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ABSTRACT  

 

Background 

Olfactory dysfunction (OD) represents a common problem in chronic upper respiratory 

diseases; however, prevalence and treatment options remain poorly understood.  

 

Aims 

To evaluate OD in terms of prevalence and severity in three types of chronic upper 

respiratory disease:  

1. Non-steroidal anti-inflammatory drugs (NSAIDs)-exacerbated respiratory 

disease (N-ERD) 

2. Sleep-disordered breathing (SDB) 

3. Post-infectious olfactory dysfunction (mainly on patients with COVID-19-related 

OD – C19OD). 

To assess the efficacy and effectiveness of currently available and new treatments in 

these three diseases including intranasal lysine aspirin (LAS) for N-ERD, radiofrequency 

of inferior turbinates (RFITs) for SDB and functional septorhinoplasty (fSRP) for C19OD. 

This is based on the hypothesis that an increase in nasal airflow and/or control of local 

inflammation can lead to improved olfaction. 

 

Methods 

Ten research studies were conducted for this PhD project: 2 retrospective cohort studies, 

4 cross-sectional analyses, 2 prospective non-controlled cohort studies and 2 

prospective-controlled cohort studies. 

 

Results 

OD is highly prevalent amongst N-ERD (81.8%), SDB (23.5%) and C19OD patients 

(prevalence variable on studies). Long-term use of LAS in N-ERD was associated with 
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improved olfaction (p=0.048), nasal airflow (p<0.001) and quality of life (QoL – p=0.02) 

when compared to those not using it. RFITs in SDB subjects significantly improved nasal 

airways (p<0.02) and OD, the latter not significantly. Persistent C19OD significantly 

affects QoL (p<0.05). Corticosteroids plus olfactory training (OT) can significantly 

improve measured and reported olfaction (p=0.01 for both) in medium-term C19OD (~7 

months). In patients with long-term (>2years) C19OD, fSRP can significantly restore 

olfaction (p<0.05) when compared to OT.  

 

Conclusion 

My research offers new insights in the treatment of OD in N-ERD, SDB and PIOD 

patients while suggesting new potential therapeutic options through the management of 

local sinonasal inflammation and/or nasal airways optimisation. My findings will 

encourage future research and assist in the development of new treatments for smell 

loss. 
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IMPACT STATEMENT  

 

Olfaction had long been a forgotten sense. Recently the COVID-19 pandemic brought 

smell centre stage being olfactory dysfunction (OD) a highly prevalent symptom following 

SARS-CoV-2 infection. Since then, research on olfaction has flourished, aiming to find 

the best treatment to restore the sense of smell.  

 

My PhD project is therefore timely since there is a necessity for new research inputs on 

OD. This is because smell loss severely impacts quality of life (QoL). The majority of my 

papers have confirmed this strict relationship. My research on N-ERD has suggested 

that intranasal lysine aspirin can improve sinonasal symptoms, including olfaction, and, 

as a consequence, patients’ QoL. Similarly, my studies on COVID-19-related OD 

(C19OD) have further emphasized this correlation by also showing how olfactory 

recovery could contribute to QoL improvement.  

 

My data have also brought further evidence in support of new treatment options to 

improve sense of smell according to the different pathologies studied. I showed that 

intranasal lysine aspirin can, not only control nasal polyps and improve nasal airways, 

but can also increase olfaction in patients with N-ERD whilst being a cost-effective 

alternative to more expensive biologics. My study on sleep-disordered breathing will 

support the implementation of radiofrequency of inferior turbinates in the treatment of 

rhinitis in these patients with positive implications on sense of smell. My research has 

also demonstrated, in various studies and different pathologies, the strict relationship 

between nasal airflow and olfaction and how nasal airways optimisation can lead to 

better olfaction. My contribution in the topic of C19OD has added further data into a 

rapidly evolving field. My two prospective-controlled studies on C19OD offer good level 

of evidence in support of the treatments analysed and will drive further research on the 

topic. More specifically, these explored two of the main topics on which research is 
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currently focused, including the effect of neuroinflammation and of nasal airflow on the 

olfactory epithelium. With this in mind, my planned future research will centre on studying 

the histological changes of the olfactory mucosa in patients with C19OD and on further 

investigating the role of nasal airway optimisation in improving sense of smell. 

 

The direct impact my articles are having on the scientific community is confirmed by the 

good number of citations these have already received and the high impact factor of the 

journals in which these have been published. From a public health perspective, my data 

will be important to support national funding applications to conduct further research on 

these topics. In a period in which the National Health Service is trying to keep health 

costs down, my results could also be used by policymakers when looking at cost-effective 

treatment solutions. On a personal level, as an ENT surgeon and a researcher, I finally 

hope my findings will inspire other colleagues to pursue research in this interesting field.   
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CHAPTER 1: INTRODUCTION TO THESIS 

 

1.1. How this PhD came about 

 

I am an Ear, Nose and Throat (ENT) surgeon, who trained in Italy (Padua) and moved to 

London six years ago to undertake further subspecialty training in Rhinology. Since 

qualifying from medical school in Rome, I have received parallel clinical and research 

training while developing a particular interest in rhinology, nasal airways and olfaction. 

During my time at the Royal National ENT Hospital (previously called the Royal National 

Throat, Nose and Ear Hospital), which is part of the University College London Hospitals 

(UCLH) Foundation Trust, I met and learnt from world-leading academics and clinicians 

aiming to further our understanding on sense of smell and develop treatments for 

olfactory dysfunction (OD).  

 

To gain further insights in olfaction, I attended the ‘Smell and Taste’ course in Dresden 

(Germany) led by Prof. Thomas Hummel, unquestionably the current world leader on 

olfactory disorders. Inspired by the discussions with scientists, clinicians, and patients 

but also intrigued by the research questions raised at the course, I decided to focus my 

research activity for the following years on olfaction. That was when I started planning a 

PhD project with Prof Andrews and Dr Scadding to better understand causes and 

mechanisms leading to anosmia or hyposmia (respectively complete or partial loss of 

sense of smell) in some chronic upper respiratory tract diseases and, more importantly, 

to look at potential ways to improve or restore olfaction when this is lost. I was 

enthusiastic to contribute to this area and, building upon the expertise of my supervisors, 

I decided to concentrate my efforts on three main respiratory disorders for which 

research on olfaction was lacking or at its early stages. In particular, I started focusing 

my research on OD in patients with non-steroidal anti-inflammatory drugs (NSAIDs)-
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exacerbated respiratory disease (N-ERD), patients with sleep-disordered breathing 

(SDB) and patient with post-infectious OD (PIOD).  

 

In the previous years, Dr Scadding and her collaborators had collected a huge quantity 

of data on N-ERD patients trialled on a new treatment for their disease at the Royal 

National ENT and created one of the largest databases currently available in the 

literature on this topic. This was a great opportunity to look at sense of smell in these 

patients but also to evaluate changes in olfaction prospectively. On the other side, Prof 

Andrews had secured funding for a project that was aiming to look at the effect of 

radiofrequency to the inferior turbinates in improving nasal function in patients with SDB, 

in which I became involved. The outbreak of the COVID-19 pandemic in March 2020, 

almost six months after the official start of my PhD, gave further impetus to my research 

journey. The spreading news that a high percentage of people infected by the SARS-

CoV-2 virus developed a persistent loss of sense of smell, gave me further confirmation 

of the importance of the study I was undertaking and of how my research might help in 

the development of treatments to help patients with COVID-19-related olfactory 

dysfunction (C19OD). OD remains an important symptom of chronic upper respiratory 

disease, whether it is post-infective or post-inflammatory. However, prevalence and 

treatment options remain poorly understood. 

 

1.2. Aims of the project 

 

My research project has two aims. Firstly, I will evaluate OD in terms of prevalence, 

presentation and severity in three types of chronic upper respiratory disease. Secondly, 

I will assess the efficacy and effectiveness of new treatments in these diseases. 

 

First aim: OD evaluation in terms of prevalence, presentation and severity in three types 

of chronic upper respiratory disease: 
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1. Non-steroidal anti-inflammatory drugs (NSAIDs)-exacerbated respiratory 

disease (N-ERD – a sub phenotype of chronic rhinosinusitis with nasal polyps); 

2. Sleep-disordered breathing (SDB); 

3. Post-infectious olfactory dysfunction (PIOD – mainly including patients who have 

experienced OD after SARS-Cov-2 infection). 

 

Second aim: Assess the efficacy and effectiveness of new treatments for OD in these 

three types of chronic respiratory disease. Specifically, to evaluate: 

1. The efficacy of intranasal lysine aspirin (LAS) treatment in patients with N-ERD; 

2. The effects of decongestion using radiofrequency to inferior turbinates (RFITs) in 

patients with SDB;  

3. The role of functional septorhinoplasty in improving olfaction in patients with 

PIOD. However, considering the high incidence of COVID-19-associated 

olfactory dysfunction (C19OD) which resulted following the recent pandemic, this 

last part of the project has enrolled only patients with C19OD. Nevertheless, since 

C19OD is a particular form of PIOD, most of the results from these studies could 

be generalisable to non-COVID PIOD. 

 

1.3. Hypotheses – the focus of my thesis 

 

Efficacy of the three treatments mentioned in the above section, as part of the second 

goal of my PhD dissertation, is mainly based upon the concept that an increase in the 

nasal airflow as well as the control of local olfactory mucosa inflammation, if present, can 

also improve olfaction. Whilst control of local inflammation in sinonasal diseases has 

been extensively studied over the years, the relationship between nasal airflow and 

olfaction has been overlooked for long time. This represents a particular focus of my 
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thesis and it will be further discussed in Chapter 3. A deeper knowledge of the strict 

relationship between nasal airways and olfaction will help in better understanding the 

works presented in this thesis and how improvement of sense of smell has been 

achieved following some of the treatments here evaluated. More importantly, it will put 

my studies into perspective when comparing these with the relevant literature.  
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CHAPTER 2: OLFACTION – AN OVERVIEW 

 

2.1. Anatomy of the olfactory system  

 

Olfaction is the ability to smell. Anatomically, the olfactory system is positioned at the 

apex of the nasal cavity, at the level of the cribriform plate. This is a perforated region of 

the ethmoid bone which acts as a barrier between the frontal lobe of the cerebrum and 

the nasal cavity. This area, also referred to as the olfactory area, contains the olfactory 

epithelium (OE), which is distributed across a surface area of 2.5 cm² extending “over 

the medial aspect of the superior turbinate, the anterior, middle, and superior portion of 

the middle turbinate, and the posterior region of the septum”.1 The OE is a 

pseudostratified columnar epithelium comprising olfactory receptor neurons (ORNs) and 

a diverse array of supporting epithelial cells, including sustentacular cells, microvillar 

cells, Bowman's glands, and basal cells. (Figure 2.1.) 

 

 

Figure 2.1. Sagittal view of nasal cavity with olfactory area delineated. 

 

It has been reported that humans have roughly 6 to 10 million ORNs per nostril.2 These 

are bipolar cells that give off a projection centrally towards the olfactory bulb (OB) while 

distally they project a single dendrite which contains nonmotile sensory cilia. The 
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sustentacular cells are supportive elements with protective functions toward ORNs, 

whereas microvillar cells’ function is, thus far, undetermined and could be possibly 

chemosensory. The Bowman glands, lodged within the olfactory lamina propria, secrete 

a serous fluid rich in glycoprotein which is important in helping dissolve gaseous odorant 

particles and for binding odorants for chemoreception, like the odorant-binding proteins 

(OBPs). Finally, the basal cells, further divided into globose basal cells (GBCs) and 

horizontal basal cells (HBCs), form the progenitor compartment of the OE.3,4  

 

The axons of individual ORNs coalesce to form neurovascular bundles, known as fila 

olfactoria, which then traverse the small perforations of the cribriform plate 

(approximately 20 foramina). (Figure 2.1.) These bundles subsequently converge with 

other collections of ORNs’ axons to constitute the olfactory nerves. The dura mater which 

unsheathes the intracranial side of the cribriform plate exhibits continuity with the basal 

membrane of the OE, extending through the foramina.5 As a result, the bony cribriform 

plate constitutes a potential area of damage in case of trauma (shearing stress on 

olfactory nerves - see Section 2.4), but also a possible entry point for pathogens to the 

intracranial space. The olfactory nerve, which represents the first cranial nerve, is also 

the shortest cranial nerve in humans. Unlike other cranial nerves, it does not converge 

with the brainstem. It exclusively comprises afferent sensory nerve fibres and is not 

myelinated by Schwann cells but ensheathed by specialized olfactory ensheathing cells. 

Once the olfactory fila have penetrated the cribriform plate and traversed the 

subarachnoid space, these enter the OBs ventrally.5 At this level, the ORNs, which were 

initially organized in bundles (reflecting their point of origin in the OE), defasciculate and 

reorganise as they target different regions of the OB. On the surface of the OB, the axons 

of the olfactory nerves establish synaptic connections with the dendrites of mitral and 

tufted cells within spheroidal structures known as ‘glomeruli’.6 These structures are 

integral components of the olfactory system, serving a critical role in transducing 

olfactory information and functioning as a “relay station” for all the impulses conveyed 



 
 

39 

between the OE and the primary olfactory cortex. Each glomerulus receives converging 

axons from ORNs that express the same specific protein receptors. Humans are 

thoughts to have between 1100 and 1200 glomeruli within each OB.7 The axons of the 

mitral and tufted cells organize into fascicles that traverse the OB and ascend dorsally, 

merging to form the olfactory tract. “Each olfactory tract (left and right) extends posteriorly 

along the olfactory sulcus and terminates in the olfactory trigone, a triangular 

enlargement of the terminal olfactory tract situated above the anterior clinoid process. At 

this level the fibres of the olfactory tract diverge to form two main bundles, the medial 

and lateral olfactory striae.5 The medial olfactory stria exhibits projections to the 

ipsilateral anterior olfactory nucleus and, via the anterior commissure, to the contralateral 

OB, culminating in the septal nuclei from which the medullary stria and the olfacto-

hypothalamic-tegmental bundle emanate. The medial olfactory stria plays a pivotal role 

in mediating autonomic responses associated with olfaction, such as an elevation in 

salivation, gastric peristalsis and secretion in response to olfactory stimuli”.5 The lateral 

olfactory stria, which is larger than the medial stria, projects to the primary olfactory 

cortex, an area within the temporal lobe in the vicinity of the uncus, which is accountable 

for most of functional olfactory transmission. The primary olfactory cortex comprises 

several cortical and limbic structures including the prepiriform cortex, the anterior 

olfactory nucleus, the olfactory tubercle (a structure which is poorly developed in 

humans), the periamygdaloid cortex (an area close to the amygdala), the cortical nucleus 

of the amygdala, and the lateral entorhinal cortex. The primary olfactory cortex is the 

main centre for processing smell information and has many functions that help integrate 

sensory information related to smell. 5,8-10 From these regions, the olfactory system 

projects, via the thalamus, to several additional regions of the cerebral cortex (secondary 

olfactory areas including orbitofrontal cortex, hippocampus, hypothalamus, cerebellum) 

where the olfactory information is processed. (Figure 2.2.) Here odorants are identified 

and initiate appropriate motor, visceral, and emotional reactions to olfactory stimuli and 
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this may provide an explanation for the role of sense of smell in modulating mood and 

emotion, influencing pleasure sensations, and impacting memory processes.11 

 

 

 

 

 

 

 

 

 

 
 
Figure 2.2. A schematic representation of the olfactory system. In green are coloured the primary 
olfactory regions while in yellow are marked the secondary olfactory regions. 
 
Amy: amygdala; Cereb: cerebellum; Ento: entorhinal cortex; Hippo: hippocampus; Hypot: hypothalamus; 
OFC: orbitofrontal cortex; PC: piriform cortex; Thal: thalamus.  
 

Consequently, olfaction is subject to modulation by visual, perceptual, and cognitive 

influences, exhibiting plasticity with a substantial component relying on learnt 

experience.12,13 Notably, in contrast to other sensory modalities, there is no thalamic relay 

for odour-evoked signals to central brain regions.14 Other distinctive characteristics 

encompass the truly ipsilateral nature of olfactory projections and the extensive overlap 

with limbic structures, which may account for the profound capacity of odours to influence 

emotional processing.14  

 

Another olfactory region exists in the nose of humans; however, this is vestigial as 

confirmed by the fact that its genes have degenerated through evolution.15 This is called 

the vomeronasal organ, or Jacobson's organ, and it is situated in the soft tissue of the 

nasal septum.16 
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2.2. Physiology of the olfactory system  

 

Olfaction can physiologically occur as a result of two distinctive pathways: orthonasally 

or retronasally. Orthonasal olfaction indicates the perception of odorants via anterior 

airflow from the nostrils to the olfactory area, as occurs during sniffing or normal 

respiration. In contrast, retronasal olfaction describes the perception of odours coming 

from the oral cavity during the processes of eating and drinking, facilitated by airflow to 

the olfactory area through the nasopharynx during the acts of swallowing or nasal 

exhalation. Retronasal olfaction contributes to the flavour of foods and drinks and is 

commonly confused with the sense of taste which explains the common situation of 

subjects with OD complaining of taste dysfunction in the absence of any real loss of taste 

sensation.17 Odorant molecules that arrive in the nasal passages following nasal 

breathing (orthonasal olfaction) or swallowing (retronasal olfaction) interact with the 

olfactory receptors located on the primary cilia of ORNs. After diffusion within the mucus 

layer, odorant molecules are subsequently transported to the OBPs, which are believed 

to facilitate the transport of the odorants through the mucus layer to their receptors and 

also to help in the clearance of the olfactory signal.2,18 (Figure 2.3.) 

 

 

Figure 2.3. Mechanism of signal transmission following odorant stimulation 
 
ATP: adenosine triphosphate; cAMP: cyclic adenosine monophosphate. 
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In the year 1991, Linda Buck and Richard Axel19 made a pioneering discovery, identifying 

the transmembrane proteins believed to function as odour receptors and subsequently 

characterizing a subset of the genes responsible for their encoding.20 The olfactory 

receptors genes include roughly 900 genes which makes them the largest superfamily 

in the genome and represent approximately 3% of the entire human genome. Although 

only half of these are functional, this highlights their crucial role in mammalian physiology 

and evolution.20 The bond between the odorant molecule and the specific olfactory 

receptor results in the activation of the G proteins which leads to a depolarization of the 

ORN. The beginning of the action potential induces the signalling.2 At the level of the OB, 

a complex process of signal transduction and encoding of intricate signals occurs prior 

to the transmission and subsequent processing of this information within other regions 

of the central nervous system.21,22  

 

Each neuron has only one type of receptor on its dendritic extensions,19 but each odorant 

can bind to different receptors and, thus, activate multiple neurons. Additionally, each 

receptor can recognize different odorants.4 Moreover, most of the odours in the 

environment are combinations of different components. This results in complex signals 

that are interpreted by the brain.2 The combination of different signals through stimulation 

of different receptors allow for the detection and discrimination of a potentially limitless 

diversity of odorant molecules.2 It is interesting to note that the human olfactory system 

is more sensitive and specific than that in rodents and primates23, and that humans can 

promptly differentiate between two distinct odours differing by a single molecule.24 The 

individual variability in olfactory performance, as well as sensitivity to a specific odour, 

may be attributable to several factors, including differential expression patterns of OR 

gene sets, genetic variability within the OR genes themselves, functional differences in 

the activity of OR proteins, and/or variations in central olfactory processing 

mechanisms.25-27 In addition to this, odorant molecules also create imposed mucosal 

activity patterns based on their solubility in the mucus lining. For instance, odorants with 



 
 

43 

high mucus solubility tend to be absorbed quickly, resulting in an uneven distribution 

across the olfactory mucosa. Conversely, less soluble odorants are more evenly 

distributed, which might provide the central nervous system with additional cues for 

odour identification. These imposed patterns, in conjunction with inherent patterns, are 

believed to contribute to the brain's ability to identify and differentiate between various 

smells.28 

 

Over the years a debate has arisen regarding the initial stage of olfactory reception. The 

mechanism of odour signalling described above is called the “lock and key” theory. 

However, the main criticism that has been raised is this theory’s inability to predict odour 

character and guide rational odorant design due to the vast number of ORs.29 

Furthermore, diverse structures can yield similar odours, and subtle structural changes 

can drastically alter smell. In 1996, Luca Turin first described the “vibration” theory 

suggesting that “ORs respond not to the shape of the molecules but to their vibrations”.30 

According to this theory, olfaction is characterized as a spectral sense, with olfactory 

events being initiated by electron transfer (ET) occurring within an OR.30 More recently, 

Liu et al. described the “Donor-Bridge-Acceptor” model, proposing that the “ET process 

could be viewed as an electron hopping from the Donor molecule to the odorant molecule 

(Bridge), then hopping off to the Acceptor molecule, making the electronic state of the 

odorant molecule change along with vibrations (vibronic transition)”.31 In this model, once 

an “odorant molecule enters the binding pocket of the OR and docks successfully, the 

odorant molecule changes its electronic state with an excitation of one or more phonons 

leading to a combination of vibrational and electronic transitions (vibronic transitions)”.31 

However, so far, the true mechanism leading to odour signalling is still under 

investigation. 

 

Many substances can stimulate both the olfactory system and also the trigeminal system, 

which is at the basis of what is called chemosensory function. In fact, the ophthalmic and 
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maxillary branches of the trigeminal nerve (fifth cranial nerve) innervate the sinonasal 

mucosa and are responsible for irritant responses. These are activated by irritants such 

as “air pollutants, ammonia, ethanol and other alcohols, acetic acid, carbon dioxide, 

menthol, capsaicin”.2 These axons form synaptic connections within the trigeminal 

nucleus, which subsequently relays neural impulses to the ventral posteromedial nucleus 

of the thalamus.2 From there, these signals are projected to cortical regions specialized 

in the processing of facial irritation and pain.2 Responses to these stimuli include pain, 

sneezing, tearing, irritation, salivation, vasodilation causing nasal congestion, nasal 

secretion, sweating, but also bronchoconstriction and a decreased respiratory rate.2 

 

The ORNs have a half-life of 30 to 40 days2 and the OE has the unique property of being 

able to constantly regenerate (neurogenesis). This is extremely important considering 

that, owing to its direct exposure to the external environment, the OE exhibits an inherent 

vulnerability to damage induced by toxins, pathogens, and traumatic insults.32-34 This 

ability is mainly related to the presence of the basal cells (GBCs and HBCs), multipotent 

olfactory progenitor cells, exhibiting the capacity to differentiate into both neuronal and 

non-neuronal cell lineages within the OE. GBCs are believed to be responsible for the 

turnover of the OE under both physiological and acute pathological conditions while 

HBCs are believed to initiate differentiation only in response to severe injury.35-37 In 

addition, olfactory ensheathing cells, which provide structural and functional support to 

olfactory axons, play a crucial role in maintaining the normal sense of smell by facilitating 

the continual turnover and axonal regrowth of ORNs.38,39 However, aging, but also 

environmental insults (like toxins, industrial or occupational chemicals, tobacco smoke, 

or airborne pollutants) or pathophysiologic processes such as viral infection or chronic 

inflammation, can induce metaplasia within the OE. This process involves the conversion 

of the OE into respiratory epithelium, resulting in a consequential loss of ORNs.2,40 
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2.3. Classification of olfactory dysfunction 

 

OD is highly prevalent and affects up to 29% of the general population.41 However, the 

prevalence could be much higher as epidemiology studies on OD are missing. It is 

usually divided into quantitative and qualitative disorders of olfaction. Quantitative OD 

can range from a complete lack of olfaction (anosmia) to a reduced sense of smell 

(hyposmia). Anosmia affects 5% of the population.42 Distortions or pathologic alterations 

in the perception of odours, termed as qualitative OD, are generally categorized under 

the term "dysosmia". Dysosmia includes parosmia and phantosmia. Parosmia refers to 

the perception of a typically unpleasant odour in response to an environmental odour. 

Phantosmia, instead, is the perception of an odour, usually unpleasant, occurring 

spontaneously in the absence of a trigger. Phantosmia is also usually referred to as 

chemosensory hallucination. Interestingly, reports suggest that presence of phantosmia 

is as high as 55% in individuals experiencing transient epileptic amnesia.43 Furthermore, 

dysosmia may also present as olfactory agnosia, characterized by the inability to 

discriminate between distinct olfactory stimuli.43 

 

2.4. Causes of olfactory dysfunction 

 

The initial classification of OD was made according to the anatomical location of the 

presumed pathology/lesion and divided as:  

 

• Conductive dysfunction: caused by blockage of odorants transmission to OE; 

• Sensorineural dysfunction: caused by damage/loss of the OE or nerve; 

• Central dysfunction: caused by damage to olfactory processing pathways in the 

central nervous system. 
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However, with years, it became evident that this classification has got some limitations 

due to the fact that the majority of the causes leading to OD can actually affect olfaction 

at more than one levels with varying contribution and their use as such may prevent a 

comprehensive understanding of the underlying pathophysiological mechanisms. 

Therefore, although this classification has not been completely abandoned today, OD is 

now described according to putative underlying aetiology. (Figure 2.4.) The commonest 

cause of OD is chronic rhinosinusitis (CRS) with or without nasal polyps, which accounts 

for approximately 67% of OD cases among patients presenting to rhinology centres.44-46 

It is also the commonest cause of OD amongst all the sinonasal disease being 

responsible for 14%-30% of cases.44-46 OD in CRS with nasal polyps (CRSwNP) has 

been consistently reported by patients as one of the most distressing aspects of this 

disease.47 

 

 

 
Figure 2.4. Causes of olfactory disorders. Others include: olfactory dysfunction related to drugs, 
neurological and neurodegenerative disorders or aging. 
 

