study were described as ‘anosmic’ but no information was 

provided regarding baseline SIT-40 scores in either treatment or 

control group. 

Specifically with regards to C19OD, Kasiri and colleagues per-

formed a double-blind, randomised controlled trial comparing 

intranasal mometasone furoate spray + OT (n=39) with intrana-

sal sodium chloride + OT (n=38) in non-hospitalised patients (523). 

After 4 weeks of treatment, there was no statistically significant 

difference in mean change in odour identification score (Iran 

Smell Identification Test) between groups. However, there were 

more patients with severe OD within the control vs treatment 

group at the study end point. It should be noted, however, that 

4 weeks is a short duration for OT. Abdelalim and colleagues 

performed a larger randomised controlled trial in 100 patients 

with C19OD, 50 of whom were treated with OT and 50 of whom 

were treated with OT + intranasal mometasone spray (524). The 

authors demonstrated no significant difference in olfactory out-

comes (VAS) in the treatment group, compared to the control 

group. However, this study is limited by lack of psychophysical 

olfactory testing, as well as short OT/follow up times (3 weeks). 

In their single-centre RCT, Yildiz and colleagues demonstrated 

improved subjective olfactory outcomes (‘Subjective Olfactory 

Capability (SOC)’ - a patient reported outcome measure) fol-

lowing 30 days treatment with intranasal triamcinolone + saline 

(n=50) versus saline alone (n=50) or no intranasal treatment 

(n=50) in patient with C19OD (525). In another single centre RCT, 

Tragoonrungsea and colleagues demonstrated no significant 

difference in subjective olfaction following treatment with OT 

alone (n=71), OT + saline irrigation (n=70) or OT + budesonide 

irrigation (n=72) (526). When interpreting the results of such stu-

dies, it is important to note the duration of disease prior to par-

ticipant recruitment. This is particularly important in the case of 

C19OD, in which a large proportion of patients will go on to fully 

recover, and in which different mechanisms may be implicated 

at early/late stages. With regards to the above-described studies, 

it is important to note that the duration of existing C19OD, and 

treatment periods, were sufficiently short to preclude generali-

sation to post-C19OD/PIOD.

Finally, it has been shown that application technique affects the 

distribution of medications within the nasal cavity (479,527). With 

this in mind, Nguyen and Patel performed a randomised control-

led trial comparing OT + intranasal budesonide irrigation with 

OT + intranasal saline irrigation, in 133 patients (OT + budeso-

nide n=66, OT + saline n=67) with OD of mixed causes (PIOD, 

PTOD, idiopathic, medication-related, environmental) (522). After 

6 months, significantly more patients in the OT + budesonide 

group achieved a clinically significant improvement in odour 

identification scores (SIT-40) than in the OT + saline group (OT + 

budesonide proportion improved = 43.9%, OT + saline = 26.9%, 

p=0.039). Subgroup analysis according to aetiology was not per-

formed. Additionally, participants in this study were described 

as ‘anosmic’ but no information was provided regarding baseline 

SIT-40 scores in either treatment or control group. These results 

should be compared to those from Tragoonrungsea et al., who 

did not demonstrate significant treatment effect with budeso-

nide irrigation in C19OD (see above (526)). 

Overall, evidence regarding corticosteroid use for non-sinonasal 

OD is poor (see also (528)) – in part due to lack of well-designed, 

rigorous studies focussing on aetiology-specific OD. Despite this, 

systemic ± topical corticosteroids are frequently used for the 

treatment of non-sinonasal OD: in 2004 89% of European clinici-

ans favoured topical corticosteroids irrespective of aetiology (210) 

and in 2020 systemic and topical corticosteroids were amongst 

the most popular treatments for PIOD amongst members of the 

Clinical Olfactory Working Group (COWoG) (477). This practice is 

also reflected in patient-reported treatment regimens for PIOD 
(529). Further work is required to justify this continued practice. 

Recommendations:

➢ Systemic (short courses) and/or intranasal (long-term) 

corticosteroids should be prescribed in patients with olfactory 

dysfunction secondary to CRS, severe allergic rhinitis, and 

other inflammatory conditions according to existing clinical 

guidelines.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7) 

➢ There is limited evidence to support use of systemic or intra-

nasal corticosteroids for other causes of olfactory dysfunction, 

but if topical corticosteroids are used, a delivery mechanism 

that can reach the olfactory cleft (i.e., rinses in place of sprays) 

would be recommended.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.5) 

➢ Potential side effects and contraindications should be taken 

into account when prescribing systemic corticosteroids. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.9) 

 

Monoclonal Antibodies (Biologics) 

Monoclonal antibodies (biologics) are a class of medication in-

creasingly used in the modulation of CRS-related type II inflam-

mation. The use of biologics within this setting is extensively 

covered by the updated Position Paper on Rhinosinusitis and 

Nasal Polyps (85) and a recent Cochrane review (530). We therefore 
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present a limited discussion of olfactory outcomes in relation to 

these drugs.

Dupilumab is a human monoclonal antibody to the Interleukin 

(IL)-4 alpha subunit, which inhibits IL-4 and IL-13 signalling, and 

is approved for use in CRSwNP. Bachert and colleagues reported 

results from LIBERTY NP SINUS-24 and LIBERTY-NP SINUS-52 

in 2019: two multicentre, randomised, double-blind, placebo-

controlled, parallel-group phase 3 dupilumab trials in patients 

with severe CRSwNP (531). They demonstrated endpoints of 

significantly improved odour identification scores (SIT-40) and 

patient-reported loss of smell in the treatment groups compa-

red with controls. These olfactory outcomes were explored in 

more detail by Mullol and colleagues in 2022, who performed 

a pooled analysis of the 724 patients across the two trials (532). 

They demonstrated rapid (subjective scores improved by day 3) 

and sustained improvement in olfactory function (mean SIT-40 

score improvement 10.5 at 24 weeks) in the dupilumab group, 

compared to control. These results were independent of various 

potential confounding factors, such as disease duration, pre-

vious surgery and co-morbid respiratory disease status Similar 

results have also been demonstrated in early ‘real-life’ studies of 

dupilumab in patients with CRSwNP (including surgically naïve) 
(533–536).

Omalizumab is a recombinant humanised monoclonal antibody 

that binds to free circulating IgE, so reducing expression of 

IgE receptors on mast cells, dendritic cells and basophils, and 

thereby inhibiting their activation. In 2010, Pinto and colleagues 

performed a double-blind, placebo-controlled, randomised trial 

in 14 patients with treatment refractory CRS (treatment n=7, 

control n=7) (537). After 6 months of treatment with omalizumab, 

there was no significant improvement in SIT-40 scores, compa-

red with controls. In 2013, Gevaert et al., also conducted a small 

double-blind, placebo-controlled, randomised trial (24 patients 

with CRSwNP, treatment n=16, control n=8) (538). They demon-

strated significantly improved subjective symptoms scores for 

‘loss of smell’ in the treatment group but did not test olfactory 

function using psychophysical tools. Results from the replicate 

omalizumab phase 3 trials in corticosteroid-refractive CRSwNP, 

POLYP1 (n=138, 72-treatment arm, 66-placebo arm) and POLYP2 

(n=127 , 62-treatment arm, 72-placebo arm), are now available 
(539,540). At 24 weeks, there were statistically significant improve-

ments in SIT-40 and patient reported ‘loss of smell’ scores (POLYP 

1 - SIT-40 treatment arm difference 3.81 (95% CI = 1.38-6.24), 

p=0.0024, loss of smell score treatment arm difference –0.33 

(95% CI = –0.60 to –0.06), p=0.02; POLYP 2 - SIT-40 treatment 

arm difference 3.86 (95% CI = 1.57-6.15), p=0.001, loss of smell 

score treatment arm difference –0.45 (95% CI = –0.73 to –0.16)), 

p=0.002) (539). At 52 weeks, omalizumab use (either continued 

treatment or switch from placebo to treatment arm) was associ-

ated with further improvements in psychophysical and patient 

reported olfactory function, which then deteriorated following 

treatment cessation (540). 

Mepolizumab is an anti-IL5 monoclonal antibody that interferes 

with eosinophil differentiation and survival. In a double-blind, 

placebo-controlled, randomised trial, Bachert and colleagues 

demonstrated significantly improved subjective olfactory scores 

after 25 weeks of treatment with mepolizumab (in addition to 

intranasal corticosteroids) in patients with CRSwNP (treatment 

n=42, control n=32) (541). However, there was no significant 

improvement in odour identification scores (12-item screening 

Sniffin Sticks) with treatment. In a double-blind, placebo-

controlled, randomised trial in 30 patients with corticosteroid-

refractory CRSwNP, Gevaert et al., demonstrated long-lasting 

improvement in subjective olfactory function after treatment 

with mepolizumab. However, this improvement did not reach 

statistical significance compared with controls, and no psychop-

hysical testing was performed (542). In 2021, Han and colleagues 

reported data from the multicentre phase 3 trial SYNAPSE (543). 

In patients with recurrent, refractory, severe, bilateral nasal 

polyposis (treatment arm n=206, placebo arm n=201), there was 

a statistically significant improvement in VAS-smell although 

the change was likely not clinically significant, but not in SIT-40 

score between treatment groups. Of note, however, SIT-40 

testing was only performed in a small subgroup of n=54 per 

treatment arm. 

Benralizumab is an anti-IL-5Ra monoclonal antibody that causes 

increased antibody-dependent cellular cytotoxicity of eosinop-

hils and basophils, resulting in near complete depletion of the 

former cell group. Phase 3 work in patients with corticosteroid/

surgery refractive, severe CRSwNP (treatment n=207, placebo 

n=206) demonstrated significantly improved subjective patient 

reported smell loss at week 40 in the treatment arm. However, 

this was not accompanied by significantly improved psychophy-

sical (SIT-40) scores (544). 

A number of studies have compared biologic activity with 

respect to primary and secondary outcomes. Using network 

meta-analytic methods, both Wu et al., and Oykhman et al., 

demonstrated dupilumab to be the most effective in improving 

olfactory outcomes, compared with omalizumab and mepolizu-

mab or omalizumab, mepolizumab and benralizumab, respec-

tively (545,546). Indirect treatment comparison using the Bucher 

method has also demonstrated superiority of dupilumab over 

omalizumab (547). In a real-world study of dupilumab or omalizu-

mab for severe CRSwNP, two thirds of patients improved after 

6 months. Whilst there was no significant difference in scores 

between the 2 treatment groups, there was a non-statistically 

significant tendency for olfactory scores to be better with dupi-
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Table 8. Summary of current evidence for olfactory training.

Author Year Study Type Study Population; n Results

Olfactory Training

Kattar et al. (403) 2021 Systematic review and meta-analysis Patients with post-infectious olfactory dys-
function, n=1,047

OT had greater odds of achieving the minimal clinically important dif-
ference than controls

Saatci et al. (587) 2020 Prospective Patients with post-infectious olfactory dys-
function;  n=60

OT ball provides better adherence to training process, which is associated 
with better olfactory outcomes

Al Ain et al. (462) 2019 Prospective Healthy population; n=36 Those who underwent OT had improved general olfactory function (espe-
cially odour identification), and showed increased cortical thickness in the 
olfactory processing areas of the brain

Jiang et al. (578) 2019 Prospective, controlled Patients with post-traumatic olfactory dys-
function; n=90

Significant improvement in PEA threshold after 6 months of training, but 
no significant difference in threshold between 4-odour OT and PEA-only 
OT groups

Pellegrino et 
al. (695)

2019 Prospective Patients with post-traumatic olfactory dys-
function;  n=42

There were no changes in OB volumes, improvement in olfactory perfor-
mance after OT seems to be driven, at least in part, by central rather than 
peripheral processes

Hummel et al. (589) 2018 Prospective Patients with post-infectious and idiopathic 
olfactory dysfunction;  n=65

EOG responses to PEA and H2S were recorded more frequently in patients 
after a course of standard OT

Langdon et al. (576) 2018 Prospective Post-traumatic olfactory dysfunction; n=42 Statistically significant improvement in group mean n-butanol threshold 
levels after 12 weeks, but was not sustained at 24 weeks

Oleszkiewicz et 
al. (585)

2018 Prospective Patients with post-infectious or idiopathic 
olfactory dysfunction; n=108

Complexity of OT with regard to odour mixtures or alteration of odour 
type did not affect benefit from OT

Jiang et al. (577) 2017 Prospective, controlled Patients with post-traumatic olfactory dys-
function; n=81

No significant treatment effect on SIT-40 scores

Patel et al. (586) 2017 Prospective, controlled Patients with post-infectious and idiopathic 
olfactory loss;   n=43

Allowing patients to use random concentrations of essential oils to per-
form OT is as effective as published data using controlled concentrations 
of odourants

Poletti et al. (584) 2017 Prospective Patients with post-traumatic and post-viral 
olfactory loss, n=96

With the exception of threshold scores in post-viral olfactory loss, there 
were no significant differences between light weight and heavy weight 
molecule groups

Sorokowska et 
al. (696)

2017 Meta-analysis Patients with olfactory dysfunction of mixed 
causes; n=788-1005 (analysis was done for 
each “Sniffin’ Sticks” subtest separately

Positive and statistically significant effect of OT with large effects on 
identification, discrimination, and TDI score

Konstantinidis et 
al. (697)

2016 Prospective, controlled Post-infectious olfactory loss; n=111 Both short (16 weeks) and long term (56 weeks) training produced signi-
ficantly improved olfactory function compared with control - with long 
term significantly better than short

Negoias et al. (590) 2016 Prospective, controlled Healthy participants; n=97 Unilateral OT produced significant increase in bilateral OB volume

Pekala et al. (582) 2016 Systematic review and meta-analysis Patients with olfactory dysfunction of mixed 
causes; n=639

OT may be an effective intervention for patients with olfactory dysfunc-
tion, including post-infectious, post-traumatic, and Parkinson’s disease

Altundag et 
al. (573)

2015 Prospective, controlled Post-infectious olfactory loss; n=85 Longer OT with change of odour was effective for odour discrimination 
and identification

Kollndorfer et 
al. (593)

2015 Prospective, controlled Patients with anosmia and healthy controls, 
no information on aetiology of olfactory loss; 
n=24

Sensitivity to detect odours significantly increased in the anosmic group, 
also manifested in modifications of functional connectivity of olfactory, 
somatosensory, and integrative networks on MRI

Mori et al. (698) 2015 Prospective, controlled Healthy children (aged 9-15 years); n=72 Improved threshold and identification in training group compared with 
non-training

Damm et al. (572) 2014 Prospective, controlled Patients with post-infectious olfactory loss; 
n=144

OT was significantly more effective with high concentration of odours and 
dysfunction <12 months

Geißler  et al. (571) 2014 Prospective Patients with post-infectious olfactory loss; 
n=39

Longer duration of (≥32 weeks) increased effectiveness of training

Haehner et al. (580) 2013 Prospective, controlled  Patients with Parkinson’s disease; n=70 Significant increase in olfactory function

Konstantinidis et 
al. (575)

2013 Prospective, controlled  Post-traumatic and post-infectious olfactory 
loss; n=119

Significant improvement in post-traumatic and post-infectious groups

Fleiner et al. (520) 2012 Retrospective Olfactory loss of differing aetiologies; n=46 Improvement of olfaction

Hummel et al. (570) 2009 Prospective, controlled  Patients with olfactory dysfunction excluding 
sinonasal disease; n=56

Improvement of olfactory sensitivity

Wang et al. (569) 2004 Prospective, controlled  Patients anosmic to androstenone; n=33 Increased sensitivity following repeated exposure

lumab (p=0.094) (548). In another study of ‘real-life’ biologic use for 

severe asthma in patients with CRSwNP, there was no significant 

difference between omalizumab, mepolizumab, benralizumab, 

or reslizumab in terms of olfactory outcomes (549).

Recommendations:

➢ Further research with larger patient cohorts and use of 

thorough psychophysical olfactory testing is required to fully 

delineate the effect of monoclonal antibody treatment for 

CRS-related olfactory dysfunction. 

o Delphi result: Agreed (score 7-9 = 94%, average score 8.4) 
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➢ In severe CRSwNP, biologic treatment appears to improve 

olfactory dysfunction. Among them, dupilumab seems to be 

the most effective. However, we would refer you to existing 

guidelines on the treatment of CRS for use of these medicati-

ons.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.6) 

Phosphodiesterase inhibitors

Phosphodiesterase inhibitors are theorised to improve olfactory 

function through preventing degradation of intracellular cAMP 

(see section on, ‘Anatomy and Physiology of Olfaction’), and 

have been shown to reduce intranasal mucus IL-10 and increase 

intranasal mucus sonic hedgehog, in parallel with improved 

olfactory function (550,551). 

Two studies in 2009 demonstrated improved olfactory function 

following phosphodiesterase inhibitor administration. The first 

of these was a prospective study which assessed Sniffin’ Sticks 

scores before and after administration of pentoxifylline (which 

was in this case being given for otological conditions) (552). The 

authors demonstrated a significant improvement in odour 

threshold levels, in keeping with a theorised improvement in 

peripheral olfactory function. However, a mixture of normosmic 

and impaired patients were included in this study and there was 

heterogeneity in the route of pentoxifylline administration. The 

second study by Henkin and colleagues utilised an unblinded 

controlled trial design to assess the effect of oral theophylline 

on olfactory function in hyposmic patients with reduced nasal/

saliva cyclic adenosine monophosphate (cAMP)/cyclic guano-

sine monophosphate (cGMP) levels (553). Whilst this study also 

demonstrated improved olfactory function with treatment, the 

patient population (i.e., those with low cAMP/cGMP levels) and 

study design (an increasing dose of theophylline was given 

where response was deemed suboptimal – a design which may 

have neglected spontaneous recovery) limits the generalisabi-

lity of the results. Furthermore, high doses of theophylline may 

lead to potential side effects. Possibly with this in mind, in 2012, 

Henkin and colleagues extended this work by piloting intrana-

sal theophylline in 10 patients who had undergone systemic 

treatment in their 2009 study (554). They demonstrated olfactory 

improvement in a greater proportion of patients after 4 weeks of 

treatment with intranasal theophylline (8/10) than had impro-

ved with 2 to 12 months of oral treatment (6/10). The genera-

lisability of this work is, however, again limited due to patient 

selection as described above, and lack of control group. Another 

small pilot study of intranasal theophylline in 8 patients with 

was presented by Goldstein and colleagues in 2017 (555). They 

demonstrated psychophysical (SIT-40) and subjective (Monell-

Jefferson Taste and Smell Questionnaire) olfactory improvement 

in 2 patients and psychophysical or subjective improvement in 

2 patients. No information was provided regarding aetiology of 

OD. Again, there was no control group. 

In 2021, Lee and colleagues performed a double-blind, placebo-

controlled, randomised controlled trial comparing intranasal 

theophylline irrigation (n=12) with placebo (saline irrigation, 

n=10) for the treatment of patients with PIOD (556). There were no 

clinically or statistically significant differences in SIT-40 scores 

following 6 weeks of treatment/placebo. The authors, however, 

demonstrated a significant improvement in olfaction-related 

quality of life in the treatment group using the QOD-NS. There 

was no clinically meaningful change in another QOL PROM 

used in the study, the Olfactory Dysfunction Outcomes Ratings 

(ODOR) questionnaire. Following on from this, a phase 2, triple-

blinded, placebo-controlled RCT (SCENT2) was performed in 

patients with C19OD (557). Whilst there was some degree of sub-

jective and psychophysical (SIT-40) improvement with 6-weeks 

saline irrigation + theophylline (n=26), compared with saline 

alone (n=25), these differences did not reach statistical signifi-

cance. Further trials are currently ongoing.

Disappointing results have been demonstrated following 

double-blind administration of sildenafil (a cGMP type 5 phosp-

hodiesterase inhibitor) (558) and caffeine (559), and in a small case 

series of pentoxifylline use (560). Finally, application of topical 

theophylline to supravital mouse olfactory epithelium, did not 

lead to enhancement of associated EOG recordings (561). 

Recommendation:

➢ Currently, there is insufficient clinical evidence to support 

the use of phosphodiesterase inhibitors in the treatment of 

olfactory dysfunction for any underlying aetiology.

o Delphi result: Agreed (score 7-9 = 94%, average score 8.5) 

Intranasal calcium buffers

Free calcium within the nasal mucus layer plays a role in nega-

tive feedback of the intracellular olfactory signalling cascade 
(562,563). It is therefore theorised that sequestration of free calcium, 

using buffer solutions such as sodium citrate, may lead to ampli-

fication of the olfactory signal and consequent improvement in 

olfactory function. 

In 2005, Panagiotopoulos and colleagues reported improved 

odour identification scores in hyposmic patients treated with 

intranasal sodium citrate (564). Whilst subgroup analysis according 

to aetiology was not undertaken in this study, it is worth noting 

that the majority of these patients had post-infectious hypos-

mia. Using a single-blind, placebo-controlled study design, 

Whitcroft et al. also demonstrated an improvement in the odour 

identification scores of patients with PIOD, following a single 

administration of intranasal sodium citrate (565). Similarly, Philpott 

and colleagues performed a double-blind, placebo-controlled 
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trial of one-time sodium citrate treatment compared with sterile 

water, in patients with OD of mixed causes (566). They demonstra-

ted improved threshold scores in the treatment group (n=31) 

compared to controls (n=24) for three out of four odours tested. 

A further, prospective and internally controlled study in PIOD 

patients showed significantly improved composite threshold 

and identification scores after one-time intranasal sodium 

citrate treatment (567). This group additionally investigated the 

effect of prolonged sodium citrate treatment in 60 patients with 

PIOD (568). Patients applied sodium citrate drops to the right nasal 

cavity in the Kaiteki position, twice a day for 2 weeks. The left 

nasal cavity was untreated and, therefore, served as an internal 

control. Monorhinal “Sniffin’ Sticks” testing at the end of the 

study period demonstrated no statistically or clinically signifi-

cant treatment effect on quantitative olfactory function, when 

comparing treated and untreated sides. However, when taking 

the best monorhinal score from each side, there was a statis-

tically significant improvement in composite TDI scores at the 

end of the study. Additionally, there was a significant reduction 

(82%) in the proportion of patients reporting phantosmia (but 

not parosmia). Given these improvements over a relatively short 

study time, it would be of interest to extend this work – parti-

cularly with respect to qualitative OD, for which there are few 

available treatments.

Recommendation:

➢ Currently, there is insufficient clinical evidence to support 

the use of calcium buffers, in the treatment of olfactory dys-

function for any underlying aetiology. 

o Delphi result: Agreed (score 7-9 = 94%, average score 8.5) 

Olfactory training (OT)

It is known that repeated exposure to androstenone can 

improve olfactory sensitivity to this odour(569). This principle 

underlies OT, in which patients are treated through repeat and 

deliberate sniffing of a set of diverse odourants over a period of 

at least 3 months. 

In 2009, Hummel and colleagues prospectively investigated the 

utility of such training in a group of patients with olfactory loss 

due to PIOD, PTOD or idiopathic aetiologies. Forty of these pa-

tients underwent twice-daily smell training using 4 odourants: 

phenyl ethyl alcohol ‘PEA’ (rose), eucalyptol (eucalyptus), citro-

nellal (lemon), and eugenol (cloves). Compared with baseline 

psychophysical olfactory test scores (using Sniffin’ Sticks), the 

training group significantly improved at 12 weeks, whereas the 

non-training group (n=16) did not (570). 

Since this time, increasing evidence has demonstrated the bene-

fit of OT in PIOD. In 2014, Geißler et al. (571), demonstrated impro-

ved psychophysical test scores following prolonged training (32 

weeks) (however, these results are limited by lack of a compara-

tive control group). A randomised, controlled, multicentre study 

led by Damm et al. in 144 patients also recently showed that OT 

with high odour concentrations resulted in greater improve-

ment than very low odour concentrations (572) indicating that OT 

is, in fact, not related to sniffing but to olfactory stimulation; this 

study was also the first ‘quasi placebo’-controlled study demon-

strating the efficacy of OT. Altundag and colleagues also showed 

improved olfactory function following OT for 9 months (using 4 

different odours every 3 months – so called ‘modified OT’), with 

greater benefit being seen following longer training duration 
(573). A recent systematic review and meta-analysis of OT speci-

fically for PIOD demonstrated that patients receiving OT had 

greater odds of achieving the minimal clinically important diffe-

rence (for all studies included, increase in TDI > 6) than controls 

(odds ratio 2.77, 95% CI 1.67-4.58) (403). There have been multiple 

studies specifically addressing the effect of OT in C19OD, often 

in combination with some form of intranasal or systemic medi-

cation, and using varying subjective or psychophysical outcome 

measures. Hwang et al., recently performed a systematic review 

and meta-analysis of OT in C19OD, including 9 studies and 823 

patients, all of whom had C19OD for at least 2 weeks (574). Across 

all participants, they demonstrated significantly improved 

standardised ‘olfactory score’ and ‘olfactory dysfunction rate’ 

after OT. Subgroup analysis according to disease duration (acute 

<30 days, chronic >30 days) was also performed. Whilst there 

was improvement in both groups, the olfactory score after OT 

was significantly higher in the acute group. Whilst this may in 

part be due to increased efficacy with early intervention, there 

may also be some degree of confounding caused by greater 

levels of spontaneous recovery in the acute group. Subgroup 

analysis was also performed according to the duration of OT 

– no significant difference was demonstration where training 

programmes of less or more than 8 weeks were used. 

With regards to PTOD, results of OT are more heterogenous. In 

2013, Konstantinidis and colleagues demonstrated clinically 

significant improvement in a greater proportion of PTOD who 

had performed OT, than non-OT controls (575). However, post hoc 

analysis of the published results shows that this improvement 

(33% of 38 patients vs 13% of 15 controls) did not reach statis-

tical significance (p=0.12). Langdon and colleagues performed 

a prospective randomised controlled trial in 42 patients with 

PTOD (576). Compared with controls, they demonstrated sta-

tistically significant improvement in group mean n-butanol 

threshold levels after 12 weeks, but this was not sustained at 

24 weeks. In terms of clinical improvement (defined as a 30% 

increase in n-butanol threshold test score from baseline) – 26% 

of OT patients and 5% of non-OT patients achieved clinical 

improvement (n=21 in each group). Again, post hoc analysis 

of published results demonstrates that this was a statistically 
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significant result (p=0.03). There were no statistically significant 

improvements in group mean Barcelona Smell Test (BAST-24) 

or VAS ratings. Jiang and colleagues reported two studies in 

2017 and 2019 addressing the effect of OT on patients with 

PTOD. In the first of these studies, the authors demonstrated a 

significantly higher proportion of patients achieving improved 

PEA thresholds in the training group (n=42, training with PEA 

only) than in the control group (n=39, training with mineral oil) 
(577). However, there was no significant treatment effect on SIT-40 

scores (Traditional Chinese version: ‘UPSIT-TC’). In 2019, Jiang 

and colleagues performed a further randomised trial comparing 

standard 4-odour OT with PEA only OT (n=45 in each group) (578). 

They demonstrated significant improvement in PEA threshold 

after 6 months of training in both groups, but no significant dif-

ference between groups. UPSIT-TC score improved significantly 

in the PEA-OT group, but not the 4-odour OT group. Of note, 

patients in both of these studies had been pre-treated with 

prednisolone and zinc. Finally, it has been suggested that OT 

may lead to differences in functional MRI activity in PTOD (579). In 

general, patients with PIOD seem to benefit to a greater extent 

than PTOD patients. This may be due to underlying diversity 

in the severity of traumatic brain injuries and/or some greater 

pathophysiological barrier to OT-induced perceptual plasticity in 

this group. 

The benefit of OT has also been demonstrated in patients with 

neurodegenerative disease (580). Few studies, however, have ad-

dressed the effect of training in patients with sinonasal disease 
(520,581) [for a list of studies see Table 8; for 2 meta-analyses of OT 

in mixed patient cohorts see (582,583)].

Further work in mixed patient cohorts has demonstrated no 

difference in outcomes using OT with high vs. low molecular 

weight odours (584), single molecule odours vs aromas vs sequen-

tially alternating odours (585) or use of self-purchased essential 

oils (with therefore uncontrolled concentrations) vs clinician 

provided odours (586). The use of administration adjuncts such 

as the ‘olfactory training ball’ (an ergonomic foam ball used for 

odour presentation) has been shown to confer some benefit 

over standard OT in PIOD patients (587).

The exact underlying mechanism for improvement following 

smell training is unknown. However, evidence suggests some 

degree of plasticity both at peripheral and central levels. In rats, 

there is increased electrophysiological activity at the level of the 

OE following training in an odour identification task (588). Simi-

larly, in humans, EOG responses to PEA and H2S were recorded 

more frequently in patients (PIOD and idiopathic OD) following 

a course of standard OT, suggesting either some modification at 

the level of the OR (e.g. upregulation), or increase in functional 

OSN population (589). Increased OB volume has also been demon-

strated in healthy participants after a period of OT (interestingly, 

there were increases in bilateral OB volume despite monorhinal 

OT) (590). Following excitotoxic OB ablation in rats, OT has been 

associated with increased subventricular zone neurogenesis and 

OB dopaminergic interneurons (229,591). Structural changes in grey 

matter volume and cortical thickness upstream of the OB have 

also been demonstrated after OT in humans (592). Finally, OT ap-

pears to cause alterations in functional connectivity (593). 

Given the low associated cost and established safety profile of 

OT, it is an attractive treatment modality, which can be employ-

ed with relative impunity. 

Recommendation:

➢ Olfactory training can be recommended in patients with ol-

factory loss due to several aetiologies, such as PTOD and PIOD. 

However, this treatment requires further evaluation in patients 

with sinonasal inflammatory disease and neurodegenerative 

diseases.

o Delphi result: Agreed (score 7-9 = 98%, average score 8.7) 

Surgery

Surgical intervention is largely reserved for treatment of patients 

with CRS with or without polyps, with superior outcomes ge-

nerally demonstrated in patients with polyps (594). Similar to cor-

ticosteroid treatment, extensive guidelines exist for the use of 

surgery in such patients (85,192,193,595). Cochrane reviews have been 

published regarding the utility of surgery for these patients, 

though olfaction is not extensively discussed as an outcome 
(596,597). However, a meta-analysis of studies assessing olfaction in 

functional endoscopic sinus surgery (FESS) concluded that such 

surgery for CRS improves ‘nearly all’ subjective and psychophysi-

cal measures of olfaction (594). Furthermore, objective differences 

in olfactory eloquent grey matter volume and corresponding 

functional activity has been shown in association with improved 

olfactory function after FESS in patients with CRS (101,102). Finally, 

several previous studies have specifically compared surgical ver-

sus medical therapy in CRS with respect to olfactory outcomes 
(598). In their multi-centre non-randomised trial of 280 partici-

pants, DeConde et al., demonstrated significant improvement in 

BSIT scores after both surgery or medical therapy (mixed type), 

but with no statistically significant difference between treat-

ment groups (including during subgroup analysis according to 

polyp status) (599). Bogdanov et al., also demonstrated compa-

rable olfactory improvement (subjective and Sniffin’ Sticks TDI 

score) after treatment of CRSwNP with systemic corticosteroids 

or FESS, in their prospective cohort of 52 patients (491). Converse-

ly, Baradaranfar and colleagues demonstrated superior olfactory 

outcomes (subjective 10-point scale and CCCRC) in CRSwNP 

patients (total n=60) receiving intranasal corticosteroids + FESS 

compared with those receiving intranasal corticosteroids alone, 
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Table 9. Summary of current evidence regarding the utility of surgery in olfactory dysfunction (adapted from ref (716)). Evidence regarding surgery for 

CRS has not been included as this has been extensively described elsewhere (e.g. (85)).

Author Year Study Type Treatment Method Study Population; n Results

Surgery

Besser et al. (606) 2021 Prospective Septo±rhinoplasty, or ESS Patients for nasal surgery; n=65 Olfactory function did not improve overall after 3 months in 50% 
of patients

Pfaff et al. (607) 2021 Systematic 
review and 
meta-analysis

Septoplasty, Septorhinoplasty, 
Rhinoplasty

Patients undergoing nasal surgery; 
25 included studies; n=1721

Transient decrease in olfaction immediately after surgery, followed 
by significant improvements in olfaction (p<0.001)

Whitcroft et al. (102) 2021 Prospective 
cohort

Endoscopic sinus surgery Patients with CRS, healthy controls; 
n=41

Functionally significant structural plasticity within the primary and 
secondary olfactory cortices in patients 3 months after surgery, 
increased psychophysical scores

Elbistanli et al. (605) 2019 Prospective Open septoplasty, Rhinoplasty + 
lateral osteotomy, Septorhinoplas-
ty + medial and lateral osteotomy

Patients undergoing septorhino-
plasty; n=60

Significantly decreased CCCRCT, Butanol threshold and smell 
identification scores among those who had medial osteotomy at 1 
month after surgery, but improving at 4 months post-op

Whitcroft et al. (101) 2018 Prospective Endoscopic sinus surgery Patients with CRS; n=12 Improved olfactory function at 3 months post-surgery for CRS was 
associated with increased post-operative grey matter volumes 
within the primary and secondary olfactory networks

Hanci et al. (609) 2016  Prospective Laparoscopic sleeve gastrectomy Morbidly obese patients with smell 
disorder; n=54

Significant improvement of TDI scores in obese patients after 
surgery

Kohli et al. (594) 2016 Meta-analysis Endoscopic sinus surgery Patients with CRS; 31 studies; 
n=3,756

ESS improves subjective and objective measures of olfaction in 
CRS, with greater improvement in those with nasal polyps and 
preoperative olfactory dysfunction

Morrissey et al. (336) 2016 Retrospective Surgical resection of olfactory 
neuroepithelium

Patients with peripheral phantos-
mia; n=3

Resolution of phantosmia

Randhawa et al. (603) 2016 Prospective Septorhinoplasty Patients undergoing septorhino-
plasty; n=43

Significant increase in the 12-item ‘Sniffin’ Sticks’ Screening test 
after septorhinoplasty (p<0.001), but no proven clinical benefit

Ulusoy et al. (604) 2016 Prospective Spreader grafts in Septorhino-
plasty

Patients for open septorhinoplasty; 
n=68

Superior widening effect of spreader grafts over the nasal valve 
and significantly higher post-operative TDI scores in patients with 
spreader grafts

Altun & Hanci (699) 2015 Prospective Nasal septal perforation repair Patients with septal perforation 
and smell disorder; n=42

Statistically significant improvement in TDI scores with successful 
closure of defect (p,0.001); closure success in 92.8%

Holinski et al. (700) 2015 Prospective Roux-en-Y gastric bypass Highly obese patients with hypos-
mia; n=10

Significant increase in TDI scores in obese patients 6 months after 
surgery (p=0.011), mainly due to odour discrimination (p=0.01)

Kuperan et al. (701) 2015 Prospective, 
controlled

Endoscopic olfactory cleft polyp 
removal

Patients with CRSwNP in the 
olfactory cleft; n=17

Significantly greater increase in SIT-40 scores in those who under-
went olfactory cleft polyp removal (p<0.00932)

Poirrier et al. (602) 2013 Prospective case 
series

Septorhinoplasty Patients for septorhinoplasty; n=76 Septorhinoplasty was effective at addressing nasal obstruction, 
discharge, olfaction, related sleep disturbance, and emotional 
symptoms

Razmpa et al. (376) 2013 Prospective Aesthetic septorhinoplasty Patients with normal olfaction and 
nasal function; n=102

No significant change in odour identification scores post-
operatively

Schriever et al. (601) 2013 Prospective Nasal sinus or nasal septum 
surgery

Patients with nasal or sinonasal 
complaints; n=157

Olfactory function improved significantly 3.5 months after surgery 
in patients who received nasal sinus surgery, No significant incre-
ase in patients who underwent nasal septum surgery

Poirrier et al. (602) 2012 Prospective case 
series

Septorhinoplasty Patients undergoing functional 
and reconstructive septorhino-
plasty; n=76

Significant improvement in sense of smell/taste (based on 1 item 
from SNOT-22) among those who underwent Septorhinoplasty 

Richardson et 
al. (608)

2012 Prospective Gastric bypass surgery Morbidly obese patients; n=95 Gastric bypass patients were more likely to have olfactory dysfunc-
tion pre-operatively than controls, but function was not affected 
by surgery

Pade et al. (88) 2008 Prospective Septoplasty ± reduction of 
turbinates

All patients listed for nasal septal/
turbinate surgery; n=150

At mean 4 months post op: 13% improved function, 81% stable 
function, 7% deterioration in function

Philpott et al. (350) 2008 Prospective Rhinologic surgery Patients with rhinological com-
plaints; n=80

Post-operative combined olfactory test scores showed significant 
improvement (p = 0.02) with post-septoplasty patients showing 
the most significant improvement (p = 0.001)

Alobid et al. (702) 2005 Prospective Endoscopic sinus surgery Patients with nasal polyposis; 
n=109

Improvement of nasal obstruction and the sense of smell were 
higher in patients treated with ESS than in patients treated only 
with steroids at 6 months but not 12 months after surgery

Jankowski et al. (487) 2003 Prospective Radical ethmoidectomy with mid-
dle turbinate resection

Patients with nasal polyps; n=32 Increased post-operative subjective olfactory function that 
remained stable up to 12 months post-op

Leopold (14) 2002 Retrospective 
case series 

Intranasal removal of olfactory 
epithelium

Patients with phantosmia; n=18 Resolution of phantosmia in all but one patient

Lildholdt et al. (703) 1997 Prospective Polypectomy, systemic steroids Patients with nasal polyposis, 
n=124

No statistical difference in olfactory test scores between any 
treatment groups

Kimmelman (704) 1994 Prospective Septoplasty, Open and closed 
nasal bone reduction, Rhinoplasty, 
Ethmoidectomy, Nasal polypec-
tomy, Caldwell-Luc procedure

Patients who underwent various 
types of nasal surgery; n=93

Those who underwent ethmoidectomy and polypectomy had 
significantly lower mean SIT-40 scores postoperatively (p<0.05) 
compared to other surgery types, but a general improvement in 
post-operative scores was observed (p=0.029)

Leopold et al. (705) 1991 Prospective case 
report

Intranasal removal of olfactory 
epithelium

Patient with unilateral phantosmia; 
n=1

Resolution of phantosmia and return of olfactory function
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at 12 weeks (600). Again, however, we would refer you to current 

guidelines for the management of CRS when considering pos-

sible treatment options. 

The utility of surgery in addressing OD due to causes other 

than CRS is less well established. In a follow up study, Schrie-

ver and colleagues demonstrated that nasal septoplasty had 

no beneficial effects on olfaction as measured at one year (601), 

though other studies have demonstrated benefit (350). The effect 

of septorhinoplasty on olfaction has not yet been sufficiently 

demonstrated, though some reports suggest that it may lead 

to improved function, possibly through modification of the in-

ternal nasal valve and consequent airflow and odorant delivery 

to the OCs (602–607). Dilatation of the OC has been reported to be 

beneficial in terms of olfactory function (487). Surgery other than 

nasal surgery, e.g. gastric bypass does not seem to improve ol-

factory function (608), though there is controversy in the literature 
(609). It should also be noted that there is a small risk of worsening 

olfactory function after sinonasal surgery (610).

Recommendations:

➢ Functional endoscopic sinus surgery for olfactory loss 

caused by the chronic rhinosinusitis disease spectrum should 

be undertaken in line with existing guidelines, and is not 

recommended for olfactory dysfunction without associated 

chronic rhinosinusitis.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.6) 

➢ There is presently insufficient evidence to support other 

surgery types for olfactory dysfunction. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.7) 

Treatment of Qualitative Olfactory Dysfunction
The evidence base for treatment of qualitative OD is particularly 

weak (7). This is in part because the majority of studies addres-

sing the treatment of OD have quantitative primary outcome 

measures and are therefore not designed to rigorously assess 

qualitative treatment effect. Additionally, in the case of phantos-

mia, the relative rarity of the condition and its varied underlying 

aetiologies make it difficult to study or generalise data across 

studies. 

Parosmia

Given the frequent association of parosmia with quantitative 

OD, its treatment is often considered as a secondary outcome 

measure in studies primarily addressing these quantitative 

conditions (e.g., PIOD). 

In a non-randomised multicentre European trial of oral and 

intranasal corticosteroid use in C19OD, there were significantly 

fewer patients reporting parosmia after treatment with olfactory 

training (OT) + oral corticosteroids (27% of n=59) than OT alone 

(59% of n=71) (611). However, no pre-treatment baseline data 

on the presence of parosmia in the different treatment groups 

were presented, and assessment of parosmia was performed at 

different time points for these different groups, limiting interpre-

tation of the results. In their 2004 study, Heilmann and colle-

agues demonstrated reductions in the proportions of patients 

reporting parosmia (with OD of mixed causes) after treatment 

with intranasal (3 pre-treatment, 1 post-treatment, n=37) and 

oral corticosteroids (6 pre-treatment, 1 post-treatment, n=55) 
(519). Though not reported in the original study, neither of these 

reductions reached statistical significance (Fisher’s Exact, p=0.62 

and p=0.11 respectively), which may possibly be due to a small 

sample size. 

In an unblinded prospective clinical trial, Hummel and colle-

agues reported a reduction in the proportion of PIOD patients 

reporting parosmia (48% pre-treatment, 22% post-treatment, 

n=23) after treatment with oral alpha-lipoic acid (mean duration 

4.5 months) (612). Though not reported in the original study, this 

reduction did not reach statistical significance (Fisher’s Exact, 

p=0.12). Again, this may possibly be due to a small sample 

size. As outlined above, there was a non-statistically significant 

reduction in the proportion of patients reporting parosmia, 

after treatment of PIOD with sodium citrate (568). In a recent case 

series by Garcia and colleagues, 8 out of 9 patients treated with 

gabapentin [titrated dose with at least three weeks at maximum 

tolerated dose (range 200mg daily to 300mg twice daily)] for 

C19OD related parosmia reported subjective improvement 

(‘significant’ in 6 out of 9). Patients were additionally treated 

with daily budesonide rinses and OT. Post treatment quantita-

tive psychophysical scores (SIT-40) were available in 3 patients, 

all of whom reported significant improvement in parosmia with 

gabapentin, but showed ‘no or minimal improvement in their 

scores’ (613).

Surgical treatment of long-standing intractable parosmia has 

also been attempted. Liu and colleagues recently described 

Author Year Study Type Treatment Method Study Population; n Results

Lildholdt et al. (706) 1988 Prospective Polypectomy, systemic steroids Patients with nasal polyposis; n=53 Significantly higher proportion of patients expressing intact smell 
after 2 weeks of medical than surgical treatment, with no signifi-
cant difference between groups at 2-12 months after

Stevens et al. (707) 1985 Prospective Nasal surgery Patients undergoing nasal surgery 
(differing aetiologies); n=100

Similar numbers of improved olfaction and no change in olfaction
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a novel technique in which airflow to the OC is obstructed 

through creation of mucosal adhesions at the anterior and in-

ferior inlets. They further describe a single clinical case in which 

this procedure was used to alleviate unilateral parosmia, with 

successful results lasting over a two year follow up period (614). 

Recommendations:

➢ A higher level of evidence is required for existing therapies 

before recommendations regarding their use in the treatment 

of parosmia can be made. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.6) 

➢ Until further evidence is available, treatment of parosmia 

associated with known quantitative olfactory dysfunction 

(e.g., PIOD) should be in line with evidence for the quantitative 

condition.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.5) 

Phantosmia

Phantosmia associated with neurological conditions should 

be treated as for the parent condition and will often dissipate 

with such treatment. Accordingly, successful use of topiramate, 

verapamil, nortriptyline, and gabapentin has been described 

in patients with migraine (615) or in isolated idiopathic phantos-

mia (616). Sodium valproate and phenytoin have also been used 

successfully in two cases of idiopathic phantosmia (617). In 2016, 

Morrissey and colleagues described successful treatment with 

haloperidol in patients with idiopathic central phantosmia (de-

fined by authors as phantosmia that is bilateral, constantly pre-

sent and which cannot be ameliorated by local anaesthetic or 

occlusion of the nostrils) (336). However, it has to be kept in mind 

that these observations represent small case series. Large-scale 

well-designed studies assessing the effects of such medications 

in the treatment of phantosmia (idiopathic or associated with 

quantitative OD) are needed, particularly given the risk of poten-

tial side effects with these agents. 

Local treatment of the OE with topical saline has been anec-

dotally shown to give temporary relief in some patients, and is 

associated with no serious side effects (14). Leopold and Hor-

nung demonstrated temporary improvement in 6 patients with 

idiopathic or PIOD-associated phantosmia (3 normosmic and 

3 hypo-/anosmic) following application of cocaine hydrochlo-

ride to the OC (618). This treatment caused subjective complete 

anosmia in all 6 patients. In 4 patients, phantosmia returned 

contemporaneously with olfaction, and in 2 there was a delayed 

return of phantosmia after return of olfaction. As described 

above, there was a significant reduction in the proportion of 

patients reporting PIOD-associated phantosmia after treatment 

with intranasal sodium citrate for 2 weeks (17 prior to treatment, 

3 after: 82.4% reduction) (568). Unlike cocainisation, there was an 

associated overall increase in quantitative olfactory function 

during this time. Furthermore, there was also reduction in the 

proportion of patients reporting parosmia – though this did not 

reach statistical significance (23 prior to treatment, 15 after). 

Given the comparatively good side effect profile, and possi-

ble impact on both parosmia and quantitative OD, the use of 

sodium citrate in the treatment of phantosmia should be further 

explored. 

In cases of distressing, intractable phantosmia, surgical removal 

of the olfactory epithelium (14,336,619) or olfactory bulb (333,334) has 

been trialled in a few patients, with reported success. However, 

these procedures have not been validated and are high-risk 

and should, therefore, be attempted only as a very last resort 

in an experienced major medical centre. Moreover, it is unclear 

the duration of effect from surgical excision of the olfactory 

epithelium, or if modern surgical techniques including coblation 

and placements of free grafts (autogenous or xenograft) would 

be beneficial.

Finally, alternative therapies such as repetitive transcranial mag-

netic stimulation have been trialled for phantosmia, with some 

success (620).

Recommendations:

➢ Treatment of phantosmia associated with neurological con-

ditions should be undertaken as for the underlying condition, 

with appropriate specialist guidance.

o Delphi result: Agreed (score 7-9 = 100%, average score 8.8) 

➢ For non-neurological phantosmia, a higher level of evidence 

is required for existing therapies before recommendations for 

their use can be made. 

o Delphi result: Agreed (score 7-9 = 100%, average score 8.8) 

➢ Until further evidence is available, treatment of phantosmia 

associated with known quantitative olfactory dysfunction 

(e.g., PIOD) should be in line with evidence for the quantitative 

condition.

o Delphi result: Agreed (score 7-9 = 96%, average score 8.6) 

Novel Treatments
The following sections describe novel treatments for OD at 

various stages of development. 

Vitamin A

Vitamin A is a family of fat-soluble retinoids including beta-caro-

tene from plant foods and retinol from animal foods. Oxidation 

of these precursors leads to production of the biologically active 

form, retinoic acid (RA), which is a transcription regulator. In line 

with its role in gene expression, RA is important in tissue deve-

lopment and regeneration (621,622).

Multiple lines of animal evidence suggest that RA signalling is 



82

Whitcroft et al.

required for development of the peripheral olfactory system 

during embryogenesis, as well as its maintenance during adult-

hood. For example, disruption of RA signalling impairs olfactory 

embryogenesis in mice (623) and RA receptors are present in the 

adult murine OE, where such tissues actively produce RA (624). It is 

thought that RA contributes to olfactory progenitor cell differen-

tiation, and in so doing, preventing exhaustion of the stem cell 

supply or accumulation of non-functional immature neurons 
(625). In line with this, mature rats with Vitamin A deficiency have 

OE with increased markers for cell proliferation, but decreased 

numbers of mature OSN (626). In vitro, RA promotes OSN neu-

rite (dendrites and axons) growth and thereby maturation (627). 

Furthermore, administration of RA has been shown to cause 

recovery of age-related odour memory deficits in rats, an effect 

which was abolished by co-administration of an RA-antagonist 
(628). 

In humans, more limited work has been performed, with varying 

results. In a 1962 case series, Duncan and Briggs reported that 

systemic vitamin A was beneficial in 48 of 54 patients with 

anosmia due to various causes, but mostly PIOD and idiopathic 

OD (629). However, the interpretation of this work is limited by 

non-standardised protocols, high dosage (up to 150,000 IU/day), 

and reliance on subjective olfactory function as main outcome 

measure. A small uncontrolled study of 33 patients treated 

with isotretinoin (a synthetic analogue of vitamin A) for acne 

demonstrated significant improvement in odour identification 

scores (screening odour identification, Sniffin Sticks) (630). In 2012, 

Reden and colleagues performed a double-blind, placebo-con-

trolled, randomised trial in which 52 patients with PIOD (n=19) 

and PTOD (n=33) were treated with 10,000 IU/day of systemic 

vitamin A (n=26) or placebo (n=26) for 3 months (631). Follow up 

composite TDI testing at 5 months did not demonstrate any 

significant improvement in the treatment group. The authors 

speculated that lack of effect may have been due to insufficient 

dosage. In order to circumvent potential risks associated with 

high-dose systemic vitamin A, Hummel et al., performed a 

retrospective cohort analysis of patients with PIOD and PTOD 

who were treated either with OT alone (12 weeks, n=46) or 

OT plus 10,000 IU/day intranasal vitamin A (8 weeks, vit A, 12 

weeks OT, n=124) (632). A significantly higher proportion of PIOD 

patients achieved clinical improvement in the OT + vit A group 

than in the OT group (37% vs 23%, p=0.03). Furthermore, OT 

+ vit A resulted in significantly improved odour threshold and 

odour discrimination scores compared with OT alone in PIOD 

patients, and significantly improved discrimination scores across 

all patients. 

Further placebo-controlled randomised trials are required to 

fully delineate the effects of intranasal vitamin A on PIOD (633). 

Given the role of RA in neurogenesis, it may also be of interest to 

investigate the role of vitamin A in age-related OD. 

Olfactory implants

Electrical stimulation of sensory organs using neuroprostheses 

is well established in otology, and a dynamically emerging field 

in ophthalmology. The principle facilitating such prostheses is 

stereotyped spatial mapping within the target sensory organ. 

For example, sound frequency is spatially represented within the 

cochlea, as is the visual field within the retina. 

Some degree of ‘rhinotopy’ has been established in animals, 

where the OE can be roughly divided into zones (the number 

of which appears to be species dependent), each with differing 

OSN expression. Such mapping is reflected in the OB, where 

axons from OSN expressing the same receptor type synapse 

within a set number of glomeruli within the ipsilateral OB (again 

the number being species-dependent). The neural fingerprint 

of an odour is therefore at least partially spatially encoded – 

though during normal olfaction in vivo, odourant absorption 

characteristics and nasal aerodynamics contribute to more 

complex spatiotemporally determined neural fingerprints (49). 

Direct electrical stimulation of the rodent olfactory bulb has 

been shown to produce spatial patterns of activation in a similar 

way to those seen with odourant-based OB stimulation (634). Fol-

lowing on from this work, Coelho and colleagues subsequently 

demonstrated successful generation of localised field potentials 

through stimulation of deafferented rat OB using a cochlear 

implant electrode array (635). In humans, Holbrook and colleagues 

electrically stimulated the lateral lamella of the cribriform plate 

in normosmic patients who had undergone total ethmoidec-

tomy (330). Subjective smell perception was achieved in 3 of 5 

patients tests, though objective evidence through olfactory 

electroencephalography could not be obtained. Smell per-

ception persisted despite induction of medical anosmia using 

topical anaesthetic application to the OE; the authors therefore 

argue the mechanism of perception was through transethmoi-

dal stimulation of the OB, rather than stimulation of the OE. 

Potential techniques for implant placement have also recently 

been addressed in a human cadaveric study (636). 

Whilst further research is required, the above provides early, 

but exciting proof of principle for the development of olfactory 

implant systems, and restoration of olfactory perception in 

patients with irreversible damage at the level of the OE. 

Stem cell therapy

During both homeostatic conditions and following injury, 

OSN are replaced from a pool of stem cells within the OE (69,637). 

This pool is divided into two types: globose stem cells (GBC), 

pluripotent cells that replace all constituents of the OE under 
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Figure 4. Summary flowchart showing suggested approach to assessment and management of olfactory dysfunction. Please see relevant sections for 

more detail.  *Use according to existing CRS guidelines.
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homeostatic circumstances, and horizontal stem cells (HBC), 

a long-lived mitotically quiescent population that is activated 

following OSN depletion, for example, during epithelial injury 
(638,639). It is thought that impaired neurogenesis may be respon-

sible for OD of various causes, for example, presbyosmia, PIOD 

and PTOD (229,639). Reduced neurogenesis may also be implicated 

in conditions such as CRS (94), where chronic inflammation has 

been shown in animal models to cause functional shift in HBCs 

from a neurogenic regenerative to an immune phenotype (95). 

Targeting stem cell populations to augment neurogenesis has 

been trialled in rodents (640–642). In 2019, Kurtenbach and colle-

agues described a novel mouse model in which hyposmia could 

be induced through conditional deletion of a ciliopathy-related 

gene (Intraflagellar Transport 88, IFT88) (643), so preventing 

restoration of OSN through endogenous stem cell populations. 

Intranasal infusion of purified GBCs into these experimentally 

hyposmic animals resulted in stem cell engraftment and pro-

duction of mature OSN, that were identified immunohistoche-

mically. The functional status of the resultant OSN was subse-

quently confirmed using electroolfactography and behavioural 

(odour avoidance) assays. Transplantation of other stem cell 

populations has also been attempted – improved behavioural 

assays and basic histological evidence for OE regeneration was 

demonstrated by Khademi et al., following intranasal application 

of adipose-derived mesenchymal stem cells in 3-methylindole-

anosmic rats (644). 

 

Continued in vitro and animal work should help to delineate 

the feasibility of human olfactory stem cell transplantation, as 

well as identifying pharmacological targets for augmentation of 

olfactory neurogenesis. 

Gene therapy

Gene editing techniques, in particular, viral-based systems, have 

been used in a limited number of studies to demonstrate impro-

ved olfactory function following restoration of ciliary function 

in animal ciliopathy models (645,646). Viral-based, CRISPR, or other 

gene editing systems such as small interfering RNAs, may be of 

future use, particularly in patients with congenital OD of single 

gene origin. 

Platelet-rich plasma

Platelet-rich plasma (PRP) is an autologous concentrate of 

platelet-rich plasma protein, produced from a target recipient’s 

whole blood. During haemostasis, activated platelets release a 

variety of growth factors and cytokines, including platelet de-

rived growth factor, vascular endothelial growth factor, transfor-

ming growth factor beta, insulin-like growth factor, interleukin 

8, nerve growth factor and others. Collectively these factors 

promote angiogenesis, cell proliferation, differentiation and sur-

vival, ultimately contributing to injury repair and regeneration. 

On this basis, the therapeutic utility of PRP has been investiga-

ted through in vitro and animal models, as well as a heteroge-

neous body of clinical research spanning several medical and 

surgical specialties (647).

Of particular interest to olfaction are the purported benefits of 

PRP in promoting axonogenesis and neurogenesis. In an animal 

model of Alzheimer Disease, intranasal application of Endoret (a 

PRP gel preparation) caused activation of neuronal progenitor 

cells, reduced amyloid-beta induced neurodegeneration and 

enhanced hippocampal neurogenesis (648). More specifically, in 

a murine model of anosmia, post-injury intranasal PRP lavage 

caused significantly improved behavioural (food finding test 

times) and basic histological scores compared with control 

(saline lavage) (649). A limited number of clinical studies have 

investigated the utility of PRP application in patients with OD. In 

2017, Mavrogeni et al., reported positive results after repeat in-

tranasal injection of PRP into the ‘olfactory’ area of the nose in 5 

patients with refractory, non-CRS ‘anosmia’, over a three-month 

period (717). However, this study is limited by lack of formal psy-

chophysical olfactory testing or control group. In 2020, Yan and 

colleagues demonstrated significantly improved average TDI 

score, as well as subjective improvement, at 3 months after one-

time PRP injection within the OC of 7 patients with OT + topical 

corticosteroid-refractory OD (650). Greatest benefit was found in 

patients with hyposmia, rather than anosmia, though again, this 

study lacks an appropriate control group. Yan and colleagues ex-

panded on these findings with a recent RCT investigating intra-

nasal PRP injection (3 x to OC) vs. saline in patients with C19OD 

(n=26) (651). They demonstrated a statistically significant improve-

ment in composite TDI score and individual discrimination score 

in the intervention arm (n=14) vs the placebo arm at 3 months 

(n=12) (TDI – 3.67 points, 95% CI: 0.05-7.29, p=0.047; D – 2.40 

points 95% 0.80- 4.00, p=0.004). They did not, however, demon-

strate any significant treatment effect on individual threshold or 

identification scores, or on subjective olfactory function (VAS). 

Finally, Klug and colleagues recently presented work in which a 

PRP-soaked absorbable sponge was applied unilaterally to the 

OC of treatment resistant anosmics for 3 months, with a saline 

soaked sponge applied to the contralateral OC, and where late-

ralisation of active treatment was randomised (652). Whilst they 

demonstrated improvement in overall B-SIT scores, there was no 

significant difference between treatment and control sides. This 

may be due to some mechanism of bilateral treatment activity, 

or due to method of topical application used. 

Further rigorous study is required, with standardised PRP type 

and preparation (e.g., use of potentially confounding sodium ci-

trate as anticoagulant), larger patient cohorts and appropriately 

matched control groups, prior to recommendation for routine 

clinical use. 
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Omega-3 fatty acids

Omega-3 fatty acids comprise a group of polyunsaturated fatty 

acids that are key substrates of lipid metabolism. Three types of 

omega-3 are important in humans: α-linolenic acid (ALA – an 

essential fatty acid only obtainable from diet), eicosapentae-

noic acid (EPA) and docosahexaenoic acid (DHA). Animals fed 

omega-3 fatty acid deficient diets perform poorly in odour dis-

crimination tasks, compared to controls (653). This is thought to be 

due to reduced levels of DHA found within the brain, and spe-

cifically the OB. In older adult humans, diets that rich in fish and 

nuts (both naturally high in omega-3 fatty acids) confer reduced 

risk of olfactory impairment (as determined through odour 

identification testing) (654). Furthermore, a small, randomised, 

double-blind, placebo-controlled trial demonstrated improved 

screening odour identification scores (12-item screening Sniffin 

Sticks) in patients with mild cognitive impairment treated with 

DHA (n=11), compared with placebo (n=14) (655).

In 2020, Yan and colleagues performed a randomised controlled 

trial in which patients undergoing endoscopic sellar or parasel-

lar tumour resection were treated post-operatively with either 

intranasal saline irrigation alone, or saline irrigation + omega-3 

supplementation (656). 87 patients (treatment n=46, control 

n=41) completed the study period, during which omega-3 

supplementation was found to be protective against olfactory 

loss (Odds Ratio 0.05, p=0.04), according to odour identification 

testing (SIT-40). The authors speculate that this may be due to 

anti-inflammatory and neuroprotective treatment effects. More 

recently, a non-blinded, prospective study in 58 patients by 

Hernandez et al., suggested that effects of OT were significantly 

higher when omega-3 was supplemented for 3 months (TDI 

scores) compared to OT alone (657). Further research is required 

to determine whether omega-3 fatty acid supplementation is of 

benefit in non-iatrogenic or age-related OD. 

N-acetylcysteine

N-acetylcysteine (NAC) is a glutathione substrate with antioxi-

dant, anti-inflammatory, anti-thrombotic and neuroprotective 

properties. Recent work from Goncalves and Goldstein demon-

strated reduced OSN loss following surgical bulbectomy in rats 

treated with NAC, compared with controls (658). This was accom-

panied by alterations in oxidative stress pathway gene expres-

sion, as demonstrated in olfactory cell cultures. Given the esta-

blished clinical safety profile of NAC, work is currently underway 

to establish the utility of this treatment in OD. Furthermore, 

treatment of COVID-19 patients (in whom glutathione defici-

ency in combination with increased measures of oxidative stress 

have been demonstrated (659) with NAC has been undertaken in 

multiple studies over the course of the pandemic, with varying 

results. It would be of interest to determine whether olfactory 

outcomes in such patients were superior to matched patients in 

whom NAC was not used. 

Other treatments

In addition to the above, numerous other treatments have been 

tried, including but not limited to, palmitoylethanolamide and 

luteolin (660), acupuncture (661), lavender syrup (662), famotidine (663) 

blockage of the stellate ganglion (664), a mix of herbal drug (Toki-

shakuyaku-san) (665,666), B vitamins (667). They will not be described 

here in detail, because they await further study. 

Please see Figure 4 for summary flowchart showing suggested 

approach to assessment and management of olfactory dysfunc-

tion.

Recommendations:

➢ Further high-quality research is required for all of the above 

novel treatments before recommendations for their clinical use 

can be made. 

o Delphi result: Agreed (score 7-9 = 96%, average score 8.7) 
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Recommendations and 
delphi exercise summary
Each of the 45 recommendations including in this position 

paper reached agreement during the first round of the modified 

Delphi exercise (≥70% score 7-9, ≤15% score 1-3). The recom-

mendations are summarized in Table 10. Figure 5 highlights the 

recommendations with the lowest level of consensus, which will 

be discussed in the following section. 

Though agreed during the first round, recommendation 19 

only just achieved consensus: ‘Psychophysical olfactory testing 

should ideally begin with monorhinal odour threshold testing, 

if feasible. Where there is no significant difference in lateralised 

scores, testing may continue birhinally.’ The major concern 

surrounding this recommendation was difficulty in achie-

ving the associated prolonged testing times in a busy clinical 

environment. Anecdotally, monorhinal psychophysical testing 

only appears to be routinely performed in a select number of 

specialist clinics, and in such cases, more often under research 

circumstances. Nevertheless, the additional clinical information 

provided by monorhinal testing was felt to be sufficiently impor-

tant by enough of our co-authors, for this recommendation to 

be agreed as ideal practice.

Recommendations 25 and 26 were concerned with gustatory 

testing: 25 – ‘Comprehensive psychophysical assessment should 

include gustatory screening for sweet, salty, sour, and bitter 

tastes in all cases.’; 26 – ‘Full gustatory testing should be perfor-

med where abnormalities are identified on screening or where 

it is not possible to differentiate between impaired gustation 

and retronasal olfaction. Accordingly, this should ideally include 

discrimination between retronasal olfaction (flavours) and gus-

tatory (taste) abnormalities.’ Again, the major concern regarding 

these recommendations was lack of resources (testing equip-

ment, time and staff) in busy clinical environments. Furthermo-

re, a small number of co-authors felt that there should be clear 

clinical division between olfactory and gustatory care, and that 

olfactory assessment should therefore only focus on olfaction. 

However, again, the importance of full chemosensory testing 

was felt to be sufficient by the majority of co-authors, and this 

recommendation was therefore agreed.

Finally, recommendation 27 stated that ‘Whilst electrophysiolo-

gical and imaging studies are often reserved for research purpo-

ses, EEG-based olfactory testing can be useful for medico-legal 

purposes.’ Here, there was concern amongst some co-authors 

that this recommendation could be felt prescriptive – that EEG 

was required during medico-legal assessment, which would 

not be possible in centres without the appropriate equipment. 

However, it should be clarified that EEG ‘can be useful’ for such 

purposes but is not a required minimum standard. 

In light of the above, following further discussion and conside-

ration of practical limitations, in addition to newly emergent 

international literature(443,668,669), the following additional 

recommendation is made:

Recommendation:

➢ Increased funding should be made available in order to 

facilitate chemosensory assessment as outlined in this position 

paper. Where this is not possible at the local level, clear refer-

ral pathways should be established to specialist centres where 

such assessment can be undertaken, thereby enabling equitable 

access to care.

Figure 5. Summary of Delphi Exercise Results (mean and 95% confidence 

intervals). Highlighted data points = recommendations with poorest 

level of consensus.
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Table 10. Collated and numbered recommendations.

Definitions

1 We recommend the use of the terms highlighted in bold in the above table, with their associated definitions.

Causes and classifications of olfactory dysfunction

2 Classification of olfactory dysfunction should be according to underlying aetiology (e.g. post-infectious, post-traumatic etc)

3 Idiopathic olfactory dysfunction is a diagnosis of exclusion that should only be  made following careful assessment, including normal MRI 
and exclusion of  underlying inflammatory pathology.

Qualitative olfactory dysfunction

4 The presence of parosmia or phantosmia, and their potential underlying causes, should be established through careful medical history. 

5 Structured symptom questionnaires, severity scores, and psychophysical olfactory tests may be used as adjuncts to diagnosis.

6 Due to their frequency of co-occurrence, assessment for quantitative olfactory dysfunction should be undertaken when qualitative dys-
function is reported.

7 Imaging in qualitative dysfunction may be of use where there is suspicion of an endogenous odour source, or central pathology. 

8 Where a neurological or psychiatric cause is suspected, appropriate specialist input should be sought. 

Clinical assessment

9 Thorough clinical histories should be sought from all patients.

10 Patients with suspected olfactory dysfunction should undergo a full ENT examination, including nasal endoscopy with careful inspection 
of the olfactory cleft.

11 Basic neurological examination should be undertaken where there is suspicion of an underlying neurological aetiology, or in otherwise 
assumed idiopathic cases, though formal and detailed neurocognitive testing can be deferred to the appropriate specialists.

12 In patients reporting olfactory dysfunction, subjective olfactory assessment should be undertaken in order to fully determine quality of 
life and disease burden, as well as the clinical impact of interventions.

13 When possible, validated questionnaires should be used. When this is not possible, a recognised form of assessment, possibly quantitative 
and/or anchored, such as a visual analogue scale, should be used. 

14 Subjective olfactory assessment should not be relied upon in isolation

15 Psychophysical olfactory assessment tools should be reliable and validated for the target population.

16 Psychophysical olfactory assessment tools used in clinical and research settings should include tests of odour threshold, and/or one 
of odour identification or discrimination. However, we strongly encourage to test olfactory function by including two or three of these 
subcomponents.

• Use of other suprathreshold olfactory testing modalities can be considered, where such tests have been validated and have sufficient 
normative data.

17 When testing olfaction in children, the test should fit the motivation of the child, be culturally appropriate, and validated for the target 
age. 

18 Definitions of olfactory impairment should only be made with reference to normative values for the psychophysical olfactory test being 
used.

19 Psychophysical olfactory testing should ideally begin with monorhinal odour threshold testing, if feasible. Where there is no significant 
difference in lateralised scores, testing may continue birhinally.

20 When reporting changes in psychophysical olfactory test scores, improvement or deterioration in olfactory function should be defined 
according to established clinical correlates and target population for that olfactory test.

21 Screening for abnormal olfactory function in asymptomatic patients should be undertaken using validated psychophysical olfactory tools. 

22 Patients with abnormal screening results should undergo full olfactory testing.

23 When formal psychophysical olfactory testing is not possible (for example, in acutely infectious COVID-19 patients), validated home smell 
tests may be of use.

24 Patients with abnormal results [on home tests] should undergo full olfactory testing.

25 Comprehensive psychophysical assessment should include gustatory screening for sweet, salty, sour, and bitter tastes in all cases.

26 Full gustatory testing should be performed where abnormalities are identified on screening or where it is not possible to differentiate 
between impaired gustation and retronasal olfaction. Accordingly, this should ideally include discrimination between retronasal olfaction 
(flavours) and gustatory (taste) abnormalities.

27 Whilst electrophysiological and imaging studies are often reserved for research purposes, EEG-based olfactory testing can be useful for 
medico-legal purposes. 

28 Structural imaging should be undertaken according to suspected underlying aetiology (see table 6). 
In idiopathic olfactory dysfunction: CT of the paranasal sinuses is optional and may identify inflammation not otherwise diagnosed by 
endoscopy or trial of corticosteroids; MRI brain is recommended.
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Definitions

29 CT should be performed as first line imaging of the paranasal sinuses when sinonasal inflammation or bony abnormalities are suspected. 
MRI should be performed as first line when intracranial abnormalities are suspected, or morphometry of the OB is required.

Treatment of olfactory dysfunction

30 Systemic (short courses) and/or intranasal (long-term) corticosteroids should be prescribed in patients with olfactory dysfunction secon-
dary to CRS, severe allergic rhinitis, and other inflammatory conditions according to existing clinical guidelines.

31 There is limited evidence to support use of systemic or intranasal corticosteroids for other causes of olfactory dysfunction, but if topical 
steroids are used, a delivery mechanism that can reach the olfactory cleft (i.e. rinses in place of sprays) would be recommended.