Despite CRS being the commonest cause of OD, this usually causes a transient and 

incomplete anosmia due to inflamed nasal mucosa and increased mucus production.48 

Interestingly, parosmia is not a distinctive feature of CRS-related OD.49 This form of OD 
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is usually gradual in its onset and responds well to steroid treatment, either topical or 

systemic.42 However, in the long-term, the chronic inflammation of the OE in CRS 

patients can lead to permanent olfactory loss.42 The pathophysiology of OD in CRS will 

be further discussed in Section 4.2.  

 

Viral upper respiratory tract infections (URTI) represent the second commonest cause 

(14%).45 Viral infections can lead to OD following damage to the olfactory 

neuroepithelium by neurotropic viruses. The onset of this type of OD is usually sudden, 

often permanent, and it has been shown to represent the most frequent cause of both 

permanent anosmia and hyposmia.50 The pathophysiology of post-infectious OD will be 

further discussed in Section 5.3. 

 

Head trauma involving the cribriform plate (6% of all causes),45 can also cause a sudden-

onset olfactory loss due to direct damage to the sinonasal tract or to the OE, shearing 

forces exerted on olfactory fibres at the level of the cribriform plate, or the occurrence of 

cerebral contusion or intraparenchymal haemorrhage.51  

 

Exposure to chemicals or toxins (1% of all causes)45 can also be a cause of OD in 

subjects presenting with idiopathic olfactory disorders.52 These include metals like 

cadmium, manganese, arsenic, chromium, mercury, lead, aluminium and nickel, but also 

organic compounds like “butyl acetate, benzene, and benzyl acetate, industrial agents 

(paint solvents, toluene or styrene), dusts (cement and hardwood), and non-metal 

inorganic compounds (methylbromide, chlorine, hydrogen sulfide)”.53 Cadmium targets 

the ORNs and the severity of OD directly correlates with the years of exposure.54 

Manganese, instead, has been shown to be absorbed by the ORNs and transported from 

the OB to the olfactory cortex.55 Air pollution (like nitrogen dioxide) can similarly impact 

olfaction by contacting the OE, translocating to the OB and migrating to the olfactory 

cortex inducing local inflammation and/or leading to direct damage of the tissue.56 In this 
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regard, people living in non-polluted regions have been shown to have better olfactory 

scores than residents of cities exposed to high level of air pollution.57 

 

Several medications can also affect olfactory function such as zinc, 

tetrahydrocannabinol, remifentanil, sildenafil, chemotherapeutic agents, propofol, 

duloxetine, midodrine, metoprolol, local anaesthetics, and oral antibiotics.58-63  

 

Progressive OD can also represent an early sign of neurodegenerative disorders, like 

Parkinson and Alzheimer disease, and olfactory assessment is now included in the 

evaluation of neurodegenerative disease.64,65 Other neurological causes are: 

schizophrenia,66 migraine, seizures, and severe vomiting in pregnancy (hyperemesis 

gravidarum) with a possible common pathophysiological mechanism involving 

“variations in dopaminergic receptors allele”.67 Hippocampal lesions, psychosis, 

particularly characterized by olfactory hallucinations, meningiomas arising from the 

olfactory groove, and other intracranial masses can also cause progressive OD.68  

 

Moreover, OD can be congenital, as in 1Kallmann syndrome, 2CHARGE syndrome, 

syndromic ciliopathies, such as 3Bardet-Biedl,69 but can also be caused by acquired 

abnormalities secondary to perinatal toxic insult.70 

 

Other causes of OD include: radiation therapy, autoimmune diseases (“Sjögren 

syndrome, systemic sclerosis, multiple sclerosis, granulomatosis with polyangiitis, 

systemic lupus erythematosus, rheumatoid arthritis, myasthenia gravis, neuromyelitis 

optica, Behçet disease, and Mikulicz disease”), deficiency of vitamins or minerals which 

 
1 Kallmann syndrome is a condi/on characterized by hypogonadotropic hypogonadism and anosmia due 
to bilateral agenesis or hypoplasia of the olfactory bulbs 
2 CHARGE syndrome is a rare gene/c disorder characterised by coloboma, heart defects, atresia of 
choanae, retarda/on, genital and ear abnormali/es.  
3 Bardet-Biedl syndrome is characterised by holoprosencephaly associated with absence of the en/re 
olfactory apparatus 
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are involved in the regeneration of the OE (such as vitamin A, B and zinc), endocrine 

disorders (disorders involving the hypothalamus, hypothyroidism, diabetes, Kallman 

syndrome, Turner syndrome), renal failure (possibly due to accumulation of 

accumulation of uremic toxins exerting a deleterious effect on olfactory function or 

leading to polyneuropathy), sinonasal or intracranial tumours (leading to conductive or 

neurosensory OD), disorders related to extremely high or low BMI, smoking. 69,71,72 

 

A decline in the smell ability can also simply be the result of aging. It has been reported 

that prevalence of OD is approximately 2% in adults under 65 years of age but this 

increases to 75% in subjects over 80 years old.73 Multiple mechanisms are involved in 

age-related OD including “ossification of the cribriform plate, a reduction in the size of its 

foramina and accumulation of damage to olfactory receptors over the course of an 

individual's lifetime”.74,75  

 

Finally, whereas the cause of OD cannot be identified despite a comprehensive workup 

this is then defined as idiopathic (8% of all causes),45.  

 

2.5. Influence of sex on olfaction 

 

The relationship between olfaction and sex is not clear and anatomical differences of the 

olfactory system between males and females have not yet fully elucidated. Although 

many studies seem to suggest a better olfactory performance in the female population 

with females outperforming males in odour identification,76-79 other studies did not find 

an effect of sex on odour identification.76,80-83 However, no significant differences have 

been documented based on gender with respect to olfactory discrimination or 

threshold.84 (see next paragraph for threshold, discrimination and identification). A meta-

analysis evaluating gender-related differences in odour identification, confirmed this 

discrepancy is exclusively observed in patients within the age range of 18 to 50 years, 
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but not in subjects under 18 years or over 50 years.76 It has been hypothesized that these 

changes may be related to three main mechanisms. The first one is the fluctuating 

gonadal steroid levels (especially in the level of oestrogen). In fact, “gonadal steroid 

hormones and their receptors have been found in the OE, OBs, and other brain regions” 

associated with olfactory function.76,85 Moreover, studies have suggested that androgens 

may exert a suppressive effect on olfactory performance, whereas oestrogens can 

enhance it.76,86 The second mechanism may be related to a sexual dimorphism with 

evidence showing that the densities of neurons, non-neurons, and total cell count within 

the OBs are higher in females compared to males.87 Moreover, the volumes of the 

orbitofrontal cortex Broadmann areas 10, 11 and 25, and hippocampus are larger in 

women than in men.88,89 The third mechanism contributing to gender differences is 

olfactory processing.76 Specifically, a “higher cerebral blood flow and cerebral metabolic 

rate of glucose use have been documented in women compared to men” during olfactory 

tasks. This observation suggests that the female OB facilitates a greater transmission of 

olfactory information to cortical regions than men. This may reflect a higher capacity of 

women to identify and perceive odorants compared to men.90,91 

 

2.6. Olfactory dysfunction and quality of life 

 

An intact olfaction is of paramount importance for assessing the safety of food, evaluating 

impending danger, and recognizing the nuances of social relationships. In fact, whereas 

odours have powerful impacts in the animal kingdom due to their association with 

predators, food, and sexual gratification,14 in humans odours can also modulate human 

behaviour and social interactions.2 As a result, OD significantly reduces quality of life 

(QoL)92,93 and has recently gained public and press attention after being recognised by 

Public Health England as a key presenting symptom of SARS-Cov-2 infection and a 

persisting post-infectious symptom of ‘Long COVID’.94-97 Loss of sense of smell is 

devastating and remains an invisible disability which is often overlooked. The QoL of 
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patients with OD is significantly impaired and is comparable to that in heart disease in 

days off work and reduced productivity. Although more common than other sensory 

disorders, such as blindness and deafness, there is less known about OD with fewer 

available effective treatments.  

 

OD increases morbidity as well as mortality, 92,93,98,99 and the reasons for this are multiple. 

OD results in decreased flavour perception in up to 69% of sufferers, thereby 

extinguishing the pleasure of eating and drinking.100 This leads to a less varied diet with 

a negative impact on health and appetite, with 20% of sufferers eating more and between 

20–36% eating less.101 OD results in a diminished capacity to detect spoiled food, 

hazardous odours, such as gas leaks, smoke or undetected volatile chemicals, thereby 

constituting a significant health and safety risk.102 Patients are unable to perceive their 

own body odours which leads to social insecurity.100 As a result, OD patients experience 

a feeling of anxiety and may lead to social isolation and reduced employment.103 

Consequently, depression is very common in OD ranging from 40% to 76%, with 

depression scores directly increasing with increased severity of OD.104 Assuming 10% of 

anosmia sufferers receive antidepressants, we estimate the annual UK cost would be 

close to £10 million. 

 

2.7. Objective and subjective assessment of olfactory function 

 

In general, three different types of olfactory testing44 can be undertaken. 

 

i. Subjective (i.e. patient-reported olfaction)  

Subjective assessment of olfactory function can be performed using a visual analogue 

scale (VAS, ranging from 0 to 10 - 0 represents ‘sense of smell absent’ and 10 ‘sense of 

smell not affected’) or Likert questionnaires. For example, the commonly used Sinonasal 

outcome test-22 items (SNOT-22)105, a validated patient-reported outcome measure 
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(PROMs) for CRS, contains one question regarding OD scoring from 0 (“no problems”) 

to 5 points (“problem as bad as it can be”). Another specific questionnaire for olfaction is 

the Questionnaire of Olfactory Disorders-Negative Statements (QOD-NS)106, available 

also in its short version,107 quantifies the smell loss symptoms' effect on patients' QoL. 

However, correlation between subjective and psychophysical measures has been 

reported to be absent or very low and subjective olfactory assessment tends to be 

unreliable if performed in isolation.44  

 

ii. Psychophysical olfactory tests 

Psychophysical tests, while offering greater reliability than subjective self-reporting, 

necessitate a cooperative subject capable of comprehending, adhering to instructions, 

and effectively communicating choices to the investigator. In these tests, an olfactory 

stimulus is presented, and the outcome of the test depends on the patient's response. 

These tests can assess different aspects of olfaction and are generally categorised into 

threshold and suprathreshold tests. By definition, odour threshold represents the lowest 

concentration of an odorant that a person can notice and it is technically the 

“concentration at which 50% of stimuli are detected and 50% remain undetected”.44 

Suprathreshold olfactory tests, defined as those employing odour stimuli of sufficient 

concentration to be detectable by an individual with unimpaired olfactory function, are 

utilized to assess the abilities of odour discrimination and identification.44 Odour 

discrimination refers to the capacity to differentiate between distinct olfactory stimuli, 

while odour identification necessitates not only the recognition of a presented stimulus 

but also the accurate verbalisation of its identity (i.e., the ability to correctly name the 

perceived odour).44 Threshold, discrimination and identification components can assess 

different causes of OD. “Odour threshold preferentially assesses peripheral causes of 

olfactory loss (e.g. sinonasal disease), while the suprathreshold tests (i.e. discrimination 

and identification) better evaluate central or cognitive causes of OD (e.g. dementia)”.49 

Therefore, these tests can provide complimentary information when performed together.  
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Below a brief description of the main psychophysical olfactory tests currently used and 

available. (Table 2.1.) 

• The Smell Identification Test (‘SIT/SIT-40’, previously also known as ‘UPSIT’)73 

is a 40-item suprathreshold test which assesses odour identification. This test 

utilises microencapsulated (scratch & sniff) odours and is as far the only olfactory 

test on the market that can be self-administered. A brief version of the SIT (the 

Brief Smell Identification Test, B-SIT) exists and contains 12 items, instead of 40. 

This is also known as also known as the Cross-Cultural Smell Identification Test. 

• Nez-du-Vin test108 is a six odour multiple choice suprathreshold smell test which 

assess identification. Although quick, it explores a limited number of odorants.  

• The Connecticut Chemosensory Clinical Research Center Test (CCCRCT)109,110 

assesses odour threshold and identification. 

• The “Sniffin’ Sticks”,111 which assesses the odour threshold, discrimination and 

identification. Additional information is provided later in this section. 

 

 
Table 2.1. Main olfactory tests used with related scores.  
 
*These are further divided into mild, moderate and severe hyposmia 
+ This score is the arithmetic mean of threshold and identification scores (both having a maximum 
score of 7) 
 

 Olfactory ability 
investigated 

Maximum 
score Normosmia Hyposmia Anosmia MCID 

Sniffin’ Sticks112 
    TDI 

    Threshold 
    Discrimination 

    Identification 

 
    Composite 

    Threshold 

    Discrimination 
    Identification 

 
    48 

    16 

    16 
    16 

TDI ≥30.75 16<TDI<30.75 TDI ≤16 

 
    5.5 

    2.5 

    3 
    3 

SIT113 Identification 40 
≥34 (male) 

≥35 (female) 
33-19 (male)* 

34-19 (female)* 
≤18 4 

B-SIT114  Identification 12 ≥8 <8 <8 1 

Nez du vin108 Identification 6 >3 - ≤3 N/A 

CCCRCT109 
Threshold 

Identification 
7+ 6-7+ 5.75-2*,+ 0-1.75+ N/A 
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MCID: Minimal clinically importance difference; TDI: Threshold + Discrimination + Identification; SIT: Smell 
Identification Test; B-SIT: Brief-Smell Identification Test; CCCRCT: Connecticut Chemosensory Clinical 
Research Center Test. 
Other odour identification tests include: the 4-Item NHANES (U.S. National Health and 

Nutrition Examination Survey) Pocket Smell Test and the 3-item Quick Smell 

Identification Test (PCT and Q-SIT - similar to the SIT but containing only 4 or 3 items 

respectively); the Odour Stick Identification Test; the Scandinavian Odour Identification 

Test; the San Diego Odour Identification Test; the Barcelona Smell test; the Open 

Essence test; T&T olfactometer; the Smell Diskettes Test. 115-117 Other odour threshold 

tests are the Snap & Sniff Olfactory test system, T&T olfactometer, Smell Threshold test, 

Olfactory Perception Threshold test.115,116 

 

The “Sniffin sticks” test 

Initially described in 1996 by Kobal and colleagues,118 it has now become one of the most 

used tests to assess olfaction both in daily clinical practice as well as scientific research. 

It uses pen-like odour-dispensing devices and requires the subject to sniff felt-tip pens 

containing the smell, thus representing a highly practical and cost-effective way to 

measure olfaction. (Figure 2.5.) When opened, the felt tip ensures a consistent 

presentation of odorants at a constant concentration. Conversely, when closed, the cap 

provides an effective means of sealing the odorants within the pen, thereby effectively 

preventing olfactory contamination of the surrounding environment and desiccation of 

the odorant within the pen.118 In this test, the odour is presented to the subject for 

approximately 3 seconds by removing the cap of the pen and placing the pen's tip roughly 

2 cm under the nostrils (birhinally). In a clinical setting, Sniffin’ Sticks are commonly done 

birhinally although this test can also be performed monorhinally. To avoid olfactory 

desensitization, an interval of at least 30 seconds is recommended before presenting a 

new pen.119 Sniffin’ Sticks has been designed as a re-usable and portable test-kit which, 

in its “extended version”, include three different subtests that allow the assessment of 

different smell abilities namely odour threshold, discrimination and identification. In the 

short version, instead, it only includes the identification test (either using 12 or 16 
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odours). The threshold test is intended to determine the olfactory threshold of a subject 

(i.e. from which concentration on the subject can perceive a smell) with the help of a 

graduated concentration of n-butanol. During the test, repeatedly, three pens are 

presented one after another, with only one containing the odorant (the other two contain 

water). The patient has to make a statement on which of the three pens contains the 

odorant. 

 

Figure 2.5. Sniffin’ Sticks extended test including threshold (a), discrimination (b) and 
identification (c) tests. 
 
 
A forced stair-case procedure is used whereby the examiner moves up and down to 

different n-butanol dilutions and this is repeated for a total of 7 times (turning points). The 

final threshold score is determined as the mean of the last 4 turning points. Odour 

discrimination, which assesses the ability to distinguish odours from one another, is 

based on a comparison between three pens (triplets): two of these have the same odour 

(non-target) and one has got a different one (target). The subject has to indicate the 

odour (target) that smells differently in each case. These comparisons are performed for 

16 triplets and the score is obtained by summing up the correct answers. To prevent 

visual detection of the target sticks, both the threshold and discrimination tests are 

performed with the subject blindfolded. The identification test explores the ability of the 

subject to identify everyday smells. This is a “multiple-forced-choice” in which, after the 

odorant is presented to the subject, he has to choose one option amongst the 4 offered. 

During this test a total of 16 odours are presented and the score is obtained by summing 

up the correct answers. Each of these tests generates a number of points (maximum of 
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16 for each one), which is added up to obtain the final TDI score, with a theoretical 

maximum TDI score of 48. Since its first introduction, the test has been successfully 

adapted across cultures and validated for different populations,120-122 including the British 

one.123 Normative data have been published both in adults and children. According to 

the literature, “normosmia is defined by a TDI score of ≥30.75, hyposmia when TDI is 

>16, but <30.75, and functional anosmia by a TDI ≤ 16”.112 (Table 2.1.) 

 

The minimal clinically important difference (MCID) 

When assessing sense of smell, especially when reporting the results of longitudinal 

prognostic studies or when evaluating efficacy of an intervention, an important value to 

take into account is the minimal clinically important difference (MCID) which indicates 

the “minimum test score change required to denote a clinical improvement or 

deterioration”. Moreover, the use of the MCID is important when determining the sample 

size necessary in clinical studies, especially when evaluating effectiveness of a 

treatment. In fact, a treatment can be considered powered enough when it is able to 

reveal a difference between groups of at least the MCID threshold or greater.124 MCID 

has not been identified for all available tests but it has been reported only for those most 

commonly used in clinical studies. (Table 2.1.) For SIT (also known as UPSIT), MCID 

has been determined as a change of 4 points or greater.125,126 For B-SIT (the 12-item 

version of SIT) this has been reported to be 1 point.127 For Sniffin’ Sticks, instead, this 

has been defined as 5.5 points for the composite TDI score, 3 points for 

identification/discrimination and 2.5 points for threshold.128  

 

Benefits and limitations of psychophysical olfactory tests  

Psychophysical testing can assess olfactory abilities more objectively and, as many 

patients could experience an olfactory decline without being aware of it (this is often 

described as a gustatory/flavour impairment), these tests can further confirm whether a 

patient has an OD or not. Some tests, such as the Nez du Vin or the UPSIT, despite 
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assessing only one single olfactory ability, are quick inexpensive tests which can 

represent useful screening tools to exclude gross olfactory impairments. These tests are 

suprathreshold tests that, however, evaluate only the identification component. On the 

other side, multicomponent smell tests, (like the Sniffin’ Sticks), which include both the 

olfactory threshold testing but also suprathreshold tests, as the odour identification and 

discrimination tests, although being more time-consuming, can detect a pattern of 

olfactory decline, which might help to define the aetiology of the smell loss.49 For 

example, diseases that primarily affects the nose exert a negative impact on odour 

threshold, whereas suprathreshold test results typically remain within normal limits. 

Conversely, diseases of the central nervous system known to affect olfaction, such as 

Parkinson's disease, primarily impact performance on suprathreshold tests, while odour 

threshold is usually unaffected.49 Odour identification tests are “culturally specific” and 

some populations may “not be familiar” with certain odours.116 Therefore, it is important 

to confirm that the test chosen has been validated for the population under evaluation; if 

not, alternatively local versions should be preferred. Furthermore, it has been observed 

that the accuracy of psychophysical tests can be enhanced through the utilization of 

composite scores.129 Nevertheless, these tests require a subject who can understand 

adhere to instructions, and is capable of effectively communicating their choices to the 

investigator. Consequently, their administration is precluded in subjects who exhibit non-

cooperative behaviour.  

 

iii. Electrophysiological studies or magnetic resonance imaging 

Electroolfactograms (EOG) record the generator potential of olfactory sensory neurons 

via an electrode in contact with the OE and are limited to the research setting.44 

Electroencephalography (EEG) is useful in uncooperative patients unable to have 

psychophysical testing as well as in medico-legal assessment.116 Functional imaging 

modalities, including positron emission tomography (PET) and functional magnetic 

resonance imaging (fMRI), “enable the identification of brain activity in response to 
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olfactory stimuli”. These techniques rely on changes in the metabolism and cerebral 

blood flow, respectively, to map alterations in the brain activity associated with stimulus 

presentation.44 However, electrophysiological and imaging studies are typically reserved 

for research purposes, although EEG-based olfactory testing can possess utility in 

medico-legal contexts. 
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CHAPTER 3: NASAL AIRWAYS AND OLFACTION 

 

3.1 The relationship between nasal airflow and olfaction 

 

Airflow through the olfactory cleft is one of the conditions necessary to smell.130 It has 

been reported that the airflow reaching the olfactory area during a normal resting breath 

accounts for only 5% to 15% of the total nasal flow.131-134 This limited airflow is critical for 

the sense of smell, as it directs odorant molecules toward the OE,2 and its reduction can 

decrease the transport of odorants to the olfactory mucosa by over 700%, especially for 

chemicals with high solubility and diffusivity.132 

 

The nasal cycle, the physiologic alternating partial congestion and decongestion of nasal 

turbinates and mucosa, plays a significant role in regulating the distribution of airflow 

through each nostril and directly impacts on olfactory function.135 During the nasal cycle, 

one nasal passage experiences a relative increase in airflow (high-flow side) while the 

other one becomes partially obstructed (low-flow side) due to the engorgement of the 

nasal mucosa.136,137 This alternating pattern ensures that each side of the nasal cavity 

receives varying amounts of air over time, affecting the delivery of odorants to the OE.136 

This phenomenon is known as nostril dominance and influences olfactory threshold 

between the two nostrils.138 Sobel et al.139 showed that when a subject keeps the sniff 

constant to generate an airflow rate which is equal to the rate at which the high flow rate 

side can detect the odorant, the accuracy of detecting the odour (olfactory threshold) in 

the low-flow rate side is 18% lower of the other nostril. In such a situation the olfactory 

system can compensate for the reduced air-flow rate by either sniffing longer or stronger, 

thus improving olfactory performance.139 On the other side, less airflow through one side 

of the nostril (low-flow side) may provide an opportunity for the olfactory system to reset 

as it avoids continuous exposure to the same odorant, which could otherwise lead to 

olfactory desensitisation.140,141 Moreover, the nasal cycle may have a role in olfactory 
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spatial perception. The asymmetry in airflow between the two nostrils during the nasal 

cycle can create a differential detection of odorants, which might help the brain in 

localising the source of a smell. This was shown in Sobel et al.142 research study which 

demonstrated that the difference in airflow between nostrils influences sensitivity to 

varying odorants in each nostril, relaying a marginally different “olfactory image” to the 

brain. Nevertheless, the sniff represents a major component in olfaction. To further 

confirm this, an impairment in sniffing has been pointed as an additional and alternative 

pathogenetic mechanism of Parkinson disease OD. In this experimental study, Sobel et 

al.143 observed that an improvement in patients sniffing (increase of 54% of their initial 

sniffing volume) was accompanied by a temporary significant improvement in their 

olfactory performance (increase of 12% in their initial identification score). Whether, on 

the one side this confirms the strict relationship between olfaction and nasal airflow, on 

the other side it further highlights the protective role of olfaction in neurodegenerative 

diseases. 

 

Studies have demonstrated that odorants with different absorptive properties can 

influence olfaction in different ways. For high-sorption odorants in particular, smaller 

olfactory responses are generated in case of low airflows.142 This may be due to the fact 

that at low airflow rates, high-sorption odorant molecules adhere to the nasal mucosa 

before traveling far, limiting the activation of the OE and resulting in a weaker overall 

olfactory response. However, with higher airflow, the odorants spread over a larger area 

of the mucosa before being absorbed, leading to stronger olfactory responses.142 These 

results have been supported by research from Mozell et al.144 which showed a reduced 

olfactory function in case of lower nasal airflows.  

 

Interestingly, the characteristics of the airflow, turbulent or laminar, also play an important 

role in olfaction. Airflow in the nasal cavity is generally laminar, moving in smooth, parallel 

layers. However, the nasal septum and nasal turbinates generate convoluted flow paths 
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for both the inhaled and exhaled air. As air navigates through the nasal passages, it may 

transition from laminar to turbulent flow, especially during activities like sniffing, which 

increases the velocity of airflow.145 Our sniffing behaviour, which itself uses short, 

turbulent bouts of high flow rate inhalation, increases odorant uptake 4flux to the olfactory 

mucosa, and had long been thought to increase olfactory perception.146 In fact, although 

turbulence can improve odours sensitivity by increasing the amount of air that comes 

into contact with the OE,28 it has been found that laminar airflow, instead, facilitates a 

smooth and direct pathway for odorants to reach the olfactory region thus enhancing 

olfactory perception.147 Turbulent airflow occurs in case of nasal obstruction,148 and this 

can disrupt the odorant molecules flow to the OE, leading to a reduced sense of smell.147  

 

3.2 The relationship between nasal airways surgery and olfaction 

 

Nasal anatomy can play an important role in controlling the access of odorants to the 

olfactory area and several studies have shown the relationship between variations in the 

structures of the nasal cavity and olfactory function.149-155 In 1988, Leopold150 was the 

first to identify two regions in the upper nasal cavity – located between the lower middle 

turbinate and the septum – able to influence the olfactory function. Valsimidis et al.155 

found a significant correlation between odour thresholds and nasal cavity volume (NV) 

as determined through acoustic rhinometry. Similarly, Masala et al.152 observed positive 

correlations between odour threshold and NV, and negative correlations between odour 

thresholds and minimal cross-sectional areas in both nostrils. Damm and colleagues,151 

using MRI scans, found a correlation between odour threshold scores and volumes of 

the segment in the upper meatus directly below the cribriform plate and the anterior 

segment of inferior meatus. Computational fluid dynamics (CFD) studies have 

unequivocally demonstrated that the airflow directed towards the olfactory cleft region is 

 
4 Odorant flux refers to the number of odorant molecules absorbed. 
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critically influenced by anatomical variations within the olfactory cleft itself, and 

particularly highlighting the importance of the internal nasal valve (INV) region.132,149 In 

fact, a small decrease in this area (1.45%) resulted in a large reduction of nasal airflow 

to the olfactory area (76.9%).149 Always using the CFD, Wu et al.131 found that not just 

the overall nasal airflow is important for olfaction, but that the mean flow, mean velocity, 

and airflow ratio of the objective parameters of the olfactory cleft were strongly positively 

correlated with sense of smell. Moreover, Hornung et al.156 demonstrated an increase in 

the olfactory threshold following widening of the nasal valve angle after application of 

nasal dilators to the INV region.  