32 Potential side effects and contraindications should be taken into account when prescribing systemic corticosteroids. 

33 Further research with larger patient cohorts and use of thorough psychophysical olfactory testing is required to fully delineate the effect 
of monoclonal antibody treatment for CRS-related olfactory dysfunction.

34 In severe CRSwNP, biologic treatment appears to improve olfactory dysfunction. Among them, dupilumab seems to be the most effective. 
However, we would refer you to existing guidelines on the treatment of CRS for use of these medications.

35 Currently, there is insufficient clinical evidence to support the use of phosphodiesterase inhibitors in the treatment of olfactory dysfunc-
tion for any underlying aetiology.

36 Currently, there is insufficient clinical evidence to support the use of calcium buffers, in the treatment of olfactory dysfunction for any 
underlying aetiology.

37 Olfactory training can be recommended in patients with olfactory loss due to several aetiologies, such as PTOD and PIOD. However, this 
treatment requires further evaluation in patients with sinonasal inflammatory disease and neurodegenerative diseases.

38 Functional endoscopic sinus surgery for olfactory loss caused by the chronic rhinosinusitis disease spectrum should be undertaken in line 
with existing guidelines, and is not recommended for olfactory dysfunction without associated chronic rhinosinusitis.

39 There is presently insufficient evidence to support other surgery types for olfactory dysfunction. 

Treatment of qualitative olfactory dysfunction

40 A higher level of evidence is required for existing therapies before recommendations regarding their use in the treatment of parosmia can 
be made. 

41 Until further evidence is available, treatment of parosmia associated with known quantitative olfactory dysfunction (e.g., PIOD) should be 
in line with evidence for the quantitative condition.

42 Treatment of phantosmia associated with neurological conditions should be undertaken as for the underlying condition, with appropriate 
specialist guidance.

43 For non-neurological phantosmia, a higher level of evidence is required for existing therapies before recommendations for their use can 
be made. 

44 Until further evidence is available, treatment of phantosmia associated with known quantitative olfactory dysfunction (e.g., PIOD) should 
be in line with evidence for the quantitative condition.

Novel treatments

45 Further high-quality research is required for all of the above novel treatments before recommendations for their clinical use can be made. 

Additional Recommendation

[a]46 Increased funding should be made available in order to facilitate chemosensory assessment as outlined in this position paper. Where this 
is not possible at the local level, clear referral pathways should be established to specialist centres where such assessment can be underta-
ken, thereby enabling equitable access to care.
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Unmet needs and future 
research
Basic/Translational Laboratory Research
Despite the influence of the pandemic, olfactory research conti-

nues to lag behind its special sensory equivalents of hearing and 

vision. As outlined in some of the previous sections, questions 

remain regarding several aspects of olfaction. What predisposes 

patients to PIOD, and why do some pathogens, but not others, 

cause PIOD? What causes non-syndromic congenital OD? How 

do we support stem cell regeneration after injury? More gene-

rally, our relative ignorance surrounding the pathophysiology 

of parosmia, for example, reflects gaps in knowledge regarding 

even more fundamental aspects of how we smell: what defines 

the odour object, how do we process odour objects and what 

leads to the distortion of such objects, as is seen in parosmia. To 

address and ultimately answer these questions requires focused, 

well-funded basic/lab-based research. Such research would 

benefit from specific steps, such as the development of im-

mortalised (ideally human) cell lines and organoids, establishing 

multicentre/international consortia and databases, longitudinal 

studies, as well as more general shifts in approach, including 

cross-disciplinary collaboration and training of future sensory 

scientists. 

Clinical Approach
In 2007, McNeill and colleagues performed a survey of UK clini-

cians and found that, of those who saw patients with OD, 5.4% 

used chemosensory smell tests routinely, whilst 54.8% did not 

use any form of such test (670). More than a decade later, there has 

been little change. The recent ICAS Study undertook interna-

tional survey of clinical practice in the assessment of olfactory 

function and dysfunction (443). Within the UK, 54.9% of clinicians 

never used smell tests during the initial assessment of OD as a 

presenting or isolated symptom, though this proportion fell to 

33.3% of those with subspecialty training in rhinology. Outside 

of the UK (16 primarily European countries), 23.2% of clinicians 

never tested during this scenario, falling to 7.5% of those with 

subspecialty training in rhinology. The most commonly cited 

barriers to routine psychophysical testing were insufficient 

funding and insufficient time. Using the parallels of vision or 

hearing, in which diagnosis and treatment decisions would not 

occur in the absence of psychophysically-proven deficit, routine 

smell testing should become the standard of care. Only once 

this has been achieved can diagnoses be accurately made and 

treatment outcomes accurately assessed. Furthermore, evidence 

suggests that thorough assessment may help to improve the 

patient journey, irrespective of available management options 

or prognosis (140,669). 

To help establish psychophysical tests as part of standard clinical 

care, future research should work to develop tools that are 

quick and easy to administer and affordable, without sacrificing 

clinically needed information. Importantly, funding should be 

provided across different models of healthcare system to enable 

such testing. Ultimately a standard test should be internation-

ally agreed. Until a time at which such standardisation can be 

achieved, clear referral pathways to specialist centres should be 

established, where full chemosensory testing in line with the 

recommendations contained herein can be performed. 

In order to maximise the efficiency of clinical research, inter-

national collaboration in the form of registries/databases or 

multi-centre RCTs should be embraced. In line with this, a core 

outcomes set for olfactory research has recently been proposed 

(see: https://www.comet-initiative.org/Studies/Details/1957). 

Specialist centres such as those described above should be 

recruited to participate in such data sharing. 

Big data work, linking OD with other healthcare outcomes 

would also be of benefit, but is not possible until disorders of 

olfaction are appropriately and efficiently coded across different 

healthcare systems. Furthermore, pan-European and other large 

scale epidemiological studies are needed, particularly in the 

wake of the pandemic, to accurately gauge the healthcare and 

societal burden of OD.

 

Patient and Participant Involvement 
Peer support is particularly important for patients with OD, in 

whom significant lifestyle modifications may be required, and 

prognosis may either be poor, or more frequently unknown. 

The success of charities and organisations such as AbScent, Fifth 

Sense, Reuksmaakstoornis or STANA, and their associated sup-

port groups – with social media providing otherwise difficult to 

access support during the pandemic – highlight the importance 

of formal organisation. 

Integration of patient voices into all stages of clinical research 

and service provision planning is paramount. Such voices pro-

vide insight into patient journeys, priorities, and may even help 

to shed light on physiological or pathophysiological olfactory 

processes. Qualitative, co-produced research addressing patient 

experience of olfactory dysfunction is therefore important. Ball 

and colleagues outlined barriers to effective olfactory care (671). 

They highlighted the common failure of medical professionals 

to recognise OD as a problem, as well as issues surrounding inef-
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fective treatments, difficulty in obtaining referrals for specialist 

care and personal financial burdens. In the UK, the Fifth Sense 

James Lind Alliance Priority Setting Partnership recently out-

lined 10 of the top research priorities in smell and taste disor-

ders, following consultation with patients, healthcare professio-

nals and other stakeholders (672).

A non-exhaustive list of clinical/research priorities in olfaction 

can be found in Table 11.

CONCLUSIONS
In the preceding sections we have provided an overview of 

current evidence and expert-agreed recommendations for the 

definition, investigation and management of OD. As for our 

original Position Paper, we hope that this updated document 

will encourage clinicians and researchers to adopt a common 

language, and in so doing, increase the methodological quality, 

consistency and generalisability of work in this field.

Research Domain

Biological Understanding • Pre-clinical models
• Olfactory neuroregenerative/neurodegenerative processes
• Axonal targeting
• Pathophysiological processes for common causes of OD

Clinical Evaluation • Standardized history
• Diagnostic tools for use in qualitative OD
• Diagnostic tools for measurement of trigeminal function
• Clinical utility of functional neuroimaging for diagnosis

Clinical/Research Networks • Provision of online toolkit with standardized PROMs and chemosensory testing guidance for  use in non-
specialist centres
• Referral networks to specialist centres where chemosensory testing not available locally
• Multicentre collaboration with data input and sharing for high powered research

Biomarker Development • Olfactory mucus
• Olfactory microbiome
• In vivo visualization and analysis of olfactory mucosa
• Structural/functional brain neuroimaging

Therapeutics • High quality RCTs in new treatments
• High quality RCTs in existing treatments with poor evidence base

Patient and Participant Involvement • Involvement of patients in setting research agendas and service planning

Table 11. A non-exhaustive list of clinical/research priorities in olfaction.



91

Supplement 31: Position paper on olfactory dysfunction: 2023

Acknowledgements
None.

Authorship contributions 
Whitcroft KL: Conceptual design. Writing of manuscript. Produc-

tion of figures. Integration of co-author comments. Participation 

in Delphi exercise.

Hummel T: Conceptual design. Supervision of project. Adminis-

trative support. Participation in Delphi exercise. 

Gane S: Production of figures. Review of content and participa-

tion in Delphi exercise. 

Hernandez, AK: Editing of manuscript. Integration of co-author 

comments. Participation in Delphi exercise.

Altundag A, Balungwe P, Boscolo-Rizzo P, Douglas R, Enecilla 

MLB, Fjaeldstad AW, Fornazieri MA, Frasnelli J, Gudziol H, Gupta 

N, Haehner A, Holbrook EH, Hopkins C, Hsieh JW, Huart C, 

Husain S, Kamel R, Kim JK, Kobayashi M, Konstantinidis I, Landis 

BN, Lechner M, Macchi A, Mazal PP, Miri I, Miwa T, Mori E, Mul-

lol J, Mueller CA, Ottaviano G, Patel ZM, Philpott C, Pinto JM, 

Ramakrishnan VR, Roth Y, Schlosser RJ, Stjärne P, Van Gerven L, 

Vodicka J, Welge-Luessen A, Wormald PJ: Review of content and 

participation in Delphi exercise.

Conflicts of interest
None relevant.

Funding
TH receives funding from the European Union’s Horizon 2020 

research and innovation programme under grant agreement No 

964529. AKH receives funds from the Deutsche Forschungsge-

meinschaft (DFG HU441/29-1).



92

Whitcroft et al.

References 
1. Hummel T, Whitcroft KL, Andrews P, et al. 

Position paper on olfactory dysfunction. 
Rhinol Suppl [Internet]. 2017;Epub ahead. 
Available from: www.rhinologyjournal.com

2. Croy I, Nordin S, Hummel T. Olfactory disor-
ders and quality of life-an updated review. 
Chem Senses. 2014;39(3):185–94. 

3. Brämerson A, Nordin S, Bende M. Clinical 
experience with patients with olfactory 
complaints, and their quality of life. Acta 
Otolaryngol. 2007;127(2):167–74. 

4. Philpott CM, Boak D. The impact of olfactory 
disorders in the United kingdom. Chem 
Senses. 2014;39(8):711–8. 

5. Erskine SE, Philpott CM. An unmet need: 
Patients with smell and taste disorders. Clin 
Otolaryngol. 2020;45(2):197–203. 

6. Buck LB, Bargmann CI. Smell and tase: the 
chemical senses. In: Kandel E, Schwartz 
J, Jessell T, Siegelbaum A, A H, editors. 
Principles of neural science [Internet]. 5th 
ed. New York: McGrae Hill Medical; 2013. 
p. 712–35. Available from: https://www.
researchgate.net/profile/Thomas_Hummel/
publication/51080370_Dysfunction_of_
the_chemical_senses_smell_and_taste_in_
German/links/542d0e030cf27e39fa940b2f.
pdf

7. Philpott C, Dixon J, Boak D. Qualitative 
Olfactory Disorders: Patient Experiences 
and Self-Management. Allergy Rhinol. 
2021;12. 

8. Otte MS, Haehner A, Bork ML, Klussmann JP, 
Luers JC, Hummel T. Impact of COVID-19-
Mediated Olfactory Loss on Quality of Life. 
Orl. 2022; 

9. Pellegrino R, Mainland JD, Kelly CE, Parker 
JK, Hummel T. Prevalence and correlates 
of parosmia and phantosmia among smell 
disorders. Chem Senses. 2021;46(October). 

10. Schubert CR, Fischer ME, Pinto AA, et al. 
Sensory Impairments and Risk of Mortality 
in Older Adults. J Gerontol A Biol Sci Med 
Sci [Internet]. 2017;72(5):710–5. Available 
from: http://biomedgerontology.oxford-
journals.org/lookup/doi/10.1093/gerona/
glw036%5Cnhttp://www.ncbi.nlm.nih.gov/
pubmed/26946102

11. Pinto JM, Wroblewski KE, Kern DW, Schumm 
LP, McClintock MK. Olfactory dysfunction 
predicts 5-year mortality in older adults. 
PLoS One. 2014;9(10):1–9. 

12. Marin C, Vilas D, Langdon C, et al. Olfactory 
D ys func t ion  in  Neurodegenerat ive 
Diseases.  Curr  Al lergy Asthma Rep. 
2018;18(8). 

13. Fitch K, Bernstein SJ, Aguilar MD, et al. The 
RAND/UCLA Appropriateness Method 
User ’s Manual [Internet]. RAND CORP; 
2011. Available from: https://www.rand.
org/content/dam/rand/pubs/monograph_
reports/2011/MR1269.pdf

14. Leopold D.  Distor t ion of  Ol factor y 
Perception: Diagnosis and Treatment. 

Chem Senses [Internet]. 2002;27(7):611–
5. Available from: http://www.chemse.
o u p j o u r n a l s . o r g / c g i / d o i / 1 0 . 1 0 9 3 /
chemse/27.7.611

15. Hong S-C, Holbrook EH, Leopold DA, 
Hummel T. Distorted olfactory perception: 
A systematic review. Acta Otolaryngol. 
2012;132(S1):S27–31. 

16. Doty RL. Clinical disorders of olfaction. In: 
Doty RL, editor. Handbook of Olfaction and 
Gustation. 3rd ed. Hoboken, New Jersey: 
Wiley Blackwell; 2015. p. 375–402. 

17. Landis BN, Frasnelli J, Hummel T. Euosmia: 
a rare form of parosmia. Acta Otolaryngol. 
2006;126(1):101–3. 

18. Blau JN, Solomon F. Smell and other sen-
sory disturbances in migraine. J Neurol 
[Internet]. 1985;232(5):275–6. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/4056833

19. Bornschein S, Hausteiner C, Römmelt H, 
Nowak D, Förstl H, Zilker T. Double-blind 
placebo-controlled provocation study in 
patients with subjective Multiple Chemical 
Sensitivity (MCS) and matched control 
subjects. Clin Toxicol (Phila) [Internet]. 
2008;46(5):443–9. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/18568800

20. Das-Munshi J, Rubin GJ, Wessely S. Multiple 
chemical sensitivities: A systematic review 
of provocation studies. J Allergy Clin 
Immunol. 2006;118(6):1257–64. 

21. Zucco GM, Doty RL. Multiple Chemical 
S e n s i t i v i t y .  B r a i n  S c i  [ I n t e r n e t ] . 
2021;12(1):46. Available from: https://doi.
org/10.3390/brainsci12010046

22. Croy I, Olgun S, Mueller L, et al. Peripheral 
adaptive filtering in human olfaction? Three 
studies on prevalence and effects of olfac-
tory training in specific anosmia in more 
than 1600 participants. Cortex [Internet]. 
2015;73:180–7. Available from: http://dx.doi.
org/10.1016/j.cortex.2015.08.018

23. Bhattacharyya N, Kepnes LJ. Contemporary 
assessment of the prevalence of smell and 
taste problems in adults. Laryngoscope. 
2015;125(5):1102–6. 

24. Rawal S, Hoffman HJ, Bainbridge KE, Huedo-
medina TB, Duffy VB. Prevalence and Risk 
Factors of Self-Reported Smell and Taste 
Alterations: Results from the 2011-2012 
U.S. National Health and Nutritions Survey 
(NHANES). Chem Senses. 2016;41(1):69–72. 

25. Huang Z, Huang S, Cong H, et al. Smell and 
taste dysfunction is associated with higher 
serum total cholesterol concentrations in 
Chinese adults. J Nutr. 2017;147(8):1546–51. 

26. Hoffman HJ, Ishii EK, MacTurk RH. Age-
related changes in the prevalence of smell/
taste problems among the United States 
adult population. Results of the 1994 dis-
ability supplement to the National Health 
Interview Survey (NHIS). Ann N Y Acad Sci. 
1998;855:716–22. 

27. Shu C-H, Hummel T, Lee P-L, Chiu C-H, Lin 
S-H, Yuan B-C. The proportion of self-rat-
ed olfactory dysfunction does not change 
across the life span. Am J Rhinol Allergy 
[Internet]. 2009;23(4):413–6. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/19671258

28. Seubert J, Laukka EJ, Rizzuto D, et al. 
Prevalence and Correlates of Olfactory 
Dysfunction in Old Age: A Population-Based 
Study. Journals Gerontol - Ser A Biol Sci 
Med Sci. 2017;72(8):1072–9. 

29. Graves AB, Bowen JD, Rajaram L, et al. 
Impaired olfaction as a marker for cognitive 
decline: Interaction with apolipoprotein E 
ε4. Neurology. 1999;53(7):1480–7. 

30. Casjens S,  Pesch B, Robens S,  et al. 
Associations between former exposure 
to manganese and olfaction in an elderly 
population: Results from the Heinz Nixdorf 
Recall Study. Neurotoxicology [Internet]. 
2017;58:58–65. Available from: http://dx.doi.
org/10.1016/j.neuro.2016.11.005

31. Hinz A, Luck T, Riedel-Heller SG, et al. 
Olfactor y dysfunction: proper ties of 
the Sniff in’ Sticks Screening 12 test 
and associations with quality of life. Eur 
Arch Oto-Rhino-Laryngology [Internet]. 
2019;276(2):389–95. Available from: http://
dx.doi.org/10.1007/s00405-018-5210-2

32. Ross GW, Petrovitch H, Abbott RD, et al. 
Association of olfactory dysfunction with 
risk for future Parkinson’s disease. Ann 
Neurol. 2008;63(2):167–73. 

33. Wilson RS, Arnold SE, Tang Y, Bennett DA. 
Odor identification and decline in dif-
ferent cognitive domains in old age. 
Neuroepidemiology. 2006;26(2):61–7. 

34. Murphy C, Schubert CR, Cruickshanks KJ, 
Klein BEK, Klein R, Nondahl DM. Prevalence 
of olfactory impairment in older adults. 
JAMA. 2002;288(18):2307–12. 

35. Schlosser RJ, Desiato VM, Storck KA, et al. A 
Community-Based Study on the Prevalence 
of Olfactory Dysfunction. Am J Rhinol 
Allergy. 2020;34(5):661–70. 

36. Mackay-Sim A, Johnston ANB, Owen C, 
Burne THJ. Olfactory ability in the healthy 
population: Reassessing presbyosmia. 
Chem Senses. 2006;31(8):763–71. 

37. Karpa MJ, Gopinath B, Rochtchina E, et al. 
Prevalence and neurodegenerative or other 
associations with olfactory impairment 
in an older community. J Aging Health. 
2010;22(2):154–68. 

38. Gopinath B, Anstey KJ, Kifley A, Mitchell P. 
Olfactory impairment is associated with 
functional disability and reduced inde-
pendence among older adults. Maturitas 
[ Internet] .  2012;72(1) :50–5. Available 
from: http://dx.doi.org/10.1016/j.maturi-
tas.2012.01.009

39. Van Regemorter V, Dollase J, Coulie R, et 
al. Olfactory Dysfunction Predicts Frailty 



93

Supplement 31: Position paper on olfactory dysfunction: 2023

and Poor Postoperative Outcome in Older 
Patients Scheduled for Elective Non-Cardiac 
Surgery. J Nutr Heal Aging. 2022; 

40. Gopinath B, Sue CM, Kifley A, Mitchell P. The 
association between olfactory impairment 
and total mortality in older adults. Journals 
Gerontol - Ser A Biol Sci Med Sci. 2012;67 
A(2):204–9. 

41. Devanand DP, Lee S, Manly J, et al. Olfactory 
identification deficits and increased mor-
tality in the community. Ann Neurol. 
2015;78(3):401–11. 

42. Schubert CR, Cruickshanks KJ, Fischer ME, et 
al. Carotid intima media thickness, athero-
sclerosis, and 5-year decline in odor iden-
tification: The beaver dam offspring study. 
Journals Gerontol - Ser A Biol Sci Med Sci. 
2014;70(7):879–84. 

43. Liu G, Zong G, Doty RL, Sun Q. Prevalence 
and risk factors of taste and smell impair-
ment in a nationwide representative sam-
ple of the US population: A cross-sectional 
study. BMJ Open. 2016;6(11):8–11. 

44. Vennemann MM, Hummel T, Berger K. The 
association between smoking and smell 
and taste impairment in the general popu-
lation. J Neurol. 2008;255(8):1121–6. 

45. Pinto JM, Schumm LP, Wroblewski KE, Kern 
DW, McClintock MK. Racial disparities in 
olfactory loss among older adults in the 
United States. Journals Gerontol - Ser A Biol 
Sci Med Sci. 2014;69 A(3):323–9. 

46. Desiato VM, Levy DA, Byun YJ, Nguyen SA, 
Soler ZM, Schlosser RJ. The Prevalence of 
Olfactory Dysfunction in the General 
Population: A Systematic Review and 
Meta-analysis .  Am J Rhinol  Al lergy. 
2021;35(2):195–205. 

47. Weiss T, Soroka T, Gorodisky L, et al. Human 
Olfaction without Apparent Olfactory Bulbs. 
Neuron [Internet]. 2020;105(1):35-45.e5. 
Available from: https://doi.org/10.1016/j.
neuron.2019.10.006

48. Jafek BW. Chapter. Laryngoscope [Internet]. 
1983;93(12):1576–99. Available from: http://
dx.doi.org/10.1288/00005537-198312000-
00011

49. Whitcroft KL, Hummel T. Olfactory Function 
and Dysfunction. In:  Fl int P,  Francis 
H, Haughey B, et al., editors. Cummings 
Otolaryngology. 7th ed. Philadelphia: 
Elsevier; 2021. 

50. Buck L, Axel R. A novel multigene fam-
i ly  may encode odorant receptors : 
A molecular basis for odor recogni-
tion. Cell [Internet]. 1991;65(1):175–87. 
Available from: http://www.ncbi.nlm.
nih.gov/pubmed/1840504%5Cnhttp://
l i n k i n g h u b . e l s e v i e r . c o m / r e t r i e v e /
pii/009286749190418X

51. Barnes IHA, Ibarra-Soria X, Fitzgerald S, et al. 
Expert curation of the human and mouse 
olfactory receptor gene repertoires identi-
fies conserved coding regions split across 
two exons. BMC Genomics. 2020;21(1):1–15. 

52. Gilad Y, Lancet D. Population differences in 
the human functional olfactory repertoire. 
Mol Biol Evol. 2003;20(3):307–14. 

53. Verbeurgt C, Wilkin F, Tarabichi M, Gregoire 

F, Dumont JE, Chatelain P. Profiling of olfac-
tory receptor gene expression in whole 
human olfactory mucosa. PLoS One. 
2014;9(5):21–6. 

54. Dunkel A, Steinhaus M, Kotthoff M, et al. 
Nature’s chemical signatures in human 
olfaction: A foodborne perspective for 
future biotechnology. Angew Chemie - Int 
Ed. 2014;53(28):7124–43. 

55. Fi restein S .  How the ol factor y sys-
tem makes sense of scents.  Nature. 
2001;413(6852):211–8. 

56. Axel R. The molecular logic of smell. Sci 
Am [Internet]. 1995;273(4):154–9. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/7481719

57. Holley A, Duchamp A, Revial MF, Juge A. 
Qualitative and quantitative discrimination 
in the frog olfactory receptors: analysis from 
electrophysiological data. Ann N Y Acad 
Sci [Internet]. 1974;237:102–14. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/4529253

58. Kurian SM, Naressi RG, Manoel D, Barwich 
AS, Malnic B, Saraiva LR. Odor coding in 
the mammalian olfactory epithelium. Cell 
Tissue Res. 2021;383(1):445–56. 

59. Horowitz LF, Saraiva LR, Kuang D, Yoon 
K, Buck LB. Olfactory receptor pattern-
ing in a higher primate. J Neurosci . 
2014;34(37):12241–52. 

60. Liberles SD, Buck LB. A second class of che-
mosensory receptors in the olfactory epi-
thelium. Nature. 2006;442(7103):645–50. 

61. Wallrabenstein I, Kuklan J, Weber L, et al. 
Human Trace Amine-Associated Receptor 
TAAR5 Can Be Activated by Trimethylamine. 
PLoS One. 2013;8(2). 

62. Holbrook EH, Wu E, Curry WT, Lin DT, 
Schwob JE. Immunohistochemical char-
acterization of human olfactory tissue. 
Laryngoscope [Internet]. 2011;121(8):1687–
701. Available from: http://www.pubmed-
central.nih.gov/articlerender.fcgi?artid=3
181071&tool=pmcentrez&rendertype=ab
stract

63. Fitzek M, Patel PK, Solomon PD, et al. 
Integrated age-related immunohistological 
changes occur in human olfactory epithe-
lium and olfactory bulb. J Comp Neurol. 
2022;530(12):2154–75. 

64. von Brunn A. Beitrage zur mikroskopischen 
Anatomie menschlichen Nasenhohle . Arch 
Mikr Anat. 1892;39:632–51. 

65. Read EA. A contribution to the knowledge 
of the olfactory apparatus in dog, cat and 
man. Am J Anat. 1908;8(1):17–47. 

66. Lang J. Clinical Anatomy of the Nose, Nasal 
Cavity and Paranasal Sinuses (3rd ed). In 
New York: Thieme Medical Publishers; 1989. 

67. Leopold DA, Hummel T, Schwob JE, Hong 
SC, Knecht M, Kobal G. Anterior distribu-
tion of human olfactory epithelium. 
Laryngoscope. 2000;110(3 Pt 1):417–21. 

68. Feron F, Perry C, McGrath J, Mackay-Sim A. 
New Techniques for Biopsy and Culture of 
Human Olfactory Epithelial Neurons. Arch 
Otolaryngol Head Neck Surg. 1998;124:861–
6. 

69. Brann JH, Firestein SJ. A lifetime of neu-
rogenesis in the olfactory system. Front 
Neurosci. 2014;8(8 JUN):1–11. 

70. Graziadei P, Karlan M, Monti Graziadei G, 
Bernstein J. Neurogenesis of Sensory 
Neurons in the Primate Olfactory System 
After Section of the Fila Olfactoria. 1Brain 
Res. 1980;186:289–300. 

71. Gottfr ied JA. Smell :  Central Nervous 
Processing. In: Hummel T, Welge-luessen 
A, editors. Taste and Smell [Internet]. 
Basel: KARGER; 2006. p. 44–69. Available 
from: https://www.karger.com/Article/
FullText/93750

72. Fjaeldstad A, Fernandes HM, Van Hartevelt 
TJ, et al. Brain fingerprints of olfaction: a 
novel structural method for assessing olfac-
tory cortical networks in health and disease. 
Sci Rep [Internet]. 2017;7(1):42534. Available 
from: http://dx.doi.org/10.1038/srep42534

73. Carrol l  B,  R ichardson JTE.  Olfactor y 
Information Processing and Temporal Lobe 
Epilepsy. Brain Cogn. 1993;22:230–43. 

74. Hummel T, Frasnelli J. The intranasal trigem-
inal system. 1st ed. Vol. 164, Handbook of 
Clinical Neurology. Elsevier B.V.; 2019. 119–
134 p. 

75. Frasnelli J, Manescu S. The intranasal 
trigeminal system. In: Buettner A, editor. 
Dordrecht; 2017. p. 881–95. 

76. Hummel T, Iannilli E, Frasnelli J, Boyle J, 
Gerber J. Central processing of trigeminal 
activation in humans. Ann N Y Acad Sci. 
2009;1170:190–5. 

77. Daiber P, Genovese F, Schriever VA, Hummel 
T, M??hrlen F, Frings S. Neuropeptide 
receptors provide a signalling pathway for 
trigeminal modulation of olfactory trans-
duction. Eur J Neurosci. 2013;37(4):572–82. 

78. Doty RL, Brugger WE, Jurs PC, Orndorff 
MA, Snyder PJ,  Lowry LD. Intranasal 
trigeminal stimulation from odorous vola-
tiles: Psychometric responses from anos-
mic and normal humans. Physiol Behav. 
1978;20(2):175–85. 

79. Mihara S, Shibamoto T. The role of flavor 
and fragrance chemicals in TRPA1 (transient 
receptor potential cation channel, mem-
ber A1) activity associated with allergies. 
Allergy Asthma Clin Immunol [Internet]. 
2015;11(1):11. Available from: http://www.
scopus.com/inward/record.url?eid=2-s2.0-
84928038342&partnerID=tZOtx3y1

80. Scheibe M, Schulze S, Mueller CA, Schuster 
B, Hummel T. Intranasal trigeminal sensitiv-
ity: Measurements before and after nasal 
surgery. Eur Arch Oto-Rhino-Laryngology. 
2014;271(1):87–92. 

81. Zhao K, Jiang J, Blacker K, et al. Regional 
peak mucosal cooling predicts the per-
ception of nasal patency. Laryngoscope. 
2014;124(3):589–95. 

82. Li C, Farag AA, Maza G, et al. Investigation 
of the abnormal nasal aerodynamics and 
trigeminal functions among empty nose 
syndrome patients. Int Forum Allergy 
Rhinol. 2018;8(3):444–52. 

83. K o n s t a n t i n i d i s  I ,  Ts a k i ro p o u l o u  E , 
Chatziavramidis A, Ikonomidis C, Markou K. 



94

Whitcroft et al.

Intranasal trigeminal function in patients 
with empty nose syndrome. Laryngoscope. 
2017;127(6):1263–7. 

84. Prescott J, Johnstone V, Francis J. Odor – 
Taste Interactions : Effects of Attentional 
Strategies during Exposure. 2004;29(4):331–
40. 

85. Fokkens WJ, Lund VJ, Hopkins C, et al. 
Eurpean Position Paper on Rhinosinusitis 
and Nasal  Polyps 2020.  Rhinology. 
2020;Suppl 29:1–464. 

86. Alobid I, Benitez P, Cardelus S, et al. Oral plus 
nasal corticosteroids improve smell, nasal 
congestion, and inflammation in sino-nasal 
polyposis. Laryngoscope. 2014;124(1):50–6. 

87. Vandenhende-Szymanski C, Hochet B, 
Chevalier D, Mortuaire G. Olfactory cleft 
opacity and ct score are predictive factors 
of smell recovery after surgery in nasal poly-
posis. Rhinology. 2015;53(1):29–34. 

88. Pade J, Hummel T. Olfactory function fol-
lowing nasal surgery.  Laryngoscope. 
2008;118(7):1260–4. 

89. Klimek L, Klimek L, Eggers G, Eggers G. 
Olfactory dysfunction in allergic rhinitis is 
related to nasal eosinophilc inflammation. J 
Allergy Clin Immunol. 1997;100:159–64. 

90. Soler ZM, Sauer DA, Mace J, Smith TL. 
Relationship between clinical measures 
and histopathologic findings in chronic rhi-
nosinusitis. Otolaryngol Neck Surg Off J 
Am Acad Otolaryngol Neck Surg [Internet]. 
2009;141(4):454–61. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/19786212

91. Oka H, Tsuzuki K, Takebayashi H, Kojima 
Y,  Daimon T,  Sakagami M. Olfactory 
changes after endoscopic sinus surgery in 
patients with chronic rhinosinusitis. Auris 
Nasus Larynx [Internet]. 2013;40(5):452–7. 
Available from: http://dx.doi.org/10.1016/j.
anl.2012.12.001

92. Orlandi RR, Kingdom TT, Hwang PH, et al. 
International Consensus Statement on 
Allergy and Rhinology: Rhinosinusitis. Int 
Forum Allergy Rhinol [Internet]. 2016 [cited 
2016 Aug 3];6 Suppl 1:S22-209. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/26889651

93. Pozharskaya T, Liang J, Lane AP. Regulation 
of inflammation-associated olfactory neu-
ronal death and regeneration by the type 
II tumor necrosis factor receptor. Int Forum 
Allergy Rhinol. 2013;3(9):740–7. 

94. Lane AP, Turner J, May L, Reed R. A Genetic 
Model of Chronic Rhinosinusitis-Associated 
Olfactory Inflammation Reveals Reversible 
Functional Impairment and Dramatic 
Neuroepithelial Reorganization. J Neurosci 
[Internet]. 2010;30(6):2324–9. Available 
f rom:  http ://www.jneurosci .org/cgi/
doi/10.1523/JNEUROSCI.4507-09.2010

95. Chen M, Reed RR, Lane AP. Chronic 
Inflammation Directs an Olfactory Stem Cell 
Functional Switch from Neuroregeneration 
to Immune Defense.  Cel l  Stem Cell 
[ I n t e r n e t ] .  2 0 1 9 ; 2 5 ( 4 ) : 5 0 1 - 5 1 3 . e 5 . 
Available from: https://doi.org/10.1016/j.
stem.2019.08.011

96. Doty RL, Mishra  a. Olfaction and its altera-
tion by nasal obstruction, rhinitis, and rhi-
nosinusitis. Laryngoscope. 2001;111(3):409–
23. 

97. Jafek BW, Murrow B, Michaels R, Restrepo 
D, Linschoten M. Biopsies of Human 
Olfactor y Epithel ium. Chem Senses 
[Internet]. 2002;27(7):623–8. Available from: 
http://chemse.oxfordjournals.org/con-
tent/27/7/623.abstract

98. Rombaux P, Potier H, Bertrand B, Duprez 
T, Hummel T. Olfactory bulb volume 
in patients with sinonasal disease. Am J 
Rhinol. 2008;22(6):598–601. 

99. Gudziol V, Buschhüter D, Abolmaali N, 
Gerber J, Rombaux P, Hummel T. Increasing 
olfactory bulb volume due to treatment of 
chronic rhinosinusitis-a longitudinal study. 
Brain. 2009;132(11):3096–101. 

100. Han P, Whitcroft KL, Fischer J,  et al. 
Olfactory brain gray matter volume reduc-
tion in patients with chronic rhinosinusi-
tis. Int Forum Allergy Rhinol [Internet]. 
2017;2–7. Available from: http://doi.wiley.
com/10.1002/alr.21922

101. Whitcroft KL, Fischer J,  Han P, et al. 
Structural Plasticity of the Primary and 
Secondary Olfactory cortices: Increased 
Gray Matter Volume Following Surgical 
Treatment for Chronic Rhinosinusitis. 
Neuroscience [Internet]. 2018;395:22–34. 
Available from: https://linkinghub.elsevier.
com/retrieve/pii/S0306452218306742

102. Whitcroft KL, Noltus J, Andrews P, Hummel 
T. Sinonasal surgery alters brain structure 
and function: Neuroanatomical correlates 
of olfactory dysfunction. J Neurosci Res. 
2021;99(9):2156–71. 

103. D e l a n k  K W ,  F e c h n e r  G .  Z u r 
Pathophysiologie der posttraumatischen 
Riechstörungen. Laryngol Rhinol Otol. 
1996;75:154–9. 

104. Lotsch J, Reither N, Bogdanov V, et al. A 
brain-lesion pattern based algorithm for the 
diagnosis of posttraumatic olfactory loss. 
Rhinology. 2015;53(4):365–70. 

105. Borsetto D, Hopkins C, Philips V, et al. 
Self-reported alteration of sense of smell 
or taste in patients with COVID-19: a sys-
tematic review and meta-analysis on 3563 
patients. Rhinol J [Internet]. 2020;(0):1–10. 
Available from: https://www.rhinologyjour-
nal.com/Abstract.php?id=2541

106. Andrews PJ, Pendolino AL, Ottaviano G, et 
al. Olfactory and taste dysfunction among 
mild-to-moderate symptomatic COVID-
19 positive health care workers: An inter-
national survey. Laryngoscope Investig 
Otolaryngol. 2020;5:1019–28. 

107. Mattos JL, Schlosser RJ, Mace JC, Smith TL, 
Soler ZM. Establishing the minimal clinically 
important difference for the Questionnaire 
of Olfactory Disorders. Int Forum Allergy 
Rhinol. 2018;8(9):1041–6. 

108. Zou L, Hummel T, Otte M, et al. Association 
between olfactory function and quality of 
life in patients with olfactory disorders: a 
multicenter study in over 760 participants. 

Rhinology. 2021;59:164–72. 
109. Parma V, Ohla K, Veldhuizen MG, et al. More 

Than Smell-COVID-19 Is Associated With 
Severe Impairment of Smell, Taste, and 
Chemesthesis. Chem Senses. 2020;45(7). 

110. Gerkin RC, Ohla K, Veldhuizen MG, et al. 
Recent smell loss is the best predictor of 
COVID-19 among individuals with recent 
respiratory symptoms. Chem Senses. 
2021;46(December 2020):1–12. 

111. Haehner A, Draf J, Dräger S, De With K, 
Hummel T. Predictive Value of Sudden 
Olfactory Loss in the Diagnosis of COVID-19. 
Orl. 2020;82(4):175–80. 

112. Menni C, Valdes AM, Freidin MB, et al. Real-
time tracking of self-reported symptoms 
to predict potential COVID-19. Nat Med 
[Internet]. 2020;26(7):1037–40. Available 
from: http://dx.doi.org/10.1038/s41591-
020-0916-2

113. Hannum ME, Ramirez VA, Lipson SJ, et 
al. Objective sensory testing methods 
reveal a higher prevalence of olfactory 
loss in COVID-19-positive patients com-
pared to subjective methods: A systematic 
review and meta-analysis. Chem Senses. 
2020;45(9):865–74. 

114. Huart C, Philpott C, Konstantinidis I, et al. 
Comparison of COVID-19 and common 
cold chemosensory dysfunction. Rhinology. 
2020;58(6):1–3. 

115. Hopkins C, Surda P, Nirmal Kumar B. 
Presentation of new onset anosmia dur-
ing the covid-19 pandemic. Rhinology. 
2020;58(3):295–8. 

116. Gane S, Kelly C, Hopkins C. Isolated sudden 
onseet anosmia in COVID-19 infection. A 
novel syndrome? Rhinology. 2020;58(0):1–4. 

117. Lechner M, Chandrasekharan D, Jumani K, 
et al. Anosmia as a presenting symptom of 
SARS-CoV-2 infection in healthcare workers 
– A systematic review of the literature, case 
series, and recommendations for clinical 
assessment and management. Rhinology. 
2020;In press. 

118. Klopfenstein T, Kadiane-Oussou NJ, Toko 
L, et al. Features of anosmia in COVID-19. 
Med Mal Infect [Internet]. 2020;50(5):436–9. 
Available from: https://doi.org/10.1016/j.
medmal.2020.04.006

119. What are the symptoms of Omicron? 
[Internet]. Zoe. 2022. Available from: https://
joinzoe.com/learn/omicron-symptoms

120. Boscolo-Rizzo P, Tirelli G, Meloni P, et al. 
Coronavirus disease 2019 (COVID-19)–relat-
ed smell and taste impairment with wide-
spread diffusion of severe acute respira-
tory syndrome–coronavirus-2 (SARS-CoV-2) 
Omicron variant. Int Forum Allergy Rhinol. 
2022;2022(February):1273–81. 

121. Whitaker M, El l iott J,  Bodinier B,  et 
a l .  Va r i a n t - s p e c i f i c  s y m p t o m s  o f 
CO V I D - 1 9  a m o n g  1 , 5 4 2 , 5 1 0  p e o -
ple in England.  medRxiv [ Internet] . 
2022;2022.05.21.22275368. Available from: 
http://medrxiv.org/content/early/2022/05/
23/2022.05.21.22275368.abstract

122. von Bartheld CS, Wang L. Prevalence of 



95

Supplement 31: Position paper on olfactory dysfunction: 2023

Olfactory Dysfunction with the Omicron 
Variant of SARS-CoV-2: A Systematic 
Review and Meta-Analysis. Cells [Internet]. 
2023;12(3):430. Available from: https://
www.mdpi.com/2073-4409/12/3/430

123. Shelton JF, Shastri AJ, Fletez-Brant K, et al. 
The UGT2A1/UGT2A2 locus is associated 
with COVID-19-related loss of smell or taste. 
Nat Genet. 2022;54(2):121–4. 

124. Giacomelli A, Pezzati L, Conti F, et al. 
Self-reported olfactory and taste dis-
orders in SARS-CoV-2 patients: a cross-
sectional study. Clin Infect Dis [Internet]. 
2020;53(9):1689–99. Available from: https://
academic.oup.com/cid/advance-article/
doi/10.1093/cid/ciaa330/5811989

125. Spinato G, Fabbris C, Polesel J, et al. 
Alterations in Smell or Taste in Mildly 
Symptomatic Outpatients With SARS-
CoV-2 Infection. JAMA [Internet]. 2020;1–2. 
Available from: https://jamanetwork.com/
journals/jama/fullarticle/2765183

126. Chiesa-Estomba CM, Lechien JR, Radulesco 
T, et al. Patterns of smell recovery in 751 
patients affected by the COVID-19 out-
break. Eur J Neurol. 2020;27(11):2318–21. 

127. Hopkins C, Surda P, Whitehead E, Kumar BN. 
Early recovery following new onset anosmia 
during the COVID-19 pandemic - An obser-
vational cohort study. J Otolaryngol - Head 
Neck Surg. 2020;49(1):1–6. 

128. Lucidi D, Molinari G, Silvestri M, et al. 
Patient-reported olfactory recovery after 
SARS-CoV-2 infection: A 6-month fol-
low-up study. Int Forum Allergy Rhinol. 
2021;11(8):1249–52. 

129. Boscolo-Rizzo P, Guida F, Polesel J, et al. 
Self-reported smell and taste recovery in 
coronavirus disease 2019 patients: a one-
year prospective study. Eur Arch Oto-Rhino-
Laryngology [Internet]. 2022;279(1):515–20. 
Available from: https://doi.org/10.1007/
s00405-021-06839-w

130. Riestra-Ayora J, Yanes-Diaz J, Esteban-
Sanchez J, et al. Long-term follow-up of 
olfactory and gustatory dysfunction in 
COVID-19: 6 months case–control study 
of health workers. Eur Arch Oto-Rhino-
Laryngology [Internet]. 2021;278(12):4831–
7. Available from: https://doi.org/10.1007/
s00405-021-06764-y

131. Prem B, Liu DT, Besser G, et al. Long-lasting 
olfactory dysfunction in COVID-19 patients. 
Eur Arch Oto-Rhino-Laryngology [Internet]. 
2021;(0123456789). Available from: https://
doi.org/10.1007/s00405-021-07153-1

132. Vaira LA, Salzano G, Le Bon SD, et al. 
Prevalence of Persistent Olfactory Disorders 
in Patients With COVID-19: A Psychophysical 
Case-Control Study With 1-Year Follow-
up. Otolaryngol - Head Neck Surg (United 
States). 2022;167(1):183–6. 

133. Tognetti A, Thunell E,  Olsson MJ, et 
al.  High prevalence of olfactory dis-
o rd e r s  1 8  m o n t h s  a f te r  c o n t r a c t -
ing  CO VID -19 .  medRx iv  [ I nter net ] . 
2022;2022.01.20.22269490. Available from: 
http://medrxiv.org/content/early/2022/01/

20/2022.01.20.22269490.abstract
134. McWilliams MP, Coelho DH, Reiter ER, 

Costanzo RM. Recovery from Covid-19 
smell loss: Two-years of follow up. Am J 
Otolaryngol [Internet]. 2022;43(5):103607. 
Available from: https://linkinghub.elsevier.
com/retrieve/pii/S0196070922002344

135. Boscolo-Rizzo P, Fabbris C, Polesel J, et al. 
Two-Year Prevalence and Recovery Rate 
of Altered Sense of Smell or Taste in 
Patients With Mildly Symptomatic COVID-
19. JAMA Otolaryngol Neck Surg [Internet]. 
2022;148(9):889. Available from: https://
jamanetwork.com/journals/jamaotolaryn-
gology/fullarticle/2794937

136. Tan BKJ, Han R, Zhao JJ, et al. Prognosis 
and persistence of smell and taste dysfunc-
tion in patients with covid-19: Meta-analysis 
with parametric cure modelling of recovery 
curves. BMJ. 2022;1–12. 

137. Hu S, Zhang S, You Y, et al. Olfactory dys-
function after COVID‐19: metanalysis 
reveals persistence in one-third of patients 
6 months after initial infection. J Infect 
[Internet]. 2023;6–9. Available from: https://
l ink inghub.elsevier.com/retr ieve/pi i/
S0163445323000683

138. Pendolino AL, Tan HQM, Choi D, Ottaviano 
G, Andrews PJ. Long-term quality-of-life 
impairment in patients with more than 
1-year COVID-19–related olfactory dysfunc-
tion. Int Forum Allergy Rhinol. 2022; 

139. Duyan M, Ozturan IU, Altas M. Delayed 
Parosmia Following SARS-CoV-2 Infection: 
a Rare Late Complication of COVID-19. SN 
Compr Clin Med. 2021;3(5):1200–2. 

140. Burges Watson DL, Campbell M, Hopkins C, 
Smith B, Kelly C, Deary V. Altered smell and 
taste: Anosmia, parosmia and the impact 
of long Covid-19. PLoS One [Internet]. 
2021;16(9 September):1–18. Available 
from: http://dx.doi.org/10.1371/journal.
pone.0256998

141. Najafloo R, Majidi J, Asghari A, et al. 
Mechanism of  Anosmia Caused by 
Symptoms of COVID-19 and Emerging 
Treatments. ACS Chem Neurosci [Internet]. 
2021; Available from: http://www.ncbi.nlm.
nih.gov/pubmed/34609841

142. Bilinska K, Jakubowska P, Von Bartheld CS, 
Butowt R. Expression of the SARS-CoV-2 
Entry Proteins, ACE2 and TMPRSS2, in Cells 
of the Olfactory Epithelium: Identification of 
Cell Types and Trends with Age. ACS Chem 
Neurosci. 2020;11(11):1555–62. 

143. Brann DH, Tsukahara T, Weinreb C, et al. 
Non-neuronal expression of SARS-CoV-2 
entry genes in the olfactory system sug-
gests mechanisms underlying COVID-19-
associated anosmia. Sci Adv. 2020;6(31):1–
20. 

144. Khan M, Yoo SJ, Clijsters M, et al. Visualizing 
in deceased COVID-19 patients how SARS-
CoV-2 attacks the respiratory and olfac-
tory mucosae but spares the olfactory bulb. 
Cell [Internet]. 2021;184(24):5932-5949.e15. 
Available from: https://doi.org/10.1016/j.
cell.2021.10.027

145. Liang F. Sustentacular cell enwrapment of 
olfactory receptor neuronal dendrites: An 
update. Genes (Basel). 2020;11(5):14–7. 

146. Morrison EE, Costanzo RM. Morphology of 
the human olfactory epithelium. J Comp 
Neurol. 1990;297(1):1–13. 

147. Xydakis MS, Albers MW, Holbrook EH, et 
al. Post-viral effects of COVID-19 in the 
olfactory system and their implications. 
Lancet Neurol [Internet]. 2021;20(9):753–61. 
Available from: http://dx.doi.org/10.1016/
S1474-4422(21)00182-4

148. Zazhytska M, Kodra A, Hoagland DA, et al. 
Non-cell autonomous disruption of nuclear 
architecture as a potential cause of COVID-
19 induced anosmia. Cell [Internet]. 2022; 
Available from: https://doi.org/10.1016/j.
cell.2022.01.024

149. Kirschenbaum D, Imbach LL, Ulrich S, et 
al. Inflammatory olfactory neuropathy 
in two patients with COVID-19. Lancet. 
2020;396(10245):166. 

150. Vaira LA, Hopkins C, Sandison A, et al. 
Olfactory epithelium histopathological 
findings in long-term coronavirus disease 
2019 related anosmia. J Laryngol Otol. 
2020;134(12):1123–7. 

151. de Melo GD, Lazarini F, Levallois S, et al. 
COVID-19-related anosmia is associat-
ed with viral persistence and inflamma-
tion in human olfactory epithelium and 
brain infection in hamsters. Sci Transl Med. 
2021;13(596). 

152. Eliezer M, Hamel AL, Houdart E, et al. Loss of 
smell in patients with COVID-19: MRI data 
reveal a transient edema of the olfactory 
clefts. Neurology. 2020;95(23):e3145–52. 

153. Lechien JR, Michel J, Radulesco T, et al. 
Clinical and Radiological Evaluations 
of COVID-19 Patients With Anosmia: 
Pre l iminar y  R epor t .  La r yngoscope. 
2020;130(11):2526–31. 

154. Ottaviano G, Carecchio M, Scarpa B, 
Marchese-Ragona R. Olfactory and rhino-
logical evaluations in SARS-CoV-2 patients 
complaining of olfactory loss. Rhinology. 
2020;58(4):400–1. 

155. Zhao K, Scherer PW, Hajiloo SA, Dalton 
P. Effect of anatomy on human nasal air 
flow and odorant transport patterns: 
Implications for olfaction. Chem Senses. 
2004;29(5):365–79. 

156. Thakur KT, Miller EH, Glendinning MD, et 
al. COVID-19 neuropathology at Columbia 
U n i ve r s i t y  I r v i n g  M e d i c a l  Ce n te r /
New York Presbyterian Hospital. Brain. 
2021;144(9):2696–708. 

157. Marin C, Tubita V, Langdon C, et al. ACE2 
downregulation in olfactory mucosa: 
Eosinophilic rhinosinusitis as COVID-19 
protective factor? Allergy Eur J Allergy Clin 
Immunol. 2021;76(9):2904–7. 

158. Marin C, Hummel T, Liu Z, Mullol J. Chronic 
Rhinosinusitis and COVID-19. J Allergy Clin 
Immunol Pract [Internet]. 2022;10(6):1423–
32. Available from: https://doi.org/10.1016/j.
jaip.2022.03.003

159. Laurendon T, Radulesco T, Mugnier J, et 



96

Whitcroft et al.

al.  Bi lateral  transient olfactor y bulb 
edema during COVID-19-related anosmia. 
Neurology. 2020;95(5):224–5. 

160. Politi LS, Salsano E, Grimaldi M. Magnetic 
Resonance Imaging Alteration of the Brain 
in a Patient With Coronavirus Disease 2019 
(COVID-19) and Anosmia. JAMA Neurol 
[ Internet] .  2020;77(8) :1028. Available 
from: https://onlinelibrary.wiley.com/
doi/10.1002/jmv.25824

161. Kandemirli SG, Altundag A, Yildirim D, 
Tekcan Sanli DE, Saatci O. Olfactory Bulb 
MRI and Paranasal Sinus CT Findings in 
Persistent COVID-19 Anosmia. Acad Radiol 
[Internet]. 2021;28(1):28–35. Available from: 
https://doi.org/10.1016/j.acra.2020.10.006

162. Chiu A, Fischbein N, Wintermark M, 
Zaharchuk G, Yun PT, Zeineh M. COVID-
19-induced anosmia associated with 
olfactory bulb atrophy. Neuroradiology. 
2021;63(1):147–8. 

163. Liang YC, Tsai YS, Syue LS, Lee NY, Li CW. 
Olfactory Bulb Atrophy in a Case of COVID-
19 with Hyposmia. Acad Radiol [Internet]. 
2020;27(11):1649–50. Available from: 
https://doi.org/10.1016/j.acra.2020.08.016

164. Tsivgoulis G, Fragkou PC, Lachanis S, et al. 
Olfactory bulb and mucosa abnormalities 
in persistent COVID-19-induced anosmia: 
a magnetic resonance imaging study. Eur J 
Neurol. 2021;28(1):e6–8. 

165. Meinhardt J, Radke J, Dittmayer C, et al. 
Olfactory transmucosal SARS-CoV-2 inva-
sion as a port of central nervous system 
entry in individuals with COVID-19. Nat 
Neurosci [Internet]. 2021;24(2):168–75. 
Available from: http://dx.doi.org/10.1038/
s41593-020-00758-5

166. Krasemann S, Dittmayer C, von Stillfried S, et 
al. Assessing and improving the validity of 
COVID-19 autopsy studies - A multicentre 
approach to establish essential standards 
for immunohistochemical and ultrastruc-
tural analyses. eBioMedicine. 2022;83:1–16. 

167. Menter T, Haslbauer JD, Nienhold R, et 
al. Postmortem examination of COVID-
19 patients reveals diffuse alveolar dam-
age with severe capillary congestion and 
variegated findings in lungs and other 
organs suggesting vascular dysfunction. 
Histopathology. 2020;77(2):198–209. 

168. Deigendesch N, Sironi L, Kutza M, et al. 
Correlates of critical illness-related enceph-
alopathy predominate postmortem COVID-
19 neuropathology. Acta Neuropathol 
[Internet]. 2020;140(4):583–6. Available 
from: https://doi.org/10.1007/s00401-020-
02213-y

169. Nampoothiri S, Sauve F, Ternier G, et al. The 
hypothalamus as a hub for putative SARS-
CoV-2 brain infection. bioRxiv [Internet]. 
2020;2020.06.08.139329. Available from: 
http://biorxiv.org/content/early/2020/06/09
/2020.06.08.139329.abstract

170. Butowt R, Meunier N, Bryche B, von 
Bartheld CS. The olfactory nerve is not a 
likely route to brain infection in COVID-19: 
a critical review of data from humans and 

animal models. Acta Neuropathol [Internet]. 
2021;141(6):809–22. Available from: https://
doi.org/10.1007/s00401-021-02314-2

171. Khan M, Clijsters M, Choi S, et al. Anatomical 
barriers against SARS-CoV-2 neuroinva-
sion at vulnerable interfaces visualized 
in deceased COVID-19 patients. Neuron 
[ I nternet ] .  2022 ;3919–35 .  Ava i lab le 
f rom:  https ://doi .org/10.1016/ j .neu-
ron.2022.11.007

172. Frere JJ, Serafini RA, Pryce KD, et al. A 
Molecular Basis of Long COVID-19. SSRN 
Electron J. 2021; 

173. Vicco A, Caccuri F, Messali S, et al. Genomic 
surveillance of SARS-CoV-2 in patients pre-
senting neurological manifestations. PLoS 
One. 2022;17(6):e0270024. 

174. Finlay JB, Brann DH, Abi Hachem R, et al. 
Persistent post-COVID-19 smell loss is 
associated with immune cell infiltra-
tion and altered gene expression in 
olfactory epithelium. Sci Transl Med. 
2022;14(676):eadd0484. 

175. Temmel AFP,  Quint  C ,  Schick inger-
Fischer B, Klimek L, Stoller E, Hummel T. 
Characteristics of olfactory disorders 
in relation to major causes of olfactory 
loss. Arch Otolaryngol Head Neck Surg. 
2002;128(6):635–41. 

176. Deems D, Doty R, Settle R. Smell and taste 
disorders, a study of 750 patients from the 
University of Pennsylvania Smell and Taste 
Center. Arch Otolaryngol Head Neck Surg. 
1991;117(5):519–21. 

177. Loo AT, Youngentob SL, Kent PF, Schwob 
JE.  The aging olfactor y epithel ium: 
Neurogenesis,  response to damage, 
and odorant-induced activity. Int J Dev 
Neurosci. 1996;14(7–8):881–900. 

178. Konstantinidis I, Haehner A, Frasnelli J, et 
al. Post-infectious olfactory dysfunction 
exhibits a seasonal pattern. Rhinology. 
2006;44(2):135–9. 

179. Mäkelä MJ, Puhakka T, Ruuskanen O, 
et al. Viruses and bacteria in the etiol-
ogy of the common cold. J Clin Microbiol. 
1998;36(2):539–42. 

180. Whitcroft KL,  Cuevas M, Haehner A, 
Hummel T. Patterns of olfactory impair-
ment reflect underlying disease etiology. 
Laryngoscope. 2017;127(2):291–5. 

181. Reden J, Mueller A, Mueller C, et al. 
Recovery of olfactory function following 
closed head injury or infections of the 
upper respiratory tract. Arch Otolaryngol - 
Head Neck Surg. 2006;132(3):265–9. 

182. Hendr icks A.  Olfactor y dysfunction. 
Rhinology. 1988;26(4):229–51. 

183. Mori J, Aiba T, Sugiura M, et al. Clinical Study 
of Olfactory Disturbance. Acta Otolaryngol 
[Internet]. 1998;583:197–201. Available 
from: http://joi.jlc.jst.go.jp/JST.JSTAGE/
jibirin/104.703?from=CrossRef

184. Duncan H, Seiden A. Long-term follow-
up of olfactory loss secondary to head 
trauma and upper respiratory tract infec-
tion. Arch Otolaryngol Head Neck Surg. 
1995;121:1183–7. 

185. Philpott C, DeVere R. Post-infectious and 
post-traumatic olfactory disorders. In: 
Welge-Lüssen A, Hummel T,  editors. 
Management of Smell and Taste Disorders: 
A Practical Guide for Clinicians. Thieme 
Medical Publishers; 2013. p. 91–105. 

186. Suzuk i  M,  Sa i to K ,  M in W-P,  et  a l . 
Identi f ication of viruses in patients 
with postviral olfactory dysfunction. 
Laryngoscope. 2007;117(2):272–7. 

187. Baker H, Genter M. The Olfactory System 
and the Nasal Mucosa as Portals of Entry 
of Viruses, Drugs, and Other Exogenous 
Agents into the Brain. In: Doty RL, editor. 
Handbook of Olfaction and Gustation. 2nd 
ed. New York: Marcel Dekker; 2003. p. 549–
74. 

188. Youngentob SL,  Schwob JE,  Saha S, 
Manglapus G, Jubelt B. Functional conse-
quences following infection of the olfactory 
system by intranasal infusion of the olfac-
tory bulb line variant (OBLV) of mouse hep-
atitis strain JHM. Chem Senses [Internet]. 
2001;26(8):953–63. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/11595672

189. Yamagishi M, Fujiwara M, Nakamura H. 
Olfactory mucosal findings and clinical 
course in patients with olfactory disorders 
following upper respiratory viral infection. 
Rhinology. 1994;32(3):113–8. 

190. Mueller A, Rodewald A, Reden J, Gerber 
J, von Kummer R, Hummel T. Reduced 
olfactory bulb volume in post-traumatic 
and post-infectious olfactory dysfunction. 
Neuroreport [Internet]. 2005;16(5):475–8. 
Available from: http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?cmd=Retrieve&db=P
ubMed&dopt=Citation&list_uids=15770154

191. Buschhüter D, Smitka M, Puschmann S, et 
al. Correlation between olfactory bulb vol-
ume and olfactory function. Neuroimage 
[Internet]. 2008;42(2):498–502. Available 
from: http://l ink inghub.elsevier.com/
retrieve/pii/S1053811908006198

192. Orlandi RR, Kingdom TT, Smith TL, et al. 
International consensus statement on aller-
gy and rhinology: rhinosinusitis 2021. Int 
Forum Allergy Rhinol. 2021;11(3):213–739. 

193. Rosenfeld RM, Piccirillo JF, Chandrasekhar 
SS,  et al.  Cl inical Practice Guideline 
(Update): Adult Sinusitis. Otolaryngol 
Head Neck Surg [Internet]. 2015;152(2 
suppl):S1–39. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/25832968

194. Stevens WW, Peters AT, Tan BK, et al. 
Associat ions Between Inf lammator y 
Endotypes and Clinical Presentations 
in Chronic Rhinosinusitis. J Allergy Clin 
Immunol Pract. 2019;7(8):2812-2820.e3. 

195. Morse JC, Shilts MH, Ely KA, et al. Patterns 
of olfactory dysfunction in chronic rhi-
nosinusitis identified by hierarchical clus-
ter analysis and machine learning algo-
rithms. Int Forum Allergy Rhinol [Internet]. 
2019;9(3):255–64. Available from: https://
onl inel ibrar y.wi ley.com/doi/10.1002/
alr.22249

196. Lin Y-T,  Yeh T-H. Studies on Clinical 



97

Supplement 31: Position paper on olfactory dysfunction: 2023

Features, Mechanisms, and Management 
of Olfactory Dysfunction Secondary to 
Chronic Rhinosinusitis.  Front Allergy. 
2022;3(March):1–7. 

197. Rombaux P,  Huar t  C,  Levie P,  Cingi 
C ,  Hummel T.  Ol fact ion in Chronic 
Rhinosinusitis. Curr Allergy Asthma Rep 
[Internet]. 2016;16(5):41. Available from: 
http://link.springer.com/10.1007/s11882-
016-0617-6

198. Mullol J, Mariño-Sánchez F, Valls M, Alobid 
I, Marin C. The sense of smell in chronic 
rhinosinusitis. J Allergy Clin Immunol. 
2020;145(3):773–6. 

199. Thorstensen WM, Øie MR, Dahlslett SB, Sue-
Chu M, Steinsvåg SK, Helvik AS. Olfaction 
in COPD. Rhinol J [Internet]. 2021;0–0. 
Available from: https://www.rhinologyjour-
nal.com/Abstract.php?id=2935

200. Yan X, Whitcroft KL, Hummel T. Olfaction: 
Sensitive indicator of inflammatory bur-
den in chronic rhinosinusitis. Laryngoscope 
Investig Otolaryngol. 2020;5(6):992–1002. 

201. Stuck BA, Hummel T. Olfaction in allergic 
rhinitis: A systematic review. J Allergy Clin 
Immunol [Internet]. 2015;136(6):1460–70. 
Available from: http://dx.doi.org/10.1016/j.
jaci.2015.08.003

202. Mariño-Sanchez F, Valls-Mateus M, Haag O, 
Alobid I, Bousquet J, Mullol J. Smell loss is 
associated with severe and uncontrolled 
disease in children and adolescents with 
persistent allergic rhinitis. J Allergy Clin 
Immunol Pract. 2018;6(5):1752-1755.e3. 

203. Langdon C, Guilemany JM, Valls M, et al. 
Allergic rhinitis causes loss of smell in 
children: The OLFAPEDRIAL study. Pediatr 
Allergy Immunol. 2016;27(8):867–70. 

204. Enriquez K, Lehrer E, Mullol J. The optimal 
evaluation and management of patients 
with a gradual onset of olfactory loss. 
Curr Opin Otolaryngol Head Neck Surg. 
2014;22(1):34–41. 

205. Seiden A. Olfactory loss secondary to nasal 
and sinus pathology. In: Taste and smell dis-
orders. In: Seiden A, editor. Taste and smell 
disorders. Thieme Medical Publishers; 1997. 
p. 52–71. 

206. Jafek B, Moran D, Eller P, Rowley J, Jafek 
T.  Steroid-dependent anosmia.  Arch 
Otolaryngol Head Neck Surg. 1987;113:547–
9. 

207. Hsieh JW, Daskalou D, Detroux V, et 
a l .  Ol fac tor y  Fluctuat ion Revis i ted. 
Laryngoscope. 2020;130(10):2442–7. 

208. Hernandez AK, Juratli L, Haehner A, Hsieh 
JW, Landis BN, Hummel T. Assessment of 
olfactory fluctuations in a clinical context. 
Eur Arch Oto-Rhino-Laryngology [Internet]. 
2022;(0123456789). Available from: https://
doi.org/10.1007/s00405-022-07462-z

209. Hastan D, Fokkens WJ, Bachert C, et 
al. Chronic rhinosinusitis in Europe - An 
underestimated disease.  A GA 2LEN 
study. Allergy Eur J Allergy Clin Immunol. 
2011;66(9):1216–23. 

210. Damm M, Temmel A, Welge-Lussen A, 
et al.  Riechstorungen: Epidemiologie 

und Therapie in Deutschland, Österreich 
und der  S chweiz .  HNO [ I nter net ] . 
2004;52(2):112–20. Available from: http://
link.springer.com/10.1007/s00106-003-
0877-z

211. Philpott C. Smell and taste disorders in the 
UK: first experience with a specialised small 
and taste outpatient clinic. Ann R Coll Surg 
Engl [Internet]. 2014;96:156–9. Available 
from: http://openurl.ingenta.com/content/
xref?genre=article&issn=0035-8843&volum
e=97&issue=3&spage=246

212. Costanzo RM, DiNardo LJ, Reiter ER. Head 
injury and olfaction. In: Doty RL, editor. 
Handbook of Olfaction and Gustation. 2nd 
ed. New York: Marcel Dekker; 2003. p. 629–
38. 

213. Ja fek  B W.  Post- t raumat ic  Anosmia . 
Arch Neurol [Internet]. 1989;46(3):300. 
Available from: http://archneur.jamanet-
work.com/article.aspx?doi=10.1001/arch-
neur.1989.00520390066018

214. Holbrook EH, Leopold D a, Schwob JE. 
Abnormalities of axon growth in human 
olfactory mucosa. Laryngoscope [Internet]. 
2005;115(12):2144–54. Available from: 
h t t p : / / w w w. n c b i . n l m . n i h . g o v / p u b -
med/16369158

215. Schofield PW, Moore TM, Gardner A. 
Traumatic brain injury and olfaction: A sys-
tematic review. Front Neurol. 2014;5:1–22. 

216. Hutson K, Kumaresan K, Johnstone L, 
Philpott C. The use of MRI in a tertiary smell 
and taste clinic: Lessons learned based on 
a retrospective analysis. Clin Otolaryngol. 
2022;(April):1–8. 

217. Costanzo RM, Zasler ND. Epidemiology and 
Pathophysiology of Olfactory and Gustatory 
Dysfunction in Head Trauma. Journal of 
Head Trauma Rehabilitation. 1992. p. 15–24. 

218. Fjaeldstad AW, Ovesen T, Dalby RB. Cortical 
Atrophy, White Matter Lesions, and Bulb 
Configuration in Patients with Idiopathic 
Olfactory Loss and Other Causes of 
Olfactory Loss. ORL. 2022;84:179–87. 

219. Yan X, Joshi A, Zang Y, Assunção F, 
Fernandes HM, Hummel T. The Shape of the 
Olfactory Bulb Predicts Olfactory Function. 
Brain Sci. 2022;12(2):1–12. 

220. De Guise E, Gosselin N, Leblanc J, et al. 
Clock drawing and mini-mental state exam-
ination in patients with traumatic brain 
injury. Appl Neuropsychol. 2011;18(3):179–
90. 

221. Wehling E, Nordin S, Espeseth T, Reinvang 
I, Lundervold AJ. Unawareness of olfac-
tory dysfunction and its association with 
cognitive functioning in middle aged 
and old adults. Arch Clin Neuropsychol. 
2011;26(3):260–9. 

222. Langdon C, Alobid I, Quintó L, et al. Self-
perception of olfactory dysfunction is asso-
ciated with history of traumatic brain injury: 
Post-hoc analysis from the OLFACAT survey. 
Rhinology. 2019;57(6):460–8. 

223. Yee KK, Costanzo RM. Changes in odor qual-
ity discrimination following recovery from 
olfactory nerve transection. Chem Senses. 

1998;23(5):513–9. 
224. Christensen MD, Holbrook EH, Costanzo RM, 

Schwob JE. Rhinotopy is disrupted during 
the re-innervation of the olfactory bulb that 
follows transection of the olfactory nerve. 
Chem Senses. 2001;26(4):359–69. 

225. Fan LY,  Kuo CL ,  L i rng JF,  Shu CH. 
Investigation of prognostic factors for post-
traumatic olfactory dysfunction. J Chinese 
Med Assoc [Internet]. 2015;78(5):299–303. 
Available from: http://dx.doi.org/10.1016/j.
jcma.2014.11.009

226. Sumner D. Post-traumatic anosmia. Brain. 
1964;(87):107–20. 

227. Doty R, Yousem D, Pham L, Kreshak A, 
Geckle R, Lee W. Olfactory dysfunction in 
patients with head trauma. Arch Neurol. 
1997;54:1131–40. 

228. Mueller CA, Hummel T. Recovery of olfac-
tory function after nine years of post-trau-
matic anosmia: a case report. J Med Case 
Rep. 2009;3:9283. 

229. Marin C, Laxe S, Langdon C, et al. Olfactory 
function in an excitotoxic model for sec-
ondary neuronal degeneration: Role of 
dopaminergic interneurons. Neuroscience. 
2017;364:28–44. 

230. Marin C, Langdon C, Alobid I, Mullol J. 
Olfactory Dysfunction in Traumatic Brain 
Injury : the Role of Neurogenesis. Curr 
Allergy Asthma Rep. 2020;20(10). 