 

Alterations in nasal structures, like the nasal septum, nasal turbinates, or even the 

external nasal architecture and nasal vestibule, can determine the pattern of airflow 

through the nose, alter the velocity through the olfactory cleft region and, as a result, 

affect the path that the air takes to get to the olfactory receptors as well as olfactory 

mucosa sensitivity.150,157,158 This can in turn impact on the supply of odorants to the OE, 

and ultimately influence olfactory function. Alam et al.159 used CFD to analyse changes 

in the nasal airflow field following a virtual middle turbinate (MT) resection, assessing for 

effects on olfaction. In their study, they found that nasal resistance decreased whilst 

olfactory flux increased, suggesting that middle turbinate reduction can have a significant 

impact on the flux of odorants to the olfactory cleft.159 In support of these results, Soler 

et al.160 found that patients who underwent bilateral MT resection during functional 

endoscopic surgery had improved olfaction compared to those with bilateral MT 

preservation. In contrast, a study by Friedman et al.161 showed that MT reduction did not 

produce a significant improvement in the UPSIT score. 

 

Surgical interventions that aim to restore or improve laminar airflow, such as septoplasty 

or septorhinoplasty, can lead to improvements in the sense of smell.153,154,162-169  Previous 

investigations have demonstrated that a deviated nasal septum (DNS) results in a 
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diminution of olfactory function on the obstructed side. Furthermore, lateralised olfaction 

has been observed in a significant proportion of healthy individuals, with reported 

prevalence reaching up to 23.4%.170 Pfaar et al.171 found that DNS results in a decrease 

in odour thresholds on the obstructed side, whereas Altundag et al.172 reported a 

decrease in odour thresholds, discrimination, and identification abilities on the narrower 

side. Mackers et al.173 demonstrated worse olfactory function (using the Barcelona 

Olfactory Test, an 8-item identification test) in the more obstructed side. Mackers et al.173 

reported a significant improvement in the olfactory scores following nasal surgery 

(septoplasty +/- inferior turbinoplasty or inferior turbinoplasty alone). Similar results were 

found by Gupta and colleagues153 using a combination of an odour threshold and an 

identification tests. Choi et al.167 found that septoplasty improved birhinal olfaction by 

reducing lateralized olfaction as measured by butanol threshold tests (BTTs). Aydogdu 

and colleagues found that at 8 weeks after septoplasty olfaction, measured by means of 

CCCRCT (see Section 2.7. for a better understanding of this test), was significantly 

improved with no significant difference between patients undergoing closed and open 

septoplasty. In a study which evaluated the role of endonasal septoplasty with inferior 

turbinate reduction in improving olfaction the authors found a good correlation between 

lower nasal obstruction scores (using NOSE score) and better reported olfaction (using 

sVAS score).174 However, a poor correlation between the sVAS and UPSIT scores was 

demonstrated.174 Overall improvement in sense of smell following septoplasty has been 

reported to range between 13% and 77% while the chance of reduced olfaction is 

reported to be around 7%.153-155,175  

 

By altering the angle of the INV (e.g., by using spreader grafts) and increasing the nasal 

cavity volume, functional septorhinoplasty (fSRP) can increase nasal airflow as well as 

influencing direction to the olfactory area and potentially improve nasal airflow to a 

greater extent than septoplasty.151,154 Effectiveness of fSRP and, particularly, the 

influence of INV dimension and nasal airflow on the olfactory area following fSRP have 
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been confirmed by several authors.130,164,176,177 Notably, a study by Whitcroft et al178 

conducted in patients with long-standing OD (either idiopathic or post-infectious) 

undergoing fSRP found that improvement of sense of smell was significantly correlated 

with the overall increase in bilateral nasal airflow rather than the symmetry of airflow, 

suggesting that the improvement in total nasal airflow played a more important role in 

enhancing olfaction than the correction of septal deviation alone. Other studies have 

supported these results. Following the increase of nasal airflow, the increased and 

normalised stimulation of the olfactory receptors may lead to enhanced neural 

connectivity and OB function, further contributing to the recovery or improvement of 

olfactory abilities.179,180 In their functional MRI study, Whitcroft et al178 demonstrated that 

the observed improvement in olfactory function was associated with “structural and 

functional plasticity in critical regions of the central olfactory network, including the 

anterior cingulate, orbitofrontal cortex, insula, and temporal pole”. Taken together, these 

findings suggest that nasal cavity augmentation (i.e. by means of fSRP) may lead to a 

larger olfactory surface with more olfactory receptive structures. Interestingly, in a meta-

analysis by Pfaff et al.130 a similar number of studies on fSRP and septoplasty alone 

reported an improvement in olfaction. The role of fSRP in improving sense of smell will 

be further discussed in Section 6.15. 

 
  



 
 

65 

CHAPTER 4: OLFACTORY DYSFUNCTION IN PATIENTS 

WITH NSAIDS-EXACERBATED RESPIRATORY DISEASE 

 

4.1. My research questions and hypotheses on OD in N-ERD 

 

OD represents a common complaint amongst patients with N-ERD and can severely 

affect QoL. As further discussed in this chapter, intranasal administration of lysine aspirin 

(LAS) represents an alternative way to desensitise N-ERD patients to aspirin and can 

help in controlling CRSwNP in these patients. Long-term efficacy of intranasal LAS 

remains unknown and its effects on olfaction have not been evaluated. My aims and 

hypotheses regarding OD in N-ERD matured during these years are summarised in 

Table 4.1. An introduction to the topic has been included to give a background to the 

studies conducted. 

 

 
Table 4.1. Research questions and hypotheses leading to my published studies on NSAIDs-
exacerbated respiratory disease.  
 
LAS: lysine aspirin; N-ERD: NSAIDs-exacerbated respiratory disease; OD: olfactory dysfunction; QoL: 
quality of life.  
 

Research questions 

1. What is the prevalence of OD in N-ERD patients? 

2. Is OD in N-ERD reversible? If so, can intranasal LAS improve OD?  

3. Is QoL worse in N-ERD patients with OD? If so, can intranasal LAS improve QoL? 

Hypotheses 

1. OD is highly prevalent in N-ERD patients resulting from a combination of nasal 
obstruction, caused by nasal polyps, and chronic nasal inflammation.  

2. Intranasal LAS can control sinonasal inflammation, reduce polyps’ size and, therefore, 
improve nasal airflow. Olfaction would consequently improve as a result of the 
reduction of olfactory mucosa inflammation but also following an increased odorants 
delivery to the olfactory cleft. 

3. QoL is reduced in patients with N-ERD and worse in those patients with OD. LAS will 
improve QoL following nasal symptoms control and improved olfaction. 
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4.2. Introduction – an overview on N-ERD 

 

4.2.1. Clinical aspects 

 
N-ERD, also referred to as Samter’s triad, is a clinical syndrome characterized by 

asthma, CRSwNP, and intolerance to aspirin/NSAIDs.181 It affects approximately 15% of 

severe asthmatics, 10% of CRSwNP patients and 9% of  patients with CRS.182,183 N-ERD 

is characterized by moderate-to-severe asthma, a severe form of CRSwNP, with 

recalcitrant polyps, and persistent eosinophilic inflammation.184 In the majority of the 

patients, N-ERD is diagnosed in their third or fourth decade, rarely in late childhood.185,186 

Women outnumber men in most studies.187 The onset is with rhinitis progressing to 

CRSwNP. 188 Lower respiratory symptoms manifest two years, on average, after the 

upper airway (UA) symptoms and NSAIDs hypersensitivity manifests four years later.188 

All Cox-1 inhibitory drugs can cause symptom exacerbation189 while Cox-2 inhibitors are 

usually well-tolerated by the majority of N-ERD subjects, although initial use should be 

supervised. Respiratory symptoms in N-ERD patients, following ingestion of NSAIDs, 

can involve the upper and/or lower respiratory tract and can be a combination of nasal 

congestion, rhinorrhoea, bronchoconstriction, mucus secretion, cough, wheezing or 

breathlessness.190 The onset can be rapid with a risk of fatal bronchospasm.190 N-ERD 

symptoms will continue to progress despite strict avoidance of NSAIDs in the majority of 

subjects.188 Alcohol-induced and high salicylate food-induced upper and lower airway 

symptoms have also been reported by some N-ERD patients.191,192  

 

4.2.2. Pathophysiology 

 

The cause of N-ERD is unknown, although there are genetic susceptibilities193 and some 

sufferers report an initiating respiratory tract infection. The pathophysiology of N-ERD 
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involves an alteration of the arachidonic acid metabolism with a dysregulation of 

cyclooxygenase (COX) and lipoxygenase (LOX) pathways. Here arachidonic acid is 

metabolized to “cysteinyl leukotrienes (cysLTs), mostly LTE4 via the 5-lipoxygenase (5-

LO) and LTC4 synthase (LTC4S); prostaglandins (PGE2, PGF2, PGI2 and PGD2); and 

thromboxanes (TBX) A2 by the prostaglandin synthase and TBX synthase”.194 PGD2 is 

a pro-inflammatory bronchoconstrictor precursor, induces chemotaxis and activates 

eosinophils, basophils, Th2 cells and innate lymphoid cells (ILC2), accelerating type 2 

airway inflammation.195,196 Conversely, “PGE2 is anti-inflammatory and 

bronchoprotective, and reduces recruitment of eosinophils and degranulation of mast 

cells after binding to E prostanoid 2 (EP2) receptors”.195,196 “ILC2s and Th2 cells are 

abundant in polyp tissue, and together with mast cells, produce type 2 cytokines such as 

interleukin (IL)-4, IL-5, and IL-13. IL-4 and IL-13 signal through the common IL-4Rα,” 

leading to several effects such as tissue fibrosis and remodelling, mast cell activation 

and survival, goblet cell hyperplasia and mucus production.197 IL-5 is required for 

eosinophil survival and activation.197 NSAID-induced inhibition of the COX pathway 

results in a redirection of arachidonic acid metabolism towards the 5-lipoxygenase (5-

LO) arm.198 This metabolic shift leads to an overproduction of CysLTs and PGD2, while 

concurrently decreasing PGE2 levels.198 In this context, the reduced PGE2 levels 

diminish the capacity to suppress 5-LO pathways through IL-10-dependent mechanisms, 

thereby contributing to an exacerbated production of CysLTs in these patients.199 (Figure 

4.1.) Released CysLTs and PGD2 subsequently activate “inflammatory cells 

(eosinophils, ILC2, mast cells, smooth muscle cells, granulocyte-adherent platelet, and 

neutrophils)” through receptor-mediated interactions, inducing the release of cytokines, 

histamine, and additional pro-inflammatory mediators. This cascade of events 

contributes to airway inflammation and remodelling in the nasal mucosa of N-ERD 

patients.199 Elevated levels of both IL-4 and interferon-gamma (IFN-γ) have been 

detected within the tissue of N-ERD patients. Prior research has shown that IL-4 has a 
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pivotal role in the upregulation of LTC4S expression by mast cells, whereas IFN-γ drives 

this process in eosinophils.200 

 

 
 
Figure 4.1. Imbalance in the arachidonic acid metabolism in patients with N-ERD. 

 

N-ERD polyps show also overexpression of platelet activation markers and more 

aggregates of platelets and leucocytes than aspirin-tolerant patients. A disturbance in 

the intricate interplay between platelets and leukocytes can thus be partially responsible 

for the respiratory tissue inflammation and the overproduction of CysLTs that are 

characteristic hallmarks of N-ERD.201 Moreover, a recent study has provided compelling 

evidence confirming a significant relationship between levels of IgE in nasal polyps and 

the rapidity of nasal polyp regrowth in patients with N-ERD. These findings suggest that 

IgE levels may serve as a valuable marker of disease severity and may represent a 

plausible driver of sustained mast cell activation and the perpetuation of respiratory 

tissue inflammation.202 
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4.2.3. Diagnosis 

 

N-ERD remains a diagnostic and therapeutic challenge. A history of adult-onset asthma, 

bilateral nasal polyposis and one or more episodes of acute onset of respiratory 

symptoms following ingestion of aspirin or other NSAIDs suggest the diagnosis of N-

ERD. A reaction to two different NSAIDs is sufficient to establish the diagnosis.203 All 

patients with an unclear history should undergo a provocation (challenge) test if clinically 

indicated, as a precise diagnosis is relevant in managing their disease.204 Aspirin 

challenges can be done via oral, bronchial, nasal or intravenous routes. The last three 

require a truly soluble form of aspirin and are rarely used in the UK, where LAS, the only 

soluble form of aspirin, is not routinely available in the UK. Oral challenge is regarded as 

the gold standard and this should take place in a specialised centre with well-trained staff 

able to manage severe asthma and anaphylaxis. Some subjects are unsuitable for 

aspirin challenge.205 Some centres also practise other routes of challenges such as 

intranasal or inhalation using LAS (UK) or ketorolac (USA). The oral route claims higher 

sensitivity but also has a higher rate of adverse reactions; conversely, the intranasal 

route is both faster and safer.203,206,207 However, if nasal challenge is negative, in case a 

high-suspicious of N-ERD exists, an oral challenge should follow. LAS can be used for 

both nasal challenge and topical nasal desensitisation and is widely available in Europe, 

but not in the USA or UK. Oral or bronchial challenges usually start at a dose of aspirin 

at around 30 mg with the dose gradually increased until a reaction is observed.208 The 

real disadvantage of these two methods remains that, due to the relatively high doses of 

aspirin used, they can both lead to severe symptoms in more than 50% of patients, such 

as asthma requiring emergency treatment and/or hospital admission in some cases.208 

In view of the fact the reaction to aspirin can be delayed, patient is usually admitted 

overnight after the challenge and thus the whole process requires at least one day.208  
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• Intranasal LAS challenge 

First introduced in 1990s, nasal challenge using LAS has been proposed as a quicker 

and safer alternative to oral and bronchial challenges.209 On the day of the nasal 

challenge, the patient remains in the laboratory for an initial acclimatisation period of 15 

min. After that, nasal and lower airways measurements are taken alongside patient-

reported symptoms. The LAS solution used for the challenge is prepared by dissolving 

one sachet of LAS (ASPEGIC 500 mg, Sanofi – Aventis, Ditto, France) in 10 mL of normal 

saline. LAS demonstrates significantly higher water solubility compared to aspirin (40% 

vs. 0.3%) and exhibits non-irritant properties. Prior to initiating the aspirin provocation 

test, a single-blind challenge with normal saline is conducted by administering 100 µl of 

saline solution to each nostril via pipette while the patient assumes a supine position with 

the head tilted downwards for a duration of one minute. This initial test is done to rule out 

any nasal hyper-reactivity. This is confirmed if the patient reports a worsening of 

nasal/respiratory symptoms and/or a 25% decrease in acoustic rhinometry 

measurements (MCA1 and/or nasal volume) and/or a 40% decrease in peak nasal 

inspiratory flow (PNIF) after 15 mins from the test. In the case of nasal hyperreactivity, 

the diagnostic procedure is discontinued as the degree of nasal reactivity precludes the 

acquisition of accurate diagnostic data. The patient is given appropriate nasal treatment 

and the challenge is rescheduled for a minimum of one month thereafter. If the saline 

challenge is negative, a graduated challenge with LAS is then initiated. This involves the 

administration of initial doses ranging from 5 to 10 mg, applied as 100 µL drops to each 

nostril, with the patient maintaining a supine position with the head upside-down for a 

duration of one minute. Symptoms are reassessed after 45 mins, and if no significant 

changes from baseline nasal measurements (as previously explained) are observed, 

then a double dose of intranasal LAS is administered with further readings after 45 min. 

This procedure is repeated until the patient reacts to the dose given. The final nasal dose 

to be administered is 40 mg, resulting in a cumulative nasal dose typically ranging from 
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75 to 100 mg. Following this, patients who exhibit no adverse reaction to the nasal 

provocation are subsequently challenged orally with increasing doses of aspirin 

administered sublingually, commencing with an initial dose of 100 mg and progressing 

until a cumulative dose of at least 350 mg of aspirin is reached. In the nasal challenge, 

patients exhibiting high aspirin sensitivity are expected to react at low LAS doses, 

predominantly manifesting with nasal symptoms and minimal asthma exacerbation. 

Conversely, patients displaying lower sensitivity who tolerate the initial nasal doses 

without experiencing any nasal or respiratory symptoms are unlikely to experience a 

severe adverse reaction upon receiving a subsequent oral aspirin challenge.203 If patients 

do not react to either the nasal and oral challenge, they are considered aspirin tolerant.203 

A nasal challenge usually does not last longer than 4 hours and can be fitted into one 

day. 

 

4.2.4. Treatment 

 

Treatments for CRSwNP in N-ERD can be distinguished in pharmacological and surgical. 

Table 4.2. briefly summarise the main treatment options and drugs used. 

 
Table 4.2. Treatments currently utilised for CRSwNP in N-ERD.  
 
ATAD: Aspirin Treatment After Desensitisation; FESS: functional endoscopic sinus surgery.  

 

 
 

Type of drug/treatment 

Pharmacological   

Oral ATAD  Aspirin (300 mg/day to 650 mg twice/day) 

Intranasal ATAD  Lysin aspirin (75mg to 100 mg daily) 

Monoclonal antibodies  
 Omalizumab (75 mg to 600 mg every 2 or 4 weeks) 

Dupilumab (300 mg every other week)  
Mepolizumab (100 mg every four weeks) 

Others  Oral or topical corticosteroids (different formulations/protocols)  
Leukotriene modifying drugs (Montelukast 10mg/day) 

Surgical   

FESS  Ranging from polypectomy to full-house FESS and more 
extended approaches (Draf 2b/Draf 3) 
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• Pharmacological 

Treatments of CRSwNP in N-ERD patients include the use of nasal corticosteroids, nasal 

douches, inhalers, leukotriene-modifying drugs, aspirin treatment after desensitisation 

(ATAD) and, more recently, biologics targeting type 2 inflammatory cytokines.210 ATAD, 

particularly using intranasal LAS, and monoclonal antibodies will be further discussed 

below.  

 

o Aspirin Treatment after desensitisation (ATAD) 

ATAD, which involves a gradual exposure of patients to increasing doses of aspirin until 

a final daily dose is achieved, has emerged as an effective treatment for N-ERD patients 

with recalcitrant nasal polyposis.181 Since its initial description in 1980,211 several studies 

have constantly confirmed the clinical benefit of ATAD, including “a reduction in sinonasal 

symptoms (Grade 1A), a decrease in the use of nasal corticosteroid (Grade 2B), a 

reduction in recurrence of nasal polyps (Grade 2B), and a decrease in the need for 

revision surgery (Grade 2B)”.181 According to the American Academy of Allergy, Asthma 

and Immunology, ATAD is a “unique treatment option that should be considered in all 

eligible patients with AERD as a means to improve clinical outcomes and delay or 

prevent future sinus surgery”.212 ATAD has emerged as a viable therapeutic option for 

CRSwNP refractory to conventional medical and surgical interventions, owing to its 

favourable safety profile and cost-effectiveness.213-215 The precise mechanisms 

underlying the efficacy of ATAD remain to be fully elucidated. However, it is established 

that ATAD “modulates deregulated immune responses in N-ERD through mechanisms 

including decreased levels of pro-inflammatory leukotrienes and their receptors (like the 

cysLT receptor),216 inhibition of Th2 activation, IL-4 production, and mast cell 

activation”.217 While the majority of patients with N-ERD are expected to benefit from 

ATAD,212 a subset may experience intolerance due to associated symptoms affecting the 

skin, gastrointestinal tract, or respiratory system. Adverse events may include gastritis, 
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major gastrointestinal bleeding, asthma exacerbation, and severe rash. To mitigate the 

risk of ATAD-related adverse events, intranasal administration of LAS has been proposed 

as a potentially safer and faster route compared to oral ATAD.218 However, the evidence 

supporting the efficacy and safety of intranasal LAS is currently less robust. Previous 

clinical trials have confirmed the benefits of long-term intranasal LAS (75 mg) in the 

management of CRSwNP,219-224 resulting in a significantly lower recurrence rate of nasal 

polyps at 2 years when compared to control groups (21% vs 76%). 218  

 

o ATAD using intranasal LAS 

Once the diagnosis of N-ERD has been confirmed by challenge, the patient can start 

intranasal ATAD. The starting dose is the dose to which the patient has reacted at the 

nasal challenge plus an additional drop into each nostril. The patient receives instruction 

to slowly increase the number of drops administered to each nostril on a daily basis, with 

a gradual escalation of dosage, if asymptomatic, up to a maximum of 9 drops/nostril, 

corresponding to 45 mg of aspirin, with a subsequent assessment scheduled after 3 

months. Subsequently, the number of drops is further increased on a daily basis up to a 

maximum of 15-20 drops/nostril, equivalent to 75-100 mg of aspirin.221 This low dose of 

aspirin has been reported to be cardioprotective, but more importantly does not carry the 

gastro-intestinal side effects or other complications associated with the higher doses 

required for oral ATAD (usually of at least 300 mg daily).225-228 Moreover, based on the 

principle of direct administration of LAS to the nasal mucosa, a higher intranasal 

concentration can be achieved without subjecting the gastrointestinal tract or the 

cardiovascular system to the potential adverse effects associated with high systemic 

aspirin doses.221 Nonetheless, a previous randomised-controlled trial (RCT) involving 43 

N-ERD patients treated with a lower, alternate-day dose of intranasal LAS (16mg every 

48 hours) failed to show a clinically significant benefit, despite demonstrating a reduction 

in the expression of leukotriene receptors.229 
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o Monoclonal antibodies 

Monoclonal antibodies, such as omalizumab, mepolizumab and dupilumab, are showing 

encouraging results in treating difficult-to-treat CRSwNP in N-ERD. While Omalizumab 

“blocks the activity of circulating IgE, mepolizumab binds to and blocks circulating IL-5, 

a key cytokine involved in eosinophil recruitment and activation. In contrast, dupilumab 

is directed towards the IL-4 receptor alpha subunit (IL-4Rα), a shared component of both 

IL-4 and IL-13 receptors, thereby inhibiting the activity of both signalling pathways”.230 

These molecules have been studied in large placebo-controlled trials in patients with 

asthma and in CRSwNP, most included subjects with N-ERD; however, a study exclusive 

to N-ERD subjects is lacking. A Cochrane systematic review of RCTs concluded that all 

three monoclonals showed some degree of efficacy in treating patients with CRSwNP 

(with or without asthma), although dupilumab resulted in the most significant 

improvement in the disease-specific health-related QoL (measured using SNOT-22) 

compared with the placebo.231 NSAIDs sensitivity among the study groups was not 

mentioned. Another systematic review and meta-analysis analysed the comparative 

efficacy and safety of various monoclonal antibodies and aspirin desensitisation in 

treating CRSwNP.232 In a retrospective analysis, N-ERD patients with inadequate 

response to mepolizumab, reslizumab, and benralizumab significantly improved their 

upper and lower airway symptoms when switched to dupilumab.233 The selection of the 

agent and timing have to be decided carefully and wisely, and published guidance is 

available.234 In Europe, both mepolizumab and dupilumab are approved as add-on 

treatments for CRSwNP. Currently, no monoclonal is licensed in the UK for CRSwNP per 

se. However, patients with concomitant severe eosinophilic asthma may become eligible 

to be treated with monoclonal antibodies such as omalizumab, mepolizumab, dupilumab, 

reslizumab or benralizumab, and those with concomitant severe atopic dermatitis with 

dupilumab. Despite their high efficacy, these immunomodulatory medications are 

associated with a substantial cost, and long-term safety and outcome data for many of 

these agents are currently limited. In view of that, biologics are not recommended as a 
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first-line treatment and should be reserved following completion of extensive sinus 

surgery and a trial of aspirin desensitization, thereby enabling a more cost-effective 

approach to disease management.235,236 

 

• Surgical treatment - Functional Endoscopic Sinus Surgery (FESS) 

FESS in N-ERD is indicated when CRSwNP is uncontrolled despite optimal medical 

treatment.210 In this surgery, polyps are removed and the sinonasal cavities are opened 

up to allow better access of topical treatments to the sinonasal mucosa in order to 

prevent polyp recurrence and achieve better disease control. However, recurrence of 

nasal polyps after sinus surgery is higher in patients with N-ERD compared to patients 

with CRSwNP without N-ERD.181,187 Moreover, failure rates of standard FESS in this 

population have been reported to be as high as 90% at 5 years, while rates of revision 

surgery can range from 38% to 89% at 10 years.237,238 Additionally, patients with N-ERD 

tend to undergo a significantly higher number of revision FESS procedures (up to 10-fold 

increase) and have a greater probability of requiring long-term treatment with oral 

corticosteroids for effective disease control.239 Currently, there exists no consensus 

among surgeons regarding the optimal FESS extension strategy to adopt in these 

patients with the aim of minimizing the risk of polyp recurrence. Recent evidence seems 

to suggest a role for more extended sinus surgery (i.e. large cavity FESS) which include 

“a combination of complete uncinectomy, wide middle meatal antrostomy, complete 

ethmoidectomy, wide bilateral sphenoidotomy, and a Draf IIb or Draf III frontal sinus 

surgery”.240-245 It has been observed that patients with N-ERD who undergo large cavity 

FESS exhibit superior clinical outcomes compared to those undergoing more 

conservative FESS, showing a reduction in disease recurrence, a lower rate of revision 

surgery, and improved QoL scores.240-245 
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4.3. Pathophysiology of OD in N-ERD 

 

OD is a highly prevalent condition amongst patients with N-ERD, affecting over 90% of 

subjects.246 The pathogenesis of OD in N-ERD appears to be multifactorial, involving 

both conductive and inflammatory mechanisms. Contributing factors include the 

significant burden of nasal polyps and the resultant swelling of the sinonasal mucosa in 

the olfactory region, which can physically obstruct the passage of odorants to the OE. 