231. Langdon C, Laxe S, Lehrer E, et al. Loss 
of smell in patients with traumatic brain 
injury is associated with neuropsychiatric 
behavioral alterations. Brain Inj [Internet]. 
2021;35(11):1418–24. Available from: 
https://doi.org/10.1080/02699052.2021.1
972447

232. Desai M, Agadi JB, Karthik N, Praveenkumar 
S, Netto AB. Olfactory abnormalities in 
temporal lobe epilepsy. J Clin Neurosci 
[Internet]. 2015;22(10):1614–8. Available 
f r o m :  h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j .
jocn.2015.03.035

233. Hummel T,  Henkel S ,  Negoias S ,  et 
al. Olfactory bulb volume in patients 
with temporal lobe epilepsy. J Neurol. 
2013;260(4):1004–8. 

234. Leon-Sarmiento F, Leon-Ariza D, Doty R. 
Dysfunctional chemosensation in myas-
thenia gravis: a systematic review. J Clin 
Neuromuscul Dis. 2013;15:1–6. 

235. Wehling E, Naess H, Wollschlaeger D, et 
al .  Olfactor y dysfunction in chronic 
stroke patients. BMC Neurol [Internet]. 
2015;15:199. Available from: http://www.
pubmedcentral.nih.gov/articlerender.fcgi?
artid=4604071&tool=pmcentrez&renderty
pe=abstract

236. Attems J, Walker L, Jellinger KA. Olfactory 
bu lb  invo lvement  in  neurodegen -
erat ive diseases.  Acta Neuropathol. 
2014;127(4):459–75. 

237. Bahuleyan B, Singh S. Olfactory memory 
impairment in neurodegenerative diseases. 
J Clin Diagnostic Res. 2012;6(8):1437–41. 

238. Doty RL. Olfaction in Parkinson’s disease 
and related disorders.  Neurobiol Dis 



98

Whitcroft et al.

[Internet]. 2012;46(3):527–52. Available 
f r o m :  h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j .
nbd.2011.10.026

239. Alves G, Forsaa EB, Pedersen KF, Dreetz 
Gjerstad M, Larsen JP. Epidemiology 
o f  Pa r k i n s o n’s  d i s e a s e .  J  N e u r o l . 
2008;255(SUPPL. 5):18–32. 

240. Ponsen MM, Stoffers D, Booij J, Van Eck-Smit 
BLF, Wolters EC, Berendse HW. Idiopathic 
hyposmia as a preclinical sign of Parkinson’s 
disease. Ann Neurol. 2004;56(2):173–81. 

241. Haehner A, Boesveldt S, Berendse HW, et al. 
Prevalence of smell loss in Parkinson’s dis-
ease - A multicenter study. Park Relat Disord 
[Internet]. 2009;15(7):490–4. Available 
from: http://dx.doi.org/10.1016/j.parkreld-
is.2008.12.005

242. Marrero-González P, Iranzo A, Bedoya D, 
et al. Prodromal Parkinson disease in 
patients with idiopathic hyposmia. J Neurol 
[Internet]. 2020;267(12):3673–82. Available 
from: https://doi.org/10.1007/s00415-020-
10048-6

243. Vilas D, Tolosa E, Quintana M, et al. Olfaction 
in LRRK2 Linked Parkinson’s Disease: Is It 
Different from Idiopathic Park inson’s 
Disease? J Parkinsons Dis. 2020;10(3):951–8. 

244. W e s t e r m a n n  B ,  W a t t e n d o r f  E , 
Schwerdtfeger U, et al. Functional imaging 
of the cerebral olfactory system in patients 
with Parkinson’s disease. J Neurol Neurosurg 
Psychiatry [Internet]. 2008;79(1):19–24. 
Available from: http://jnnp.bmj.com/cgi/
doi/10.1136/jnnp.2006.113860%5Cnhttp://
www.ncbi.nlm.nih.gov/pubmed/17519323

245. Duda JE. Olfactory system pathology as a 
model of Lewy neurodegenerative disease. 
J Neurol Sci [Internet]. 2010;289(1–2):49–54. 
Available from: http://dx.doi.org/10.1016/j.
jns.2009.08.042

246. Witt M, Bormann K, Gudziol V, et al. 
Biopsies of olfactory epithelium in patients 
with Parkinson’s disease. Mov Disord. 
2009;24(6):906–14. 

247. Duda JE, Shah U, Arnold SE, Lee VM, 
Trojanowski JQ. The expression of alpha-, 
beta-, and gamma-synucleins in olfactory 
mucosa from patients with and without 
neurodegenerative diseases. Exp Neurol 
[Internet]. 1999;160(2):515–22. Available 
from: http://www.sciencedirect.com/sci-
ence/article/pii/S001448869997228X

248. Huisman E, Uylings HBM, Hoogland P V. 
A 100% increase of dopaminergic cells 
in the olfactory bulb may explain hypos-
mia in parkinson’s disease. Mov Disord. 
2004;19(6):687–92. 

249. Huisman E, Uylings HBM, Hoogland P V. 
Gender-related changes in increase of 
dopaminergic neurons in the olfactory bulb 
of Parkinson’s disease patients. Mov Disord. 
2008;23(10):1407–13. 

250. Doty RL, Stern MB, Pfeiffer C, Gollomp SM, 
Hurtig HI. Bilateral olfactory dysfunction in 
early stage treated and untreated idiopath-
ic Parkinson’s disease. J Neurol Neurosurg 
Psychiatry [Internet]. 1992;55(2):138–42. 
Available from: http://www.ncbi.nlm.nih.

gov/entrez/query.fcgi?cmd=Retrieve&db=P
ubMed&dopt=Citation&list_uids=1538221

251. Boehm U, Bouloux P-M, Dattani MT, et al. 
Expert consensus document: European 
Consensus Statement on congenital hypo-
gonadotropic hypogonadism-pathogen-
esis, diagnosis and treatment. Nat Rev 
Endocrinol [Internet]. 2015;11(9):547–64. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/26194704

252. Yousem DM, Geckle RJ, Bilker WB, McKeown 
DA, Doty RL. MR evaluation of patients with 
congenital hyposmia or anosmia. AJR Am 
J Roentgenol [Internet]. 1996;166(2):439–
43. Available from: http://www.ncbi.nlm.
nih.gov/entrez/query.fcgi?cmd=Retrie
ve&db=PubMed&dopt=Citat ion&l ist_
uids=8553963%5Cnhttp://www.ncbi.nlm.
nih.gov/pubmed/8553963

253. Ottaviano G, Cantone E, D’Errico A, et al. 
Sniffin’ Sticks and olfactory system imaging 
in patients with Kallmann syndrome. Int 
Forum Allergy Rhinol. 2015;5(9):855–61. 

254. Ros C, Alobid I, Centellas S, Balasch J, 
Mullol J, Castelo-Branco C. Loss of smell 
but not taste in adult women with 
Turner ’s syndrome and other congeni-
tal hypogonadisms. Maturitas [Internet]. 
2012;73(3):244–50. Available from: http://
dx.doi.org/10.1016/j.maturitas.2012.07.012

255. Iannaccone A, Mykytyn K, Persico AM, et al. 
Clinical evidence of decreased olfaction in 
Bardet-Biedl syndrome caused by a dele-
tion in the BBS4 gene. Am J Med Genet. 
2005;132 A(4):343–6. 

256. Abolmaali ND, Hietschold V, Vogl TJ, 
Huttenbrink K-B, Hummel T. MR Evaluation 
in Patients with Isolated Anosmia Since 
Birth or Early Childhood. Am J Neuroradiol 
[Internet]. 2002;23:157–64. Available from: 
http://www.ajnr.org/content/23/1/157.full

257. Huart C, Meusel T, Gerber J, Duprez T, 
Rombaux P, Hummel T. The depth of the 
olfactory sulcus is an indicator of con-
genital  anosmia.  Am J Neuroradiol . 
2011;32(10):1911–4. 

258. Karstensen HG, Mang Y, Fark T, Hummel T, 
Tommerup N. The first mutation in CNGA2 
in two brothers with anosmia. Clin Genet. 
2014;2(607123):293–6. 

259. Konstantinidis I, Hummel T, Larsson M. 
Identification of unpleasant odors is inde-
pendent of age. Arch Clin Neuropsychol. 
2006;21(7):615–21. 

260. Attems J, Walker L, Jellinger KA. Olfaction 
and Aging: A Mini-Review. Gerontology. 
2015;61(6):485–90. 

261. Child KM, Herrick DB, Schwob JE, Holbrook 
EH, Jang W. The neuroregenerative capac-
ity of olfactory stem cells is not limit-
less: Implications for aging. J Neurosci. 
2018;38(31):6806–24. 

262. Oliva AD, Gupta R, Issa K, et al. Aging-
related olfactory loss is associated with 
olfactory stem cell transcriptional altera-
tions in humans. J Clin Invest [Internet]. 
2022;2021.08.09.455538. Available from: 
http://biorxiv.org/content/early/2021/08/10

/2021.08.09.455538.abstract
263. Korol DL, Brunjes PC. Unilateral naris closure 

and vascular development in the rat olfac-
tory bulb. Neuroscience. 1992;46(3):631–41. 

264. v o n  G u d d e n  B . 
Experimentaluntersuchungen ueber das 
periphere und zentrale Nervensystem. Arch 
f Psychiatr u Nervenkrankheiten. 1870;693–
723. 

265. Rawson NE, Gomez G, Cowart BJ, Kriete A, 
Pribitkin E, Restrepo D. Age-associated loss 
of selectivity in human olfactory sensory 
neurons. Neurobiol Aging. 2012;33(9):1913–
9. 

266. Ottaviano G, Savietto E, Scarpa B, et al. 
Influence of number of drugs on olfaction 
in the elderly. Rhinology. 2018;56(4):351–7. 

267. Pfaar O, Hüttenbrink KB, Hummel T. 
Assessment of olfactory function after sep-
toplasty: A longitudinal study. Rhinology. 
2004;42(4):195–9. 

268. Gouveri E, Katotomichelakis M, Gouveris 
H, Danielides V, Maltezos E, Papanas N. 
Olfactory dysfunction in type 2 diabetes 
mellitus: an additional manifestation of 
microvascular disease? Angiology [Internet]. 
2014;65(10):869–76. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/24554429

269. Alobid I, Enseñat J, Mariño-Sánchez F, et al. 
Impairment of Olfaction and Mucociliary 
Clearance After Expanded Endonasal 
Approach Using Vascularised Septal Flap 
Reconstruction for Skull Base Tumors. 
Neurosurgery [Internet]. 2012;72(4):540–6. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/23246823

270. Risberg-Berlin B, Moller RY, Finizia C. 
Effectiveness of olfactory rehabilitation with 
the nasal airflow-inducing maneuver after 
total laryngectomy: one-year follow-up 
study. Arch Otolaryngol Head Neck Surg. 
2007;133(7):650–4. 

271. Gudziol H, Beleites E. Riechvermögen 
nach Laryngektomie. Wissenschaftliche 
Zeitschrift der Humboldt−Universität zu 
Berlin. 1991;40:43–4. 

272. Atanasova B, Graux J, El Hage W, Hommet C, 
Camus V, Belzung C. Olfaction: A potential 
cognitive marker of psychiatric disorders. 
Neurosci Biobehav Rev. 2008;32(7):1315–25. 

273. Kayser J, Tenke CE, Kroppmann CJ, et al. 
Olfaction in the psychosis prodrome: 
Electrophysiological and behavioral meas-
ures of odor detection. Int J Psychophysiol. 
2013;90(2):190–206. 

274. Snyder RD, Drummond PD. Olfaction in 
migraine. Cephalalgia. 1997;17(7):729–32. 

275. Holscher T, Seibt A, Appold S, et al. Effects 
of radiotherapy on olfactory function. 
Radiother Oncol. 2005;77(2):157–63. 

276. Rupp CI, Kurz M, Kemmler G, et al. Reduced 
ol factor y sensit iv i ty,  discr iminat ion, 
and identification in patients with alco-
hol dependence. Alcohol Clin Exp Res. 
2003;27(3):432–9. 

277. Maurage P, Callot C, Chang B, Philippot P, 
Rombaux P, de Timary P. Olfactory impair-
ment is correlated with confabulation in 



99

Supplement 31: Position paper on olfactory dysfunction: 2023

alcoholism: Towards a multimodal testing of 
orbitofrontal cortex. PLoS One. 2011;6(8):2–
8. 

278. Maurage P, Callot C, Philippot P, Rombaux P, 
de Timary P. Chemosensory event-related 
potentials in alcoholism: A specific impair-
ment for olfactory function. Biol Psychol 
[Internet]. 2011;88(1):28–36. Available 
from: http://dx.doi.org/10.1016/j.biopsy-
cho.2011.06.004

279. Frye RE, Schwartz BS, Doty RL. Dose-
related effects of cigarette smoking 
on olfactory function. JAMA [Internet]. 
1990;263(9):1233–6. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/2304239

280. K atotomichelak is  M,  Balatsouras  D, 
Tripsianis G, et al. The effect of smoking on 
the olfactory function. Rhinology [Internet]. 
2007;45(4):273–80. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/18085020

281. Vent J, Robinson AM, Gentry-Nielsen MJ, 
et al. Pathology of the olfactory epithe-
lium: smoking and ethanol exposure. 
Laryngoscope [Internet]. 2004;114(8):1383–
8. Available from: http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?cmd=Retrieve&db=P
ubMed&dopt=Citation&list_uids=15280712

282. Yee KK, Pribitkin E a, Cowart BJ, et al. 
Smoking-associated squamous metapla-
sia in olfactory mucosa of patients with 
chronic rhinosinusitis. Toxicol Pathol. 
2009;37:594–8. 

283. Venst rom D,  Amoore JE .  Ol fac tor y 
Threshold,  in  Relat ion to Age,  Sex 
or  Smok ing.  J  Food Sc i  [ I nternet] . 
1968;33(3):264–5. Available from: http://
dx.doi .org/10.1111/j .1365-2621.1968.
tb01364.x

284. Ramakrishnan VR, Arbet J, Mace JC, et al. 
Predicting olfactory loss in chronic rhi-
nosinusitis using machine learning. Chem 
Senses. 2021;46(September):1–9. 

285. Mullol J, Alobid I, Mariño-Sánchez F, et al. 
Furthering the understanding of olfaction, 
prevalence of loss of smell and risk factors: a 
population-based survey (OLFACAT study). 
BMJ Open [Internet]. 2012;2:e001256. 
Available from: http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=3533119&t
ool=pmcentrez&rendertype=abstract

286. Rushforth SL, Allison C, Wonnacott S, Shoaib 
M. Subtype-selective nicotinic agonists 
enhance olfactory working memory in nor-
mal rats: A novel use of the odour span task. 
Neurosci Lett. 2010;471(2):114–8. 

287. Fonteyn S, Huart C, Deggouj N, Collet S, 
Eloy P, Rombaux P. Non-sinonasal-related 
olfactory dysfunction: A cohort of 496 
patients. Eur Ann Otorhinolaryngol Head 
Neck Dis [Internet]. 2014;131(2):87–91. 
Available from: http://dx.doi.org/10.1016/j.
anorl.2013.03.006

288. F jaeldstad A,  Stankovic  J ,  Onat  M, 
Stankevice D, Ovesen T. Patients and expe-
riences from the first danish flavour clinic. 
Dan Med J. 2020;67(4):1–5. 

289. Sendon A. Olfato, psicología y psicoanálisis. 
In: Soler G, editor. Olfato y Gusto Enfoque 

multidisciplinario. Buenos Aires: Acadia 
Editorial; 2013. p. 223–30. 

290. Halabe-Cherem J, Salado-Burbano JC, 
Nellen-Hummel H. Pleasant parosmia with 
regard to own stool after SARS-CoV-2 infec-
tion. Gac M‐xico. 2022;157(6):636–8. 

291. Nordin S ,  Murphy C,  Davidson TM, 
Quiñonez C, Jalowayski AA, Ellison DW. 
Prevalence and assessment of qualita-
tive olfactory dysfunction in different age 
groups. Laryngoscope. 1996;106(6):739–44. 

292. Reden J, Maroldt H, Fritz A, Zahnert T, 
Hummel T. A study on the prognostic sig-
nificance of qualitative olfactory dysfunc-
tion. Eur Arch Oto-Rhino-Laryngology. 
2007;264(2):139–44. 

293. Nordin S, Brämerson A, Millqvist E, Bende 
M. Prevalence of parosmia: The Skövde 
population-based studies. Rhinology. 
2007;45(1):50–3. 

294. Lin SH, Chu ST, Yuan BC, Shu CH. Survey 
of the frequency of olfactory dysfunction 
in Taiwan. J Chinese Med Assoc [Internet]. 
2009;72(2):68–71. Available from: http://
dx.doi.org/10.1016/S1726-4901(09)70025-5

295. Fjaeldstad AW, Smith B. The Effects of 
Olfactory Loss and Parosmia on Food 
and Cooking Habits, Sensory Awareness, 
and Quality of Life—A Possible Avenue 
for Regaining Enjoyment of Food. Foods. 
2022;11(1686). 

296. Deems DA, Doty RL, Settle RG, et al. Smell 
and Taste Disorders, A Study of 750 Patients 
From the University of Pennsylvania Smell 
and Taste Center. Arch Otolaryngol Neck 
Surg. 1991;117(5):519–28. 

297. Frasnelli J, Hummel T. Olfactory dysfunc-
tion and daily life. Eur Arch Oto-Rhino-
Laryngology. 2005;262(3):231–5. 

298. Imai T, Sakano H, Vosshall LB. Topographic 
Mapping--The Olfactory System. Cold 
Spring Harb Perspect Biol [ Internet]. 
2010;2(8):a001776–a001776. Available from: 
http://cshperspectives.cshlp.org/lookup/
doi/10.1101/cshperspect.a001776

299. Schwob JE. Neural regeneration and the 
peripheral olfactory system. Anat Rec. 
2002;269(1):33–49. 

300. Schwob JE, Youngentob SL, Ring G, Iwema 
CL, Mezza RC. Reinnervation of the rat olfac-
tory bulb after methyl bromide-induced 
lesion: Timing and extent of reinnervation. J 
Comp Neurol. 1999;412(3):439–57. 

301. Costanzo RM. Rewiring the olfactory bulb: 
Changes in odor maps following recov-
ery from nerve transection. Chem Senses. 
2000;25(2):199–205. 

302. St. John JA, Key B. Axon mis-targeting in 
the olfactory bulb during regeneration of 
olfactory neuroepithelium. Chem Senses. 
2003;28(9):773–9. 

303. Carr VMM, Ring G, Youngentob SL, Schwob 
JE, Farbman AI. Altered Epithelial Density 
and Expansion of Bulbar Projections 
of a Discrete HSP70 Immunoreactive 
Subpopulation of Rat Olfactory Receptor 
Neurons in Reconstituting Olfactory 
Epithelium following Exposure to Methyl 

Bromide. J Comp Neurol. 2004;469(4):475–
93. 

304. C h e u n g  M C ,  J a n g  W,  S c hwo b  J E , 
Wachowiak M. Functional recovery of odor 
representations in regenerated sensory 
inputs to the olfactory bulb. Front Neural 
Circuits [Internet]. 2013;7(January):207. 
Available from: http://www.pubmedcentral.
nih.gov/articlerender.fcgi?artid=3882662&t
ool=pmcentrez&rendertype=abstract

305. Rombaux P, Mouraux A, Bertrand B, Nicolas 
G, Duprez T, Hummel T. Olfactory function 
and olfactory bulb volume in patients with 
postinfectious olfactory loss. Laryngoscope 
[Internet]. 2006;116(3):436–9. Available 
from: http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?cmd=Retrieve&db=PubMed&do
pt=Citation&list_uids=16540905

306. Bitter T, Siegert F, Gudziol H, et al. Gray mat-
ter alterations in parosmia. Neuroscience 
[Internet]. 2011;177:177–82. Available 
from: http://dx.doi.org/10.1016/j.neurosci-
ence.2011.01.016

307. Heining M, Phillips M. Role of the insula in 
smell and disgust. Olfaction and the Brain. 
2006;50–64. 

308. Ruser P, Koeppel CJ, Kitzler HH, Hummel 
T, Croy I. Individual odor hedonic per-
ception is coded in temporal joint net-
work activity. Neuroimage [Internet]. 
2021;229( Januar y) :117782.  Avai lable 
from: https://doi.org/10.1016/j.neuroim-
age.2021.117782

309. Sorokowska A, Negoias S, Härtwig S, et 
al. Differences in the central-nervous pro-
cessing of olfactory stimuli according to 
their hedonic and arousal characteristics. 
Neuroscience. 2016;324:62–8. 

310. Uddin LQ. Salience processing and insular 
cortical function and dysfunction. Nat Rev 
Neurosci. 2015;16(1):55–61. 

311. Menon V, Uddin LQ. Saliency, switching, 
attention and control: a network model of 
insula function. Brain Struct Funct [Internet]. 
2010;214(5–6):655–67. Available from: 
http://link.springer.com/10.1007/s00429-
010-0262-0

312. Iannil l i  E,  Leopold DA, Hornung DE, 
Hummel T. Advances in Understanding 
P a r o s m i a :  A n  f M R I  S t u d y .  O r l . 
2019;81(4):185–92. 

313. McCormick DA, Bal T. Sensory gating 
mechanisms of the thalamus. Curr Opin 
Neurobiol. 1994;4(4):550–6. 

314. H a w k e s  C H ,  D o t y  R L .  N o n -
neurodegenerative Disorders of Olfaction. 
Smell and Taste Disorders. 2018. 182–247 p. 

315. Parker JK, Kelly CE, Gane SB. Molecular 
Mechanism of Parosmia. medRxiv [Internet]. 
2021;2021.02.05.21251085. Available from: 
http://medrxiv.org/content/early/2021/02/
08/2021.02.05.21251085.abstract

316. Parker JK, Kelly C, Smith BC, Kirkwood AF, 
Hopkins C, Gane S. Patients’ Perspectives on 
Qualitative Olfactory Dysfunction: Thematic 
Analysis of Social Media Posts. JMIR Form 
Res. 2021;5(12):1–7. 

317. Keller A, Malaspina D. Hidden conse-



100

Whitcroft et al.

quences of olfactory dysfunction: a patient 
report series. BMC Ear Nose Throat Disord. 
2013;13(1):8. 

318. Landis BN, Frasnelli J, Croy I, Hummel T. 
Evaluating the clinical usefulness of struc-
tured questions in parosmia assessment. 
Laryngoscope. 2010;120(8):1707–13. 

319. Hummel T, Hummel C, Welge-luessen A. 
Assessment of Olfaction and Gustation. 
In: Welge-Luessen A, Hummel T, edi-
tors. Management of Smell and Taste 
Disorders [Internet]. Stuttgart: Georg 
Thieme Verlag; 2014. p. 58–75. Available 
from: http://www.thieme-connect.de/DOI/
DOI?10.1055/b-0034-91133

320. Liu DT, Welge-Lüssen A, Besser G, Mueller 
CA, Renner B. Assessment of odor hedonic 
perception: the Sniffin’ sticks parosmia test 
(SSParoT). Sci Rep [Internet]. 2020;10(1):1–
14. Available from: https://doi.org/10.1038/
s41598-020-74967-0

321. Liu DT, Sabha M, Damm M, et al. Parosmia 
is Associated with Relevant Olfactory 
R ecover y  Af ter  O l fac tor y  Tra in ing. 
Laryngoscope. 2021;131(3):618–23. 

322. Quint C, Temmel AF, Schickinger B, Pabinger 
S, Ramberger P, Hummel T. Patterns of non-
conductive olfactory disorders in eastern 
Austria: a study of 120 patients from the 
Department of Otorhinolaryngology at the 
University of Vienna. Wien Klin Wochenschr. 
2001;113(1–2):52–7. 

323. Hummel T, Lotsch J. Prognostic factors of 
olfactory dysfunction. Arch Otolaryngol 
Head Neck Surg. 2010;136(4):347–51. 

324. Frasnelli J, Landis BN, Heilmann S, et al. 
Clinical presentation of qualitative olfac-
tory dysfunction. Eur Arch Oto-Rhino-
Laryngology. 2004;261(7):411–5. 

325. Sjölund S, Larsson M, Olofsson JK, Seubert J, 
Laukka EJ. Phantom smells: Prevalence and 
correlates in a population-based sample of 
older adults. Chem Senses. 2017;42(4):309–
18. 

326. Landis BN, Konnerth CG, Hummel T. A 
study on the frequency of olfactory dys-
func t ion .  La r yngoscope [ I nter net ] . 
2004;114(10):1764–9. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/15454769

327. Bainbridge KE, Byrd-Clark D, Leopold D. 
Factors associated with phantom odor per-
ception among us adults findings from the 
national health and nutrition examination 
survey. JAMA Otolaryngol - Head Neck Surg. 
2018;144(9):807–14. 

328. Nordin S ,  Murphy C,  Davidson TM, 
Quinonez C, Jalowayski AA, Ellison DW. 
Prevalence and assessment of qualita-
tive olfactory dysfunction in different age 
groups. Laryngoscope. 1996;106(6):739–44. 

329. Ohayon MM. Prevalence of hallucina-
tions and their pathological associations 
in the general population. Psychiatry Res. 
2000;97(2–3):153–64. 

330. Holbrook EH, Puram S V., See RB, Tripp 
AG, Nair DG. Induction of smell through 
transethmoid electrical stimulation of the 
olfactory bulb. Int Forum Allergy Rhinol. 
2019;9(2):158–64. 

331. Kumar G, Juhász C, Sood S, Asano E. 
Olfactory hallucinations elicited by elec-
trical stimulation via subdural electrodes: 
Effects of direct stimulation of olfactory 
bulb and tract. Epilepsy Behav [Internet]. 
2012;24(2):264–8. Available from: http://
dx.doi.org/10.1016/j.yebeh.2012.03.027

332. Bérard N, Landis BN, Legrand L, et al. 
Electrical stimulation of the medial orbito-
frontal cortex in humans elicits pleasant 
olfactory perceptions. Epilepsy Behav. 
2021;114. 

333. Kaufman MD, Lassiter KRL, Vittal Shenoy B. 
Paroxysmal unilateral dysosmia: A cured 
patient. Ann Neurol. 1988;24(3):450–1. 

334. Markert J, Hartshorn D, Farhat S. Paroxysmal 
bilateral dysosmia treated by resec-
tion of the olfactory bulbs. Surg Neurol 
[Internet]. 1993;40:160–3. Available from: 
https://linkinghub.elsevier.com/retrieve/
pii/0090301994900930

335. Leopold DA, Loehrl TA, Schwob JE. Long-
term follow-up of surgically treated phan-
tosmia. Arch Otolaryngol - Head Neck Surg. 
2002;128(6):642–7. 

336. Morrissey DK, Pratap U, Brown C, Wormald 
P-J. The role of surgery in the management 
of phantosmia. Laryngoscope [Internet]. 
2016;126(3):575–8. Available from: http://
doi.wiley.com/10.1002/lary.25647

337. Landis BN, Reden J, Haehner A. Idiopathic 
phantosmia: Outcome and clinical signifi-
cance. Orl. 2010;72(5):252–5. 

338. Whitcrof t  KL ,  Hummel  T.  Ol factor y 
Dysfunction in COVID-19. JAMA [Internet]. 
2 0 2 0 ; 0 1 9 4 5 9 9 8 2 0 9 2 5 4 0 .  A v a i l a b l e 
f rom:  ht tp : / / jour na ls . sagepub.com/
doi/10.1177/0194599820925403

339. Pereira LJ, van der Bilt A. The influence of 
oral processing, food perception and social 
aspects on food consumption: A review. J 
Oral Rehabil. 2016; 

340. Hummel T, Welge-Lüssen A. Taste and 
Smell. Arnold W, editor. Advances in Oto-
Rhino-Laryngology. Basel; 2006. 

341. Schwab J, Fjaeldstad AW. Recovery rates 
and parosmia in olfactory loss during the 
COVID-19 era. Dan Med J. 2022;69(9):1–10. 

342. Hummel T, Rothbauer C, Pauli E, Kobal G. 
Effects of the nasal decongestant oxymeta-
zoline on human olfactory and intranasal 
trigeminal function in acute rhinitis. Eur J 
Clin Pharmacol. 1998;54(7):521–8. 

343. Welge-Lüssen A, Wille C, Renner B, Kobal 
G. Anesthesia affects olfaction and che-
mosensory event-related potentials. Clin 
Neurophysiol. 2004;115(6):1384–91. 

344. Soler ZM, Hyer JM, Karnezis TT, Schlosser RJ. 
The Olfactory Cleft Endoscopy Scale cor-
relates with olfactory metrics in patients 
with chronic rhinosinusitis. Int Forum 
Allergy Rhinol [Internet]. 2016 [cited 2016 
Aug 3];6(3):293–8. Available from: http://doi.
wiley.com/10.1002/alr.21655

345. Lund VJ, Kennedy DW. Quantification for 
staging sinusitis. The Staging and Therapy 
Group. Ann Otol Rhinol Laryngol Suppl. 
1995;167:17–21. 

346. Soler G. Evaluación clínica del sentido del 

olfato: conceptos clínicos básicos y expli-
cación del CCCRC o Test de Connecticut. 
In: Soler G, editor. Olfato y Gusto Enfoque 
multidisciplinario. Buenos Aires: Acadia 
Editorial; 2013. p. 65–76. 

347. Hopkins C, Gillett S, Slack R, Lund VJ, 
Browne JP. Psychometric validity of the 
22-item Sinonasal Outcome Test. Clin 
Otolaryngol. 2009;34(5):447–54. 

348. Soler ZM, Smith TL, Alt JA, Ramakrishnan 
VR, Mace JC, Schlosser RJ. Olfactory-specific 
quality of life outcomes after endoscop-
ic sinus surgery. Int Forum Allergy Rhinol 
[Internet]. 2016 [cited 2016 Aug 3];6(4):407–
13.  Avai lable f rom: http://doi .wi ley.
com/10.1002/alr.21679

349. Han P, Su T, Qin M, Chen H, Hummel T. 
A systematic review of olfactory related 
questionnaires and scales. Rhinology. 
2021;59(2):133–43. 

350. Philpott CM, Rimal D, Tassone P, Prinsley PR, 
Premachandra DJ. A study of olfactory test-
ing in patients with rhinological pathology 
in the ENT clinic. Rhinology. 2008;46(1):34–
9. 

351. Delank KW, Stoll W. Olfactory function after 
functional endoscopic sinus surgery for 
chronic sinusitis. Rhinology. 1998;36:15–9. 

352. D o t y  R L ,  M c K e o w n  DA ,  Le e  W W, 
Shaman P. A Study of the Test-retest 
Reliability of Ten Olfactory Tests. Chem 
Senses [ Internet] .  2005;20(6):645–56. 
Ava i l ab le  f rom:  papers2 : / /publ ica-
tion/uuid/522581FE-7534-4F2D-BCE1-
22AF2F6DF401%5Cnhttp://www.ncbi .
nlm.nih.gov/entrez/query.fcgi?cmd=Re
trieve&db=PubMed&dopt=Citation&list_
uids=8788098

353. P h i l p o t t  C M ,  W o l s t e n h o l m e  C R , 
Goodenough PC, Clark A, Murty GE. 
Comparison of subjective perception 
with objective measurement of olfac-
tion. Otolaryngol - Head Neck Surg. 
2006;134(3):488–90. 

354. Wehling E, Lundervold AJ, Espeset T, 
Reinvang I, Brämerson A, Nordin S. Even 
cognitively well-functioning adults are 
unaware of their olfactory dysfunction: 
Implications for ENT clinicians and research-
ers. Rhinology. 2015;53(1):89–94. 

355. Landis BN, Hummel T, Hugentobler M, Giger 
R, Lacroix JS. Ratings of overall olfactory 
function. Chem Senses. 2003;28(8):691–4. 

356. Cook CE. Clinimetrics Corner: The Minimal 
Clinically Important Change Score (MCID): 
A Necessary Pretense. J Man Manip Ther. 
2008;16(4):E82–3. 

357. Hedner M, Larsson M, Arnold N, Zucco 
GM, Hummel T. Cognitive factors in odor 
detection, odor discrimination, and odor 
identification tasks. J Clin Exp Neuropsychol 
[Internet]. 2010;32(10):1062–7. Available 
from: http://www.tandfonline.com/action/
journalInformation?journalCode=ncen
20%5Cnhttp://www.ncbi.nlm.nih.gov/
pubmed/20437286%5Cnhttp://dx.doi.
org/10.1080/13803391003683070

358. Ca in  WS.  To k now with  the nose : 
keys to odor identif ication. Science. 



101

Supplement 31: Position paper on olfactory dysfunction: 2023

1979;203(4379):467–70. 
359. Sorokowska A, Albrecht E, Hummel T. 

Reading first or smelling first? Effects of 
presentation order on odor identifica-
tion. Attention, Perception, Psychophys 
[Internet]. 2014;(April 2016):731–6. Available 
from: http://link.springer.com/10.3758/
s13414-014-0811-3

360. Frank RA, Gesteland RC, Bailie J, et al. 
Characterization of the Sniff Magnitude 
Test. Arch Otolaryngol Neck Surg [Internet]. 
2006 [cited 2016 Aug 3] ;132(5) :532. 
Available from: http://archotol.jamanet-
work.com/article.aspx?doi=10.1001/archo-
tol.132.5.532

361. Gudziol H, Wächter R. Gibt es olfaktorisch 
evozierte Atemänderungen? Laryngo-
Rhino-Otologie [Internet]. 2004 [cited 
2016 Aug 3];83(6):367–73. Available from: 
http://www.thieme - connect .de/DOI/
DOI?10.1055/s-2004-814369

362. Davidson TM, Murphy C, JB S, et al. 
Rapid Clinical Evaluation of Anosmia: 
The Alcohol Sniff Test. Arch Otolaryngol 
- Head Neck Surg [Internet]. 1997 [cited 
2016 Aug 3];123(6):591–4. Available from: 
http://archotol.jamanetwork.com/article.
aspx?articleid=624172

363. Doty RL, Smith R, McKeown DA, Raj J. Tests 
of human olfactory function: principal com-
ponents analysis suggests that most meas-
ure a common source of variance. Percept 
Psychophys [Internet]. 1994;56(6):701–7. 
Available from: http://eutils.ncbi.nlm.nih.
gov/entrez/eutils/elink.fcgi?dbfrom=pub
med&id=7816540&retmode=ref&cmd=p
rlinks%5Cnpapers2://publication/uuid/
D723015E-1D20-4634-A177-104B6E9F0A10

364. Jones-Gotman M, Zatorre RJ. Olfactory 
identification deficits in patients with 
focal cerebral excision. Neuropsychologia. 
1988;26(3):387–400. 

365. Hornung DE, Kurtz DB, Bradshaw CB, et al. 
The olfactory loss that accompanies an HIV 
infection. Physiol Behav. 1998;64(4):549–56. 