Additionally, chronic inflammation within the OE itself may play a role in the development 

of OD in this patient population.247 Research suggests that elevated levels of IL-2, IL-5, 

and IL-13 in nasal mucus may contribute to loss of sense of smell in patients with N-

ERD.248,249 OD significantly impact on the quality of life of N-ERD patients. It is well-

established that diminished olfaction is associated with various negative consequences, 

including depression, social isolation, emotional distress, changes in weight, cognitive 

decline, neurodegeneration, and even increased mortality risk in older adults.99,250,251 

(Table 4.3.) In the past, it was believed that CRS-related OD was due to a conduction 

problem only caused by the obstruction of the olfactory cleft by nasal polyps or nasal 

mucosa congestion.252 However, a significant number of patients still have OD despite 

removal of nasal polyps and increase of nasal airflow.210 

 

 
Table 4.3. Relevant mechanisms leading to olfactory dysfunction in N-ERD.  

 

 Mechanism Rationale 

Nasal polyps Conductive Obstruction of the olfactory cleft by nasal polyps or nasal mucosa 
congestion 

Chronic mucosal 
inflammation Sensorineural 

Long-term local inflammation of the olfactory mucosa causes:  
1. Cell death of the olfactory sensory neurons; 
2. Changes in the mucus layer that covers the olfactory 

epithelium; 
3. Reduced number of olfactory binding proteins (OBPs) 
4. Reduction of olfactory metabolizing enzymes 

Abnormalities in 
olfactory central areas Central Sensory deprivation and/or injury of the olfactory sensory neurons 

decreasing projections to the olfactory bulb 
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Further studies have shown that the situation is more complex. In addition to a nasal 

airway obstruction by nasal polyps, a conductive problem may also be related to changes 

in the mucus layer that covers the OE with alterations and reduced number of OBPs, 

which plays an important role in olfactory signal transmission, but also of olfactory 

metabolizing enzymes, that eliminate odorants.18,253,254 Evidence is now showing that OD 

in these patients is also caused by a chronic inflammation at the level of the sinonasal 

mucosa.252,255-257 CRS presents with two distinct inflammatory phenotypes: “Type 2 (T2) 

and Type 1/Type 3 (non-T2) inflammation.210 The specific phenotype is determined by 

the primary cytokines and effector cells involved in the inflammatory process.210 T2 

inflammation is characterized by the presence of ILC2s and T-helper (Th) 2 cells. These 

cells produce IL-4, IL-5, and IL-13, leading to the recruitment of eosinophils to the 

sinonasal mucosa. In contrast, non-T2 inflammation is characterized by the secretion of 

more general inflammatory cytokines, including IL-8, IFN-γ, and IL-6, as well as IL-17 

and IL-22. These cytokines are produced by Th1, Th17, or Th22 cells, respectively. The 

recruitment of neutrophils to the nasal and sinus mucosa is typically observed in non-T2 

inflammation.258 This inflammatory response leads to the influx of inflammatory cells such 

as lymphocytes, macrophages and eosinophils in the OE of CRS patients and the 

resulting chronic inflammation can cause a cell death of the olfactory sensory neurons 

resulting in OD”.252 

 

N-ERD is typically characterised by a T2 inflammatory response. Eosinophils, the 

“primary effector cells of T2-inflammation endotype, are known to release cytotoxic 

proteins, including major basic protein (MBP), eosinophil cationic protein (ECP), and 

eosinophil peroxidase (EPO)”, which can damage epithelial tissues.259-261 A high 

“eosinophil presence in the lamina propria of the OE, as well as extensive inflammatory 

responses around nerve bundles”, has been observed in patients with severe 

CRSwNP.252 Moreover, studies have shown a correlation between the presence of 

“eosinophils in superior turbinate biopsies from CRSwNP patients and the severity of 
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OD”.262 “Elevated levels of galectin-10, a protein produced by eosinophils that forms 

Charcot-Leyden crystals (a marker of cell death), have been found in the OE mucus and 

superior turbinate biopsies of CRS patients with OD compared to those without OD”.263 

T2 inflammatory cytokines can also contribute to OD. A Chinese study confirmed a 

positive correlation between “levels of IL-4 and IL-5 in mucus from the middle meatus of 

CRSwNP patients and the severity of OD”.264 Conversely, the non-T2 inflammation 

endotype, predominantly seen in CRSsNP, is characterized by a neutrophil-rich 

sinonasal mucosa.265 Although limited research exists on OD in CRSsNP patients, the 

T1-inflammatory cytokine TNF-α, which regulates cell proliferation, differentiation, and 

apoptosis, appears to be a key mediator. A negative correlation has been observed 

between the “presence of TNF-α in mucus from the middle meatus of CRSwNP patients 

and olfactory scores”.264  

 

A third mechanism that could potentially contribute to OD in N-ERD patients is the 

alteration of microbial diversity in the sinonasal mucosa (dysbiosis).264 Dysbiosis has 

been found to be higher in CRS patients with OD compared to those without.264 Another 

mechanism is olfactory metaplasia, which is the substitution of OE with squamous or 

respiratory epithelium following an injury. This is characteristic of sinonasal diseases 

when recurrent infection or chronic insults to the OE induce an irreversible damage of 

the OE resulting in permanent OD.266,267  

 

Finally, patients with CRS and OD exhibit structural abnormalities within the central 

nervous system. These include a reduction in the volume of the OB and a decreased 

“volume of grey matter in certain regions of the secondary olfactory cortex, such as the 

orbitofrontal cortex, the right insula, and the left thalamus”.268,269 The precise 

mechanisms underlying these central olfactory impairments remain unknown. However, 

it is hypothesized that “sensory deprivation and/or injury to the ORNs may lead to 

diminished projections to the OB”, contributing to these observed structural changes.268 
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8.3.1. Treatment of OD in N-ERD 

 

Treatment options for OD in N-ERD patients are typically the same as in other patients 

with CRSwNP. (Table 4.2.) Due to their anti-inflammatory effect, corticosteroids are 

considered to be the mainstay therapy of CRS210 and, according to the most recent 

position paper on olfaction,44 “the use of systemic (short courses) and/or intranasal (long-

term) corticosteroids is recommended for CRS-related OD”. The effect of topical steroid 

on sense of smell is controversial and results from studies have been conflicting. Their 

efficacy is mainly influenced by the administration route. Nasal sprays predominantly 

deposit in the anterior nasal cavity, whereas drops or high-volume douche devices can 

reach deeper regions depending on head position.270 Notably, drops administered in the 

"Kaiteki" position have demonstrated a high rate of reaching the olfactory cleft, with rates 

of 96% in decongested noses and 75% in non-decongested noses.270,271 Systemic 

corticosteroids have generally been considered more efficacious than topical ones 

(sprays or drops) for treating CRS-related OD. A previous systematic review 

encompassing over 400 CRS patients with OD confirmed a “significant subjective 

improvement in olfaction following a brief course of oral steroids compared to placebo”.272 

Moreover, another study suggested that the “combination of oral and intranasal 

corticosteroids can significantly improve sense of smell in CRSwNP patients in the short-

term” when compared to topical spray alone, although this benefit does not last long-

term.273 The mechanism through which corticosteroids can improve OD in CRSwNP is 

not completely known. Corticosteroids bind to the glucocorticoid receptor, “triggering the 

transcription of anti-inflammatory genes”. This action leads to the suppression of 

inflammatory cells and their mediators.274 However, no data are available on the human 

OE. 

 

FESS is the treatment of choice for patients with CRSwNP not responding to optimal 

medical treatment. A meta-analysis confirmed the role of FESS in improving olfaction in 
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CRSwNP patients.179 The mechanisms through which FESS restores olfaction are 

double and mainly related to polyps’ removal. In fact, FESS not only improves odorant 

conduction to the OE by removing polyps, but also enhances the effectiveness of topical 

nasal steroids. Additionally, research has shown that FESS can lead to an increase in 

the volume of the OB and increased activity in “key areas of the central olfactory system, 

including the orbitofrontal cortex, anterior cingulate cortex, insula, and temporal 

pole”.275,276 

 

More recently, biologic treatment (i.e. monoclonal antibodies) have increasingly been 

used for the treatment of severe and uncontrolled CRS, in patients failing maximal 

medical and surgical treatment. These medications target specific molecules in the Type 

2 inflammatory pathway, effectively blocking the inflammatory cascade. Currently, only 

“three monoclonal antibodies have been approved by regulatory agencies (European 

Medicines Agency and Food and Drug Administration) for treating Type 2 CRSwNP.230 

These are: omalizumab (anti-IgE), mepolizumab (anti-IL5) and dupilumab (anti-

IL4Rα)”.230 Several studies have shown a significant improvement in the sense of smell 

following treatment with both dupilumab and omalizumab, but not with mepolizumab.277-

279 

 

Other treatment options for OD in CRSwNP patients like long-term antibiotics, antifungal 

or herbal treatment have poor evidence.180 Similarly, the role of OT for CRS-related OD 

remains controversial.180 Comparative studies in relations to their effectiveness in 

improving OD in N-ERD are limited by data availability as olfaction has not often been 

included as an outcome measure in these studies.  
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4.4 Published studies on N-ERD – hypotheses and aims 

 

Sections 4.5. and 4.6. include my own published papers. In the first study224 I 

retrospectively analysed a large database of N-ERD patients who started on ATAD with 

intranasal LAS for the treatment of CRSwNP. This represents the largest database of N-

ERD patients on intranasal LAS of the country and currently available in the literature. I 

particularly focused on nasal airflow and olfactory long-term changes following intranasal 

LAS treatment. As explained in Sections 4.1. and 4.2., OD in N-ERD is multifactorial and 

mainly caused by a combination of both conductive (obstruction created by nasal polyps) 

and inflammatory mechanisms to the OE. The hypothesis is that intranasal LAS can 

control sinonasal inflammation, reduce polyps’ size and, therefore, improve nasal airflow. 

Olfaction would consequently improve as a result of the reduction of olfactory mucosa 

inflammation but also following an increased stimulation of olfactory receptors due to 

better odours’ delivery.  

 

The second study,280 instead, is a survey which I conducted during the COVID-19 

pandemic to follow up our N-ERD patients. In this study, I could only evaluate olfaction 

and nasal airways using patient-reported outcome measures (PROMs). In this group of 

N-ERD patients, some subjects had stopped LAS over the years whilst others were still 

on it. This gave me the opportunity to further assess the benefits of long-term intranasal 

LAS on patient-reported sinonasal symptoms and olfactory function.  

 

Minor edits to the text in the papers have been made following departmental guidelines 

to ensure articles fit the overall style of the thesis.   



 
 

82 

4.5. A retrospective study on long-term efficacy of intranasal lysine-aspirin in 

controlling N-ERD224 

 

4.5.1. Introduction  

 

Non-steroidal anti-inflammatory drug (NSAID)-exacerbated respiratory disease (N-

ERD), also referred to as Samter’s triad, remains a diagnostic and therapeutic 

challenge.181 Standard treatments include the use of nasal corticosteroids, nasal 

douches, inhalers, leukotriene-modifying drugs, and biologics targeting type 2 

inflammatory cytokines.210 Endoscopic sinus surgery (ESS) is also used to debulk nasal 

polyps and improve corticosteroid delivery when CRSwNP is uncontrolled despite 

optimal medical treatmen.210 Nevertheless, patients with N-ERD tend to undergo up to 

10-times more revision ESS and are more likely to be dependent on oral corticosteroids 

to control their disease.239 Aspirin treatment after desensitization (ATAD), whereby a 

patient is exposed to a gradually increasing dose of aspirin until a final daily dose is 

reached, has emerged as an effective therapeutic option suitable for N-ERD patients 

with recalcitrant disease.181 Since its first description in 1980,211 several blinded and 

longitudinal studies have consistently shown the benefit of ATAD including a decrease in 

sinonasal symptoms (Grade 1A), decrease in intranasal corticosteroid use (Grade 2B), 

reduction in recurrence of nasal polyps (Grade 2B), and decrease in the need for revision 

surgery (Grade 2B).181 According to the American Academy of Allergy, Asthma and 

Immunology, ATAD is a “unique treatment option that should be considered in all eligible 

patients with AERD as a means to improve clinical outcomes and delay or prevent future 

sinus surgery”.212 The majority of N-ERD sufferers would benefit from ATAD.212 However, 

there are some patients who cannot tolerate ATAD because of associated symptoms 

affecting the skin, gut or lungs. To minimise ATAD-related risks, intranasal administration 

of lysine-aspirin (LAS) has been suggested as a safer and faster route than oral ATAD.218 

However, the evidence for its use is less strong. Previous trials have demonstrated the 
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beneficial effects of long-term intranasal LAS (75 mg) in the treatment of nasal polyps219-

223  leading to a significantly lower rate of polyp recurrence at 2 years when compared 

with controls (21% vs 76%).218 Nevertheless, a previous small randomized-controlled 

trial (RCT) on 43 patients with N-ERD treated with a lower alternate-day dose of 

intranasal LAS (16 mg LAS every 48 h) failed to demonstrate a clinical benefit although 

it showed a decrease in leukotriene receptors.229 

 

The long-term effects of ATAD using intranasal LAS (75mg) remain unknown and we aim 

to perform a long-term cross-sectional analysis of 80 N-ERD patients on intranasal LAS 

which follows on from our previous short-term evaluation.221 LAS long-term efficacy will 

be evaluated using objective outcomes, smell function assessment, polyp recurrence 

and the need for rescue medicines and surgery. Our secondary aims are to evaluate 

potential clinical biomarkers to help predict success and determine which patients would 

be most likely to benefit from intranasal LAS. In addition, we will evaluate the 

consequences of discontinuing LAS treatment, the long-term side effects of intranasal 

LAS and potential pulmonary benefits. 

 

4.5.2. Materials and methods 

 

Study design 

A retrospective analysis of patients with confirmed or possible N-ERD seen at the Royal 

National Ear, Nose and Throat Hospital (University College London Hospital, London, 

UK) between 2012 and 2020 was performed in March 2021. Only those patients who 

continued the intranasal LAS treatment for a minimum of 3 months were included. This 

cohort of patients was then followed up at 1, 2 and 3 years.  N-ERD patients who stopped 

intranasal LAS at any point during this time frame but who continued to attend the 

outpatients’ follow-ups were included in order to compare their nasal and pulmonary 

function measurements with those still on intranasal LAS. The study was conducted in 
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accordance with the 1996 Helsinki Declaration and approved by the research ethic 

committee (reference 06/Q0301/6). 

 

Diagnosis of Aspirin Sensitivity 

Patients with nasal polyps with a clear history of respiratory reaction to aspirin and at 

least one other different Cox-1 inhibitor NSAID were considered aspirin sensitive.281 In 

patients with one reaction to aspirin/NSAID or no previous ingestion, diagnosis of N-ERD 

was confirmed with an intranasal graded aspirin challenge, as previously described.203 

Exclusion criteria to aspirin challenge included pregnancy, a history of an immediate 

anaphylactic or urticarial reaction to aspirin or NSAID, bleeding diatheses, severe gastro-

intestinal disease, patients with grade 3 or larger polyps at the pre-challenge endoscopic 

examination, or patients considered unable to use such medication regularly.203 All 

patients were refractory to standard medical therapy (i.e. long-term nasal corticosteroid 

drops, regular nasal douches with normal saline and corticosteroid inhalers) and gave 

written informed consent to LAS nasal challenge and to LAS therapy continuation at 

home after a positive challenge [i.e. increased symptoms (recorded by a visual analogue 

scale), plus either 25% or greater decrease in the nasal airway as assessed by acoustic 

rhinometry (reduction of cross-sectional area)  or a 40% decrease in PNIF]203. 

 

LAS treatment after positive aspirin challenge 

Treatment was started at home on the day after the positive challenge using drops (50μl 

each) from a freshly prepared 50mg/ml solution of LAS in sodium chloride 0.9%. The 

starting dose for therapy was the dose to which the patient had responded intra-nasally 

on the previous day plus an extra one drop into each nostril. The patient was given 

instructions to increase similarly the number of drops each day, up to a maximum of nine 

drops in each nostril, equivalent to 45mg of aspirin, until assessment at 3 months (first 

follow-up). The number of drops was then further increased each day up to a maximum 

suggested dose of 15–20 drops in each nostril equivalent to 75–100 mg aspirin.221 This 
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was chosen as it is also an optimal dose for cardiovascular protection 228 and the nasal 

administration is followed by swallowing the LAS.  

 

Objective evaluation 

At each follow-up upper and lower airway functions were assessed and objective 

measurements taken were recorded. A portable Youlten peak flow meter (Clement Clark 

International) was used to obtain the peak nasal inspiratory flow (PNIF), as previously 

described.282 The ability to smell was scored using Le Nez du Vin system108, a 6-item 

suprathreshold identification test (maximum score 6). The lower respiratory function was 

evaluated using a spirometer (Maids Moreton, UK). 

 

Data  

Population data including demographic, disease onset, number of previous ESS, benefit 

on anti-leukotrienes and home medications were collected. Skin prick test (grass and 

tree pollens, house dust mite, cat and dog hair, alternaria, cladosporium, aspergillus) and 

relevant blood tests (eosinophils count, ANCA positivity, vitamin D3 and aspergillus 

fumigatus IgG levels) results at baseline were also documented. Details about the aspirin 

challenge and the dose of intranasal LAS taken at each follow-up were recorded. 

Objective measurements values, any modification in the patients’ home medications as 

well as number of courses of oral corticosteroid taken and revision ESS received in 

between each follow-up were also noted.  

 

Statistical analysis  

Outcome variables are measured repeatedly on the same cohort of individuals at multiple 

time-points, with the aim of characterize changes in the individuals' measurements over 

time and their association with clinical factors. A linear fixed effect model283 has been 

fitted to the data with random effects on the patients and, if needed, on time. Significant 

variables were selected by AIC and for the t-tests the Satterthwaite's method284 was 
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used. Ottaviano et al.285 showed that the relationship between PNIF and covariates is 

typically not linear and they proposed a square root transform of PNIF, which has been 

evaluated appropriate also for our data. The residuals analysis of the models suggests 

that the same transformation is adequate to all the pulmonary variables used here. The 

Nez du Vin is a discrete quantity thus a generalized linear mixed model with binomial 

distribution and logic link was fitted. All the analysis has been performed in R (R Core 

Team, 2021).  

 

4.5.3. Results 

 

Database analysis 

Of the 190 patients referred since 2012 with possible N-ERD and who underwent 

intranasal LAS challenge for diagnosis confirmation, 75 had no notes available for 

screening at the moment of the analysis while data had not been recorded for 16 patients. 

A further 19 patients did not show any reaction to the escalating aspirin dose at the 

challenge and thus were excluded from the study leading to a final population of 80 N-

ERD patients who were asked to start on intranasal LAS as part of their treatment. Seven 

patients never started ATAD with intranasal LAS after the challenge. Sixty patients had 

at least a 3-month follow-up and they were included in the analysis. Figure 1 shows the 

flow chart of study population with the number of N-ERD patients on LAS treatment, 

those who stopped intranasal LAS and those lost at each follow-up during the study 

period.  

 

Population characteristics 

The total population was composed of 34 men and 26 women (male to female ratio of 

1.3:1) with a median age of 46.5 years. The median age of onset for both rhinitis/chronic 

rhinosinusitis and asthma was 30 years, followed by nasal polyps (33 years). Before LAS 

challenge, patients had undergone a median number of 2 revision ESSs and sense of 
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smell was affected in the majority of them (84.6%). The majority of patients (59.6%) had 

a history of lower airway reaction following aspirin/NSAIDs intake. Detailed 

characteristics of the population as well as family history of N-ERD and parental ethnicity 

are reported in Table 1.  

 

LAS treatment drop-out rate and side effects 

At 3 months a drop-out rate of 25.0% (20/80) was observed while at the following follow-

ups (1, 2 and 3 years) it was respectively of 16.7% (10/60), 26.1% (12/46) and 12.9% 

(4/31). Of those who started LAS but then suspended the treatment over the 3-year 

follow-up period, 11.3% of patients (9/80) discontinued LAS because of lack of 

improvement, 3.8% (3/80) for “gut problems”, 2.5% (2/80) because of “worsening of 

nasal symptoms”, 2.5% (2/80) for an unbearable “nasal burning sensation”, 2.5% (2/80) 

for the appearance of an urticarial rash, 1.3% (1/80) for the appearance of tinnitus, and 

1.3% (1/80) for pregnancy. For those lost to follow-up (26/80) we were not able to record 

any reasons.  

 

Investigations at baseline 

Skin prick test demonstrated that over half of the patients (56.9%) were atopic, with the 

majority of them (32.8%) reacting to 2 to 4 allergens. ANCA was negative in 95.7% of 

the subjects and the median values for eosinophils, vitamin D and aspergillus fumigatus 

were within the normal range in the studied population. (Table 1) Aspirin challenge was 

performed in 55 (91.7%) subjects, of which 50 (83.4%) reacted at the nasal challenge 

stage while 5 (8.3%) required a further oral challenge. Five patients (8.3%) had a clear 

history of previous reaction to aspirin or other NSAIDs and the aspirin challenge was not 

necessary. (Table 1) 
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Figure 1. Flow diagram of patients included in the study. 
 
N-ERD: Non-steroidal anti-inflammatory drugs (NSAIDs)-exacerbated respiratory disease; LAS: Lysine Aspirin; PNIF: Peak Nasal Inspiratory Flow; 
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Table 1. Detailed characteristics of the population. Valid percentages, not including missing values.  
*Not performed because of a clear history of aspirin sensitivity. + 1 drop ≈ 2.5 mg of lysine aspirin. 
 
NSAIDs non-steroidal anti-inflammatory drugs, ICS inhaled corticosteroids, LABA long-acting β2 adrenergic receptor agonists, SABA short-acting β2 adrenergic receptor agonists 
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Therapy at baseline and during follow-ups 

All subjects were on long-term nasal corticosteroid drops (Fluticasone propionate 

400μg), regular nasal douches with normal saline and corticosteroid or corticosteroid 

plus long-acting beta agonist (LABA) inhalers. Two patients (3.8%) were on 

anticholinergic inhalers, 4 (7.5%) on long-term macrolides (Clarithromycin 250 mg od), 

28 (52.8%) on antileukotrienes (Montelukast 10mg) with benefit and 25 (47.2%) on oral 

antihistamines. (Table 1) At the follow-ups, no relevant changes to patients’ medical 

therapy were noted apart from a significant increase of those taking a combination of 

inhaled corticosteroids and long-acting β2 adrenergic receptor agonists (p=0.021) and a 

significant decrease of those taking inhaled corticosteroids only (p=0.01). 

 

Long-term variability of pulmonary and nasal function and effect of LAS treatment 

PNIF values remained stable during the study period in patients on long-term LAS 

treatment, but higher values of PNIF and Nez du Vin scores were found at each follow-

up in patients taking LAS when compared to those who discontinued it. A significant 

positive linear correlation between the dose of LAS taken and nasal airflow (average 

increase of 0.048 at √PNIF for each drop of LAS taken) as well as the odour identification 

were demonstrated. No influence of LAS on pulmonary function measurements was 

observed in patient on LAS nor on those who ceased taking it. An increase in the number 

of revision ESSs and courses of oral corticosteroid was observed in those who stopped 

LAS with a significant negative linear correlation found between the dose of LAS taken 

and the number of revision ESSs. Conversely, no effect of LAS was found on the number 

of courses of oral corticosteroid taken. (Figure 2-4; Table 2-3) 
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Figure 2. (A) Temporal trend of PNIF mean values in the different groups representing patients 
who discontinuing the treatment at 3 months, 1 year, 2 years, or not. (B) Relationship between 
PNIF and the dose of lysine aspirin (LAS) drops in 3 different patients taken as example.  
 
 
 
 
 

 
 
Figure 3. (A) Temporal trend of Nez du Vin mean scores in the different groups representing 
patients who discontinuing the treatment at 3 months, 1 year, 2 years, or not. (B) Percentage of 
patients obtaining low (0,1,2,3) and high (4,5,6) scores at Nez du Vin over time according to 
treatment.   
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Figure 4. (A) Temporal trend of revision endoscopic sinus surgery (ESS) mean number or (B) of 
the mean number of oral corticosteroid (CCS) courses taken in the different groups representing 
patients who discontinuing the treatment at 3 months, 1 year, 2 years, or not.  
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 Baseline  3-month  1-year   2-year   3-year  

n = 60 
 On LAS 

n = 60 
 On LAS 

n = 46 
Stopped 

n = 6 
 On LAS 

n = 31 
Stopped 
n = 12 

 On LAS 
n = 20 

Stopped 
n = 7 

LAS drops/nostril* -  10 [9-15]  14 [10-20] -  15 [10-20] -  17.5 [11.5-20] - 

PNIF (L/min) 140 [110-170]  150 [120-190]  150 [130-180] 80 [70-100]  150 [130-160] 130 [77.5-160]  140 [107.5-162.5] 115 [102.5-150] 

Nez du Vin 0 [0-3]  1 [0-3]  2 [0-3] 0.5 [0-2.5]  2 [0.5-4] 0 [0-0]  1.5 [0.5-4] 0 [0-0] 

FEV1 (L) 2.7 [2.3-3.6]  2.6 [2.1-3.5]  2.4 [2.1-3.7] 2.9 [2.3-3.4]  2.5 [2.2-3.4] 2.5 [2-3]  2.4 [2-3.7] 2.2 [1.9-2.3] 

FVC (L) 3.7 [2.8-4.5]  3.7 [2.7-4.5]  3.4 [2.8-4.6] 3.7 [2.7-4.3]  3.5 [3-4.3] 3.7 [2.5-4.3]  3.6 [2.5-4.7] 2.5 [2.4-3] 

FEV1/FVC (%) 80.2 [72-85.7]  79.2 [70.7-85.1]  79.6 [73.1-86.2] 80.1 [78.1-93.4]  75.1 [68.4-82.5] 72.2 [68.4-79.3]  81.2 [66.8-87.3] 74.3 [71.6-80.5] 

Revision ESS -  2 (3.3%)  0 (0.0%) 1 (16.7%)  1 (3.2%) 2 (16.7%)  2 (10.0%) 2 (28.6%) 

Courses of oral 
corticosteroids -  3 (5.0%)  6 (13.0%) 2 (33.3%)  4 (12.9%) 3 (25.0%)  0 (0.0%) 3 (42.9%) 

 
 
Table 2. Variables at baseline and follow-ups. Results shown as median and interquartile ranges for all the variables apart from revision ESS and oral 
corticosteroids courses where frequencies and percentages were used. 
*1 drop ≈ 2.5 mg of lysine aspirin 
 
LAS: Lysine Aspirin; PNIF: Peak Nasal Inspiratory Flow; FEV1: Forced Expiratory Volume in the first second; FVC: Forced Vital Capacity; ESS: Endoscopic Sinus Surgery. 
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 Covariates Partial regression 

coefficients 
p-value 

√𝐏𝐍𝐈𝐅 

LAS drops/nostril 0.048 < 0.001 

Age -0.036 0.032 

Random effect: Patient variance 1.87  

Random effect: Time variance 0.002 0.025 

Nez du Vin 

LAS drops/nostril 0.029 0.048 

Random effect: Patient variance 4.84  

Random effect: Time variance 0.009 < 0.001 

&𝐅𝐄𝐕𝟏 

Sex (male) 0.291 < 0.001 

Age -0.013 < 0.001 

Eosinophils -0.156 0.026 

Use of inhalers -0.312 < 0.001 

Random effect: Patient variance 0.001  

Random effect: Time variance 0.0004 0.021 

√𝐅𝐕𝐂 

Sex (male) 0.373 < 0.001 

Age -0.012 < 0.001 

Eosinophils -0.151 0.037 

Pre-nasal therapy -0.379 0.037 

Nasal therapy  0.171 0.017 

Use of inhalers  -0.277 < 0.001 

Random effect: Patient variance 0.001  

Random effect: Time variance 0.0004 0.039 

FEV1/FVC 
Nasal therapy < 0.001 < 0.001 

Random effect: Patient variance 0.006 <0.001 

Revision ESS 

LAS drops/nostril -0.014 < 0.001 

Random effect: Patient variance 0.139  

Random effect: Time variance 0.0001 0.005 

 
Table 3. Influence of covariates on selected variables. Only significant correlations have been 
reported where level of significance was greater than p<0.05. 
 
LAS: Lysine Aspirin; PNIF: Peak Nasal Inspiratory Flow; FEV1: Forced Expiratory Volume in the first second; FVC: 
Forced Vital Capacity; ESS: Endoscopic Sinus Surgery. 
 

 

Effect of other available variables on nasal and pulmonary functions and on treatment 

response 

A significant negative linear correlation between age and √PNIF, 'FEV* and √FVC (i.e 

older age is associated with worse nasal airflow and pulmonary function) was observed 

while a significant correlation with sex (male) was found only for 'FEV* and √FVC (i.e 

male patients have better pulmonary function). The eosinophil count was found to vary 
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with pulmonary but not nasal function measurements. A significant negative association 

between the use of inhalers and both 'FEV* and √FVC (i.e patients taking inhalers have 

a worse pulmonary function) and a significant positive association between nasal therapy 

and √FVC and FEV1/FVC (i.e patients on nasal therapy have better pulmonary function) 

were also demonstrated. (Table 3) We did not observe any influence of all the variables 

studied (sex, age, parental ethnicity, age of disease onset, positivity at skin prick test, 

eosinophil count, vitamin D3 and aspergillus IgG levels, final aspirin dose at challenge) 

on the LAS treatment response.  

 

4.5.4. Discussion 

 

To our knowledge, this study represents the first long-term evaluation of intranasal ATAD 

demonstrating the long-term (3-year follow-up) effectiveness of intranasal LAS in 

managing CRSwNP in N-ERD using a dose which is also beneficial to the cardiovascular 

system.228 Our results corroborate our previous short-term findings on 105 N-ERD 

patients where we found a significant increase of PNIF, olfaction, exhaled and nasal nitric 

oxide levels following intranasal treatment with LAS at 12-months follow-up.221  

 

We observed that patients on intranasal LAS showed higher scores of PNIF when 

compared to those who discontinued the treatment (p<0.001 at the linear fixed effect 

model) (Table 2,3). Moreover, the median PNIF values of those who continued the 

treatment remained almost stable during the whole length of the follow-up which 

suggests the efficacy of LAS in controlling polyp growth (Table 2). This reflects previous 

results obtained with oral ATAD both in the short- and in the long-term despite using a 

consistently higher dose of daily aspirin (300mg/day to 650mg twice/day)226,286-288, 

whereas no significant differences in endoscopic polyp scores have been reported by an 

RCT in patients on low-dose oral aspirin (100mg/day)289. 
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Sense of smell is more impaired in patients with N-ERD when compared to the aspirin-

tolerant counterpart247,281 and odour identification has been found to be the most affected 

ability as measured by means of a validated reliable olfactory test.247 In our population 

we observed a significant improvement in smell function (i.e. identification) in patients on 

long-term intranasal LAS (p=0.048 at the linear fixed effect model) when compared to 

those who stopped the treatment. (Table 2,3; Figure 3B) Similar findings have been 

reported in patients on high-dose of oral aspirin (300mg/day247 or 650mg twice/day290), 

but once more, no significant difference in olfaction were observed when using a lower 

daily oral aspirin dose (100mg/day).289 Nevertheless, a meta-analysis, which considered 

also 5 RCTs, did not demonstrate significant changes in smell scores in N-ERD patients 

receiving a high maintenance dose of oral aspirin (650mg/day).291 

 

We also observed a significantly lower rate of revision ESS in patients on long-term 

intranasal LAS when compared to those who discontinued the treatment (p<0.001 at the 

linear fixed effect model) (Table 2,3) which indirectly confirms the ability of LAS to reduce 

nasal polyp’ growth and recurrence rate. In particular, the median number of operations 

per year changed from 0.24 (roughly one operation per 4 years) to zero operation in the 

3-year follow-up period. Moreover, even if the rate of revision ESS for N-ERDs on LAS 

increased in the last two years of follow-up this remained considerably lower than that of 

those who discontinued the treatment. (Table 1-3) This mimics previous findings by 

Stevenson et al in a long-term follow-up study of 65 ASA-sensitive treated with oral ATAD 

who found a concomitant decline of sinonasal surgery from one operation per 3 years to 

one operation per 9 years.288 

 

Even though the percentage of oral corticosteroid courses taken was higher at each 

follow-up in the group of N-ERD patients who suspended the treatment (Table 2), this 

difference was not statistically significant. However, a significant reduction in annual oral 
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corticosteroid requirements was found with oral ATAD (daily dose of aspirin between 325 

and 650mg).215  

 

We did not observe a significant change in pulmonary function between those on long-

term intranasal LAS and those who stopped LAS treatment; however, we did 

demonstrate that spirometry measurements remained stable over time in our LAS 

population. (Table 2) Even if these results suggest an inability of intranasal LAS to 

improve breathing, we did demonstrate that LAS intake does not adversely affect lung 

function in the long-term. Conversely, oral ATAD has been shown its efficacy to be 

strongest in improving asthma symptoms and pulmonary outcomes.215,291-293 This 

incapacity of intranasal LAS to improve pulmonary function may explain the lack of a 

significant reduction in the number of oral corticosteroid courses taken by those on long-

term treatment where this is needed to control asthma exacerbations. 

 

Patient concordance with such a long-term treatment requires continued clinician input 

and monitoring and strong patient motivation. A higher drop-out rate is expected to 

happen in the first months because of the initial side effects, poor compliance with the 

complicated treatment and/or the lack of symptomatic improvement. In our retrospective 

study, the drop-out rate was of 37.5% at 1 year but this went down in the following 2 

years of follow-ups (respectively 26.1% and 12.9%). The majority of N-ERD patients who 

discontinued intranasal LAS did so because of an absence of improvement (11.3%). 

However, a lack of clinical benefit has also been reported to be a common reason for 

treatment suspension in oral ATAD.215 In order to differentiate potential responders from 

non-responders to aspirin treatment, many researchers have tried to identify biomarkers 

able to predict a positive response to ATAD. Female sex, high blood eosinophil count, 

low sputum neutrophil percentage, severe nasal symptoms, high hydroxyprostaglandin 

dehydrogenate, and low proteoglycan 2 gene expression have recently been shown to 

be good predictors for a positive response to oral ATAD (650 mg/day).294 Patients with 
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an inflammatory neutrophilic phenotype are unlikely to respond to aspirin treatment294 

and a recent study found that use of anti-leukotrienes reduces the response to LAS nasal 

challenge295. However, we were not able to find any correlation between the variables 

studied and intranasal LAS treatment response failing to confirm our previous findings of 

higher PNIF and smell scores in allergic patients and those with later N-ERD onset.221  

 

Daily oral administration of high-dose of aspirin represents the gold standard for ATAD212 

but it is affected by a high incidence of side effects (8–46%)218. These include naso-

ocular reactions (90%), bronchial/laryngeal (43%) or gut (23%) problems and skin 

reactions (10%).296 Intranasal administration of LAS is better tolerated and has a lower 

rate of side effects when compared to oral aspirin.221 In our current study, only 3.8% of 

the patients on LAS  complained of gut problems, while 2.5% reported a worsening in 

their nasal symptoms, nasal burning sensation (2.5%) or had an urticarial rash (2.5%). 

The same rate of gut problems (3.8%) was found in our previous audit on N-ERD patients 

treated with intranasal LAS, confirming the lower risk of gastrointestinal side-effects 

linked to intranasal aspirin administration.221  

 

A consensus does not exist on the exact daily dose of aspirin which should be offered. 

Nucera et al used significantly lower doses of intranasal LAS (initial dose of 20µg 

progressively increased to a maintenance dose of 4mg six times/week) than ours and 

observed a favourable effect of LAS in nasal polyposis.219 Sousa et al showed that doses 

of 16mg of intranasal LAS daily reduced leukotriene receptors but had no clinical 

effect.216 Ogata et al using 30mg of intranasal LAS daily did find clinical benefit on 

PNIF.297 In our study, the median dose of daily intranasal LAS ranged from 50 mg at 3 

months to 87.5mg at 3 years whereas, according to the EAACI position paper, a dose of 

75mg/day “may be effective to relieve symptoms of CRS”.181 A comparable variety in the 

maintenance oral dose of aspirin has been reported in a recent meta-analysis where this 

ranged between 100mg and 1300mg daily.291 For intranasal LAS, we recommend to 
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reach a final dose of 15 drops of LAS/nostril/day which corresponds to a total of 75mg of 

LAS/daily. This represents also an ideal cardiovascular protective dose.228 However, in 

our experience some patients may benefit from a higher dose of LAS, with some of them 

taking up to 150 mg of LAS/daily without any nasal discomfort. This is supported by the 

fact that a linear positive correlation between √PNIF and the dose of LAS was 

demonstrated in our study. (Figure 2B) 

 

Since nasal polyps represent an obstacle to intranasal LAS activity, a role for ASA 

desensitization therapy following recovery from ESS has been advocated in the 

management of N-ERD. 298 Even though we do not routinely perform ESS before starting 

the intranasal LAS, for the reason above-mentioned patients with a polyp grade of 3 or 

4 at the endoscopic examination performed before the LAS challenge are considered 

ineligible to start LAS desensitization. Conversely, they are treated, either medically with 

oral and intranasal corticosteroids, or surgically, to reduce polyp size prior to the 

challenge. 203 

 

So far, it is not known, once ATAD is started, when it could be suspended without losing 

the beneficial effects gained. To our knowledge this is the first study to have 

demonstrated that the suspension of intranasal LAS treatment at any point of the follow-

up period is associated with a worsening of the nasal airflow and olfaction as well as an 

increase in the need for revision ESS. Therefore, we recommended to attempt an initial 

trial period of 3 months on LAS to determine whether the patient notes a clinical 

improvement. For patients who respond to treatment, we suggest continuation of 

intranasal LAS indefinitely.  

 

Study strengths and limitations 

The present study has the longest follow-up for intranasal LAS desensitisation with a 

dose which is beneficial to the cardiovascular system.228 However, the retrospective 
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design of our study constitutes a limitation due to the intrinsic limit of data homogeneity 

and availability in retrospective studies. For instance, we were unable to retrieve patient-

reported outcomes measures (PROMs) which represents a lack in our data collection. 

Even if the drop-out of patients at each follow-up is a further limitation, on the other hand 

it allowed us to evaluate what happens when a N-ERD patient discontinues intranasal 

LAS treatment.  

 

4.5.5. Conclusion 

 

Our study demonstrates the long-term clinical effectiveness of intranasal LAS in the 

treatment of N-ERD in terms of improved nasal airflow, olfaction and a reduced need for 

rescue surgery. However, treatment discontinuation at any stage is associated with a 

loss of clinical benefit. Additionally, intranasal LAS is associated with a lower rate of side 

effects when compared to oral ATAD. New biologics may provide substantial benefit to 

patients with N-ERD but represent an expensive option. Intranasal LAS can be a highly 

cost-effective and safe treatment option when compared to revision ESS or biologics and 

should be offered, if possible, before other treatments are considered. 
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4.6. Quality of life in NSAID-exacerbated respiratory disease on or off intranasal 

lysine aspirin therapy280 

 
4.6.1. Introduction 

 

Nonsteroidal anti-inflammatory drugs (NSAIDs)-exacerbated respiratory disease (N-

ERD) or aspirin exacerbated respiratory disease (AERD) is a clinical syndrome 

characterized by chronic rhinosinusitis with nasal polyps (CRSwNP), asthma, and 

intolerance to aspirin/NSAIDs. It affects approximately 15% cases of patients with severe 

asthma, 10% of those with CRSwNP and 9% of cases with chronic rhinosinusitis 

(CRS).182,183 CRS impacts multiple aspects of health-related quality of life (HRQoL) 

including mental and physical health, sleep, productivity, cognitive and social functioning, 

and general health status.299,300 HRQoL is further worsened in patients with CRSwNP 

who have asthma.299 Moreover, CRSwNP in N-ERD is usually refractory to conventional 

medical management and surgery and often requires several courses of systemic 

steroids for nasal polyposis and multiple endoscopic sinus surgeries (ESS).301 As a 

result, patients with N-ERD usually have ongoing and more severe sinonasal symptoms 

when compared to their non-N-ERD counterpart.213 Chronic nasal symptoms and poor 

sense of smell are the major drivers to N-ERD patients’ reduced HRQoL. Olfactory 

dysfunction (OD), in particular, is highly prevalent amongst patients with N-ERD and 

reported to affect >90% of patients.246 It is well-documented that a reduced sense of 

smell is associated with depression, feeling of isolation, emotional distress, changes in 

weight, cognitive decline, neurodegeneration in the brain and it is an independent risk 

factor for death among older adults.99,250,251  

 

Aspirin treatment after desensitization (ATAD) is an effective therapeutic option for 

CRSwNP in N-ERD and its safe profile and low cost make it an attractive alternative 

treatment option in case of failure of maximal medical and surgical treatment.213-215 The 

mechanism behind aspirin desensitization is not completely understood. It has been 
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shown that aspirin desensitization modulates deregulated immune responses in N-ERD 

through decreased levels of pro-inflammatory leukotrienes and their receptors, inhibition 

of Th2 activation, IL-4 production, and mast cell activation.217 A recent systematic review 

and meta-analysis214 has confirmed that oral ATAD improves HRQoL when compared to 

placebo. However, oral ATAD is associated with adverse outcomes severe enough to 

cause drug discontinuation, including major gastrointestinal bleeding, gastritis, asthma 

exacerbation, and severe rash.214,215 Intranasal administration of lysine aspirin (LAS) is 

a faster and safer route for ATAD when compared to oral daily aspirin and has been 

shown to be equally effective to oral ATAD.221,224  

Changes in HRQoL in patients on intranasal LAS have not been documented and in this 

cross-sectional study we aimed to investigate HRQoL in N-ERD patients on or off nasal 

ATAD. Additionally, a focus on costs of treatment options currently available for difficult-

to-treat CRSwNP in N-ERD patients is also provided. 

 

4.6.2. Materials and methods 

 

Due to pandemic restrictions, in the months of October-November 2020 we reviewed all 

our challenge-confirmed N-ERD patients who were in follow-up in our rhinology clinic 

through a remote telephone consultation. As part of that, they were sent an email in which 

they were asked to fill a SNOT-22 questionnaire, a disease-specific HRQoL 

questionnaire for use in CRS.105 This questionnaire has a recall period of 2 weeks (i.e. 

symptoms are rated as these have been over the last 2 weeks) and evaluates five main 

domains including sinonasal (8 items), ear/facial (4 items), sleep (4 items), function (3 

items), and emotion (3 items) with each item scoring from 0 (“no problems”) to 5 points 

(“problem as bad as it can be”) leading to a total score ranging from 0 to 110.105,302 In 

each case, higher scores represent worse HRQoL. Moreover, patients are asked to tick 

up to 5 “most important” items that they feel are affecting their QoL the most. To 

determine the portion of respondents who complained of OD at the time of the survey, 
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the answer to the item 21 of the SNOT-22, which asks patients to rate their sense of 

taste/smell, was analysed separately. Patients were also asked to self-assess their 

olfaction during the last 2 weeks using a visual analogue scale (sVAS – 0 represents 

‘sense of smell absent’ and 10 ‘sense of smell not affected’) and to report which 

medications they were taking at the moment of which the questionnaire was completed. 

Other relevant data were retrieved using our hospital medical system. Information on 

prices of LAS and other consumables used for intranasal ATAD were obtained from our 

hospital pharmacy to get an estimate of the cost burden. The study was conducted in 

accordance with the 1996 Helsinki Declaration and approved by the Research Ethic 

Committee (Ref:06/Q0301/6).  

 

Statistical analysis 

Quantitative variables were summarized using median and interquartile range (P25–

P75) whereas qualitative variables were described with frequency and percentage. 

Comparisons of general characteristics and findings between groups were performed 

using the T-test for quantitative variables, if normally distributed, or the Mann-Whitney U 

test, if not, while the Pearson chi-square test was used for categorical variables. p-values 

have been calculated for all tests, and 5% was considered as the critical level of 

significance. A post-hoc power analysis has been calculated using the SNOT-22 total 

score as the main outcome and keeping the alpha level at 0.05. 

 

4.6.3. Results 

 

Of the 43 patients on follow-up, 34 were remotely reviewed (79.1% response rate) 

between the 14th October 2020 and the 29th November 2020 and sent back to us their 

questionnaires (SNOT-22 and sVAS) along with the other information requested. Of the 

34 respondents, 21 patients (61.8%) were on intranasal LAS with a median length of 

LAS treatment of 44 months (range 10-180 months). The median time from sinus surgery 



 104 

to LAS initiation was 16 months (range 3-48 months). Four patients initially tried 

intranasal LAS but then stopped because of no improvement in their nasal symptoms 

and were included in the group of patients “not on LAS”. The remaining patients refused 

intranasal LAS and did not start any aspirin desensitisation treatment. Similarly, these 

patients were included in the group of patients “not on LAS”. Characteristics of the 

population are reported in Table 1.  

 

 

Table 1. Characteristics of the whole population and according to intranasal Lysine Aspirin (LAS) 
use. Level of significance p£0.05. Significant p values in bold. *Eosinophils normal range:0.0–0.4 
x10^9/L 
 
CRSwNP: Chronic rhinosinusitis with nasal polyps; ESS: endoscopic sinus surgery; CS: corticosteroids; 
ICS: Inhaled corticosteroids; LABA: long-acting β2-adrenergic; SABA: short-acting β2-adrenergic; ANCA: 
antineutrophil cytoplasmic antibodies. 
 

 Whole 
n = 34 

On LAS 
n = 21 

Not on LAS 
n = 13 p-value 

General characteristics     

Age, median [P25-P75], yr 49.0 [38.0-56.8] 48.0 [37.0-59.0] 50.0 [38.0-56.0] 0.50 

Sex, No (%) 
Female 
Male  

 
17 (50.0%) 
17 (50.0%) 

 
10 (47.6%) 
11 (52.4%) 

 
7 (53.8%) 
6 (46.2%) 

0.72 

Onset CRSwNP, median [P25-P75], yr 27.0 [18.8-36.8] 25.0 [17.0-35.0] 28.0 [24.0-34.5] 0.39 

Onset nasal polyps, median [P25-P75], yr 30.0 [24.0-40.0] 31.0 [24.0-41.0] 30.0 [25.0-38.5] 0.34 

Onset asthma, median [P25-P75], yr 30.0 [25.0-40.0] 29.0 [19.5-40.0] 34.5 [28.5-40.0] 0.22 

Numbers of previous ESS, median [P25-
P75] 

3.0 [2.0-4.5] 3.0 [1.5-3.5] 4.0 [2.0-5.5] 0.34 

Routine medications     

Long-term nasal CS drops, No (%) 
Nasal douche, No (%) 
ICS, No (%) 
LABA, No (%) 
ICS+LABA, No (%) 
SABA, No (%) 
Anticholinergic inhaler, No (%) 
Long-term macrolides, No (%) 
Antileukotrienes, No (%) 
Oral antihistamines, No (%) 

32 (94.1%) 
34 (100%) 

12 (35.3%) 
2 (5.9%) 

19 (55.9%) 
13 (38.2%) 

1 (2.9%) 
2 (5.9%) 

13 (38.2%) 
14 (41.2%) 

20 (95.2%) 
 21(100%) 
5 (23.8%) 

1 (4.8%) 
14 (66.7%) 

7 (33.3%) 
0 (0.0%) 
1 (4.8%) 

9 (42.9%) 
9 (42.9%) 

12 (92.3%) 
13 (100%) 
7 (53.8%) 

1 (7.7%) 
5 (38.5%) 
6 (46.2%) 

1 (7.7%) 
1 (7.7%) 

4 (30.8%) 
5 (38.5%) 

0.75 
1 

0.09 
0.75 
0.07 
0.52 
0.21 
0.75 
0.41 
0.71 

Laboratory findings and testing     

Eosinophils, median [P25-P75], x10^9/L* 
Missing 

0.5 [0.4-0.7] 
11 

0.6 [0.4-0.9] 
7 

0.4 [0.3-0.7] 
4 0.28 

Skin prick test, No (%) 
  Negative 
  One allergen 
  Two allergens 
  Multiple allergens 
Missing 

 
10 (41.7%) 

3 (12.5%) 
5 (20.8%) 
6 (25.0%) 

10 

 
4 (19.0%) 

1 (4.8%) 
4 (19.0%) 
5 (23.8%) 

7 

 
6 (46.2%) 
2 (15.4%) 

1 (7.7%) 
1 (7.7%) 

3 

0.12 
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The most affected SNOT-22 domain was “rhinologic symptoms” and the question with 

the highest score (worst symptom) overall was “loss of smell or taste”. “Loss of smell or 

taste” was also the most frequently ticked “most important item” by respondents (20/34; 

58.8%), followed by nasal obstruction (12/34; 35.3%), thick nasal discharge (8/34; 

23.5%) and post-nasal discharge (8/34; 23.5%). (Figure 1) Only 2 patients, both amongst 

those using LAS, reported in question 21 of the SNOT-22 that they had “no problem” with 

their sense of smell while 27 patients (81.8%) confirmed to have at least a moderate 

problem with their sense of smell. Similarly, 18 patients (52.9%) reported at least a 

moderate nasal blockage and 12 patients (35.3%) reported this to be one of the most 

affected items. 

 

 

Figure 1. Average score for each SNOT-22 items in patients on or off intranasal lysine aspirin 
(LAS). 
“% 5 most important” represents the percentage of patients who considered each item as one of 
the 5 most important items. The 5 most frequently reported items in the population are highlighted 
in ocre and underlined. Please note that due to similar scores in 4 items, we highlighted 6 most 
important items. 
 
SNOT-22: 22-item Sino-Nasal Outcome Test; LAS: lysine aspirin 
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No statistically significant differences were noted in terms of general characteristics, 

laboratory findings or medical treatment when comparing those patients who were on 

intranasal LAS or not. (Table 1) A statistically significant lower score in the total SNOT-

22 was found in patients on intranasal LAS (p=0.02). Moreover, when we performed a 

subanalysis of the SNOT-22 domains (rhinologic symptoms, ear/facial, sleep 

dysfunction, function and emotion), as previously described,302 patients on LAS showed 

statistically significant lower scores in the domains “rhinologic symptoms” (p=0.05), 

“function” (p=0.02) and “emotion” (p=0.01). (Figure 2; Table 2)  

 

 

Figure 2. Box plots showing SNOT-22 domains scores in patients on or off intranasal lysine 
aspirin. 
 
SNOT-22: 22-item Sino-Nasal Outcome Test. 
 

 

No significant differences were observed when looking at the sVAS or at the SNOT-22 

item “decreased sense of smell/taste”. (Table 2) 
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Table 2. Patient-reported outcome measures (PROMs) in the whole population and according to 
intranasal Lysine Aspirin (LAS) use. Level of significance p£0.05. Significant p values in bold. 
+This item is already included in the “rhinologic symptoms” and, thus, has not been considered 
when calculating the total SNOT-22 score. 
 
sVAS: Visual Analogue Scale for sense of smell; SNOT-22: 22-item Sino-Nasal Outcome Test. 
 