366. Lötsch J,  Hummel T, Ultsch A, et al. 
Machine-learned pattern identification in 
olfactory subtest results. Sci Rep [Internet]. 
2016;6:35688. Available from: http://www.
nature.com/articles/srep35688

367. Lötsch J, Reichmann H, Hummel T. Different 
odor tests contribute differently to the 
evaluation of olfactory loss. Chem Senses. 
2008;33(1):17–21. 

368. Eibenstein A, Fioretti AB, Lena C, Rosati N, 
Amabile G, Fusetti M. Modern psychophysi-
cal tests to assess olfactory function. Neurol 
Sci. 2005;26(3):147–55. 

369. Scadding G, Hellings P, Alobid I, et al. 
Diagnostic tools in Rhinology EAACI posi-
tion paper. Clin Transl Allergy [Internet]. 
2011;1(1):2. Available from: http://www.cta-
journal.com/content/1/1/2

370. Picillo M, Iavarone A, Pellecchia MT, et 
al. Validation of an Italian version of the 
40-item University of Pennsylvania Smell 
Identification Test that is physician admin-
istered: Our experience on one hundred 
and thirty-eight healthy subjects. Clin 

Otolaryngol. 2014;39(1):53–7. 
371. Taherkhani S, Moztarzadeh F, Mehdizadeh 

Seraj J, et al. Iran Smell Identification 
Test (I ran-SIT ): a Modified Version of 
the University of Pennsylvania Smell 
Identification Test (UPSIT ) for I ranian 
Population. Chemosens Percept [Internet]. 
2015;8(4):183–91. Available from: http://
dx.doi.org/10.1007/s12078-015-9192-9

372. Thamboo A,  Santos RCD, Naidoo L, 
Rahmanian R, Chilvers M a. ,  Chadha 
NK. Use of the SNOT-22 and UPSIT to 
Appropriately Select Pediatric Patients With 
Cystic Fibrosis Who Should Be Referred to 
an Otolaryngologist. JAMA Otolaryngol 
Neck Surg [Internet]. 2014;140(10):934. 
Available from: http://archotol.jamanet-
work.com/article.aspx?doi=10.1001/jamao-
to.2014.1650

373. Doty RL, Shaman P, Dann M. Development 
of the university of pennsylvania smell iden-
tification test: A standardized microencap-
sulated test of olfactory function. Physiol 
Behav. 1984;32(3):489–502. 

374. Saedi B, Sadeghi M, Yazdani N, Afshari A. 
Effectiveness of FESS in Smell Improvement 
of Sinusitis Patients. Indian J Otolaryngol 
Head Neck Surg. 2013;65(SUPPL2):283–7. 

375. Shemshadi H, Azimian M, Onsori MA, 
Azizabadi Farahani M. Olfactory function 
following open rhinoplasty: A 6-month fol-
low-up study. BMC Ear Nose Throat Disord. 
2008;8:6. 

376. Razmpa E, Saedi B, Safavi A, Mohammadi 
S. Olfactory function after nasal plastic sur-
gery. B-ENT. 2013;9:269–75. 

377. Hummel T, Sekinger B, Wolf SR, Pauli E, 
Kobal G, Hummel T. “Sniffin” Sticks’: Olfactory 
Performance Assessed by the Combined 
Testing of Odor Identif ication, Odor 
Discrimination and Olfactory Threshold. 
Chem Senses. 1997;22(1):39–52. 

378. Hummel T, Kobal G, Gudziol H, Mackay-Sim 
A. Normative data for the “Sniffin’’ Sticks” 
including tests of odor identification, odor 
discrimination, and olfactory thresholds: 
An upgrade based on a group of more 
than 3,000 subjects.” Eur Arch Oto-Rhino-
Laryngology. 2007;264(3):237–43. 

379. Neumann C, Tsioulos K, Merkonidis C, Salam 
M, Clark A, Philpott C. Validation study of 
the “Sniffin’’ Sticks” olfactory test in a British 
population: A preliminary communication.” 
Clin Otolaryngol. 2012;37(1):23–7. 

380. Konstantinidis I, Printza A, Genetzaki S, 
Mamali K, Kekes G, Constantinidis J. Cultural 
adaptation of an olfactory identification 
test: The Greek version of Sniffin’ Sticks. 
Rhinology. 2008;46(4):292–6. 

381. van Spronsen E, Ebbens F, Fokkens W. 
Olfactory function in healthy children: nor-
mative data for odor identification. Am J 
Rhinol Allergy. 2013;27(3):197–201. 

382. Langstaff L, Clark A, Salam M, Philpott CM. 
Cultural Adaptation and Validity of the 
Sniffin’ Sticks Psychophysical Test for the 
UK Setting. Chemosens Percept [Internet]. 
2021;14(2):102–8. Available from: https://
doi.org/10.1007/s12078-021-09287-2

383. Gudziol V, Lötsch J, Hähner A, Zahnert T, 
Hummel T. Clinical significance of results 
from olfactory testing. Laryngoscope. 
2006;116(10):1858–63. 

384. Dan ie l ides  V,  K a totomiche lak i s  M , 
Balatsouras D, et al. Evaluation of prognostic 
factors for olfaction in nasal polyposis treat-
ed by Endoscopic Sinus Surgery. Rhinology 
[Internet]. 2009;47(2):172–80. Available 
from: http://www.scopus.com/inward/
record.url?eid=2-s2.0-68149084758&partn
erID=40&md5=7303a5832d93c853cc5ebb
c1a8aea3e1

385. Federspil P, Wilhelm-Schwenk R CJ. Kinetics 
of olfactory function following endonasal 
sinus surgery for nasal polyposis. Rhinology. 
2008;46:184–7. 

386. Cain WS, Gent JF, Goodspeed RB, Leonard 
G. Evaluation of olfactory dysfunction in 
the Connecticut Chemosensory Clinical 
Research Center. [Internet]. Vol. 98, The 
Laryngoscope. 1988. p. 83–8. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/3336267

387. Muirhead N, Benjamin E, Saleh H. Is 
the University of Pennsylvania Smell 
Identification Test (UPSIT ) valid for the 
UK population? Otorhinolaryngologist. 
2013;6(2):99–103. 

388. Oleszkiewicz A, Pellegrino R, Pusch K, 
Margot C, Hummel T. Chemical complex-
ity of odors increases reliability of olfac-
tory threshold testing. Sci Rep [Internet]. 
2017;7:1–5. Available from: http://dx.doi.
org/10.1038/srep39977

389. Hsieh JW, Keller A, Wong M, Jiang RS, 
Vosshall LB. SMELL-S and SMELL-R: Olfactory 
tests not influenced by odor-specific insen-
sitivity or prior olfactory experience. Proc 
Natl Acad Sci U S A. 2017;114(43):11275–84. 

390. Hugh SC, Siu J, Hummel T, et al. Olfactory 
testing in children using objective tools: 
comparison of Sniffin’ Sticks and University 
of Pennsylvania Smell Identification Test 
(UPSIT ). J Otolaryngol Head Neck Surg 
[Internet]. 2015 [cited 2016 Aug 3];44(1):10. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/25890082

391. Cameron EL, Doty RL. Odor identifica-
tion testing in children and young adults 
using the smell wheel.  Int J Pediatr 
Otorhinolaryngol. 2013;77(3):346–50. 

392. Schriever VA, Mori E, Petters W, et al. The 
“Sniff in’’ K ids” Test - A 14-I tem Odor 
Identification Test for Children.” Louis M, 
editor. PLoS One [Internet]. 2014 [cited 2016 
Aug 3];9(6):e101086. Available from: http://
dx.plos.org/10.1371/journal.pone.0101086

393. Schriever VA, Agosin E, Altundag A, et 
al.  Development of an International 
Odor Identification Test for Children: The 
Universal Sniff Test. J Pediatr [Internet]. 
2018;198:265-272.e3.  Available from: 
https://doi.org/10.1016/j.jpeds.2018.03.011

394. Mariño-Sánchez F, Valls-Mateus M, Fragola 
C, et al. Pediatric barcelona olfactory test ‐ 
6 (PBOT-6): Validation of a combined odor 
identification and threshold screening test 
in healthy Spanish children and adoles-



102

Whitcroft et al.

cents. J Investig Allergol Clin Immunol. 
2020;30(6):439–47. 

395. Oleszkiewicz A, Schriever VA, Croy I, Hähner 
A, Hummel T. Updated Sniffin’ Sticks nor-
mative data based on an extended sam-
ple of 9139 subjects. Eur Arch Oto-Rhino-
Laryngology. 2019;276(3):719–28. 

396. Kobal G, Klimek L, Wolfensberger M, et al. 
Multicenter investigation of 1,036 subjects 
using a standardized method for the assess-
ment of olfactory function combining tests 
of odor identification, odor discrimination, 
and olfactory thresholds. Eur Arch Oto-
Rhino-Laryngology. 2000;257(4):205–11. 

397. Klimek L, Hummel T, Moll B, Kobal G, Mann 
WJ. Lateralized and bilateral olfactory 
function in patients with chronic sinusitis 
compared with healthy control subjects. 
Laryngoscope. 1998;108(1 Pt 1):111–4. 

398. Gudziol V, Hummel C, Negoias S, Ishimaru T, 
Hummel T. Lateralized differences in olfac-
tory function. Laryngoscope [Internet]. 
2007;117(5):808–11. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/17473673

399. Welge-Lüssen A, Gudzio V, Wolfensberger 
M, Humme T. Olfactory testing in clini-
cal settings - is there additional ben-
efit from unilateral testing? Rhinology. 
2010;48(2):156–9. 

400. Huart C, Rombaux P, Gérard T, et al. 
Unirhinal  Ol factor y Test ing for  the 
Diagnostic Workup of Mild Cognitive 
I m p a i r m e n t .  J  A l z h e i m e r ’s  D i s . 
2015;47(1):253–70. 

401. Hummel T, Haehner A, Hummel C, Croy I, 
Iannilli E. Lateralized differences in olfac-
tory bulb volume relate to lateralized differ-
ences in olfactory function. Neuroscience 
[Internet]. 2013;237:51–5. Available from: 
http://dx.doi .org/10.1016/j .neurosci -
ence.2013.01.044

402. Gudziol V, Paech I, Hummel T. Unilateral 
reduced sense of smell is an early indica-
tor for global olfactory loss. J Neurol. 
2010;257(6):959–63. 

403. Kattar N, Do TM, Unis GD, Migneron MR, 
Thomas AJ, McCoul ED. Olfactory Training 
for  Postvira l  Ol factor y Dysfunct ion: 
Systematic Review and Meta-analysis. 
Otolaryngol - Head Neck Surg (United 
States). 2020;1–11. 

404. Rotenberg BW, Saunders S, Duggal N. 
Olfactory outcomes after endoscopic trans-
sphenoidal pituitary surgery. Laryngoscope. 
2011;121(8):1611–3. 

405. Gudziol H, Forster G. [Medicolegal screen-
ing of olfactory function]. Laryngo-rhino-
otologie. 2002;81:586–90. 

406. Doty RL,  Marcus A,  Wil l iam Lee W. 
Development of the 12-I tem Cross-
Cultural Smell Identification Test(CC-SIT ). 
Laryngoscope [Internet].  1996 [cited 
2016 Aug 3];106(3):353–6. Available from: 
http://doi.wiley.com/10.1097/00005537-
199603000-00021

407. Hummel T, Konnerth CG, Rosenheim K, 
Kobal G. Screening of olfactory function 
with a four-minute odor identification test: 
Reliability, normative data, and investiga-

tions in patients with olfactory loss. Ann 
Otol Rhinol Laryngol. 2001;110(10):976–81. 

408. Rojas-Lechuga MJ, Ceballos JC, Valls-Mateus 
M, et al. The 8-Odorant Barcelona Olfactory 
Test (BOT-8): Validation of a New Test in the 
Spanish Population During the COVID-19 
Pandemic. J Investig Allergol Clin Immunol. 
2022;32(4):291–8. 

409. Rawal S, Hoffman HJ, Chapo AK, Duffy VB. 
Sensitivity and Specificity of Self-Reported 
Olfactory Function in a Home-Based Study 
of Independent-Living, Healthy Older 
Women. Chemosens Percept [Internet]. 
2014 [cited 2016 Aug 3];7(3–4):108–16. 
Avai lable  f rom:  http :// l ink .spr inger.
com/10.1007/s12078-014-9170-7

410. Jackman AH, Doty RL. Utility of a three-
item smell identification test in detect-
ing olfactory dysfunction. Laryngoscope. 
2005;115(12):2209–12. 

411. Hummel T, Pfetzing U, Lötsch J. A short 
olfactory test based on the identification of 
three odors. J Neurol. 2010;257(8):1316–21. 

412. Sorokowska A, Oleszkiewicz A, Minovi A, 
Konnerth CG, Hummel T. Fast screening of 
olfactory function using the q-sticks test. 
Orl. 2019;81(5–6):245–51. 

413. Mueller C, Renner B. A new procedure 
for the short screening of olfactory func-
tion using five items from the “Sniffin’’ 
Sticks” identification test kit.” Am J Rhinol. 
2006;20(1):113–6. 

414. Gupta S, Kallogjeri D, Farrell NF, et al. 
Development and Validation of a Novel 
At-home Smel l  Assessment .  JAMA 
Otolaryngol - Head Neck Surg. 2022; 

415. Parma V, Hannum ME, O’Leary M, et al. 
SCENTinel 1.0: Development of a Rapid 
Test to Screen for Smell Loss. Chem Senses. 
2021;46(March):1–11. 

416. Sheen F,  Tan V,  Lim AJY,  et al .  The 
COVOSMIA-19 trial: Preliminary application 
of the Singapore smell and taste test to 
objectively measure smell and taste func-
tion with COVID-19. Food Qual Prefer. 
2022;97(August 2021). 

417. Ni R, Michalski MH, Brown E, et al. Optimal 
directional volatile transport in retrona-
sal olfaction. Proc Natl Acad Sci [Internet]. 
2015 [cited 2016 Aug 3];112(47):14700–4. 
Available from: http://www.pnas.org/
lookup/doi/10.1073/pnas.1511495112

418. Heilmann S, Strehle G, Rosenheim K, Damm 
M, Hummel T. Clinical assessment of retro-
nasal olfactory function. Arch Otolaryngol 
Head Neck Surg. 2002;128(4):414–8. 

419. Renner B, Mueller CA, Dreier J, Faulhaber S, 
Rascher W, Kobal G. The Candy smell test: 
A new test for retronasal olfactory perfor-
mance. Laryngoscope. 2009;119(3):487–95. 

420. Furukawa M, Kamide M, Miwa T, Umeda R. 
Significance of Intravenous Olfaction Test 
Using Thiamine Propyldisulfide (Alinamin) 
in Olfactometry.  Auris Nasus Larynx 
[Internet]. 1988;15(1):25–31. Available 
from: http://dx.doi.org/10.1016/S0385-
8146(88)80006-3

421. Nakashima T, Kidera K, Miyazaki J, Kuratomi 
Y, Inokuchi A. Smell intensity monitoring 

using metal oxide semiconductor odor 
sensors during intravenous olfaction test. 
Chem Senses. 2006;31(1):43–7. 

422. Kremer B, Klimek L, Mösges R. Clinical vali-
dation of a new olfactory test. Eur Arch 
Oto-Rhino-Laryngology. 1998;255(7):355–8. 

423. Pal P, Shepherd D, Hamid N, Hautus MJ. 
The use of freeze-dried retronasal stimuli to 
assess olfactory function. Clin Otolaryngol. 
2019;44(5):770–7. 

424. Yoshino A, Goektas G, Mahmut MK, et al. A 
New Method for Assessment of Retronasal 
O l fac tor y  Func t ion .  La r yngoscope. 
2021;131(2):E324–30. 

425. Pellegrino R, Atchley A, Ali S, Shingleton 
J, Luckett CR. Retronasal Habituation: 
Characterization and Impact on Flavor 
Pe r c e p t i o n  U s i n g  T i m e - I n t e n s i t y . 
Chemosens Percept. 2020;13(1):1–10. 

426. Hummel T, Landis B, Huttenbrink K-B. 
Smell  and Taste Disorders.  Curr Top 
O torh inolar yngol  Head Neck  Surg. 
2011;10:1–15. 

427. Cecchini MP, Knaapila A, Hoffmann E, Boschi 
F, Hummel T, Iannilli E. A cross-cultural 
survey of umami familiarity in European 
countries. Food Qual Prefer [Internet]. 
2 0 1 9 ; 7 4 ( J a n u a r y ) : 1 7 2 – 8 .  Av a i l a b l e 
from: https://doi .org/10.1016/j . food-
qual.2019.01.017

428. Wolf A, Illini O, Uy D, Renner B, Mueller CA. 
A new extension to the Taste Strips test. 
Rhinology. 2016;54(1):45–50. 

429. Landis BN, Welge-Luessen A, Bramerson 
A, et al. “taste Strips” - A rapid, lateralized, 
gustatory bedside identification test based 
on impregnated filter papers. J Neurol. 
2009;256(2):242–8. 

430. Mueller C, Kaller t S, Renner B, et al. 
Quantitative assessment of gustatory func-
tion in a clinical context using impregnated 
“taste strips.” Rhinology. 2003;41(1):2–6. 

431. Walliczek U, Negoias S, Hähner A, Hummel 
T. Assessment of chemosensory function 
using “Sniffin’’ Sticks”, taste strips, taste 
sprays, and retronasal olfactory tests.” Curr 
Pharm Des. 2016;1–8. 

432. Pavlidis P, Gouveris H, Gorgulla H, Hast 
H-J, Maurer J. Electrogustometry and 
Contact Endoscopy Findings in Patients 
With Head and Neck Malignancies Treated 
With  Chemotherapy,  R adiotherapy, 
or Radiochemotherapy. Chem Senses 
[ I n t e r n e t ] .  2 0 1 5  [ c i t e d  2 0 1 6  Au g 
3];40(3):165–71. Available from: http://
www.chemse.oxfordjournals.org/cgi/
doi/10.1093/chemse/bju060

433. Moura RGF, Cunha DA, Caldas ASC, da Silva 
HJ. Quantitative evaluation of taste in child-
hood populations: a systematic review. Braz 
J Otorhinolaryngol. 2015;81(1):97–106. 

434. Sipiora M., Murtaugh M., Gregoire M., 
Duffy V. Bitter taste perception and severe 
vomiting in pregnancy. Physiol Behav. 
2000;69(3):259–67. 

435. R o m b a u x  P,  H u a r t  C ,  M o u r a u x  A . 
Assessment of chemosensory function 
using electroencephalographic techniques. 
Rhinology. 2012;50(1):13–21. 



103

Supplement 31: Position paper on olfactory dysfunction: 2023

436. Kobal G, Hummel C. Cerebral chemosen-
sory evoked potentials elicited by chemical 
stimulation of the human olfactory and res-
piratory nasal mucosa. Electroencephalogr 
Clin Neurophysiol Potentials Sect [Internet]. 
1988;71(4):241–50. Available from: http://
www.sciencedirect.com/science/article/
pii/0168559788900238

437. Hummel T, Knecht M, Kobal G. Peripherally 
obtained electrophysiological responses 
to olfactory stimulation in man: Electro-
olfactograms exhibit a smaller degree of 
desensitization compared with subjective 
intensity estimates. Brain Res. 1996;717(1–
2):160–4. 

438. Knecht M, Hummel T. Recording of the 
human electro-olfactogram. Physiol Behav. 
2004;83(1 SPEC. ISS.):13–9. 

439. Gottschlich M, Hummel T. Effects of hand-
edness on olfactory event-related poten-
tials in a simple olfactory task. Rhinology. 
2015;53:149–53. 

440. Lundström JN, Gordon AR, Alden EC, 
Boesveldt S, Albrecht J. Methods for build-
ing an inexpensive computer-controlled 
olfactometer for temporally-precise experi-
ments. Int J Psychophysiol [Internet]. 
2010;78(2):179–89. Available from: http://
dx.doi.org/10.1016/j.ijpsycho.2010.07.007

441. Savic I. Imaging of brain activation by 
odorants in humans. Curr Opin Neurobiol. 
2002;12(4):455–61. 

442. Lundstrom JN, Boesveldt S, Albrecht J. 
Central processing of the chemical sens-
es: An overview. ACS Chem Neurosci. 
2011;2(1):5–16. 

443. Whitcroft KL, Altundag A, Andrews PJ, Carrie 
S, Fjaeldstad AW. The International Clinical 
Assessment of Smell (ICAS) Study. 2022; 
Under review

444. Saltagi AK, Saltagi MZ, Nag AK, et al. 
Diagnosis of Anosmia and Hyposmia: A 
Systematic Review. Allergy Rhinol. 2021;12. 

445. Soler ZM, Pallanch JF, Sansoni ER, et al. 
Volumetric computed tomography analy-
sis of the olfactory cleft in patients with 
chronic rhinosinusitis. Int Forum Allergy 
Rhinol [Internet]. 2015 [cited 2016 Aug 
3];5(9):846–54. Available from: http://doi.
wiley.com/10.1002/alr.21552

446. Mueller C, Temmel AFP, Toth J, Quint C, 
Herneth A, Hummel T. Computed tomog-
raphy scans in the evaluation of patients 
with olfactory dysfunction. Am J Rhinol. 
2006;20(1):109–12. 

447. Huart C, Rombaux P, Hummel T. Plasticity of 
the Human Olfactory System: The Olfactory 
Bulb. Molecules [Internet]. 2013 [cited 
2016 Aug 3];18(9):11586–600. Available 
f ro m :  h t t p : / / w w w. m d p i . c o m / 1 4 2 0 -
3049/18/9/11586/

448. Huart C, Rombaux P, Hummel T. Neural 
plasticity in developing and adult olfactory 
pathways – focus on the human olfactory 
bulb. 2019;77–87. 

449. Rombaux P, Huart C, Deggouj N, Duprez T, 
Hummel T. Prognostic Value of Olfactory 
Bulb Volume Measurement for Recovery 
in Postinfectious and Posttraumatic 

Olfactory Loss. Otolaryngol Neck Surg 
[Internet]. 2012;147(6):1136–41. Available 
f rom:  ht tp : / / jour na ls . sagepub.com/
doi/10.1177/0194599812459704

450. Hummel T, Smitka M, Puschmann S, Gerber 
JC, Schaal B, Buschh??ter D. Correlation 
between olfactory bulb volume and olfac-
tory function in children and adolescents. 
Exp Brain Res. 2011;214(2):285–91. 

451. Seubert J, Freiherr J, Frasnelli J, Hummel 
T, Lundström JN. Orbitofrontal cortex and 
olfactory bulb volume predict distinct 
aspects of olfactory performance in healthy 
subjects. Cereb Cortex. 2013;23(10):2448–
56. 

452. Coelho DH, Costanzo RM. Posttraumatic 
olfactory dysfunction. Auris Nasus Larynx 
[Internet]. 2016;43(2):137–43. Available 
f r o m :  h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j .
anl.2015.08.006

453. Pellegrino R, Mignot C, Georgiopoulos 
C, Haehner A, Hummel T. Consequences 
of gaining olfactory function after life-
long anosmia.  Neurocase [ Internet] . 
2021;27(3):238–42. Available from: https://
doi.org/10.1080/13554794.2021.1921221

454. Bitter T, Gudziol H, Burmeister HP, Mentzel 
H, Guntinas-lichius O, Gaser C. Anosmia 
Leads to a Loss of Gray Matter in Cortical 
Brain Areas. Chem Senses. 2010;35:407–15. 

455. Bitter T, Brüderle J, Gudziol H, Peter H, Gaser 
C, Guntinas-lichius O. Gray and white mat-
ter reduction in hyposmic subjects — A 
voxel-based morphometry study. Brain 
Res [Internet]. 2010;1347:42–7. Available 
from: http://dx.doi.org/10.1016/j.brain-
res.2010.06.003

456. Peng P, Gu H, Xiao W, et al. A voxel-based 
morphometry study of anosmic patients. Br 
J Radiol [Internet]. 2013;86(1032):20130207. 
Available from: http://www.birpublications.
org/doi/10.1259/bjr.20130207

457. Han P, Whitcroft KL, Fischer J, et al. Olfactory 
brain gray matter volume reduction in 
patients with chronic rhinosinusitis. Int 
Forum Allergy Rhinol. 2017;7(6). 

458. Yao L, Yi X, Pinto JM, et al. Olfactory cortex 
and Olfactory bulb volume alterations in 
patients with post-infectious Olfactory loss. 
Brain Imaging Behav. 2018;12(5):1355–62. 

459. Han P, Winkler N, Hummel C, Hähner A, 
Gerber J, Hummel T. Alterations of Brain 
Gray Matter Density and Olfactory Bulb 
Volume in Patients with Olfactory Loss 
after Traumatic Brain Injury. J Neurotrauma. 
2018;35(22):2632–40. 

460. Han P, Zang Y, Akshita J,  Hummel T. 
Magnetic Resonance Imaging of Human 
Olfactor y Dysfunction.  Brain Topogr 
[Internet]. 2019;32(6):987–97. Available 
from: https://doi.org/10.1007/s10548-019-
00729-5

461. Gellrich J, Han P, Manesse C, et al. Brain vol-
ume changes in hyposmic patients before 
and after olfactory training. Laryngoscope. 
2017; 

462. Al Aïn S, Poupon D, Hétu S, Mercier 
N, Steffener J, Frasnelli J. Smell train-
ing improves olfactory function and 

alters  brain structure.  Neuroimage. 
2019;189(January):45–54. 

463. Güllmar D, Seeliger T, Gudziol H, et al. 
Improvement of olfactory function after 
sinus surgery correlates with white matter 
properties measured by diffusion tensor 
imaging. Neuroscience. 2017;360:190–6. 

464. Whitcroft K, Mancini L, Yousry T, Hummel 
T, Andrews P. Functional septorhinoplasty 
alters brain structure and function: neuro-
anatomical correlates of olfactory dysfunc-
tion. Front Allergy. :[In press]. 

465. Frasnell i  J,  Lundström JN, Boyle JA, 
Djordjevic J, Zatorre RJ, Jones-Gotman M. 
Neuroanatomical correlates of olfactory 
performance. Exp Brain Res. 2010;201(1):1–
11. 

466. Hummel T, Damm M, Vent J, et al. Depth 
of olfactory sulcus and olfactory function. 
Brain Res. 2003;975(1–2):85–9. 

467. Hummel T, Urbig A, Huart C, Duprez T, 
Rombaux P. Volume of olfactory bulb and 
depth of olfactory sulcus in 378 consecu-
tive patients with olfactory loss. J Neurol. 
2015;262(4):1046–51. 

468. Fullard ME, Morley JF, Duda JE. Olfactory 
D ysfunct ion as  an Ear ly  B iomarker 
in Park inson’s Disease. Neurosci Bull. 
2017;33(5):515–25. 

469. Manan HA, Yahya N, Han P, Hummel T. A 
systematic review of olfactory-related brain 
structural changes in patients with congen-
ital or acquired anosmia. Brain Struct Funct 
[Internet]. 2022;227(1):177–202. Available 
from: https://doi.org/10.1007/s00429-021-
02397-3

470. Zang Y, Whitcroft KL, Glöckler C, Hummel T. 
Is Handedness Associated with the Depth 
of the Olfactory Sulcus? Orl. 2020;1–6. 

471. Hoekman PK, Houlton JJ, Seiden AM. 
The utility of magnetic resonance imag-
ing in the diagnostic evaluation of idi-
opathic olfactory loss. Laryngoscope. 
2014;124(2):365–8. 

472. Decker JR, Meen EK, Kern RC, Chandra 
RK. Cost effectiveness of magnetic reso-
nance imaging in the workup of the dys-
osmia patient. Int Forum Allergy Rhinol 
[Internet]. 2013 [cited 2016 Aug 3];3(1):56–
61.  Avai lable f rom: http://doi .wi ley.
com/10.1002/alr.21066

473. Jafar i  A,  Holbrook EH. Therapies for 
Olfactory Dysfunction — an Update. 
Curr Al lergy Asthma Rep [ Internet] . 
2022;(0123456789). Available from: https://
doi.org/10.1007/s11882-022-01028-z

474. Mainland JD, Barlow LA, Munger SD, et al. 
Identifying treatments for taste and smell 
disorders: Gaps and opportunities. Chem 
Senses. 2020;45(7):493–502. 

475. Doty RL. Treatments for smell and taste dis-
orders: A critical review. Handb Clin Neurol. 
2019;164:455–79. 

476. Wu TJ, Yu AC, Lee JT. Management of 
post-COVID-19 olfactory dysfunction. Curr 
Treat Options Allergy [Internet]. 2022;9(1). 
Available from: https://doi.org/10.1007/
s40521-021-00297-9

477. Addison AB, Wong B, Ahmed T, et al. Clinical 



104

Whitcroft et al.

Olfactor y Work ing Group consensus 
statement on the treatment of postinfec-
tious olfactory dysfunction. J Allergy Clin 
Immunol. 2021;2:1–17. 

478. O’Byrne L, Webster KE, MacKeith S, Philpott 
C, Hopkins C, Burton MJ. Interventions for 
the treatment of persistent post-viral olfac-
tory dysfunction. Cochrane Database Syst 
Rev. 2022;2022(2). 

479. Mori E, Merkonidis C, Cuevas M, Gudziol 
V, Matsuwaki Y, Hummel T. The adminis-
tration of nasal drops in the “Kaiteki” posi-
tion allows for delivery of the drug to the 
olfactory cleft: a pilot study in healthy sub-
jects. Eur Arch Oto-Rhino-Laryngology. 
2015;273(4):1–5. 

480. Kubba H, Spinou E, Robertson A. The 
effect of head position on the distribu-
tion of drops within the nose. Am J Rhinol. 
2000;14(2):83–6. 

481. Benninger MS, Hadley JA, Osguthorpe 
JD, et al. Techniques of intranasal ster-
oid use. Otolaryngol - Head Neck Surg. 
2004;130(1):5–24. 

482. Moffa A, Costantino A, Rinaldi V, et al. Nasal 
delivery devices: A comparative study on 
cadaver model. Biomed Res Int. 2019;2019. 

483. Lam K, Tan BK, Lavin JM, Meen E, Conley 
DB. Comparison of nasal sprays and irri-
gations in the delivery of topical agents 
to the olfactory mucosa. Laryngoscope. 
2013;123(12):2950–7. 

484. Ow RA, Soler ZM, Sindwani R, et al. Efficacy 
of the exhalation delivery system with flu-
ticasone in patients with chronic rhinosi-
nusitis with nasal polyps whose symptoms 
recur after sinus surgery. Int Forum Allergy 
Rhinol. 2023;13(1):31–41. 

485. Ehnhage A, Olsson P, Kolbeck KG, et al. 
Functional endoscopic sinus surgery 
improved asthma symptoms as well 
as PEFR and olfaction in patients with 
nasal polyposis. Allergy Eur J Allergy Clin 
Immunol. 2009;64(5):762–9. 

486. Golding-Wood DG, Holmstrom M, Darby 
Y, Scadding GK, Lund VJ. The treatment 
of hyposmia with intranasal steroids. J 
Laryngol Otol . 1996;110(February):132–5. 

487. Jankowski R, Bodino C. Olfaction in patients 
with nasal polyposis: Effects of systemic 
steroids and radical ethmoidectomy with 
middle turbinate resection (nasalisation). 
Rhinology. 2003;41(4):220–30. 

488. Banglawala SM, Oyer SL, Lohia S, Psaltis AJ, 
Soler ZM, Schlosser RJ. Olfactory outcomes 
in chronic rhinosinusitis with nasal poly-
posis after medical treatments: a system-
atic review and meta-analysis. Int Forum 
Allergy Rhinol [Internet]. 2014 [cited 2016 
Aug 3];4(12):986–94. Available from: http://
doi.wiley.com/10.1002/alr.21373

489. Mullol J, Alobid I. Combined oral and intra-
nasal corticosteroid therapy: An advance in 
the management of nasal Polyposis? Ann 
Intern Med. 2011;154(5):365–7. 

490. Vaidyanathan S, Barnes M, Williamson P, 
Hopk inson P,  Donnan PT,  L ipwor th 
B .  Co m b i n e d  O r a l  a n d  I n t r a n a s a l 
Corticosteroid Therapy for Nasal Polyps. 

Ann Intern Med [Internet]. 2011;155(4):277. 
Available from: http://annals.org/article.
aspx?

491. B o g d a n o v  V,  Wa l l i c ze k- D w o r s c h a k 
U, Whitcroft KL, Landis BN, Hummel 
T.  Response to Glucocor ticosteroids 
Predicts Olfactory Outcome After ESS in 
Chronic Rhinosinusitis. Laryngoscope. 
2020;130(7):1616–21. 

492. Chong LY, Head K, Hopkins C, Philpott C, 
Burton MJ, Schilder AGM. Different types of 
intranasal steroids for chronic rhinosinusitis. 
Cochrane Database Syst Rev. 2016;2016(4). 

493. Hopkins C, Philpott C, Crowe S, et al. 
Identifying the most important outcomes 
for systematic reviews of interventions 
for rhinosinusitis in adults: Working with 
Patients, Public and Practitioners. Rhinology. 
2016;54(1):20–6. 

494. Chong LY, Head K, Hopkins C, Philpott C, 
Schilder AGM, Burton MJ. Intranasal ster-
oids versus placebo or no intervention for 
chronic rhinosinusitis. Cochrane Database 
Syst Rev. 2016;2016(4). 

495. Head K, Chong LY, Hopkins C, Philpott C, 
Schilder AGM, Burton MJ. Short-course oral 
steroids as an adjunct therapy for chronic 
rhinosinusitis. Cochrane Database Syst Rev. 
2016;2016(4). 

496. Head K, Chong LY, Hopkins C, Philpott C, 
Burton MJ, Schilder AGM. Short-course oral 
steroids alone for chronic rhinosinusitis. 
Cochrane Database Syst Rev. 2016;2016(4). 

497. Joanne R, Wytske F, Yee CL, Claire H. Surgical 
versus medical interventions for chronic 
rhinosinusitis with nasal polyps. Cochrane 
Database Syst Rev [Internet]. 2014;(12). 
Available from: http://onlinelibrary.wiley.
com/doi/10.1002/14651858.CD006991.
pub2/abstract

498. Patel ZM, Holbrook EH, Turner JH, et al. 
International consensus statement on 
allergy and rhinology: Olfaction. Int Forum 
Allergy Rhinol. 2022;12(4):327–680. 