When looking at the prices of intranasal ATAD, the price of a box containing 20 sachets 

of lysine acetylsalicylate (=20 days treatment) is £8.30 while the price of one box of 

sodium chloride 0.9% containing 20 ampules (each of 10 mL), used to mix with the LAS 

sachet to prepare the solution, is £1.60. Other expenses include the use of a reusable 

glass bottle and a dropper pipette to instil the solution in the nose (one-time expense of 

» 1£). This brings the cost of 1-year treatment of LAS per person to » £180.7 and a daily 

cost of » £0.50. 

 
 
4.6.4. Discussion 

 

The SNOT-22 is a patient-reported outcome measure (PROM) commonly used to assess 

the impact of CRS on HRQoL and can be a useful tool to evaluate the benefits of a 

treatment on patients’ health.105,302 In our study, the median SNOT-22 score in N-ERD 

patients on nasal LAS was 20 points lower than in those off LAS and this was statistically 

significant (p=0.02). So far, several studies have confirmed an improvement in the 

reported sinonasal symptoms in patients undergoing oral ATAD, also in the long-term. 

Swierczynska-Krepa et al.303 found a statistically significant improvements in the SNOT-

 Whole 
n = 34 

On LAS 
n = 21 

Not on LAS 
n = 13 p-value 

sVAS, median [P25-P75] 
Missing 

0.0 [0.0-3.0] 
3 

0.5 [0.0-3.0] 
1 

0.0 [0.0-2.5] 
2 0.67 

SNOT-22 score, median [P25-P75] 
  Rhinologic symptoms 
  Ear/Facial symptoms 
  Sleep dysfunction 
  Function status 
  Emotion status 
  Decreased sense of smell/taste+ 
  Total SNOT-22 score 
Missing 

 
19.0 [11.0-21.0] 

3.0 [1.0-7.0] 
5.5 [2.3-10.0] 

4.5 [1.0-8.8] 
3.0 [0.3-6.0] 
5.0 [3.0-5.0] 

36.0 [24.0-51.0] 
1 

 
14.5 [8.5-21.0] 

3.0 [0.5-7.0] 
5.0 [2.0-7.0] 
3.0 [1.0-8.0] 
2.0 [0.0-4.0] 
4.0 [3.0-5.0] 

29.0 [19.5-43.5] 
1 

 
21.0 [16.0-27.0] 

5.0 [2.0-9.0] 
8.0 [4.0-12.0] 

8.0 [6.0-9.0] 
6.0 [3.0-9.0] 
5.0 [4.0-5.0] 

49.0 [29.0-62.0] 
0 

 
0.05 
0.22 
0.07 
0.02 
0.01 
0.41 
0.02 
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20 score in a placebo-controlled randomized trial of ASA desensitization in ASA tolerant 

and ASA intolerant asthmatics. Esmaeilzadeh et al.292 found a statistically significant 

improvement in SNOT-22 in the desensitization arm at 6 months when comparing 16 

ASA desensitization patients to 16 controls. Mortazavi et al.293 observed a significant 

improvement in the SNOT-22 score in 19 patients randomized to ASA when compared 

to 19 receiving placebo. Fruth et al.289 reported improved QoL scores on the 

Rhinosinusitis Disability Index in 18 ASA desensitized patients compared to 13 controls 

at 36 months after sinus surgery. Similar results were found by Rozsasi et al.226 using 

modified validated QoL questionnaires. In a previous study, Cooper et al.286 observed a 

significant decrease in the SNOT-22 median score of averagely 10 points after 6 months 

of maintenance therapy. However, to the best of our knowledge, this is the first study 

evaluating the HRQoL in patients on intranasal ATAD using LAS. Interestingly, the 20 

units difference found in the total score of the SNOT-22 in our N-ERD patients on and off 

nasal LAS was higher to that observed in patients on oral ATAD in a recent metanalysis 

(difference 10.27 units).214 The lower SNOT-22 scores found in our patients on intranasal 

LAS could also be related to a better tolerability of nasal ATAD compared to the oral one. 

In fact, it is well-known that people on oral ATAD can develop symptoms affecting the 

skin, gut or lungs and in previous studies conducted by our team, we confirmed a lower 

rate of side effects in patients using intranasal LAS when compared to those on oral 

aspirin, including lower risk of gastrointestinal bleeding or urticarial rash.221,224 

Nevertheless, up to 30% of patients may not respond to ATAD.215 In a previous audit on 

intranasal LAS,221 our team found that 18.7% of patients reported no efficacy following 

intranasal ATAD at their 3-month follow-up. With this in mind, a common issue is to 

determine how long a patient should be trialled before considering him to be a non-

responder to ATAD. In this regard, A total score of 20 at the SNOT-22, has been defined 

to be the threshold to distinguish responders (SNOT-22 < 20) from non-responders 

(SNOT-22 ³ 20).304 Moreover, a recent study from Tripathi et al.305 found that the SNOT-

22 score obtained at 6-month post-desensitization had the greatest predictive value for 
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long-term outcomes at 24-month post-desensitization, with an OR of 16.5, proposing a 

6-month time point of ATAD as a predictor for long-term success. In our practice, we tend 

to consider a patient a good-responder to the treatment when their SNOT-22 score 

significantly improves from baseline (SNOT-22 before treatment). In this regard, the 

minimal clinically important difference (MCID) for the SNOT-22 total score has been 

reported to be 8.9 points105 and this is the minimal improvement in the SNOT-22 total 

score we usually seek for in order to consider a patient a responder to the treatment. In 

our population, 11.8% (4/34) were deemed to be non-responders to intranasal ATAD 

(based on our medical records) although this percentage could have been higher 

considering that the remaining 9 patients never started intranasal LAS.  

 

Assessing domains and item scores of the SNOT-22 separately can provide clinicians 

with a better understanding of which individual aspect of CRSwNP has the greatest 

impact on patients HRQoL and, thus, offer valuable information in view of a personalised 

treatment decision-making. In our study, the domain “rhinologic symptoms” remained the 

most affected domain across both groups of patients (on or off LAS) with the items “nasal 

obstruction”, “thick nasal discharge” and “post-nasal discharge” reported to be the most 

important items from our N-ERD respondents. This corroborates previous results of a 

recent randomized double-blind placebo-controlled study which included patients with 

CRSwNP considered hard to treat, including patients with N-ERD.306 Moreover, in our 

study patients on LAS had significantly lower scores in the rhinologic domain (p=0.05) 

when compared to their counterparts not on nasal LAS, suggesting that LAS is effective 

in controlling nasal polyps and the local inflammatory burden, confirming results from our 

previous retrospective study224. We also observed significant improvements in the 

domains function (p=0.02) and emotion (p=0.01), which could simply reflect the indirect 

effect of improved sinonasal symptoms on other aspects of health.  
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Loss of smell in N-ERD negatively impacts on QoL and has been reported to be more 

severe as compared to patients with ASA-tolerant CRSwNP.307  In our population, more 

than 80% of the patients reported to have at least a moderate problem with their sense 

of smell at the SNOT-22 and almost 60% of the respondents confirmed this was one of 

the five most important items affecting their health. This suggests that, from a patient's 

perspective, OD remains an important marker of disease severity and, thus, a critical 

outcome measure of treatment efficacy. The cause of OD in N-ERD seems to be 

multifactorial. Contributing factors include the high nasal polyp burden and swelling of 

the sinonasal mucosa in the olfactory area which could cause a physical obstruction 

preventing odorants from reaching the olfactory epithelium. In addition, the long-standing 

chronic inflammation within the olfactory epithelium may also be a causative mechanism 

for OD in these patients.247  In fact, elevated nasal mucous levels of IL-2, IL-5 and IL-13 

have been associated with altered olfaction suggesting a potential immunological cause 

for OD in these patients.248,249 A previous review looking at studies evaluating olfactory 

outcomes following oral ASA desensitization demonstrated improvements in patient 

reported and objective assessments of olfactory function.226,286,308 Interestingly, in one of 

these, Sweet et al.309 compared individuals who were on long-term oral ASA therapy and 

those who discontinued therapy for a variety of reasons and observed statistically 

significant improvement in the PROMs while on ASA with a subsequent worsening of 

symptoms after discontinuation. Although we previously demonstrated improved 

olfaction in patients on long-term nasal ATAD, as measured by a 6-item identification test 

(Nez du Vin),224 in this study there was no statistically significant difference in the patients’ 

reported olfaction (both at the sVAS and at the SNOT-22 item “decreased sense of 

smell/taste”) between those on intranasal LAS or not. This could be because subjective 

olfaction measures are less sensitive than the objective ones.310 In this regard, it is 

interesting to mention that Landis et al.311 observed that healthy subjects are usually 

unable to accurately self-report their sense of smell but the accuracy of this self-
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assessment improves after undergoing olfactory testing, forcing them to pay conscious 

attention to their sense of smell. 

 

Despite several studies showing an improvement of HRQoL in N-ERD patients whilst on 

ATAD, aspirin desensitisation remains an underutilized treatment modality as confirmed 

by a survey of allergists and fellows conducted in the United States in 2016.312 More 

recently, biologics have set their scene on the treatment of severe CRSwNP and, 

although not specific for N-ERD, they have been shown to be very effective in CRSwNP 

in N-ERD patients.313,314 In this regard, dupilumab, an anti-interleukin-4 and -13, has 

gained increased popularity since its approval as a treatment for severe or refractory 

CRSwNP in 2019 and several studies have demonstrated effective reduction in both 

objective and subjective measurements.278,315,316 So far, dupilumab is the only biologic 

showing a difference between aspirin-tolerant and aspirin-intolerant CRSwNP patients 

with N-ERD patients reporting significantly greater improvement in nasal congestion and 

SNOT-22 scores after treatment.317 In a previous study Buchheit and colleagues318 

reported a higher improvement in the total SNOT-22 score when using dupilumab if 

compared to our study (mean change of –34.4 and –34.5 at month 1 and 3, respectively; 

all p<0.0001). Additionally, differently from our results, an improvement in all five SNOT-

22 domains at 6 months has also been demonstrated in patients on dupilumab, with the 

most marked improvements observed for nasal, sleep, and function domains.306 

However, no direct trials with ATAD and biologic therapy in N-ERD patients exist which 

makes it difficult to choose the best alternative to use when maximal medical and surgical 

treatments have failed. Only recently, Tuncay and colleagues319 conducted an 

observational real-life study including 59 N-ERD patients receiving ATAD or biologics 

(either omalizumab or mepolizumab) and found no significant difference in the SNOT-22 

scores between patients who received ATAD only and/or biologics although SNOT-22 

scores were lower in those who received mepolizumab. Biologics have also been 

demonstrated to significantly improve olfactory function in several studies.278,320,321 
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Moreover, Barroso and colleagues322 did not show any differences for partial or total 

improvement in sense of smell when comparing N-ERD (35.7%) and non–N-ERD 

patients (37%) in patients undergoing long-term treatment with omalizumab, 

mepolizumab, reslizumab, or benralizumab. However, there remains a need for further 

studies to demonstrate the effectiveness of biologics more clearly against ATAD for the 

decision of which biologics are beneficial in patients with both eosinophilia and atopy. 

 

In spite of its superb effects in controlling CRSwNP and improving HRQoL, also in N-

ERD patients, dupilumab is over a hundred times more expensive than ATAD which 

poses questions over appropriate use of healthcare resources. In fact, cost of ATAD is 

less than $100 per year compared to Th2 biologic therapy which is estimated to be 

$30.000 to $40.000 per patient per year that corresponds to a multimillion dollars per 

patient per year for biologic treatment.317,323 Moreover, a study from Shaker et al.324 found 

that  ambulatory desensitization for N-ERD could save $6.768 per “quality-adjusted life 

year” (QALY), and ATAD  remained cost-effective with less than $50,000 per QALY 

saved. Cost of intranasal LAS is slightly higher than oral aspirin being of roughly 

180£/year which is mainly related to the fact that LAS has to be imported from France 

(LAS is currently not sold in the United Kingdom). However, this cost is again derisory if 

compared to the yearly cost of biologics. Considering its safety profile, its effectiveness 

and its relatively low costs, ATAD should be the considered as one of the first-line 

therapies, if no contraindication, in N-ERD patients with uncontrolled CRSwNP. 

Nonetheless, the role of endoscopic sinus surgery, in particular of large cavity sinus 

surgery, with post-operative ATAD should be considered when treating CRSwNP in 

patients with N-ERD.245,325 

 

In this regard, a recent cost-effectiveness analysis comparing dupilumab and ATAD for 

CRSwNP in N-ERD showed that dupilumab treatment can be cost-effective when offered 

as salvage therapy after failing ATAD after ESS.236 This offers new insights into when to 
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recommend biologic therapy in a cost-effectively manner within the available treatment 

options. 

 

Limitations of the study 

Our study is slightly unpowered (post-hoc power of 50.4%) and, therefore, results should 

be interpreted in view of this limitation. The main reason for this relies on the large data 

dispersion (i.e. interquartile range) observed in the SNOT-22 total scores for both groups 

which reflects the high variability in the severity of symptoms reported by our N-ERD 

patients. Other limitations of the study are those that are intrinsically inherent to the use 

of self-reporting outcomes (i.e. PROMs) including changing internal standards 

(recalibration), changing priorities (reprioritization), and changing interpretations 

(reconceptualization),326 which are particularly present when assessing efficacy of a 

treatment and especially in chronic conditions like CRS.327,328 Moreover, for both the 

SNOT-22 and sVAS patients were asked to rate their symptoms as these had been over 

the 2 weeks before questionnaires administration, which inevitably introduced a recall 

bias. However, it must be considered that all these biases are present when evaluating 

quality of life using SNOT-22 and/or other PROMs.  

 

4.6.5. Conclusions 

 

N-ERD has significant financial and HRQoL detriment to sufferers. This first study, in 

which HRQoL was evaluated in patients on long-term intranasal LAS, supports the 

efficacy of nasal ATAD in the management of N-ERD and suggests that long-term use 

can lead to QoL improvement. Since nasal LAS has less comorbidities than oral ATAD 

and is cheaper than monoclonal antibodies we suggest that these results should be 

confirmed in larger populations. In addition, these results can provide evidence to 

policymakers looking to support cost-effective treatment options for CRSwNP in N-ERD.  
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Nevertheless, when choosing the best alternative for uncontrolled CRSwNP amongst the 

available options, pros and cons of each treatment should be tailored taking into account 

patient’s comorbidities and disease’s profile in an attempt to offer a more personalised 

therapy.  



 115 

4.7 Published studies on N-ERD – summary of findings and their relevance in 

the PhD project   

 

In the first study224 I confirmed a high prevalence of severe OD amongst patients with N-

ERD (prevalence 84.6%; median Nez du Vin score at baseline 0/6). I have demonstrated 

how long-term administration of intranasal LAS can lead to a statistically significant 

improvement of sense of smell. In my opinion, olfactory improvement in these patients 

was achieved through a combination of reduced sinonasal inflammation in the OE, 

reduction in polyps’ size and increased airflow through the olfactory cleft. This was 

corroborated by the evidence of a statistically significant increase of nasal airflow and 

long-standing nasal airflow improvement during the whole study period in patients on 

LAS.  

 

The second study, instead, focused more on the health-related quality of life (HRQoL) 

changes and olfactory impairment in N-ERD patients. In this survey, N-ERD patients on 

intranasal LAS were compared with patients who stopped LAS. Firstly, I confirmed that 

reduction of sense of smell was one of the most prevalent and highly-impacting reported 

symptoms by N-ERD patients. My data revealed that a substantial proportion (80%) of 

the study participants reported a notable impairment of their olfactory function. 

Furthermore, approximately 60% of respondents ranked this issue among their top five 

health priorities. Secondly, I showed how reported OD was less severe, although not 

statistically significant, in patients on long-term intranasal LAS. Again, this study, whilst 

demonstrating a high prevalence of OD amongst N-ERD, suggested that intranasal LAS 

could be beneficial in improving sense of smell. 

 

All the above findings substantiate my initial hypothesis that control of local olfactory 

mucosa inflammation and, more importantly, airways optimisation achieved using 

intranasal LAS can lead to improved olfaction in N-ERD patients.   
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CHAPTER 5: OLFACTORY DYSFUNCTION IN 
SLEEP-DISORDERED BREATHING 

 

5.1. My research questions and hypotheses on OD in SDB 

 

Olfactory function is not frequently assessed when evaluating treatments’ outcomes in 

SDB patients and, therefore, effects of nasal surgery on olfaction in these patients are 

not completely known. As further explained in Section 5.2., chronic nasal obstruction is 

common in SDB patients and can consequently lead to a reduction of nasal airflow and 

odorants delivery to the olfactory cleft. My aims and hypotheses regarding OD in SDB 

matured during these years are summarised in Table 5.1. An introduction to the topic has 

been included to give a background to the study conducted. 

 
Table 5.1. Research questions and hypotheses leading to my published study on sleep-
disordered breathing.  
 
OD: olfactory dysfunction; RFITs: radiofrequency of inferior turbinates; SDB: sleep-disordered breathing.  

 

5.2. Introduction – an overview on SDB 

 

Sleep-disordered breathing (SDB) describes a range of disorders including primary 

snoring and obstructive sleep apnoea (OSA).  

 

Research questions 

1. Is OD present in SDB patients? If so, what is its prevalence? 

2. Is OD in SDB patients caused by nasal congestion (i.e. conductive)? If so, can RFITs 
restore olfaction by increasing nasal airflow? 

Hypotheses 

1. OD is highly prevalent in SDB patients and mainly caused by nasal congestion.  

2. Inferior turbinates decongestion, achieved by means of RFITs, will lead to an 
improvement in the nasal airflow and nasal airways. The increased nasal airflow will 
then improve odorants delivery to the olfactory cleft and, consequently, olfaction. 
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Primary snoring, also known as simple snoring, is characterized by audible vibrations of 

the UA during sleep. It is generally considered the initial stage of SDB and does not 

typically have severe medical repercussions for the snorer.329 By definition, primary 

snoring involves asymptomatic snoring without apnoeic or hypopnoeic events. The 

apnoea/hypopnea index (AHI), which measures the number of apnoeic/hypopnoeic 

events per hour during a polysomnography (PSG), is less than 5 in primary snoring. 

Daytime sleepiness is not a characteristic feature. Primary snoring is usually caused by 

a narrowing of the UA, although vibrations of soft tissues can occur even without 

narrowing.329 

 

Obstructive sleep apnoea (OSA), instead, involves cessation of airflow of at least 10 

seconds, or a significant decrease in it, occurring in the presence of inspiratory efforts 

during sleep.330 OSA is diagnosed when an “AHI or Respiratory Disturbance Index (RDI) 

of 5 or higher is observed in conjunction with excessive daytime sleepiness, repeated 

episodes of UA obstruction during sleep, and nocturnal hypoxemia”.330 Prevalence 

studies estimate that OSA affects between 1% and 4% of the general population.331 Risk 

factors associated with OSA include “obesity, craniofacial abnormalities, adenotonsillar 

hypertrophy (particularly in children and young adults), increased neck circumference, 

male sex, older age, postmenopausal state, alcohol or sedative use, smoking, 

hypothyroidism, acromegaly, and stroke”.332 OSA is a potentially disabling condition and 

associated with other health issues such as cardiovascular and cerebrovascular 

events.332 Other consequences of OSA extend beyond excessive sleepiness to include 

impaired cognitive function and mood disturbances, ultimately impacting overall QoL.333 

Daytime sleepiness poses a significant safety risk, increasing the likelihood of road traffic 

accidents, workplace injuries, and decreased work performance. 

 

Diagnostic workup in SDB patients include use of full-night PSG, pulse oximetry and 

Epworth sleepiness scale (a commonly used and validated questionnaire for daytime 
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sleepiness).334 PSG, considered the gold standard for OSA diagnosis, involves the 

simultaneous recording of “electroencephalogram, electrooculogram, chin 

electromyogram, electrocardiogram, respiratory effort, airflow, oxygenation, ventilation, 

snoring”. However, home sleep studies have been developed during the last decades 

with the aim to reduce the inconvenience and expense associated with laboratory PSG. 

According to the guidelines established by the American Academy of Sleep Medicine, a 

portable monitor must record at least airflow, respiratory effort, and blood oxygenation.335 

This means that home sleep studies should have at least 4–7 channels (type III device), 

rather than using a type IV device, exemplified by oximeters, which records only pulse 

rate and oxygen saturation.335  In fact, type III monitors have the ability to obtain the AHI 

scores that can help in the diagnosis of OSA.336  

 

The severity of OSA is categorized based on the AHI score as follows:337 

• Mild: AHI ranging from 5 to 15 events per hour. 

• Moderate: AHI ranging from 15 to 30 events per hour. 

• Severe: AHI exceeding 30 events per hour. 

An AHI below 5 events per hour is typically indicative of normal sleep or the presence of 

primary snoring in individuals exhibiting snoring. 

 

Management of SDB consists of both pharmacological and non-pharmacological 

treatments. Non-pharmacological measures include diet changes, use of devices 

(mandibular advancement devices/tongue retaining devices and continuous positive 

airway pressure [CPAP]) and surgery (such as UA surgery and bariatric surgery for 

weight loss).332 CPAP is a non-invasive ventilation device that uses mild positive air 

pressure to keep UA open and prevent collapse during sleep. It is considered the gold 

standard for moderate and severe OSA.338-340 Patients who cannot tolerate CPAP should 

be offered surgical options. Surgery aims to achieve a permanent increase in UA patency 

while simultaneously reducing pharyngeal resistance. In selected patients with “mild 
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OSA who exhibit surgically correctable anatomical abnormalities contributing to UA 

collapse during sleep”, surgical intervention can be considered a first-line therapeutic 

approach. Several type of surgical procedures can be considered for OSA patients like 

nasal and tongue surgery, tonsil reduction, soft palate surgery or advancement 

procedures.341 Hypoglossal nerve stimulation represents a potential safe and efficacious 

alternative therapeutic modality for “individuals with moderate-to-severe OSA who 

experience difficulties adhering to CPAP therapy”.342 However, surgical management of 

OSA typically requires a multi-stage approach. A comprehensive evaluation of the 

potential advantages of surgical treatment is imperative, with careful consideration given 

to the potential for long-term adverse sequelae. 

 

5.3. Pathophysiology of OD in SDB 

 

OD is frequently observed in subjects with SDB.343,344 Moreover, older adults with SDB 

have been reported to have a significantly increased risk of impaired odour identification, 

as evidenced by an odds ratio of 2.13.345 Previous studies confirm that up to 73% of 

patients with OSA can show a mild-to-severe OD344,346-348 and this is more frequent in 

patients with more severe OSA.349,350 Conversely, OD seems to be less prevalent 

amongst simple snorers and, when present, the degree of OD is usually mild,348 

suggesting that long-standing vibration itself is not directly correlated with olfactory 

function.349 Pathogenesis is not fully understood and several mechanisms could 

contribute to OD in these patients. (Table 5.2.)  

 

The first mechanism may be attributed to the neurocognitive sequelae of OSA. Recurrent 

sleep fragmentation, sleep deprivation, and chronic intermittent hypoxemia induce 

alterations within the primary neural network of the OB and exert an influence on central 

nervous system pathways involved in chemosensory processing.345,346,351,352 
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Table 5.2. Relevant mechanisms leading to olfactory dysfunction in SDB.  
 
 
These regions include the hippocampus and prefrontal cortex, brain structures intimately 

associated with memory and executive function.350,353 Previous neuroimaging 

investigations have confirmed a reduction in cell neurogenesis and density within the 

hippocampus, frontal cortex, and generalized grey matter in OSA subjects.354,355 In this 

context, the observed volumetric reduction within the OBs of OSA patients may be 

attributed to the same underlying mechanisms.350,356 The resulting cognitive impairment 

present in patients with SDB and involving memory, new learning, attention, executive 

and cognitive functions,352,357 can then secondarily impact on the olfactory abilities itself. 

In this regard, OSA patients with OD have been found to have lower scores at global 

cognition, memory, and executive function.346,358,359 The interrelationship between 

olfaction and cognitive impairment is not new and olfactory tests are now used to identify 

subjects with an elevated risk of cognitive decline and dementia.360  

 

A second pathophysiological mechanism could be related to the local effect of OSA on 

the OE. Nasal obstruction is very common in SDB patients and the prolonged exposure 

to vibrations and hypoxic conditions, resulting from chronic nasal obstruction, may induce 

local neuropathy within the OE.361 Moreover, this resistance in the nasal airflow can 

impede odorants to reach the olfactory region. As a confirmation of that, acoustic 

rhinometry studies have demonstrated a significant reduction in the cross-sectional area 

of the nasal airway in patients with OSA compared to healthy controls.362 This anatomical 

 Mechanism Rationale 

Neurocognitive Central 
Sleep fragmentation, sleep deprivation and chronic intermittent 
hypoxia cause alterations in the main olfactory bulb neural network 
and affect pathways 

Damage of olfactory 
epithelium Sensorineural 

• Hypoxia of olfactory neurons;  
• Increase of proinflammatory markers due to 

hypoxia/reoxygenation episodes; 
• Poor mucociliary clearance.  

Nasal obstruction Conductive Physical obstruction for odorants delivery to reach olfactory 
epithelium 
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narrowing may impede the efficient transport of odorant molecules to the olfactory region. 