499. Zugaj M, van Ditzhuijzen NS, Golebski K, 
Fokkens WJ. The effect of coronaviruses 
on olfaction: systematic review. Rhinol J 
[Internet]. 2021;(0):0–0. Available from: 
ht tps : / /w w w. r h ino logy jour na l . com/
Abstract.php?id=2761

500. Ikeda K, Sakurada T, Suzaki Y, Takasaka T. 
Efficacy of systemic corticosteroid treat-
ment for anosmia with nasal and paranasal  
sinus disease. Rhinology. 1995;33(3):162–5. 

501. Fukazawa K. A local steroid injection meth-
od for olfactory loss due to upper respira-
tory infection. Chem Senses. 2005;30 SUPPL.
(suppl 1):212–3. 

502. Le Bon SD, Konopnicki D, Pisarski N, Prunier 
L, Lechien JR, Horoi M. Efficacy and safety of 
oral corticosteroids and olfactory training in 
the management of COVID-19-related loss 
of smell. Eur Arch Oto-Rhino-Laryngology 
[Internet]. 2021;278(8):3113–7. Available 
from: https://doi.org/10.1007/s00405-020-
06520-8

503. Vaira LA, Hopkins C, Petrocelli M, et al. 
Efficacy of corticosteroid therapy in the 
treatment of long- lasting olfactory dis-

orders in COVID-19 patients. Rhinol J 
[Internet]. 2020;0–0. Available from: https://
www.rhinologyjournal .com/Abstract .
php?id=2724

504. Genetzaki S, Tsakiropoulou E, Nikolaidis V, 
Markou K, Konstantinidis I. Postinfectious 
Olfactory Dysfunction: Oral Steroids and 
Olfactory Training versus Olfactory Training 
Alone: Is There any Benefit from Steroids? 
Orl. 2021;83(6):387–94. 

505. Fujii M, Fukazawa K, Takayasu S, Sakagami 
M. Olfactory dysfunction in patients 
with head trauma. Auris Nasus Larynx. 
2002;29(1):35–40. 

506. Jiang R-S, Wu S-H, Liang K-L, Shiao J-Y, Hsin 
C-H, Su M-C. Steroid treatment of posttrau-
matic anosmia. Eur Arch Otorhinolaryngol 
[Internet]. 2010;267(10):1563–7. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/20379733

507. Bratt M, Moen KG, Nordgård S, Helvik AS, 
Skandsen T. Treatment of posttraumatic 
olfactory dysfunction with corticosteroids 
and olfactory training. Acta Otolaryngol 
[Internet]. 2020;140(9):761–7. Available 
from: https://doi.org/10.1080/00016489.20
20.1767301

508. Jiang RS, Twu CW, Liang KL. Medical treat-
ment of traumatic anosmia. Otolaryngol 
-  Head Neck Surg (United States) . 
2015;152(5):954–8. 

509. Stenner M, Vent J, Hüttenbrink KB, Hummel 
T, Damm M. Topical therapy in anosmia: 
Relevance of steroid-responsiveness. 
Laryngoscope. 2008;118(9):1681–6. 

510. Schriever VA, Merkonidis C, Gupta N, 
Hummel C, Hummel T. Treatment of smell 
loss with systemic methylprednisolone. 
Rhinology. 2012;50(3):284–9. 

511. Jiang RS, Twu CW, Liang KL. Medical treat-
ment of traumatic anosmia. Otolaryngol 
Head Neck Surg. 2015;152(5):954–8. 

512. Seo BS, Lee HJ, Mo J-H, Lee CH, Rhee 
C-S, K im J-W. Treatment of Postviral 
Olfactory Loss With Glucocorticoids, . 
Arch O tolar yngol  Head Neck Surg. 
2009;135(10):1000–4. 

513. Heilmann S, Just T, Göktas O, Hauswald B, 
Hüttenbrink K-B, Hummel T. Effects of sys-
temic or topical administration of corticos-
teroids and vitamin B in patients with olfac-
tory loss. Laryngorhinootologie [Internet]. 
2004;83(11):729–34. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/15538662

514. Guo KJ, Zhao FC, Guo Y, Li FL, Zhu L, Zheng 
W. The influence of age, gender and treat-
ment with steroids on the incidence of 
osteonecrosis of the femoral head during 
the management of severe acute respira-
tory syndrome: a retrospective study. Bone 
Joint J [Internet]. 2014;96-B(2):259–62. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/24493194

515. Gong LL, Fang LH, Wang HY, et al. Genetic 
risk factors for glucocorticoid-induced 
osteonecrosis: A meta-analysis. Steroids 
[Internet]. 2013;78(4):401–8. Available 
from: http://dx.doi.org/10.1016/j.ster-
oids.2013.01.004



105

Supplement 31: Position paper on olfactory dysfunction: 2023

516. Dilisio MF. Osteonecrosis Following Short-
term, Low-dose Oral Corticosteroids: A 
Population-based Study of 24 Million 
Pa t i e n t s .  O r t h o p e d i c s  [ I n t e r n e t ] . 
2014;37(7):e631-6. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/24992058

517. Huart C, Philpott CM, Altundag A, et al. 
Systemic corticosteroids in coronavirus dis-
ease 2019 (COVID-19)-related smell dys-
function: an international view. Int Forum 
Allergy Rhinol. 2021;11(7):1041–6. 

518. Blomqvist EH, Lundblad L, Bergstedt H, 
Stj‐arne P. Placebo-controlled, randomized, 
double-blind study evaluating the efficacy 
of fluticasone propionate nasal spray for the 
treatment of patients with hyposmia/anos-
mia. Acta Otolaryngol. 2003;123(7):862–8. 

519. Heilmann S, Huettenbrink KB, Hummel T. 
Local and systemic administration of corti-
costeroids in the treatment of olfactory loss. 
Am J Rhinol. 2004;18(1):29–33. 

520. Fle iner  F,  Lau L ,  Göktas  Ö.  Ac t ive 
Olfactory Training for the treatment 
of Smelling Disorders. Ear, Nose Throat J 
[Internet]. 2012;91(5):198–215. Available 
f rom:  ht tp : / / jour na ls . sagepub.com/
doi/10.1177/014556131209100508

521. K im DH, K im SW, Hwang SH, et al . 
Prognosis of Olfactory Dysfunction accord-
ing to Etiology and Timing of Treatment. 
Otolaryngol - Head Neck Surg (United 
States). 2017;156(2):371–7. 

522. Nguyen TP, Patel ZM. Budesonide irrigation 
with olfactory training improves outcomes 
compared with olfactory training alone 
in patients with olfactory loss. Int Forum 
Allergy Rhinol. 2018;8(9):977–81. 

523. K a s i r i  H ,  R o u h a n i  N ,  S a l e h i f a r  E , 
Ghazaeian M, Fal lah S.  Mometasone 
furoate nasal spray in the treatment of 
patients with COVID-19 olfactory dys-
function: A randomized, double blind 
cl inical  t r ia l .  Int  Immunopharmacol 
[ I n t e r n e t ] .  2 0 2 1 ; 9 8 ( J u n e ) : 1 0 7 8 7 1 . 
Available from: https://doi.org/10.1016/j.
intimp.2021.107871

524. Abdelalim AA, Mohamady AA, Elsayed RA, 
Elawady MA, Ghallab AF. Corticosteroid 
nasal spray for recovery of smell sensation 
in COVID-19 patients: A randomized con-
trolled trial. Am J Otolaryngol - Head Neck 
Med Surg [Internet]. 2021;42(2):102884. 
Available from: https://doi.org/10.1016/j.
amjoto.2020.102884

525. Yildiz E, Koca Yildiz S, Kuzu S, Günebakan 
Ç, Bucak A, Kahveci OK. Comparison of the 
Healing Effect of Nasal Saline Irrigation 
with Triamcinolone Acetonide Versus Nasal 
Saline Irrigation alone in COVID-19 Related 
Olfactory Dysfunction: A Randomized 
Controlled Study. Indian J Otolaryngol Head 
Neck Surg. 2021; 

526. Tragoonrungsea J, Tangbumrungtham 
N, Nitivanichsakul T, Roongpuvapaht B, 
Tanjararak K. Corticosteroid nasal irriga-
tion as early treatment of olfactory dys-
function in COVID‐19: A prospective ran-
domised controlled trial. Clin Otolaryngol. 
2022;(June):1–9. 

527. Shu CH, Lee PL, Shiao AS, Chen KT, Lan MY. 
Topical corticosteroids applied with a squirt 
system are more effective than a nasal spray 
for steroid-dependent olfactory impair-
ment. Laryngoscope. 2012;122(4):747–50. 

528. Hintschich CA, Dietz M, Haehner A, 
Hummel T. Topical Administration of 
Mometasone Is Not Helpful in Post-
COVID-19 Olfactory Dysfunction. Life. 
2022;12(10):1483. 

529. Philpott CM, Boardman J, Boak D. Patient 
Experiences of Postinfectious Olfactory 
Dysfunction. Orl. 2021;83(5):299–303. 

530. Chong LY, Piromchai P, Sharp S, et al. 
B iologics for  chronic rhinosinusit is . 
Cochrane Database Syst Rev. 2021;2021(3). 

531. Bachert C, Han JK, Desrosiers M, et al. 
Efficacy and safety of dupilumab in patients 
with severe chronic rhinosinusitis with nasal 
polyps (LIBERTY NP SINUS-24 and LIBERTY 
NP SINUS-52): results from two multicen-
tre, randomised, double-blind, placebo-
controlled, parallel-group phase 3 trials. 
Lancet [Internet]. 2019;394(10209):1638–50. 
Available from: http://dx.doi.org/10.1016/
S0140-6736(19)31881-1

532. Mullol J, Bachert C, Amin N, et al. Olfactory 
Outcomes with Dupilumab in Chronic 
Rhinosinusitis with Nasal Polyps. J Allergy 
Clin Immunol Pract [ Internet] .  2021; 
Available from: https://doi.org/10.1016/j.
jaip.2021.09.037

533. Ottaviano G, Saccardo T, Roccuzzo G, et 
al. Effectiveness of Dupilumab in the 
Treatment of Patients with Uncontrolled 
Severe CRSwNP: A “Real-Life” Observational 
Study in Naïve and Post-Surgical Patients. J 
Pers Med. 2022;12(9). 

534. Jansen F,  Becker B,  Eden JK ,  et  a l . 
Dupilumab (Dupixent®) tends to be an 
effective therapy for uncontrolled severe 
chronic rhinosinusitis with nasal polyps: real 
data of a single-centered, retrospective sin-
gle-arm longitudinal study from a university 
hospital in Germany. Eur Arch Oto-Rhino-
Laryngology [Internet]. 2022;(0123456789). 
Available from: https://doi.org/10.1007/
s00405-022-07679-y

535. Lans RJL van der, Fokkens WJ, Adriaensen 
GFJPM, Hoven DR, Drubbel JJ, Reitsma S. 
Real-life observational cohort verifies high 
efficacy of dupilumab for chronic rhi-
nosinusitis with nasal polyps. Allergy Eur J 
Allergy Clin Immunol. 2022;77(2):670–4. 

536. De Corso E, Settimi S, Montuori C, et al. 
E f fect iveness  of  Dupi lumab in  the 
Treatment  of  Pat ients  with Severe 
Uncontrol led CRSwNP:  A “Real-L i fe” 
Observational Study in the First Year of 
Treatment. J Clin Med. 2022;11(10):1–14. 

537. Pinto JM, Mehta N, DeTineo M, Wang J, 
Baroody FM, Naclerio RM. A randomized, 
double-blind, placebo-controlled trial 
of anti-IgE for chronic rhinosinusitis. 
Rhinology. 2010;48(3):318–24. 

538. Gevaert P, Calus L, Van Zele T, et al. 
Omalizumab is effective in allergic and 
nonallergic patients with nasal polyps and 
asthma. J Allergy Clin Immunol [Internet]. 

2013;131(1):110-116.e1. Available from: 
http://dx.doi.org/10.1016/j.jaci.2012.07.047

539. Gevaert P, Omachi TA, Corren J, et al. 
Efficacy and safety of omalizumab in 
nasal polyposis: 2 randomized phase 3 
trials. J Allergy Clin Immunol [Internet]. 
2020;146(3):595–605. Available from: 
https://doi.org/10.1016/j.jaci.2020.05.032

540. Gevaert P, Saenz R, Corren J, et al. Long-
term efficacy and safety of omalizumab for 
nasal polyposis in an open-label extension 
study. J Allergy Clin Immunol [Internet]. 
2022;149(3):957-965.e3. Available from: 
https://doi.org/10.1016/j.jaci.2021.07.045

541. Bachert C, Sousa AR, Lund VJ, et al. Reduced 
need for surgery in severe nasal polypo-
sis  with mepol izumab:  Randomized 
trial. J Allergy Clin Immunol [Internet]. 
2017;140(4):1024-1031.e14. Available from: 
https://doi.org/10.1016/j.jaci.2017.05.044

542. Gevaert P, Van Bruaene N, Cattaert T, et al. 
Mepolizumab, a humanized anti-IL-5 mAb, 
as a treatment option for severe nasal poly-
posis. J Allergy Clin Immunol [Internet]. 
2011;128(5):989-995.e8. Available from: 
http://dx.doi.org/10.1016/j.jaci.2011.07.056

543. Han JK , Bachert C, Fokkens W, et al. 
Mepolizumab for chronic rhinosinusitis with 
nasal polyps (SYNAPSE): a randomised, dou-
ble-blind, placebo-controlled, phase 3 trial. 
Lancet Respir Med. 2021;9(10):1141–53. 

544. Bachert C, Han JK, Desrosiers MY, et al. 
Efficacy and safety of benralizumab in 
chronic rhinosinusitis with nasal polyps: 
A randomized, placebo-controlled trial. J 
Allergy Clin Immunol. 2022;149(4):1309-
1317.e12. 

545. Wu Q, Zhang Y, Kong W, et al. Which Is the 
Best Biologic for Nasal Polyps: Dupilumab, 
Omalizumab, or Mepolizumab? A Network 
Meta-Analysis. Int Arch Allergy Immunol. 
2021;279–88. 

546. Oykhman P, Paramo FA, Bousquet J, 
Kennedy DW, Brignardello-Petersen R, 
Chu DK. Comparative efficacy and safe-
ty of monoclonal antibodies and aspirin 
desensitization for chronic rhinosinusitis 
with nasal polyposis: A systematic review 
and network meta-analysis. J Allergy Clin 
Immunol [Internet]. 2022;149(4):1286–95. 
Available from: https://doi.org/10.1016/j.
jaci.2021.09.009

547. Peters AT, Han JK, Hellings P, et al. Indirect 
Treatment Comparison of Biologics in 
Chronic Rhinosinusitis with Nasal Polyps. J 
Allergy Clin Immunol Pract. 2021;9(6):2461-
2471.e5. 

548. Haxel BR, Hummel T, Fruth K, et al. Real-
world-effectiveness of biological treatment 
for severe chronic  rhinosinusitis with nasal 
polyps. Rhinology. 2022; 

549. Barroso B, Valverde-Monge M, Alobid I, et al. 
Smell improvement by anti-IgE and anti-IL 
5 biologics in patients with CRSwNP and 
severe asthma. A real life study. J Investig 
Allergy Clin Immunol. 2022;33(1):1–24. 

550. Henk in RI ,  Hosein S ,  Stateman WA, 
Knöppel AB, Abdelmeguid M. Improved 
smell function with increased nasal mucus 



106

Whitcroft et al.

sonic hedgehog in hyposmic patients 
after treatment with oral theophylline. 
Am J Otolaryngol - Head Neck Med Surg 
[Internet]. 2017;38(2):143–7. Available 
from: http://dx.doi.org/10.1016/j.amjo-
to.2016.11.010

551. Hosein W, Henkin RI. Therapeutic dimi-
nution of Interleukin-10 with intranasal 
theophylline administration in hyposmic 
patients. Am J Otolaryngol [Internet]. 
2022;43(2):103375. Available from: https://
doi.org/10.1016/j.amjoto.2022.103375

552. G u d z i o l  V,  H u m m e l  T.  E f fe c t s  o f 
Pentoxifylline on Olfactory Sensitivity. 
Arch O tolar yngol  Head Neck Surg. 
2009;135(3):291–5. 

553. Henkin RI, Velicu I, Schmidt L. An open-
label controlled trial of theophylline for 
treatment of patients with hyposmia. Am 
J Med Sci [Internet]. 2009;337(6):396–406. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/19359985

554. Henkin RI, Schultz M, Minnick-Poppe L. 
Intranasal theophylline treatment of hypos-
mia and hypogeusia: a pilot study. Arch 
Otolaryngol Head Neck Surg [Internet]. 
2012;138(11):1064–70. Available from: 
http://www.ncbi.nlm.nih.gov/entrez/query.
fcgi?cmd=Retrieve&db=PubMed&dopt=Cit
ation&list_uids=23165381

555. Goldstein MF, Hilditch GJ,  Frankel I , 
Chambers L, Dvorin DJ, Belecanech G. Intra-
Nasal Theophylline for the Treatment of 
Chronic Anosmia and Hyposmia. J Allergy 
Clin Immunol [Internet]. 2017;139(2):AB252. 
Available from: http://dx.doi.org/10.1016/j.
jaci.2016.12.810

556. Lee JJ, Peterson AM, Kallogjeri D, et al. Smell 
Changes and Efficacy of Nasal Theophylline 
(SCENT) irrigation: A randomized controlled 
trial for treatment of post-viral olfactory 
dysfunction. Am J Otolaryngol - Head Neck 
Med Surg [Internet]. 2022;43(2):103299. 
Available from: https://doi.org/10.1016/j.
amjoto.2021.103299

557. Gupta S, Lee JJ, Perrin A, et al. Efficacy 
and Safety of Saline Nasal Irrigation Plus 
Theophylline for Treatment of COVID-
19-Related Olfactory Dysfunction: The 
SCENT2 Phase 2 Randomized Clinical 
Trial. JAMA Otolaryngol - Head Neck Surg. 
2022;148(9):830–7. 

558. Gudziol V, Muck-Weymann M, Seizinger 
O, Rauh R, Siffert W, Hummel T. Sildenafil 
Af fec ts  Ol fac tor y  Func t ion .  J  Urol . 
2007;177(1):258–61. 

559. Meusel T, Albinus J, Welge-Luessen A, 
Hähner A, Hummel T. Short-term effect of 
caffeine on olfactory function in hyposmic 
patients. Eur Arch Oto-Rhino-Laryngology 
[Internet]. 2016; Available from: http://link.
springer.com/10.1007/s00405-015-3879-z

560. Whitcroft KL, Gudziol V, Hummel T. Short-
Course Pentoxifylline Is Not Effective in 
Post-Traumatic Smell Loss: A Pilot Study. Ear, 
Nose Throat J. 2020;99(1):58–61. 

561. Gudziol V, Pietsch J, Witt M, Hummel T. 
Theophylline induces changes in the elec-
tro-olfactogram of the mouse. Eur Arch 

Oto-Rhino-Laryngology. 2010;267(2):239–
43. 

562. Kurahashi T, Shibuya T. Ca2+-dependent 
adaptive properties in the solitary olfac-
tory receptor cell of the newt. Brain Res. 
1990;515(1–2):261–8. 

563. Zufall F, Shepherd GM, Firestein S. Inhibition 
of  the  Ol fac tor y  Cyc l ic -Nucleot ide 
Gated Ion Channel  by Intracel lular 
Calcium. Proc R Soc L B Biol Sci [Internet]. 
1991;246(1317):225–30. Available from: 
isi:A1991GX98500005

564. Panagiotopoulos G, Naxakis S, Papavasiliou 
A, Filipakis K, Papatheodorou G, Goumas 
P. Decreasing nasal mucus Ca++ improves 
hyposmia. Rhinology. 2005;43(2):130–4. 

565. Whitcroft KL, Merkonidis C, Cuevas M, 
Haehner A, Philpott CM, Hummel T. 
Intranasal sodium citrate improves olfac-
tion in post-viral hyposmia. Rhinology. 
2016;54:1–6. 

566. Philpott CM, Erskine SE, Clark A, et al. A ran-
domised controlled trial of sodium citrate 
spray for non-conductive olfactory disor-
ders. Clin Otolaryngol. 2017;42(6):1295–302. 

567. Whitcroft KL, Ezzat M, Cuevas M, Andrews P, 
Hummel T. The effect of intranasal sodium 
citrate on olfaction in post‐infectious loss: 
results from a prospective, placebo‐con-
trolled trial in 49 patients. Clin Otolaryngol. 
2016;1–7. 

568. Whitcroft KL, Gunder N, Cuevas M, et al. 
Intranasal sodium citrate in quantitative 
and qualitative olfactory dysfunction: 
results from a prospective, controlled 
trial of prolonged use in 60 patients. Eur 
Arch Oto-Rhino-Laryngology [Internet]. 
2021;278(8):2891–7. Available from: https://
doi.org/10.1007/s00405-020-06567-7

569. Wang L, Chen L, Jacob T. Evidence for 
peripheral plasticity in human odour 
response. J Physiol. 2004;554(Pt 1):236–44. 

570. Hummel  T,  R eden KRJ ,  Hähner  A , 
Weidenbecher M, Hüttenbrink KB. Effects of 
olfactory Training in patients with olfactory 
loss. Laryngoscope. 2009;119(3):496–9. 

571. Geissler K, Reimann H, Gudziol H, Bitter T, 
Guntinas-Lichius O. Olfactory training for 
patients with olfactory loss after upper 
respiratory tract infections. Eur Arch Oto-
Rhino-Laryngology. 2014;271(6):1557–62. 

572. Damm M, Pikart LK, Reimann H, et al. 
Olfactory training is helpful in postinfec-
tious olfactory loss: A randomized, con-
trolled, multicenter study. Laryngoscope. 
2014;124(4):826–31. 

573. Altundag A, Cayonu M, Kayabasoglu G, et al. 
Modified olfactory training in patients with 
postinfectious olfactory loss. Laryngoscope. 
2015;125(8):1763–6. 

574. Hwang SH, Kim SW, Basurrah MA, Kim 
DH. The Efficacy of Olfactory Training as a 
Treatment for Olfactory Disorders Caused 
by Coronavirus Disease-2019: A Systematic 
Review and Meta-Analysis. Am J Rhinol 
Allergy. 2023; 

575. Konstantinidis I, Tsakiropoulou E, Bekiaridou 
P, Kazantzidou C, Constantinidis J. Use of 
olfactory training in post-traumatic and 

postinfectious olfactory dysfunction. 
Laryngoscope. 2013;123(12):85–90. 

576. Langdon C, Lehrer E, Berenguer J, et 
al. Olfactory Training in Post-Traumatic 
Smell Impairment : Mild Improvement 
in Threshold Per formances :  Results 
from a Randomized Controlled Trial. J 
Neurotrauma. 2018;35:2641–52. 

577. Jiang RS, Twu CW, Liang KL. The effect of 
olfactory training on the odor threshold 
in patients with traumatic anosmia. Am J 
Rhinol Allergy. 2017;31(5):317–22. 

578. Jiang RS, Twu CW, Liang KL. The effect of 
olfactory training on odor identification in 
patients with traumatic anosmia. Int Forum 
Allergy Rhinol. 2019;9(11):1244–51. 

579. Pellegrino R, Han P, Reither N, Hummel T. 
Effectiveness of olfactory training on differ-
ent severities of posttraumatic loss of smell. 
Laryngoscope. 2019;129(8):1737–43. 

580. Haehner A, Tosch C, Wolz M, et al. Olfactory 
Training in Patients with Parkinson’s Disease. 
PLoS One. 2013;8(4):1–7. 

581. Park JY, Choi BY, Kim H, Jung T, Kim JK. 
Olfactory training assists in olfactory recov-
ery after sinonasal surgery. Laryngoscope 
Investig Otolaryngol. 2022;(June):1–7. 

582. Pekala K, Chandra RK, Turner JH. Efficacy 
of olfactory training in patients with olfac-
tory loss: a systematic review and meta-
analysis. Int Forum Allergy Rhinol [Internet]. 
2016;6(3):299–307. Available from: http://
doi.wiley.com/10.1002/alr.21669

583. Sorokowska A, Drechsler E, Karwowski M, 
Hummel T. Effects of olfactory training: a 
meta-analysis. Rhinology. 2016; 

584. Poletti SC, Michel E, Hummel T. Olfactory 
Training Using Heavy and Light Weight 
Molecule Odors. Perception [Internet]. 
2017;46(3–4):343–51. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/27703061

585. Oleszkiewicz A, Hanf S, Whitcroft KL, 
Haehner A, Hummel T. Examination of 
olfactory training effectiveness in rela-
tion to its complexity and the cause of 
olfactory loss. Laryngoscope [Internet]. 
2017;1–5. Available from: http://doi.wiley.
com/10.1002/lary.26985

586. Pate l  ZM,  Wise  SK ,  DelGaudio JM. 
Randomized Controlled Trial Demonstrating 
Cost-Ef fect ive Method of  Ol factor y 
Training in Clinical Practice: Essential Oils at 
Uncontrolled Concentration. Laryngoscope 
Investig Otolaryngol. 2017;2(2):53–6. 

587. Saatci O, Altundag A, Duz OA, Hummel T. 
Olfactory training ball improves adherence 
and olfactory outcomes in post-infectious 
olfactory dysfunction. Eur Arch Oto-Rhino-
Laryngology [Internet]. 2020;277(7):2125–
32. Available from: https://doi.org/10.1007/
s00405-020-05939-3

588. Youngentob SL, Kent PF. Enhancement of 
odorant-induced mucosal activity patterns 
in rats trained on an odorant identification 
task. Brain Res [Internet]. 1995;670(1):82–8. 
Available from: https://linkinghub.elsevier.
com/retrieve/pii/000689939401275M

589. Hummel T, Stupka G, Haehner A, Poletti SC. 
Olfactory training changes electrophysi-



107

Supplement 31: Position paper on olfactory dysfunction: 2023

ological responses at the level of the olfac-
tory epithelium *. 2018;330–5. 

590. Negoias S, Pietsch K, Hummel T. Changes 
in olfactory bulb volume following lateral-
ized olfactory training. Brain Imaging Behav 
[Internet]. 2016;1–8. Available from: http://
dx.doi.org/10.1007/s11682-016-9567-9

591. Marin C, Langdon C, Alobid I, Fuentes M, 
Bonastre M, Mullol J. Recovery of Olfactory 
Function After Excitotoxic Lesion of the 
Olfactory Bulbs Is Associated with Increases 
in Bulbar SIRT1 and SIRT4 Expressions. Mol 
Neurobiol. 2019;56(8):5643–53. 

592. Al Ain S, Poupon D, Hetu S, Mercier 
N, Steffener J, Frasnelli J. Smell train-
ing improves olfactory function and 
alters  brain structure.  Neuroimage. 
2019;189(January):45–54. 

593. Kollndorfer K, Fischmeister FPS, Kowalczyk 
K, et al. Olfactory training induces chang-
es in regional functional connectiv-
ity in patients with long-term smell loss. 
NeuroImage Clin [Internet]. 2015;9:401–10. 
Available from: http://dx.doi.org/10.1016/j.
nicl.2015.09.004

594. Kohli P, Naik AN, Farhood Z, et al. Olfactory 
Outcomes after Endoscopic Sinus Surgery 
for Chronic Rhinosinusitis. Otolaryngol 
Neck Surg [Internet]. 2016;155(6):936–48. 
Available from: http://journals.sagepub.
com/doi/10.1177/0194599816664879

595. Fokkens WJ, Lund VJ, Mullol J,  et al. 
European Position Paper on Rhinosinusitis 
and Nasal Polyps 2012. Rhinol Suppl 
[Internet]. 2012;50(23):1–298. Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/22764607

596. Sharma R, Lakhani R, Rimmer J, Hopkins 
C.  Surgical  inter ventions for chron-
ic  rhinosinusit is  with nasal  polyps. 
Cochrane Database Syst Rev [Internet]. 
2014;(11):CD006990. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/25437000

597. Rimmer J, Fokkens W, Chong LY, Hopkins 
C. Surgical versus medical interventions 
for chronic rhinosinusitis with nasal polyps 
. Cochrane Database Syst Rev  [Internet]. 
2014;12(12):CD006991. Available from: 
http://ovidsp.ovid.com/athens/ovidweb.cgi
?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D
=medl&AN=25437000  http://tf5lu9ym5n.
search.serialssolutions.com?sid=OVID:med
line&id=pmid:25437000&id=doi:10.1002%
2F14651858.CD006991.pub2&issn=1361-
6137&isbn=&volume=12&issue=&spa

598. Patel ZM, Thamboo A, Rudmik L, Nayak J 
V., Smith TL, Hwang PH. Surgical therapy vs 
continued medical therapy for medically 
refractory chronic rhinosinusitis: a system-
atic review and meta-analysis. Int Forum 
Allergy Rhinol. 2017;7(2):119–27. 

599. DeConde AS, Mace JC, Alt JA, Schlosser RJ, 
Smith TL, Soler ZM. Comparative effective-
ness of medical and surgical therapy on 
olfaction in chronic rhinosinusitis: a pro-
spective, multi-institutional study. Int Forum 
Allergy Rhinol [Internet]. 2014;4(9):725–33. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/25044658

600. Baradaranfar MH, Ahmadi ZS, Dadgarnia 
MH, et al. Comparison of the effect of endo-
scopic sinus surgery versus medical therapy 
on olfaction in nasal polyposis. Eur Arch 
Oto-Rhino-Laryngology. 2013;271(2):311–6. 

601. Schriever VA, Gupta N, Pade J, Szewczynska 
M, Hummel T. Olfactory function following 
nasal surgery: A 1-year follow-up. Eur Arch 
Oto-Rhino-Laryngology. 2013;270(1):107–
11. 

602. Poirrier AL, Ahluwalia S, Goodson A, Ellis 
M, Bentley M, Andrews P. Is the Sino-
Nasal Outcome Test-22 a suitable evalua-
tion for septorhinoplasty? Laryngoscope. 
2013;123(1):76–81. 

603. Randhawa PS, Watson N, Lechner M, Ritchie 
L, Choudhury N, Andrews PJ. The outcome 
of septorhinoplasty surgery on olfactory 
function. Clin Otolaryngol. 2016;41(1):15–
20. 

604. Ulusoy S,  Dinç ME, Dalğıç A, Dizdar 
D, Avınçsal MÖ, Külekçi M. Effects of 
Spreader Grafts on Olfactory Function in 
Septorhinoplasty. Aesthetic Plast Surg. 
2016;40(1):106–13. 

605. Elbistanli MS, Koçak HE, Çelik M, et al. 
Significance of medial osteotomy on the 
olfactory function in patients who under-
went septorhinoplasty. J Craniofac Surg. 
2019;30(2):E106–9. 

606. Besser G, Liu DT, Sharma G, et al. Ortho- 
and retronasal olfactory performance in 
rhinosurgical procedures: a longitudinal 
comparative study. Eur Arch Oto-Rhino-
Laryngology [Internet]. 2021;278(2):397–
4 0 3 .  A v a i l a b l e  f r o m :  h t t p s : / / d o i .
org/10.1007/s00405-020-06300-4

607. Pfaff MJ, Bertrand AA, Lipman KJ, et al. 
The Effect of Functional Nasal Surgery on 
Olfactory Function. Plast Reconstr Surg. 
2021;147(3):707–18. 

608. Richardson BE, Vanderwoude EA, Sudan R, 
Leopold DA, Thompson JS. Gastric Bypass 
Does Not Influence Olfactory Function in 
Obese Patients. Obes Surg [Internet]. 2012 
[cited 2016 Aug 3];22(2):283–6. Available 
from: http://link.springer.com/10.1007/
s11695-011-0487-x

609. Hancı D, Altun H, Altun H, Batman B, 
Karip AB, Serin KR. Laparoscopic Sleeve 
Gastrectomy Improves Olfaction Sensitivity 
in Morbidly Obese Patients. Obes Surg 
[Internet]. 2016;26(3):558–62. Available 
from: http://aor.sagepub.com/content/earl
y/2016/02/03/0003489416629162.abstract

610. Kimmelman CP. The Risk to Olfaction From 
Nasal Surgery. Laryngoscope [Internet]. 
1994;104(8):981–8. Available from: http://
d o i . w i l e y . c o m / 1 0 . 1 2 8 8 / 0 0 0 0 5 5 3 7 -
199408000-00012

611. Saussez S, Vaira LA, Chiesa-Estomba CM, et 
al. Short-term efficacy and safety of oral and 
nasal corticosteroids in covid-19 patients 
with olfactory dysfunction: A European 
multicenter study. Pathogens. 2021;10(6):1–
14. 

612. Hummel T, Heilmann S, Hüttenbriuk K-B. 
Lipoic acid in the treatment of smell dys-
function following viral infection of the 

upper respiratory tract. Laryngoscope. 
2002;112(11):2076–80. 

613. Garcia JAP, Miller E, Norwood TG, et al. 
Gabapentin Improves Parosmia after 
COVID-19 Infection. Int Forum Allergy 
Rhinol. 2022; 

614. Liu J, Pinheiro-Neto CD, Zhao J, Chen Z, 
Wang Y. A novel surgical treatment for 
long lasting unilateral peripheral parosmia: 
Olfactory cleft blocking technique. Auris 
Nasus Larynx [Internet]. 2021;48(6):1209–13. 
Available from: https://doi.org/10.1016/j.
anl.2020.07.018

615. Coleman ER, Grosberg BM, Robbins MS. 
Olfactory hallucinations in primary head-
ache disorders: Case series and literature 
review. Cephalalgia. 2011;31(14):1477–89. 

616. Fjaeldstad AW. Recovery from 3 Years of 
Daily Olfactory Distortions after Short-
Term Treatment with GABA-Analogue. Orl. 
2022;1–4. 

617. Majumdar S, Jones NS, McKerrow WS, 
Scadding G. The management of idiopath-
ic olfactory hallucinations: A study of two 
patients. Laryngoscope. 2003;113(5):879–
81. 