The intermittent nocturnal hypoxia/reoxygenation episodes, present in OSA patients, can 

also cause an increase in proinflammatory markers which could potentially damage the 

OE and/or alter its function.343 Additionally, patients with OSA have been found to have 

a poor mucociliary clearance which can interfere in the interaction between odorants and 

the olfactory receptors at the level of the OE. 347,363  

 

Another possible pathophysiological mechanism may be attributed to the alterations in 

cholinergic neurotransmission. Studies have demonstrated a significant reduction in 

short-latency afferent inhibition in patients with OSA, supporting the potential role for 

cholinergic dysfunction.364 Finally, a higher BMI, frequent in SDB patients, could 

contribute to OD, and previous reports confirmed a decline of TDI with increased BMI.365 

 

The link between SDB and OD is also supported by several studies demonstrating a 

correlation between olfactory and sleep parameters, although results are not always 

unequivocal. The AHI was shown to have a significant negative correlation with odour 

threshold and TDI scores,344,349 but also to discrimination and identification scores 

according to others.346,348,350 Such correlations were not found by other authors.366,367 The 

AHI had also a significant negative correlation with both right and left OB volumes.350 

Siegel et al.345 observed that SDB (based on self-reported history and not confirmed by 

a sleep study) is associated with impaired odour identification but not odour threshold. 

The average nocturnal SaO2, another parameter obtained with a sleep study, was shown 

to significantly and positively correlate with odour threshold,350 discrimination,348-350 

identification348 and TDI scores349 according to different authors. The relationship 

between olfactory components affected and underlying pathophysiologic mechanisms 

could be explained as follow. The impairment of cognitive functions may create a 

deleterious effect on olfactory function, resulting in a decline in odour discrimination and 

identification abilities. These olfactory functions necessitate the recognition and naming 
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of common odours and are indicative of more central olfactory processing and cognitive 

involvement.368 Conversely, any impairment at the level of the OE, including a reduced 

odorants stimulation by an alteration of nasal airflow, which is not uncommon in patients 

with SDB and a contributing factor to OSA,369 will affect odour threshold.370,371  

 

Treatments of OD in SDB patients have not been investigated and research on that is 

limited. Incidentally, CPAP therapy has been found to improve olfactory function by 

recent studies, including a systematic review.340,344,366,367,372,373 The mechanisms through 

which positive airway pressure may improve olfactory function in OSA patients could be 

multiple. The increased oxygen saturation achieved with CPAP carries out positive 

effects on neurocognitive function, including sense of smell,349,350 helps in normalizing 

the synthesis of neurotransmitters,373 and in reducing mucosal inflammation.374,375 On 

the other side, CPAP itself can cause an early nasal inflammation due to its “mechanical 

stimulus” effect on the nasal mucosa,376 and lead to rhinitis, which could potentially affect 

the olfactory function.  

 
 
5.4. Published study on SDB – hypothesis and aim 

 

Section 5.5. includes my own published paper. In this prospective study, I evaluated the 

efficacy of RFITs in improving nasal airways and sense of smell in SDB patients. In this 

study, I have also assessed olfactory function (specifically odour identification) at 

baseline and over a period of 12 months to demonstrate a potential role of RFITs in 

improving OD in this group of patients. The main hypothesis is that inferior turbinates 

decongestion, achieved by means of RFITs, will lead to an improvement in the nasal 

airflow and nasal airways. The increased nasal airflow will then improve odorants 

delivery to the olfactory cleft and, thus, olfactory function. Minor edits to the manuscript 

have been made following departmental guidelines to ensure it fits the overall style of 

the thesis.   



 123 

5.5. Objective and subjective outcomes following radiofrequency of inferior 

turbinates in patients with sleep-disordered breathing377 

 

5.5.1. Introduction 

Sleep-disordered breathing (SDB) describes a spectrum of various clinical entities 

ranging from primary snoring to severe obstructive sleep apnoea (OSA).378 Both snoring 

and OSA exhibit a multilevel phenomenon in which the obstruction can occur at each 

level of the naso-, oro- and hypopharynx and in different proportions.379,380 The nose 

represents the first entry point of the air with nasal obstruction significantly impacting the 

collapsibility of different segments of the pharyngeal lumen.378,381 Several large-scale 

population studies have confirmed that nasal blockage contributes to exacerbate OSA 

and represents an independent risk factor for OSA.369,382,383 Moreover, OSA patients with 

nasal obstruction are at higher risk of continuous positive airway pressure (CPAP) 

intolerance, which constitutes a significant problem as CPAP treatment is the first-line 

measure for moderate-to-severe OSA. In addition to that, nasal CPAP itself can lead to 

alterations in the nasal mucosa, like chronic inflammation and fibrosis,384 which can 

exacerbate CPAP intolerance in patients with an already existing congested nose. 

  

For all these reasons, treatment of nasal obstruction in SDB patients becomes crucial 

for symptom relief and/or to improve CPAP tolerance, especially in cases in which nasal 

obstruction is the main subjective barrier to its use. From an anatomical point of view, 

septal deviation, nasal valve dysfunction and/or inferior turbinate (IT) hypertrophy are the 

most common findings in SDB patients with reported nasal blockage.385-387 Rhinitis is the 

main cause of IT hypertrophy, and in this regard, the link between allergic rhinitis (AR), 

in particular, and sleep impairment is so close that the ARIA (Allergic Rhinitis and its 

Impact on Asthma) guidelines have categorized the influence of AR on sleep impairment 

as moderate to severe.388 Intranasal corticosteroids represent the main treatment of 

rhinitis, and several studies have confirmed an improvement of sleep study parameters 
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following the use of nasal cortico-steroids.389-391 For refractory cases in which patients 

are not improving with medical treatment, nasal airway surgery can be offered with the 

aim to improve nasal breathing and, as a result, sleep quality, snoring and daytime 

fatigue.392  

 

The reduction in ITs represents an effective surgical option in cases in which IT 

hypertrophy is the main driver of nasal obstruction,393,394 and can improve sleep quality 

in cases of concomitant rhinitis and nasal obstruction.392 So far, several techniques have 

been described, and available options include turbinoplasty, turbinate out-fracturing, 

microdebrider-assisted inferior turbinoplasty, electrocautery with monopolar or bipolar 

instruments, coblation and radiofrequency.395-397 However, no consensus today exists on 

which surgical technique is most effective in the long term. 

 

Radiofrequency of the IT (RFIT) is a commonly utilized technique for IT reduction and is 

able to generate a relatively low level of heat in the sub-mucosal layer of the turbinates, 

thus preserving overlying mucosal integrity and the mucociliary function of the 

turbinates.398 Moreover, it has rare complications and can be performed in clinic under 

local anaesthesia (LA), making it a quick and very attractive option for the surgical 

management of IT hypertrophy. Although several studies support RFIT effectiveness in 

managing nasal obstruction secondary to IT hypertrophy,399-402 few studies have 

assessed long-term outcomes using disease-specific validated instruments, especially 

in patients with SDB. Moreover, most studies have focused on subjective outcomes 

(patient-reported symptoms) of improved breathing and nasal airflow, whereas studies 

looking at objective measures remain sparce. 

 

In this prospective study, we aimed to evaluate long-term objective and subjective nasal, 

olfactory and sleep outcomes following RFIT in patients with SDB and IT hypertrophy 

refractory to medical treatment. 
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5.5.2. Materials and methods 

 

Study design 

A real-life prospective cohort study was conducted to evaluate the efficacy of RFIT in the 

treatment of IT hypertrophy in patients with SDB. Patients were assessed at baseline 

(T0), 3 months (T1), 6 months (T2) and 12 months (T3) following RFIT. Patients were 

asked not to start any nasal steroids during the follow-up period. At the end of T3, patients 

were discharged to their general practitioners or reassessed in cases of persisting 

symptoms. Our primary outcome was the improvement of nasal airways following RFIT 

as measured by peak nasal inspiratory flow (PNIF) and acoustic rhinometry (AR). 

Secondary outcomes instead were the improvement of sense of smell, sleep 

symptoms/scores and health-related quality of life (HRQoL) following the procedure. 

The study was conducted in accordance with the 1996 Helsinki Declaration. This present 

study is a retrospective evaluation of service for our department, utilizing anonymized 

data reviewed in full accordance with national information governance protocols and, 

thus, did not require separate research ethics committee approval. 

 

Participants' characteristics 

We included patients with SDB who underwent RFIT under LA for IT hypertrophy 

between June 2021 and January 2022 at the Royal National Ear, Nose and Throat 

Hospital (University College London Hospitals, London, UK). Data were collected on de-

mographics, type of sleep disorder (snoring or OSA only, or both), type of rhinitis (allergic 

vs. non allergic), smoking status, comorbidities, routine medications taken and history of 

upper airway surgery. Findings at nasal endoscopy and results of skin prick test for 

common aeroallergens (grass pollen, birch pollen, mixed tree pollens, house dust mite, 

cat and dog hair, Alternaria and Aspergillus) were also recorded. 
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Details of the surgery 

All the procedures were performed by the same surgeon (SU). Before treatment, two 

puffs of co-phenylcaine nasal spray (lidocaine hydrochloride 5% w/v, phenylephrine 0.5% 

w/v and benzalkonium chloride 0.01%) are sprayed into each nostril. Ten minutes later, 

under endoscopic vision, a rigid nasal endoscopy is performed, and a cotton pledget 

soaked in adrenaline 1:10,000 is introduced into each nostril. The head of the IT is later 

injected with Lignospan Special (lidocaine hydrochloride 2% and adrenaline 1:80,000). 

After 5 min, under endoscopic vision, the radiofrequency wand at a setting of 15 W is 

introduced into the submucosal IT tissue for approximately 15 s (the exact duration is 

based on the auto-stop function, which depends on 3D impedance feedback detected 

by the machine algorithm). This process is repeated in 3 different sites of each IT 

(anterior, middle and posterior portion). After treatment, a cotton pledget soaked in 

adrenaline 1:10,000 is left into each nostril, and the patient is asked to wait in the 

recovery area for post-operative monitoring of vital parameters. After 15 min, the 

pledgets are removed and the Naseptin cream (chlorhexidine dihydrochloride 0.1% and 

neomycin sulfate 0.5%) is applied into each nostril. No nasal pack is inserted unless 

there is an active nosebleed. Patients are discharged without any limitations in their 

normal daily activities. 

 

Objective and subjective measurements at baseline and follow-ups 

At T0, T1, T2 and T3, patients underwent objective assessment of nasal airways, smell 

function and HRQoL, and their subjective sinonasal, olfactory and sleep symptoms were 

evaluated. All patients also received nasal endoscopy, at both baseline and follow-ups, 

to evaluate signs of chronic rhinosinusitis (CRS)/rhinitis and post-operative outcomes.  

 

All patients received a home-based sleep test (type III – Nox-T3 System, Nox Medical, 

Reykjavik, Iceland) before being included in the study (same type of device used for all 

patients), and the diagnosis of simple snoring or OSA was established according to the 
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apnoea-hypopnoea index (AHI) calculated from the above-mentioned studies as follows: 

simple snoring, AHI < 5; mild OSA, 5 ≤ AHI < 15; moderate OSA, 15 ≤ AHI < 30; and 

severe OSA, AHI ≥ 30. The study was also repeated at 6 months following RFIT. 

 

PNIF and AR were tested on the same occasion to objectively assess patients’ nasal 

airways. After baseline measurements, a decongestant test was performed using co-

phenylcaine (5% lidocaine and 0.5% phenylephrine) topical nasal spray, and meas-

urements were repeated 15 min after its application to reduce any possible influence of 

the nasal cycle on nasal airflow measurements.136,137,403 PNIF was measured using a 

portable Youlten peak flow meter (Clement Clarke Inter-national, Mountain Ash, UK). 

Three maximal inspirations were obtained, and the highest of the three measurements 

was considered.282 Unilateral PNIF values were also studied by sealing off one nostril at 

a time with adhesive tape (Micropore™, 3M™, St Paul, US), and the highest values were 

taken as left PNIF (lPNIF) and right PNIF (rPNIF).404 AR was tested using an A1 acoustic 

rhinometer (GM Instruments Ltd., Kilwinning, UK) and conducted while patients held their 

breath. The minimal cross-sectional area (MCA) and nasal volume (NV) were 

obtained.405 

 

The ability to smell was scored using the Sniffin’ Sticks (S’S) 16-item identification test 

(Burghart, Medisense, Groningen, The Netherlands).112 Level of hyposmia was defined 

as a score below 11 as per normative values reported by Oleszkiewicz and colleagues.112 

Subjective olfactory function was recorded using a visual analogue scale for sense of 

smell (sVAS—0 indicates “sense of smell absent” and 10 indicates “sense of smell not 

affected”)310 and the short version of the Questionnaire of Olfactory Disorders-Negative 

Statements (short-QODNS)107. 

Other patient-reported outcome measures (PROMs) included the 36-item Short Form 

Survey (SF-36) used to assess HRQoL, the Sino-Nasal Outcomes Test-22 (SNOT-22)406 

and the Nasal Obstruction Symptom Evaluation (NOSE) to evaluate sinonasal 
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symptoms, as well as the Epworth Sleepiness Scale (ESS) as a subjective measure of 

patients’ sleepiness. 

 

Statistical analysis 

Quantitative variables were summarized using median and interquartile range (P25–

P75), whereas qualitative variables were described with frequency and percentage. 

Comparisons of measurements between baseline and follow-ups were performed using 

the paired Wilcoxon test for quantitative variables and the proportion test for dichotomic 

variables. Ottaviano et al.285 showed that the relationship between PNIF and covariates 

is typically not linear and they proposed a square root transform of PNIF, which has been 

evaluated appropriate also for our data. Mixed effect models have been fitted to the data 

to evaluate the longitudinal effects of the covariates on the studied variables. A 

goodness-of-fit analysis for each model has been performed using qqplots to validate 

their use in our study. p-values were calculated for all tests, and 5% was considered to 

be the critical level of significance. All the analyses were performed in R (version 4.4.0, 

R Core Team, Vienna, Austria, 2021). 

 

5.5.3. Results 
 

Breakdown of the population  

Seventeen patients were initially included in the study (T0) and underwent RFIT under 

LA. Thirteen patients attended the 3-month follow-up (T1), fourteen attended the 6-month 

follow-up (T2) and ten attended the 12-month follow-up (T3). 

 

Demographic data 

The median age of the population was 42.0 years, and there was a higher prevalence of 

male patients (10; 58.8%). The majority of them were non-smokers (15; 88.2%) and had 

a history of both snoring and OSA (12; 70.6%). All of the patients complained of bilateral 

nasal blockages and were unsuccessfully treated medically with nasal douches and 
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steroid sprays (+/− azelastine spray, in cases of allergic rhinitis). Other details of the 

population, including the patients’ history of previous relevant surgeries of the upper 

airways as well as comorbidities and routinely taken medications, are reported in Table 

1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 1. General characteristics of the population  
 
 
OSA: obstructive sleep apnoea; IT: inferior turbinate. 

 n = 17 
Demographics  
Age, median [P25-P75], yr 42.0 [35.0-52.0] 
Sex, No (%) 

Female 
Male  

 
7 (41.2%) 

10 (58.8%) 
Smoking status, No (%) 
    Ex-smoker     
    Active 
    No 

 
1 (5.9%) 
1 (5.9%) 

15 (88.2%) 
History of rhinitis, No (%) 
    Allergic type     
    Non-allergic type 

 
9 (52.9%) 
8 (47.1%) 

Sleep symptoms, No (%) 
    Snoring only   
    OSA only 
    Both 

 
5 (29.4%) 

0 (0.0%) 
12 (70.6%) 

Comorbidities, No (%) 
    None 
    Asthma  
    Hypertension     
    Mental health issues 
    Other 

 
7 (41.2%) 
4 (23.5%) 
3 (17.6%) 
3 (17.6%) 
5 (29.4%) 

Medications, No (%) 
    Nasal douche 
    Steroid spray 
    Steroid + antihistamine spray  
    Sartan     
    Beta-2 agonist inhaler 
    Other 

 
17 (100%) 
8 (47.1%) 
9 (52.9%) 
2 (11.8%) 
4 (23.5%) 
5 (29.4%) 

Previous relevant surgery, No (%) 
    Tonsillectomy     
    Palatoplasty 
    Rhinoplasty 
    Septoplasty 

 
3 (17.6%) 
2 (11.8%) 
2 (11.8%) 
1 (5.9%) 

Investigations  
Skin prick test, No (%) 
    Negative 
    One allergen 
    Two allergens 
    Multiple allergens 

 
8 (47.1%) 
3 (17.6%) 
2 (11.8%) 
4 (23.5%) 

Nasal endoscopy findings, No (%) 
    Rhinitis 
    IT hypertrophy only 
    Septal deviation + IT hypertrophy 

 
17 (100%) 
9 (52.9%) 
8 (47.1%) 
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Nasal airflow and olfactory function at baseline 

Bilateral and unilateral PNIF values as well as acoustic rhinometry parameters pre- and 

post-decongestion are reported in Table 2. The median identification score at S’S was 

13. (Table 2) 

 

Other investigations at baseline 

The nasal endoscopies confirmed signs of rhinitis and hypertrophy of the IT in all of the 

cases; in eight patients (47.1%), these were associated with a deviated nasal septum. 

Skin prick tests confirmed a sensitivity to common aeroallergens in nine patients (52.9%). 

CT scans of the sinuses showed no concomitant CRS in any of the cases. The majority 

of the patients were in the moderate OSA category (6; 35.3%) at the time of the pre-

operative sleep study with a median oxygen desaturation index (ODI) of 10.5 and a 

median snore percentage of 24.3%. All of the patients with moderate or severe OSA 

were using a CPAP machine. The median BMI was 30.1 kg/m2 with the majority of the 

patients (5; 35.7%) being overweight (BMI of 25–29.9) (Table 1–3). 

 

Patient-reported outcome measures (PROMs) 

Low median scores on the SF-36 were observed in the domains of energy fatigue 

(50.0%), general health (60.0%) and health changes (50.0%). The median score for the 

ESS was 8, that for the SNOT-22 was 31.0, that for the NOSE was 14, that for the short-

QODNS was 21 and that for sVAS was 7.5 (Table 3). 
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Table 2. Nasal measurements at baseline and at 3-, 6- and 12-month following radiofrequency of inferior turbinates. Significant p-values in bold. Levels of 
significance *p ≤ 0.05.  
 
PNIF; peak nasal inspiratory flow; lPNIF: left PNIF; rPNIF: right PNIF; MCA1: first minimal cross-sectional area. 
 
 

  Baseline (T0) 
n=17 

3-month (T1) 
n=13 

6-month (T2) 
n=14 

12-month (T3) 
n=10 

p-value 
(T0-T1) 

p-value 
(T0-T2) 

p-value 
(T0-T3) 

Nasal measurements         
Pre-decongestion         
PNIF, median [P25-P75], L/min 
    Bilateral PNIF 
    Right PNIF 
    Left PNIF  

  
130.0 [90.0-160.0] 

95.0 [50.0-140.0] 
80.0 [45.0-120.0] 

 
115.0 [107.5-120.0] 

65.0 [50.0-82.5] 
65.0 [53.8-85.0] 

 
130.0 [120.0-157.5] 

100.0 [60.0-125.0] 
72.5 [60.0-107.5] 

 
135.0 [93.8-147.5] 

75.0 [52.5-98.8] 
77.5 [61.3-88.8] 

 
0.80 
0.50 
0.66 

 
0.83 
0.70 
0.92 

 
0.83 
0.68 
0.76 

Acoustic rhinometry, median [P25-P75] 
    Right MCA1, cm2 

    Right Nasal volume (0-5), cm3  
    Left MCA1, cm2 
    Left Nasal volume (0-5), cm3  

  
0.8 [0.4-1.1] 
6.1 [4.5-9.5] 
0.5 [0.4-0.8] 
6.2 [5.1-8.1] 

 
0.6 [0.5-1.0] 

7.8 [6.2-12.6] 
0.7 [0.5-1.0] 
8.2 [5.8-9.5] 

 
0.9 [0.5-1.0] 

6.8 [5.9-10.0] 
0.7 [0.5-0.8] 

8.3 [5.7-10.5] 

 
0.6 [0.6-0.9] 
6.2 [5.4-7.8] 
0.6 [0.5-0.9] 
6.4 [4.2-8.0] 

 
0.50 
0.03* 
0.02* 
0.02* 

 
0.85 
0.90 
0.19 
0.09 

 
0.28 
0.49 
0.82 
0.50 

Post-decongestion         
PNIF, median [P25-P75], L/min 
    Bilateral PNIF 
    Right PNIF 
    Left PNIF 

  
150.0 [110.0-180.0] 

110.0 [85.0-130.0] 
100.0 [50.0-140.0] 

 
120.0 [110.0-170.0] 

75.0 [60.0-110.0] 
85.0 [65.0-100.0] 

 
150.0 [125.0-200.0] 

80.0 [70.0-135.0] 
85.0 [60.0-110.0] 

 
140.0 [122.5-155.0] 

97.5 [70.0-128.8] 
100.0 [76.3-100.0] 

 
0.58 
0.69 
0.72 

 
0.72 
0.47 
0.46 

 
0.72 
0.26 
1.00 

Acoustic rhinometry, median [P25-P75] 
    Right MCA1, cm2 

    Right Nasal volume (0-5), cm3  
    Left MCA1, cm2 
    Left Nasal volume (0-5), cm3 

  
1.0 [0.8-1.5] 

9.4 [6.0-11.9] 
0.9 [0.6-1.1] 

9.5 [6.6-11.6] 

 
0.9 [0.8-1.1] 

9.3 [7.7-10.9] 
1.0 [0.5-1.2] 

9.1 [6.3-12.1] 

 
0.9 [0.8-1.3] 

8.2 [7.1-11.2] 
1.0 [0.9-1.1] 

10.1 [6.2-10.7] 

 
1.1 [0.7-1.3] 

8.7 [7.3-10.5] 
1.1 [0.9-1.1] 

9.9 [8.5-12.0] 

 
0.79 
0.24 
0.19 
0.78 

 
0.54 
0.95 
0.13 
0.79 

 
0.37 
0.84 
0.23 
1.00 
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  Baseline (T0) 
n=17 

3-month (T1) 
n=13 

6-month (T2) 
n=14 

12-month (T3) 
n=10 

p-value 
(T0-T1) 

p-value 
(T0-T2) 

p-value 
(T0-T3) 

Other measurements         
Sniffin’ Sticks Identification, median [P25-P75] 
   Normosmics, n (%) 
   Hyposmics, n (%) 

 13.0 [11.0-13.0] 
13 (76.5%) 

4 (23.5%) 

12.0 [11.0-14.0] 
11 (84.6%) 
2 (15.4%) 

12.5 [11.3-13.0] 
12 (85.7%) 

2 (14.3%) 

13.0 [11.0-13.0] 
9 (90.0%) 
1 (10.0%) 

0.63 
0.38 
1.00 

0.93 
0.20 
0.37 

0.10 
0.10 
N/A+ 

BMI, median [P25-P75], kg/m2 

    Normal range (18.5-24.9), n (%) 
    Overweight, (25-29.9), n (%) 
    Obese grade I, (30-34.9), n (%) 
    Obese grade II, (35-39.9), n (%) 
    Obese grade III, (≥40), n (%) 
Missing 

 30.1 [26.5-32.8] 
2 (14.3%) 
5 (35.7%) 
4 (28.6%) 
2 (14.3%) 

1 (7.1%) 
3 

- 

27.1 [25.5-32.0] 
3 (23.1%) 
5 (38.5%) 
3 (23.1%) 

1 (7.7%) 
1 (7.7%) 

4 

- - 

0.47 
0.93 

1 
1 
1 
1 

- 

Sleep Study 
    AHI, median [P25-P75] 
        Normal (<5), n (%) 
        Mild OSA (5-14.9), n (%) 
        Moderate OSA, (15-29.9), n (%) 
        Severe OSA (≥30), n (%) 
    ODI, median [P25-P75] 
    Snore percentage, median [P25-P75]   
Missing 

  
12.3 [4.7-17.2] 

5 (29.4%) 
5 (29.4%) 
6 (35.3%) 

1 (5.9%) 
10.5 [3.7-14.6] 
24.3 [5.6-36.5] 

0 

- 

 
11.0 [2.8-16.3] 

5 (33.3%) 
5 (33.3%) 
4 (26.7%) 

1 (6.7%) 
9.2 [2.4-14.3] 

13.8 [2.0-29.7] 
2 

- - 

 
0.42 

1 
1 

0.89 
1 

0.48 
0.89 

 

- 

PROMs         
SF-36, median [P25-P75], % 
    Physical functioning 
    Role limitations due to physical health 
    Role limitations due to emotional problems 
    Energy/Fatigue 
    Emotional wellbeing 
    Social functioning 
    Pain 
    General health 
    Health change 

  
90.0 [80.0-100] 
100 [25.0-100] 
100 [33.3-100] 

50.0 [45.0-65.0] 
80.0 [56.0-88.0] 
81.3 [50.0-90.6] 
78.8 [45.0-82.5] 
60.0 [40.0-70.0] 
50.0 [25.0-75.0] 

 
85.0 [60.0-95.0] 

100 [62.5-100] 
100 [50.0-100] 

45.0 [42.5-65.0] 
76.0 [62.0-76.0] 

 75.0 [50.0-75] 
77.5 [61.3-95.0] 
60.0 [35.0-65.0] 
50.0 [50.0-62.5] 

 
90.0 [70.0-100] 
100 [75.0-100] 
100 [100-100] 

45.0 [35.0-70.0] 
76.0 [64.0-84.0] 
 75.0 [62.5-100] 
77.5 [57.5-90.0] 
65.0 [55.0-75.0] 
50.0 [50.0-75.0] 

 
90.0 [85.0-100] 
100 [50.0-100] 
100 [100-100] 

50.0 [40.0-65.0] 
84.0 [48.0-88.0] 
 87.5 [62.5-100] 
67.5 [67.5-77.5] 
65.0 [35.0-70.0] 
50.0 [50.0-75.0] 

 
0.15 
0.58 
0.79 
0.73 
0.93 
0.26 
0.41 
0.33 
0.17 

 
0.94 
0.34 
0.09 
0.97 
0.30 
0.55 
0.76 
0.08 
0.85 

 
0.41 
1.00 
0.37 
0.83 
0.32 
0.46 
0.17 
0.80 
0.42 

Epworth sleepiness scale, median [P25-P75]  8.0 [5.0-13.0] 9.0 [4.5-15.0] 4.0 [2.5-10.5] 4.0 [3.0-10.0] 0.55 0.07 0.20 
Short-QODNS, median [P25-P75]  21.0 [15.5-21.0] 20.0 [15.0-21.0] 20.0 [15.3-21.0] 18.5 [15.3-21.0] 0.78 0.85 1.00 
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Table 3. Other investigations and patients-reported outcome measures (PROMs) at baseline and at 3-, 6- and 12-month following radiofrequency of inferior 
turbinates. Significant p-values in bold.  
Levels of significance according to p-values *p ≤ 0.05. 
+p-value unobtainable considering only 1 hyposmic patient is present at T3. 
 