618. Leopold DA, Hornung DE. Olfactor y 
cocainization is not an effective long-
term treatment for phantosmia. Chem 
Senses [Internet]. 2013 [cited 2016 Aug 
3];38(9):803–6. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/24122320

619. Leopold DA, Schwob JE, Youngentob SL, et 
al. Successful Treatment of Phantosmia With 
Preservation of Olfaction. Arch Otolaryngol 
- Head Neck Surg [Internet]. 1991 [cited 
2016 Aug 3];117(12):1402–6. Available from: 
http://archotol.jamanetwork.com/article.
aspx?articleid=620253

620. Henk in RI ,  Potol icchio SJ,  Levy LM. 
Improvement in smell and taste dysfunc-
tion after repetitive transcranial magnetic 
stimulation. Am J Otolaryngol - Head Neck 
Med Surg [Internet]. 2011;32(1):38–46. 
Available from: http://dx.doi.org/10.1016/j.
amjoto.2009.10.001

621. Rawson NE, LaMantia AS. A speculative 
essay on retinoic acid regulation of neu-
ral stem cells in the developing and aging 
olfactory system. Exp Gerontol. 2007;42(1–
2):46–53. 

622. Rawson N, LaMantia A. Once and Again: 
Retinoic Acid Signaling in the Developing 
and Regenerating Olfactory Pathway. J 
Neurobiol [Internet]. 2006;66(7):653–76. 
Available from: http://ovidsp.ovid.com/
ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAGE
=fulltext&D=med4&AN=16688765%5Cnht
tp://onlinelibrary.wiley.com/store/10.1002/
neu.20239/asset/20239_ftp.pdf?v=1&t=h7o
urgh2&s=05dcddd00dfd69d38b9d9bf3fdae
84d7f9eaaae8

623. Anchan RM, Drake DP, Haines CF, Gerwe EA, 
LaMantia AS. Disruption of local retinoid-
mediated gene expression accompanies 
abnormal development in the mamma-
lian olfactory pathway. J Comp Neurol. 
1997;379(2):171–84. 

624. Zhang QY. Retinoic acid biosynthetic activ-



108

Whitcroft et al.

ity and retinoid receptors in the olfactory 
mucosa of adult mice. Biochem Biophys Res 
Commun [Internet]. 1999;256(2):346–51. 
Available from: http://www.ncbi.nlm.nih.
gov/pubmed/10079186

625. Paschaki M, Cammas L, Muta Y, et al. 
Retinoic acid regulates olfactory progeni-
tor cell fate and differentiation. Neural Dev. 
2013;8(1). 

626. Asson-Batres M a, Zeng M-S, Savchenko V, 
Aderoju  a, McKanna J. Vitamin A deficiency 
leads to increased cell proliferation in olfac-
tory epithelium of mature rats. J Neurobiol 
[Internet]. 2003;54(4):539–54. Available 
from: http://www.pubmedcentral.nih.gov/
articlerender.fcgi?artid=3223104&tool=pmc
entrez&rendertype=abstract

627. Whitesides J, Hall M, Anchan R, LaMantia 
AS. Retinoid signaling distinguishes a sub-
population of olfactory receptor neurons in 
the developing and adult mouse. J Comp 
Neurol. 1998;394(4):445–61. 

628. Etchamendy N, Enderlin V, Marighetto A, et 
al. Alleviation of a selective age-related rela-
tional memory deficit in mice by pharma-
cologically induced normalization of brain 
retinoid signaling. J Neurosci [Internet]. 
2001;21(16):6423–9. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/11487666

629. Duncan R, Briggs M. Treatment of uncom-
plicated anosmia by vitamin A. Arch 
Otolaryngol. 1962;75:116–24. 

630. Kartal D, Yaşar M, Kartal L, Özcan I, Borlu 
M. Effects of isotretinoin on the olfacto-
ry function in patients with acne. An Bras 
Dermatol. 2017;92(2):191–5. 

631. Reden J, Lill K , Zahnert T, Haehner A, 
Hummel T. Olfactory function in patients 
with postinfectious and posttraumatic 
smell disorders before and after treat-
ment with vitamin A: A double-blind, pla-
cebo-controlled, randomized clinical trial. 
Laryngoscope [Internet]. 2012;122(9):1906–
9. Available from: http://www.embase.com/
search/results?subaction=viewrecord&from
=export&id=L52095850%5Cnhttp://dx.doi.
org/10.1002/lary.23405%5Cnhttp://elvis.
ubvu.vu.nl:9003/vulink?sid=EMBASE&issn=
0023852X&id=doi:10.1002/lary.23405&atitle
=Olfactory+function+in+patients+with+p

632. Hummel T, Whitcroft KL, Rueter G, Haehner 
A. Intranasal vitamin A is beneficial in post-
infectious olfactory loss. Eur Arch Oto-
Rhino-Laryngology. 2017;274(7). 

633. Kumaresan KR, Bengtsson S, Hummel 
T, Boardman J, High J. A Double Blinded 
Randomised Controlled Trial of Vitamin a 
Drops to Treat Post-viral Olfactory Loss : 
Study Protocol for a Proof-of-concept 
Study for Vitamin a Nasal Drops in Post-viral 
Olfactory Loss ( Apollo ) [Pre-print]. Res Sq. 
2022; 

634. Coelho DH, Costanzo RM. Spatial mapping 
in the rat olfactory bulb by odor and direct 
electrical stimulation. Otolaryngol - Head 
Neck Surg (United States). 2016;155(3):526–
32. 

635. Coelho DH, Socolovsky LD, Costanzo RM. 
Activation of the rat olfactory bulb by direct 

ventral stimulation after nerve transection. 
Int Forum Allergy Rhinol. 2018;8(8):922–7. 

636. Benkhatar H, Loubieres C, Kada AR, De 
Malherbe M, Meunier N. Midline olfactory 
implantation: a cadaveric study of endo-
scopic transseptal transcribriform approach. 
Rhinology. 2022;60(2):145–7. 

637. Durante MA, Kurtenbach S, Sargi ZB, et al. 
Single-cell analysis of olfactory neurogen-
esis and differentiation in adult humans. 
Nat Neurosci [Internet]. 2020;23(3):323–6. 
Available from: http://dx.doi.org/10.1038/
s41593-020-0587-9

638. Gadye L, Das D, Sanchez MA, et al. Injury 
Activates Transient Olfactory Stem Cell 
States with Diverse Lineage Capacities. Cell 
Stem Cell [Internet]. 2017;21(6):775-790.e9. 
Available from: https://doi.org/10.1016/j.
stem.2017.10.014

639. Choi R, Goldstein BJ. Olfactory epithelium: 
Cells, clinical disorders, and insights from 
an adult stem cell niche. Laryngoscope 
I n v e s t i g  O t o l a r y n g o l  [ I n t e r n e t ] . 
2018;(December 2017):35–42. Available 
from: http://doi.wiley.com/10.1002/lio2.135

640. Chen X, Fang H, Schwob JE. Multipotency 
of Purified, Transplanted Globose Basal Cells 
in Olfactory Epithelium. J Comp Neurol. 
2004;469(4):457–74. 

641. Goldstein BJ, Fang H, Youngentob SL, 
Schwob JE. Transplantation of multipotent 
progenitors from the adult olfactory epithe-
lium. Neuroreport. 1998;9(7):1611–7. 

642. Mar in C,  Laxe S,  Langdon C,  et  al . 
Olfactory Training Prevents Olfactory 
Dysfunction Induced by Bulbar Excitotoxic 
Les ions :  Role of  Neurogenesis  and 
Dopaminergic Interneurons. Mol Neurobiol. 
2019;56(12):8063–75. 

643. Kurtenbach S, Goss GM, Goncalves S, et 
al. Cell-Based Therapy Restores Olfactory 
Function in an Inducible Model  of 
Hyposmia. Stem Cell Reports [Internet]. 
2019;12:1–12. Available from: https://
l ink inghub.elsevier.com/retr ieve/pi i/
S2213671119301468

644. Khademi B, Zandifar Z, Monabati A, Chenari 
N, Ghaderi A, Razmkhah M. Adipose-
derived mesenchymal stem cells (Ascs) 
transplantation restored olfactory func-
tion in anosmic rats. Cell Ther Transplant. 
2019;8(4):84–90. 

645. McIntyre JC, Davis EE, Joiner A, et al. Gene 
therapy rescues cilia defects and restores 
olfactory function in a mammalian ciliopa-
thy model. Nat Med. 2012;18(9):1423–8. 

646. Williams CL, Uytingco CR, Green WW, et al. 
Gene Therapeutic Reversal of Peripheral 
Olfactory Impairment in Bardet-Biedl 
Syndrome. Mol Ther. 2017;25(4):904–16. 

647. Kuffler DP. Platelet-Rich Plasma Promotes 
Axon Regeneration, Wound Healing, 
and Pain Reduction: Fact or Fiction. Mol 
Neurobiol. 2015;52(2):990–1014. 

648. Anitua E, Pascual C, Pérez-Gonzalez R, et al. 
Intranasal Delivery of Plasma and Platelet 
Growth Factors Using PRGF-Endoret 
System Enhances Neurogenesis in a Mouse 
Model of Alzheimer’s Disease. PLoS One. 

2013;8(9):1–13. 
649. Yasak AG, Yigit O, Araz Server E, Durna 

Dastan S, Gul M. The effectiveness of plate-
let-rich plasma in an anosmia-induced mice 
model. Laryngoscope. 2018; 

650. Yan CH, Mundy DC, Patel ZM. The use of 
platelet-rich plasma in treatment of olfacto-
ry dysfunction: A pilot study. Laryngoscope 
Investig Otolaryngol. 2020;5(2):187–93. 

651. Yan CH, Jang SS, Lin HC, et al. Use of 
Platelet-rich Plasma for COVID-19 Related 
Olfactory Loss, A Randomized Controlled 
Trial. Int Forum Allergy Rhinol. 2022; 

652. Klug T, Rosen D, Chaskes M, Souza G, 
Pr ibitk in E .  Treatment of  Refractor y 
Anosmia With Topical Platelet Rich Plasma. 
Otolar yngol Neck Surg.  2021;165(1_
suppl):P327–46. 

653. Greiner RS, Moriguchi T, Slotnick BM, Hutton 
A, Salem N. Olfactory discrimination defi-
cits in n - 3 fatty acid-deficient rats. Physiol 
Behav. 2001;72(3):379–85. 

654. Gopinath B, Sue CM, Flood VM, Burlutsky 
G, Mitchell P. Dietary intakes of fats, fish 
and nuts and olfactory impairment in older 
adults. Br J Nutr. 2015;114(2):240–7. 

655. Rondanelli M, Opizzi A, Faliva M, et al. 
Effects of a diet integration with an oily 
emulsion of DHA-phospholipids contain-
ing melatonin and tryptophan in elder-
ly patients suffering from mild cognitive 
impairment. Nutr Neurosci. 2012;15(2):46–
54. 

656. Yan CH, Rathor A, Krook K, et al. Effect of 
Omega-3 Supplementation in Patients With 
Smell Dysfunction Following Endoscopic 
Sellar and Parasellar Tumor Resection: A 
Multicenter Prospective Randomized 
Controlled Trial. Neurosurgery. 2020;0(0):1–
8. 

657. Hernandez AK, Woosch D, Haehner A, 
Hummel T. Omega-3 supplementation 
in postviral olfactory dysfunction: a pilot 
study. Rhinology. 2022;60(2):139–44. 

658. G o n c a l ve s  S ,  G o l d s te i n  B J .  Ac u te 
N - A c e t y l c y s t e i n e  A d m i n i s t r a t i o n 
Ameliorates Loss of Olfactory Neurons 
Following Experimental Injury In Vivo. Anat 
Rec. 2020;303(3):626–33. 

659. Kumar P, Osahon O, Vides DB, Hanania N, 
Minard CG, Sekhar R V. Severe Glutathione 
Deficiency, Oxidative Stress and Oxidant 
Damage in Adults Hospitalized with 
COVID-19: Implications for GlyNAC (Glycine 
and N-Acetylcysteine) Supplementation. 
Antioxidants. 2021;11(1):50. 

660. D’Ascanio L, Vitelli F, Cingolani C, Maranzano 
M, Brenner MJ, Stadio ADI. Randomized 
clinical trial “olfactory dysfunction after 
COVID-19: Olfactory rehabilitation ther-
apy vs.  inter vention treatment with 
Palmitoylethanolamide and Luteolin”: 
Preliminary results. Eur Rev Med Pharmacol 
Sci. 2021;25(11):4156–62. 

661. Drews T, Hummel T, Rochlitzer B, Hauswald 
B, Hähner A. Acupuncture is associated 
with a positive effect on odour discrimina-
tion in patients with postinfectious smell 
loss—a controlled prospective study. Eur 



109

Supplement 31: Position paper on olfactory dysfunction: 2023

Arch Oto-Rhino-Laryngology [Internet]. 
2021;(0123456789). Available from: https://
doi.org/10.1007/s00405-021-06872-9

662. Hashem-Dabaghian F, Zimi SA, Bahrami M, 
... Effect of Lavender (Lavandula angustifolia 
L.) syrup on olfactory dysfunction in COVID-
19 infection: A pilot controlled clinical trial. 
Avicenna J … [Internet]. 2021;12(1):1–7. 
Available from: https://ajp.mums.ac.ir/arti-
cle_18420.html

663. Janowitz T, Gablenz E, Pattinson D, et 
al .  Famotidine use and quantitative 
symptom tracking for COVID-19 in non-
hospitalised patients: A case series. Gut. 
2020;69(9):1592–7. 

664. Liu LD, Duricka DL. Stellate ganglion 
block reduces symptoms of Long COVID: 
A case series. J Neuroimmunol [Internet]. 
2022;362(January):577784. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/
S0165572821003118

665. Noda T, Shiga H, Yamada K, et al. Effects 
of Tokishakuyakusan on Regeneration of 
Murine Olfactory Neurons in Vivo and in 
Vitro. Chem Senses. 2019;44(5):327–38. 

666. Ogawa T, Nakamura K , Yamamoto S, 
Tojima I, Shimizu T. Recovery Over Time 
and Prognostic Factors in Treated Patients 
with Post-Infectious Olfactory Dysfunction: 
A Retrospective Study. Ann Otol Rhinol 
Laryngol. 2020;129(10):977–82. 

667. Vityala Y,  K adyrova A,  Zhumabaeva 
S, Bazarbaeva A, Mamatov S. Use of 
B-complex vitamins and olfactory training 
for treating COVID-19–related anosmia. Clin 
Case Reports. 2021;9(11):9–10. 

668. Izquierdo-Domínguez A, Calvo-Henríquez 
C, Ceballos J, Rodriguez-Iglesias M, Mullol 
J, Alobid I. COVID-19 as a turning point in 
the need for specialized units for the sense 
of smell. J Investig Allergy Clin Immunol. 
2023;33(5):2–10. 

669. Whitcroft KL, Kelly CE. The International 
Clinical Assessment of Smell Patient (ICASp) 
Study. 2022. 

670. McNeil l  E,  Ramakrishnan Y, Carr ie S. 
Diagnosis and management of olfactory 
disorders: Survey of UK-based consult-
ants and literature review. J Laryngol Otol 
[Internet]. 2007;121(8):713–20. Available 
from: http://www.scopus.com/inward/
record.url?eid=2-s2.0-34447618781&partn
erID=40&md5=2a614bf26711d9d5370b6a
4a9c137745

671. Ball S, Boak D, Dixon J, Carrie S, Philpott CM. 
Barriers to effective health care for patients 
who have smell or taste disorders. Clin 
Otolaryngol. 2021;46(6):1213–22. 

672. Philpott CM, Espehana A, Garden M, et 
al.  Establishing UK Research Priorities In 
Smell and Taste Disorders: A James Lind 
Alliance Priority Setting Partnership . Clin 
Otolaryngol. 2022;(September):1–8. 

673. Castillo-López IY, Govea-Camacho LH, 
Rodríguez-Torres IA, Recio-Macías DA, 
Alobid I, Mullol J. Olfactory Dysfunction in 
a Mexican Population Outside of COVID-
19 Pandemic: Prevalence and Associated 
Factors (the OLFAMEX Study). Curr Allergy 

Asthma Rep. 2020;20(12). 
674. Hirsch AG, Stewart WF, Sundaresan AS, et 

al. Nasal and sinus symptoms and chronic 
rhinosinusitis in a population-based sam-
ple. Allergy [Internet]. 2016;(2). Available 
from: http://www.ncbi.nlm.nih.gov/pub-
med/27590749

675. Hwang SH, Kang JM, Seo JH, Han K Do, 
Joo YH. Gender difference in the epidemio-
logical association between metabolic syn-
drome and olfactory dysfunction: The Korea 
national health and nutrition examination 
survey. PLoS One. 2016;11(2):1–10. 

676. Kern DW, Wroblewski KE, Schumm LP, Pinto 
JM, Chen RC, McClintock MK. Olfactory 
Function in Wave 2 of the National 
Social Life, Health, and Aging Project. 
Journals Gerontol Ser B Psychol Sci Soc 
Sci  [Internet]. 2014;69(Suppl 2):S134–43. 
Available from: http://psychsocgerontology.
oxfordjournals.org/content/69/Suppl_2/
S134.abstract

677. Lee WH, Wee JH, Kim D-K, et al. Prevalence 
of subjective olfactory dysfunction and 
its risk factors: korean national health and 
nutrition examination survey. PLoS One. 
2013;8(5):e62725. 

678. Schubert CR, Cruickshanks KJ, Fischer ME, et 
al. Olfactory impairment in an adult popula-
tion: The beaver dam offspring study. Chem 
Senses. 2012;37(4):325–34. 

679. Boesveldt S, Tessler Lindau S, McClintock 
M, Hummel T, Lundström JN. Gustatory 
and olfactory dysfunction in older adults: 
a national probability study. Rhinology. 
2011;49(3):324–30. 

680. Brämerson A, Johansson L, Ek L, Nordin S, 
Bende M. Prevalence of olfactory dysfunc-
tion: the skövde population-based study. 
Laryngoscope. 2004;114(4):733–7. 

681. Larsson M, Nilsson LG, Olofsson JK, Nordin 
S. Demographic and cognitive predictors 
of cued odor identification: Evidence from 
a population-based study. Chem Senses. 
2004;29(6):547–54. 

682. Nord in  S ,  B rämerson A ,  Bende M. 
Prevalence of self-reported poor odor 
detection sensitivity : the skövde pop-
ulation-based study. Acta Otolaryngol 
[Internet]. 2004;124(10):1171–3. Available 
from: http://informahealthcare.com/doi/
abs/10.1080/00016480410017468

683. Vaira LA, Hopkins C, Petrocelli M, et al. 
Efficacy of corticosteroid therapy in the 
treatment of long-lasting olfactory dis-
orders in covid-19 patients. Rhinology. 
2021;59(1):20–5. 

684. Whitcroft KL, Ezzat M, Cuevas M, Andrews P, 
Hummel T. The effect of intranasal sodium 
citrate on olfaction in post-infectious loss: 
results from a prospective, placebo-con-
trolled trial in 49 patients. Clin Otolaryngol. 
2017;42(3):557–63. 

685. Whitcroft KL, Merkonidis C, Cuevas M, 
Haehner A, Philpott C, Hummel T. Intranasal 
sodium citrate solution improves olfac-
tion in post-viral hyposmia. Rhinology. 
2016;54(4). 

686. Hummel T, Whitcroft KL, Rueter G, Haehner 

A. Intranasal vitamin A is beneficial in post-
infectious olfactory loss. Eur Arch Oto-
Rhino-Laryngology. 2017;274(7):2819–25. 

687. Schopf V, Kollndorfer K, Pollak M, Mueller 
CA, Freiherr J. Intranasal insulin influenc-
es the olfactory performance of patients 
with smell loss, dependent on the body 
mass index: A pilot study. Rhinology. 
2015;53(4):371–8. 

688. Reden J, Herting B, Lill K, Kern R, Hummel T. 
Treatment of postinfectious olfactory dis-
orders with minocycline: A double-blind, 
placebo-controlled study. Laryngoscope. 
2011;121(3):679–82. 

689. Q u i n t  C ,  Te m m e l  A F,  H u m m e l  T, 
Ehrenberger K. The quinoxaline deriva-
tive caroverine in the treatment of senso-
rineural smell disorders: a proof-of-con-
cept study. Acta Otolaryngol [Internet]. 
2002;122(8):877–81. Available from: http://
search.ebscohost.com/login.aspx?direct=
true&db=rzh&AN=2009454446&site=eho
st-live

690. Jiang RS, Wu SH, Liang KL, Shiao JY, Hsin CH, 
Su MC. Steroid treatment of posttraumatic 
anosmia. Eur Arch Oto-Rhino-Laryngology. 
2010;267(10):1563–7. 

691. G u d z i o l  V,  H u m m e l  T.  E f fe c t s  o f 
Pentoxifylline on Olfactory Sensitivity. 
Arch O tolar yngol  Head Neck Surg. 
2009;135(3):291–5. 

692. Lyckholm L, Heddinger S, Parker G, et al. A 
Randomized, Placebo Controlled Trial of 
Oral Zinc for Chemotherapy-Related Taste 
and Smell Disorders. J Pain Palliat Care 
Pharmacother [Internet]. 2012;26(2):111–4. 
Available from: http://search.ebscohost.
com/login.aspx?direct=true&db=cin20&AN
=2011600753&site=ehost-live

693. Haehner A, Habersack A, Wienecke M, 
Storch A, Reichmann H, Hummel T. Early 
Parkinson’s disease patients on rasagiline 
present with better odor discrimination. J 
Neural Transm. 2015;122(11):1541–6. 

694. Haehner A, Hummel T, Wolz M, et al. 
Effects of rasagiline on olfactory function 
in patients with Parkinson’s disease. Mov 
Disord. 2013;28(14):2023–7. 

695. Pellegrino R, Han P, Reither N, Hummel T. 
Effectiveness of olfactory training on differ-
ent severities of posttraumatic loss of smell. 
Laryngoscope. 2019;129(8):1737–43. 

696. Sorokowska A, Drechsler E, Karwowski M, 
Hummel T. Effects of olfactory training: A 
meta-analysis. Rhinology. 2017;55(1):17–26. 

697. K o n s t a n t i n i d i s  I ,  Ts a k i ro p o u l o u  E , 
Constantinidis J. Long term effects of olfac-
tory training in patients with post-infectious 
olfactory loss. Rhinology. 2016;54(2):170–5. 

698. Mori E, Petters W, Schriever VA, Valder C, 
Hummel T. Exposure to odours improves 
olfactory function in healthy children. 
Rhinology. 2015;53(3):221–6. 

699. Altun H, Hanci D. Olfaction improvement 
after nasal septal perforation repair with 
the “cross-stealing” technique. Am J Rhinol 
Allergy [Internet].  2015;29(5):e142–5. 
Available from: http://ovidsp.ovid.com/
ovidweb.cgi?T=JS&CSC=Y&NEWS=N&PAG



110

Whitcroft et al.

E=fulltext&D=emed13&AN=2015441511h
ttp://nhs4073201.on.worldcat.org/atozti-
tles/link?sid=OVID:embase&id=pmid:&id=
doi:10.2500/ajra.2015.29.4208&issn=1945-
8924&isbn=&volume=29&issue=5&spage=
e142&pages=

700. Holinski F, Menenakos C, Haber G, Olze 
H, Ordemann J. Olfactory and Gustatory 
Function After Bariatric Surgery. Obes Surg. 
2015;25(12):2314–20. 

701. Kuperan AB, Lieberman SM, Jourdy DN, 
Al-Bar MH, Goldstein BJ, Casiano RR. The 
effect of endoscopic olfactory cleft polyp 
removal on olfaction. Am J Rhinol Allergy. 
2015;29(4):309–13. 

702. Alobid I, Benítez P, Bernal-Sprekelsen M, et 
al. Nasal polyposis and its impact on qual-
ity of life: comparison between the effects 
of medical and surgical treatments. Allergy. 
2005;60(4):452–8. 

703. Lildholdt T, Rundcrantz H, Bende M, Larsen 
K. Glucocorticoid Treatment for Nasal 
Polyps. Arch Otolaryngol Head Neck Surg. 
1997;123:595–600. 

704. Kimmelman CP. The risk to olfaction of nasal 
surgery. Laryngoscope. 1994;104(8):981–8. 

705. Leopold DA, Schwob JE, Youngentob 
SL,  Hornung DE, Wright HN, Mozell 
MM. Successful treatment of phantos-
mia with preservation of olfaction. Arch 
Otolaryngol Head Neck Surg [Internet]. 
1991;117(12):1402–6. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/1845270

706. Lildholdt T, Fogstrup J, Gammelgaard N, 
Kortholm B, Ulsoe C. Surgical versus medi-
cal treatment of nasal polyps. Rhinol Suppl 
[Internet]. 1989;105(1–2):140–3. Available 
from: http://www.embase.com/search/resu
lts?subaction=viewrecord&from=export&id
=L19488735

707. Stevens CN, Stevens MH. Quantitative 
effects of nasal surgery on olfaction. Am 
J Otolaryngol [Internet]. 1985;6(4):264–7. 
Available from: http://www.ncbi.nlm.nih.
gov/entrez/query.fcgi?cmd=Retrieve&db=P
ubMed&dopt=Citation&list_uids=4037228

708. Lötsch J, Daiker H, Hähner A, Ultsch A, 
Hummel T. Drug-target based cross-sec-

tional analysis of olfactory drug effects. Eur J 
Clin Pharmacol. 2015;71(4):461–71. 

709. Lim JH, Davis GE, Wang Z, et al. Zicam-
induced damage to mouse and human 
nasal tissue. PLoS One. 2009;4(10):1–10. 

710. Nakamura H, Nonomura N, Fujiwara M, 
Nakano Y. Olfactory disturbances caused 
by the anti-cancer drug tegafur. Eur Arch 
Otorhinolaryngol. 1995;252:48–52. 

711. Upadhyay U, Holbrook E. Olfactory loss as 
a result of toxic exposure. Otolaryngol Clin 
North Am. 2004;37(6):1185–207. 

712. Ackerman BH, Kasbekar N. Disturbances 
of taste and smell induced by drugs. 
Pharmacotherapy. 1996;17(3):482–96. 

713. Henkin RI. Drug effects on smell and 
taste. In: Pradhan S, Maickel R, editors. 
Pharmacology in medicine: principles and 
practice. Bethesda: SP Press Int; 1986. p. 
748–53. 

714. Doty RL, Bromley SM. Effects of drugs on 
olfaction and taste. Otolaryngol Clin North 
Am. 2004;37(6 SPEC.ISS.):1229–54. 

715. Hastings L, Miller M. Olfactory loss to toxic 
exposure. In: Seiden A, editor. Taste and 
smell disorders. New York: Thieme Medical 
Publishers; 1997. p. 88–106. 

716. Drews T, Hummel T. Treatment Strategies 
for Smell Loss. Curr Otorhinolaryngol Rep 
[Internet]. 2016;4(2):122–9. Available from: 
http://link.springer.com/10.1007/s40136-
016-0115-3.

717. 717:  Mavrogeni  P,  K anakopoulos A, 
Maihoub S, Krasznai M, Szirmai A.Anosmia 
treatment by platelet rich plasma injection. 
Int Tinnitus J. 2017;20(2):102-5.

718. Barnett SC, Alexander CL, Iwashita Y, 
Gilson JM, Crowther J, Clark L, Dunn LT, 
Papanastassiou V, Kennedy PG, Franklin 
RJ. Identification of a human olfactory 
ensheathing cell that can effect transplant-
mediated remyelination of demyelinated 
CNS axons. Brain. 2000;123 (Pt 8):1581-8. 
Doucette JR. The glial cells in the nerve fiber 
layer of the rat olfactory bulb. Anat Rec. 
1984;210(2):385-91.

719. Crespo C, Liberia T, Blasco-Ibáñez JM, 
Nácher J, Varea E. Cranial Pair I :  The 

Olfactory Nerve. Anat Rec (Hoboken). 
2019;302(3):405-27. 

720. Field P, Li Y, Raisman G. Ensheathment 
of the olfactory nerves in the adult rat. J 
Neurocytol. 2003;32(3):317-24.

721. Herrera LP, Casas CE, Bates ML, Guest JD. 
Ultrastructural study of the primary olfac-
tory pathway in Macaca fascicularis. J Comp 
Neurol. 2005;488(4):427-41. 

722. Kawaja MD, Boyd JG, Smithson LJ, Jahed 
A, Doucette R. Technical strategies to 
isolate olfactory ensheathing cells for 
intraspinal implantation. J Neurotrauma. 
2009;26(2):155-77.

723. Smithson LJ, Kawaja MD. A comparative 
examination of biomarkers for olfactory 
ensheathing cells in cats and guinea pigs. 
Brain Res. 2009;1284:41-53. 

724. Smithson LJ,  Kawaja MD. Microglial/
macrophage cells in mammalian olfac-
tory nerve fascicles.  J Neurosci Res. 
2010;88(4):858-65.

725. Hernandez AK, Landis B, Altundag A, et al. 
Olfactory Nomenclature: An orchestrated 
effort to clarify terms and definitions of 
dysosmia, anosmia, hyposmia, normosmia, 
hyperosmia, olfactory intolerance, paros-
mia, and phantosmia/olfactory hallucina-
tion [published online ahead of print, 2023 
Apr 14]. ORL J Otorhinolaryngol Relat Spec. 
2023;1-9. doi:10.1159/000530211.

Katherine L. Whitcroft

Smell and Taste Clinic

Department of Otorhinolaryngology

TU Dresden

Fetscherstrasse 74

01307 Dresden

Germany

Tel: +49-351-458-4189

E-mail: k.whitcroft@gmail.com



111

Supplement 31: Position paper on olfactory dysfunction: 2023



112

Whitcroft et al.



Official Journal of the European and International Rhinologic Societies

Editor-in-Chief
Prof W.J. Fokkens

Associate Editors
Prof C. Hopkins
Prof B.N. Landis
Dr. S. Reitsma
Prof. A.R. Sedaghat

Managing Editor 
Dr. W.T.V. Germeraad

Editorial Assistant and Rhinology Secretary
Mrs. J. Kosman
Mrs. J. Keslere
assistant@rhinology.org

Webmaster
Prof D. Barać
rhinologywebmaster@gmail.com

Address
Journal Rhinology, c/o AMC, Mrs. J. Kosman / A2-234, PO Box 22 660, 
1100 DD Amsterdam, the Netherlands. 
Tel: +31-20-566 4534 
Fax: +31-20-566 9662
E-mail: assistant@rhinology.org
Website: www.rhinologyjournal.com

POSITION PAPER ON OLFACTORY DYSFUNCTION: 2023

Rhinology (ISSN 0300-0729) is the official Journal of the European and 
International Rhinologic Societies and appears bimonthly in February, April, 
June, August, October and December. Cited in Pubmed, Current Contents, Index 
Medicus, Exerpta Medica and Embase.

Founded in 1963 by H.A.E. van Dishoeck, Rhinology is a worldwide  non-profit 
making journal. The journal publishes original papers on basic research as well as 
clinical studies in the major field of rhinology,  including physiology, diagnostics, 
pathology, immunology, medical  therapy and surgery of both the nose and  
paranasal sinuses. Review  articles and short communications are also pulished, 
but no Case reports. All papers are peer-reviewed. Letters-to-the-editor provide 
a forum for  comments on published papers, and are not subject to editorial revi-
sion except for  correction of English  language.
In-depth studies that are too long to be included into a  regular issue can be  
published as a supplement. Supple ments are not subject to peer-review.

© Rhinology, 2023.
All rights reserved. No part of this publication may be reproduced or transmitted 
in any form or by any means electronic or mechanical, including photocopying, 
recording or any information storage and retrieval system without prior permis-
sion in writing from the Publisher.
Submission of a manuscript for publication implies the transfer of the copyright 
from the author(s) to the publisher and entails the author’s irrevocable and  
exclusive authorization of the publisher to collect any sums or considerations for 
copying or reproduction payable by third parties.



VOLUME 61 | SUPPLEMENT 31 | OCTOBER 2023

ISSN: 0300-0729 

V
O

L
U

M
E

 6
1

 | S
U

P
P

L
E

M
E

N
T

 3
1

 | O
C

T
O

B
E

R
  2

0
2

3

Position paper on 
olfactory dysfunction: 

2023 

K.L. Whitcroft,  A. Altundag, P. Balungwe, 
P. Boscolo-Rizzo, R. Douglas, M.L.B. Enecilla, 
A.W. Fjaeldstad, M.A. Fornazieri, J. Frasnelli, 
S. Gane, H. Gudziol, N. Gupta, A. Haehner, 
A.K. Hernandez, E.H. Holbrook, C. Hopkins, 
J.W. Hsieh, C. Huart, S. Husain, R. Kamel, 
J.K. Kim, M. Kobayashi, I. Konstantinidis, 
B.N. Landis, M. Lechner, A. Macchi, 
P.P. Mazal, I. Miri, T. Miwa, E. Mori, 
J. Mullol, C.A. Mueller, G. Ottaviano, 
Z.M. Patel, C. Philpott, J.M. Pinto, 
V.R. Ramakrishnan, Y. Roth, R.J. Schlosser, 
P. Stjärne, L. Van Gerven, J. Vodicka, 
A. Welge-Luessen, P.J. Wormald, T. Hummel

 

2023

CONTENT

Abstract 1

Executive Summary 8

Introduction 13

    
Materials and Methods 14

Terminology 14

 
Epidemiology of Olfactory Dysfunction 15

 Subjective Reporting 

 Psychophysical Testing 

Anatomy and Physiology of Olfaction 21

Causes and Classification of Olfactory Loss 23

 Olfactory Dysfunction Secondary to Sinonasal Disease 

 Post-Infectious Olfactory Dysfunction 

 Posttraumatic Olfactory Dysfunction 

 Olfactory Dysfunction Associated with Neurological Disease 

 Olfactory Dysfunction Associated with Exposure to Toxins/Medications 

 Congenital Olfactory Dysfunction 

 Olfactory Dysfunction Associated with Normal Aging 

 Other Causes of Olfactory Dysfunction 

 Idiopathic Olfactory Dysfunction 

Clinical Assessment 36

 History 

 Examination 

 Olfactory Testing 

  Subjective Assessment 

  Psychophysical Testing 

  Electrophysiology and Functional Imaging 

 Other Investigations 

Treatment of Olfactory Dysfunction 48

 Medications 

  Corticosteroids 

  Phosphodiesterase Inhibitors 

  Intranasal Calcium Buffers 

 Olfactory Training 

 Surgery 

Conclusions 88

References 90

O f f i c i a l  J o u r n a l  o f  t h e  E u r o p e a n  a n d  I n t e r n a t i o n a l  S o c i e t i e s


	Cover Supplement 31 Cover 1
	Cover Supplement 31 Cover 2
	Whitcroft Supplement 33
	Cover Supplement 31 Cover 3
	Cover Supplement 31 Cover 4