PROMs: patient-reported outcome measures; BMI: body mass index; OSA: obstructive sleep apnoea; AHI: apnoea-hypopnea index; ODI: oxygen desaturation index; SF-36: 36-
item Short Form Survey; sVAS: Visual Analogue Scale for sense of smell; SNOT-22: 22-item SinoNasal Outcome Test; NOSE: Nasal Obstruction and Septoplasty Effectiveness 
Scale 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Effect of the variables on pre-decongestion nasal airways measurements, patient-reported outcome measures (PROMs) and olfactory test at the 
multivariate analysis. Level of significance according to p-values: *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
 
PNIF; peak nasal inspiratory flow; MCA1: first minimal cross-sectional area; NV: nasal volume; AHI: apnoea-hypopnea index; SNOT-22: 22-item Sinonasal Outcome Test; NOSE: 
Nasal Obstruction and Septoplasty Effectiveness Scale; sVAS: Visual Analogue Scale for sense of smell; BMI: body mass index. 

sVAS, median [P25-P75]   7.5 [7.0-10] 8.0 [7.0-10] 8.0 [7.0-10] 8.0 [6.5-10.0] 0.34 0.68 0.72 
SNOT-22, median [P25-P75]   31.0 [24.5-48.5] 36.0 [29.5-48.5] 22.5 [18.8-40.3] 25.0 [20.0-47.0] 0.49 0.42 0.55 
NOSE, median [P25-P75]  14.0 [9.3-18.3] 14.0 [9.5-15.0] 7.0 [6.5-9.8] 10.0 [7.0-13.0] 0.03* 0.09 0.83 

         

 Age Sex 
(Male) BMI Septal 

deviation 
Non-allergic 

Rhinitis 
Random effect 

(Patient) 
PNIF       
   Bilateral      1.60 
   Right       1.34 
   Left -0.10*  -0.22*** -2.42**   
Acoustic Rhinometry       
   Right MCA1   -0.03**    
   Left MCA1  +0.60***   +0.54***  
   Right NV   -0.03**    
   Left NV  +2.43*   +2.22* 1.56 
AHI     -19.9***  
Epworth sleepiness scale  -1.30  -2.63 -2.41 4.87 
SNOT-22  -5.42 +0.92 +1.29 -11.28 13.65 
NOSE  -6.94**  +1.01 -4.49 1.30 
sVAS      1.39 
Sniffin’ Sticks (Identification)    -2.25***   
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Changes at follow-ups 

A statistically significant improvement in the patients’ right NV (paired test), left NV and 

MCA1, as well as their NOSE scores, was demonstrated between T0 and T1. Apart from 

that, no other statistically significant changes were observed in the nasal airway 

parameters either pre- or post-decongestion, S’S scores, BMI, sleep study parameters 

or PROMs at any of the follow-ups following RFIT (Figures 1–3; Table 2-3). 

 

 

Figure 1: Box-plots showing distribution of total, right and left peak nasal inspiratory flow (PNIF) 
values at baseline (0) and at 3, 6 and 12 months following radiofrequency of inferior turbinates. 
The green fitted model was created by taking into account the influence of available variables. 
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Figure 2: Box-plots showing distribution of right and left nasal volume and right and left minimal 
cross-sectional area (MCA) values at baseline (0) and at 3 6 and 12 months following 
radiofrequency of inferior turbinates. The green fitted model was created by taking into account 
the influence of available variables. Note that differences in grey refer to the data whilst those in 
green re-fer to the fitted model. Level of significance according to p-values: * p ≤ 0.05, ** p ≤ 0.01. 
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Figure 3: Box-plots showing distribution of patient-reported outcome measures values at baseline 
(0) and at 3, 6 and 12 months following radiofrequency of inferior turbinates. The green fitted 
model was created by taking into account the influence of available variables. Note that 
differences in grey refer to the data whilst those in green refer to the fitted model. Level of 
significance according to p-values: * p ≤ 0.05, ** p ≤ 0.01. 
 
SNOT-22: Sino-Nasal Outcomes Test-22; sVAS: Visual Analogue Scale for Smell; NOSE: Nasal Obstruction Symptom 
Evaluation; AHI: Apnoea–Hypopnea Index.  
 
 

Influence of available variables on studied parameters 

As seen in the multivariate analysis, left PNIF (pre-decongestion) was significantly 

negatively influenced by age (older), a higher BMI and the presence of septal deviation. 

Acoustic rhinometry (pre-decongestion) was significantly negatively influenced by a 

higher BMI while it was significantly positively influenced by the male sex and the 

presence of allergic rhinitis. S’S identification was significantly negatively influenced by 

the presence of septal deviation. The AHI was significantly negatively influenced by the 

presence of allergic rhinitis, while the NOSE score was significantly negatively influenced 

by the male sex. The variables influencing the parameters and the strength of these 

influences are reported in Table 4. The fitted model, which was created by taking into 

account the influence of all the available variables, demonstrated a statistically significant 
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improvement of the left NV at 3 and 6 months (p = 0.005 and p = 0.02, respectively) and 

at 3 months for the MCA (p = 0.005). Similarly, the difference between the baseline and 

6-month NOSE scores became statistically significant (p = 0.006) in the fitted model 

(Figure 3). The qqplots analysis confirmed the goodness of fit for each model. 

 

5.5.4. Discussion  

Our prospective study seems to suggest a lack of a significant long-term improvement 

of nasal airways in patients with SDB following RFIT, with potential benefits, both 

objective and subjective, limited only to the short-term period (3 and 6 months), as 

demonstrated by AR and NOSE scores. These findings were further confirmed by our 

fitted model (Tables 2 and 3; Figures 2 and 3). The role of RFIT in improving nasal 

airways is well established in non-SDB patients, although results have often been 

inconsistent.396 A systematic review conducted in 2009 on the effectiveness of RFIT 

confirmed a great variability in the methods used for measuring the subjective relief of 

nasal blockages.407 The mean patient-reported nasal obstruction scores decreased 

statistically significantly in all but one study when the effect of RFIT was measured using 

VAS scores. Cavaliere et al.408 demonstrated a significant improvement in the nasal 

airflow using anterior active rhinomanometry and VAS in a cohort of 25 patients (who 

had IT hypertrophy refractory to medical treatment), but the decongestion effect 

significantly decreased at 3 months. On one hand, there is enough evidence to support 

the use of RFIT in non-SDB patients [23–26], but on the other hand, its efficacy becomes 

less obvious when RFIT is evaluated in SDB patients. Casale et al.409 found a significant 

reduction in NOSE and VAS scores roughly 45 days following RFIT in patients with 

simple snoring. The authors also showed an objective significant improvement in nasal 

airflow using a video-rhino-hygrometer.409 Means et al.402 in a retrospective study on 40 

patients who underwent RFIT >14 months (14–30 months), which also included eight 

SDB patients, reported that their relief from nasal obstruction persisted longer than 14 

months post-procedure. However, in the only placebo-controlled, double-blind study 
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conducted on SDB patients,410 there was no significant difference in the nasal obstruction 

outcome as measured by VAS scores, although there was a statistically significant 

improvement in self-reported CPAP adherence.  

 

The disappointing absence of long-term nasal airways improvement observed in our data 

is, however, shared by similar studies which evaluated nasal surgery alone in SDB 

patients.411-413 In fact, both our data and fitted model, the latter taking into account the 

effect of the available variables on the studied parameters, demonstrated a statistically 

significant improvement of nasal airways for AR but only in the short-term (either 3 or 6 

months) with these changes found to be non-significant at the 12-month follow-up 

(Tables 2 and 3; Figures 2 and 3). Similarly, a statistically significant reduction in NOSE 

scores was demonstrated only in the short-term follow-up at either 3 or 6 months (Figure 

3). The NOSE questionnaire is a brief, validated, disease-specific instrument designed 

to measure nasal obstruction, which has also been confirmed to be a helpful screening 

tool for OSA.414 Differently from the SNOT-22, which is more specific for CRS, it does not 

contain additional questions on otologic, sinus or emotional symptoms. In this regard, 

the NOSE questionnaire is more specific for nasal obstruction and, thus, able to detect 

changes in perceived nasal blockage than the SNOT-22. This may suggest that RFIT 

can actually have a role in improving nasal airways in patients with SDB. Moreover, PNIF 

may not be the best tool to assess nasal airways in patients with SDB and nasal 

obstructions, as previously noted,415 and other factors, mainly an altered pharyngeal 

morphology,412 could affect the performance of the test and impact on the values 

measured. In this regard, Morinaga and colleagues412 observed that a favourable nasal 

surgical outcome in SDB patients was seen in individuals who had a high-positioned soft 

palate and/or in those with a wide retroglossal space. 

 

The influence of nasal surgery on sleep parameters is not clear, and results are 

conflicting [47–51]. Although we observed a reduction in the median AHI (−1.3 
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events/hour), ODI (−1.3 events/hour) and snore percentage (−11.5%) 6 months after 

RFIT, as well as the halving of the patients’ post-operative ESS scores at 6 and 12 

months, none of these were statistically significant (Table 3). Interestingly, a statistically 

significant negative influence of the presence of non-allergic rhinitis on the AHI was 

showed in the multivariate analysis (Table 4). According to findings in the literature, 

surgical success has been defined as a greater than 50% reduction in the AHI and a final 

AHI of less than 20.416 A recent systematic review and meta-analysis on the topic 

conducted by Schoustra and colleagues,417 revealed a small overall decrease in AHI of 

4.08 events/hour from pre-operative to post-operative sleep study. Equally, a previous 

meta-analysis by Wu and colleagues418 looking at the effect of isolated nasal surgery on 

sleep parameters showed a similar mean improvement in AHI of 4.15 events/hour. 

Overall, these data suggest that nasal surgery alone has a small effect in lowering the 

AHI, and our data seem to corroborate this.  

 

Therefore, taking into account that nasal surgery, including RFIT, appears to not 

significantly improve sleep parameters, most authors seem to agree on the fact that its 

benefit in OSA patients could rely on the reduction in the CPAP pressure, which 

translates into a better CPAP adherence.410,419 However, even for this aspect, results are 

not univocal.402 In our cohort, all the patients who were using CPAP pre-operatively, and 

kept using it in the follow-up period, reported a better adherence to CPAP following RFIT.  

 

Olfactory dysfunction is commonly observed in patients with SDB343 and older adults with 

SDB have been reported to be at higher risk to have impaired odour identification (odds 

ratio 2.13).345 In our study, 23.5% of patients were found to be hyposmic in the 

identification test. However, although we observed a reduction in the percentage of 

hyposmic patients during the follow-up period, this was not statistically significant, and 

this apparent reduction could have been influenced instead by an attrition bias. Similarly, 

no statistically significant improvement in the reported smell function was observed when 
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looking at their sVAS or short-QODNS scores. OD in SDB patients seems to be related 

to sleep fragmentation and chronic intermittent hypoxia, causing alterations in the main 

olfactory bulb neural network and affecting pathways in the central nervous system which 

involve chemosensory processing.345,346,351 As a confirmation of that, CPAP therapy has 

been shown to improve olfactory function.372 Despite its high prevalence in this 

population, olfactory function is not frequently assessed when evaluating changes 

following nasal surgery in SDB patients. Anecdotally, the improvement of olfactory 

function following RFIT has been documented in non-SDB patients 401,420 but studies 

looking at patients with SDB are scarce. 

 

HRQoL is impaired in patients with SDB421 and our results confirmed this with lower 

scores observed for the SF-36 domains of energy/fatigue, pain, general health and 

health changes when compared to UK normative values.422 However, no statistically 

significant changes were noted in any of the SF-36 domains following RFIT during the 

follow-up period. In the study of Nilsen and colleagues423 that included, amongst others, 

patients with SDB, a significant improvement was demonstrated in the general health 

and vitality domains of the SF-36 following RFIT. However, they observed that patients 

with sleep apnoea had poorer outcome after surgery than the other patients.423 To the 

best of our knowledge, no studies have yet evaluated the general aspects of HRQoL 

purely in SDB patients undergoing RFIT; therefore, we were unable to compare our 

results with those from other authors. 

 

Our multivariate analysis confirmed that several patient-related variables can influence 

objective and subjective outcomes following RFIT, and these should be taken into 

account in the patient selection process (Table 4). Final nasal airway measurements, in 

fact, can be negatively influenced by the presence of a septal deviation, a higher BMI 

and age (older); interestingly, male patients or those with non-allergic rhinitis may have 

better results.424 Similarly, these variables can also affect recorded PROMs. Finally, it is 
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interesting to note that the presence of a septal deviation can also negatively influence 

olfaction, which is something that has already been confirmed by our research group in 

previous studies.178,425,426  

 

Strengths and limitations 

To the best of our knowledge, this is the only study currently available in the literature in 

which the effectiveness of RFIT has been evaluated in SDB patients only using multiple 

objective and subjective outcomes, including olfactory performance, which is often 

overlooked. Our multivariate analysis and fitted model highlighted multiple variables that 

can potentially influence recorded outcomes; thus, it can help surgeons improve patient 

selection when offering RFIT to SDB patients. However, our study is limited by a small 

sample size; as this can cause erroneous inferences, our results should be carefully 

interpreted in view of this limitation. Moreover, the addition of a control group (no 

treatment) to compare our results against could have helped in distinguishing the specific 

effects of RFIT treatment. 

 

5.4.5. Conclusions 

Patients with SDB frequently experience nasal obstruction, and RFIT can be considered 

an option for patients with nasal blockage refractory to medical treatment. Our study 

confirms that the benefits of RFIT alone in SDB patients are limited potentially only to the 

short-term period. This could be due to the fact that other patient-related variables, 

including age, sex, BMI and the presence of septal deviation, as well as anatomical 

factors, like pharyngeal morphology [43], could impact the final outcome. Nevertheless, 

our results should be confirmed in future studies conducted in larger populations. 
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5.6 Published study on SDB – summary of findings and their relevance in the 

PhD project   

 

In this prospective study377 I assessed olfactory function (specifically odour identification) 

at baseline and over a period of 12 months to demonstrate a potential role of RFITs in 

improving OD in SDB patients.  

 

First of all, I showed that a mild-to-moderate OD is very common amongst SDB patients 

(23.5% in our population). This is an important finding as prevalence of OD in this 

category of patients is still unknown and loss of sense of smell is often a symptom not 

explored when assessing these patients. Considering how OD impacts on quality of life, 

this highlights the importance of evaluating olfaction in these patients and potential 

beneficial implications of OD treatment.   

 

Secondly, I evaluated whether an improvement in nasal airways using RFITs could have 

led to improved olfaction as well. Although I demonstrated a statistically significant 

improvement of nasal airways (mainly, increase of nasal volume), nasal airflow did not 

increase following the procedure. Moreover, both measured and reported sense of smell 

did not improve. Despite the disappointing lack of olfactory improvement following RFITs, 

this study further supports the strict relationship between nasal airflow and olfaction, and 

how an increase in the nasal airflow rather than in the nasal volume is more important 

for olfactory improvement.  
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CHAPTER 6: POST-INFECTIOUS OLFACTORY DYSFUNCTION 

 

6.1. My research questions and hypotheses on COVID-19-related OD (C19OD) 

 
My PhD took place during the COVID-19 pandemic which put me at the forefront of 

C19OD evolution. At the very beginning of the COVID-19 pandemic, in line with ongoing 

worldwide research, I looked into the prevalence and early recovery of C19OD in the UK 

and Italy as well as objectively measure olfactory changes. As the pandemic progressed, 

I looked into C19OD prognosis, risk factors and treatments and culminated in devising a 

new surgical treatment for persistent C19OD. My aims and hypotheses regarding 

C19OD matured during the pandemic and are summarised in Table 6.1. An introduction 

to the topic has been included to give a background to the studies conducted. 

 

Research questions 

1. Is C19OD short-lasting and self-resolving? 

2. Is the prevalence of C19OD higher and its severity worst amongst healthcare workers 
who worked in hospitals during the pandemic?  

3. Is prevalence of C19OD different in patients who had severe COVID-19 (i.e. 
hospitalised)? 

4. Is C19OD caused by an end-organ failure? Which olfactory ability is most affected in 
C19OD? Does this remain impaired long-term? 

5. How severely is QoL affected in subjects with persistent C19OD (>1 year)? Can this 
improve once sense of smell recovers? 

6. Are there any clinical factors influencing recovery/persistence of C19OD? 

7. Is persistent C19OD reversible, even after 1-2 years?  

8. Is ongoing inflammation a pathophysiologic mechanism of C19OD? If so, is the anti-
inflammatory effect of corticosteroids effective in C19OD? Is there a benefit over OT 
or when corticosteroids are given in combination with OT? Does this offer a clinically 
meaningful improvement (i.e. above MCID)? 

9. Is the effect of increased odorant delivery, obtained by increasing nasal airflow to the 
olfactory area, effective in persistent C19OD? Can fSRP improve C19OD? If so, is this 
improvement clinically meaningful (i.e. above MCID)? 

Hypotheses 

1. The majority of subjects with C19OD improves in the short-term and olfactory recovery 
follows a similar path to previous PIOD. 
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Table 6.1. Research questions and hypotheses leading to my published studies on COVID-19-
related olfactory dysfunction.  
 
C19OD: COVID-19-related olfactory dysfunction. MCID: minimally clinical important difference; OE: olfactory 
epithelium; OT: olfactory training; PIOD: post-infectious olfactory dysfunction; QoL: quality of life; 
 

6.2. Introduction – an overview on PIOD and C19OD 

 

OD following a viral upper respiratory tract infection (URTI) was first described in 1975.427 

In the acute phase PIOD is typically caused by the associated nasal mucosal oedema 

and, therefore, OD is by definition conductive. Once this resolves, usually within 2 weeks, 

sense of smell returns; however, in some patients OD may become persistent. URTI can 

be caused by rhinovirus, accounting for 30%-35%, but also by “adenovirus, 

coxsackievirus, echovirus, paramyxovirus, respiratory syncytial virus, and enterovirus, 

which account for 10% to 15%”.428 The rest remains unidentified. A pre-COVID study 

investigated the viral presence in nasal discharge of patients with post-URTI OD and 

confirmed that rhinovirus was the major cause of PIOD.429 The second commonest cause 

was Epstein-Barr virus followed by Picornavirus, Parainfluenza virus and Coronavirus.429 

A retrospective study by Konstantinidis et al.430 found a seasonality of PIOD with two 

peaks of high incidence during March and May on a retrospective analysis of 6 

2. Prevalence of C19OD is expected to be higher amongst healthcare workers due to 
higher frequency of catching the virus in the pre-vaccination era.  

3. Prevalence of C19OD in patients who developed severe COVID-19 is expected to be 
similar to rest of population. 

4. C19OD severely affects QoL but its restoration will also lead to a QoL improvement, 
confirming the strict relationship between smell loss and QoL.  

5. C19OD involves a damage at the level of the OE which will be reflected in a reduced 
olfactory threshold. This remains impaired long-term and could explain persistent 
C19OD. 

6. Persistent C19OD is supposedly caused by an ongoing inflammation in the OE and, 
therefore, it would improve on corticosteroids. Corticosteroids effect will further 
improve OT benefits. If not, then this would imply a non-inflammatory mechanism 
leading to persistent C19OD.  

7. Improvement of nasal airflow in the olfactory cleft leads to an increased odorant 
delivery to the olfactory mucosa. This increased stimulation leads to improved 
olfaction. If so, this would imply that olfactory receptor neurons are still present and 
functioning.  



 145 

consecutive years, with probable etiological agents being influenza viruses and 

parainfluenza viruses (type III), respectively. Nevertheless, the virus linked more 

commonly to PIOD still remains unknown considering that most people present long after 

the primary viral insult and, therefore, the source cannot be identified. This, however, 

was the picture before the COVID-19 pandemic, after which the coronavirus SARS-CoV-

2 became the most frequent cause of PIOD.  

 
 
6.3. Prevalence and associated symptoms 

 

The true prevalence of PIOD remains unknown. This is particularly true if we consider 

that before COVID-19 there was no public awareness of the relationship between viral 

infection and OD and, thus, it is expected that some people would not have sought 

medical attention as a consequence. According to pre-COVID data, prevalence of PIOD 

amongst those presenting to a smell clinic with a primary complaint of OD ranged 

between 18.5% and 42.5%,100,428 and was more common in women, roughly 2-3 times 

higher, particularly in those over 50 years of age.428,430 The COVID-19 pandemic has 

helped us in further understanding PIOD prevalence. According to research conducted 

during the pandemic, from 34 % to 86 % of subjects experience an acute loss of their 

sense of smell following SARS-CoV-2 infection.431-436 A meta-analysis published in the 

early phase of the pandemic and including 3563 patients reported a median prevalence 

of self-reported OD of 47% (prevalence ranging from 11–84% in the included case 

series).437 Another meta-analysis published a year later and including 27,492 patients 

confirmed the prevalence of OD following SARS-CoV-2 infection to be 47.9%.438 In 

particular, the alpha and delta variants of the virus, were linked to a higher rate of C19OD 

when compared to the omicron.439,440 This difference seems to be related first to 

mutations in the spike protein in the omicron variant, making this more hydrophobic and 

less soluble in the mucus, thereby diminishing its ability to reach the OE.440 Secondly, 

this could be also linked to a different route of cellular entry.440  
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Table 6.2. Prevalence of COVID-19-related olfactory dysfunction based on data from meta-
analyses and/or systematic reviews.  
 
OD: olfactory dysfunction; UPSIT: University of Pennsylvania Smell Identification Test. 
 
 

Moreover, genetic/ethnic differences (specifically in the allele at the UGT2A1 locus) can 

contribute to the differences in OD prevalence.440 Nonetheless, the true prevalence of 

C19OD might be different considering that self-reported OD usually underestimate 

presence of OD. In this regard, Moein et al.441 found that of the 60 confirmed COVID-19 

inpatients 98% had some degree of OD using an identification test (UPSIT) whereas only 

35% of them subjectively reported that. Prevalence of C19OD based on data from meta-

analyses and systematic reviews and according to the methods used is reported in Table 

6.2. As further confirmation of what stated above, it is interesting to note from this table 

that prevalence is higher when C19OD is investigated using objective measures.  

 

In contrast to other viral aetiologies of OD, SARS-CoV-2-induced OD is less frequently 

accompanied by associated URTI symptoms, such as nasal obstruction or 

rhinorrhoea.446,447 In fact, C19OD can precede other symptoms in 23% of cases, it can 

also be the only symptom (isolated OD) in 17% of mild-to-moderate cases and it is more 

 Date 
published Prevalence Sample 

size 
Method used 

(OD prevalence %) 

Tong et al.431 Jul 2020 52.7% 1627  

- Non-validated survey (36.64%) 
- Validated instruments (survey or 

UPSIT): (86.6%) 
o UPSIT441: (98.3%) 

Borsetto et al.437 Oct 2020 
Overall: 47% 

Mild-to-moderate COVID-
19: 67% 

3563  Non-validated and validated survey 

Soltani et al.442 Jan 2021 36.2% 3148  Not reported 

Saniasiaya et al.438 Apr 2021 47.85% 27,492  
- Subjective: (44.53%) 
- Objective: (72.10%) 

Vakili et al.443 May 2021 25.34% 6,597  Not reported 

Vitalakumar et al.444  July 2021 26.4% 83,575   Not reported 

Qiu et al.445 Jan 2022 47.0% 16,478  Not reported 

von Bartheld et al.440 
(only omicron 
variant) 

Jan 2023 

Overall: 3.7% 
European ancestry: 11.7% 
Non-European ancestry: 

1.9%-4.9% 
626,035  Not reported 
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frequently associated with milder disease not requiring hospital admission.437,448-451 

However, other studies have found no correlation between severity of OD and severity 

of illness or viral load.452,453 An interesting comparison between patients with C19OD and 

non-C19OD (PIOD patients before the pandemic) found that C19OD patients were 

younger, even paediatric, whereas it occurred mainly after the fourth decade. Subjects 

with C19OD had a lower incidence of anosmia or ageusia; conversely, they more often 

demonstrated distorted sense of smell (i.e. parosmia or phantosmia) and generally 

exhibited higher TDI scores.447,454  

 

Qualitative olfactory disorders are common in PIOD. A study conducted before the 

pandemic found that the rate of parosmia following PIOD was reported to be of 56%.455 

Conversely, this seems to be slightly higher in patients infected by SARS-CoV-2 and 

more than two thirds (66.7%) of COVID-19 cases can, in fact, develop a qualitative 

olfactory disorder.434-436 This typically occurs 2-3 months after the OD onset and 

frequently after a period of apparent recovery of their sense of smell, even though some 

subjects can develop parosmia without an initial loss of olfaction.456 Parosmia has been 

reported to be more frequent in PIOD when compared to post-traumatic or sinonasal 

forms of OD.457 

 
6.4. Pathophysiology of OD in PIOD 

 

6.4.1. Pathophysiology of quantitative OD 

 

Our understanding of the pathophysiology of PIOD has improved following the COVID-

19 pandemic. Before that, few studies had investigated the mechanisms leading to OD.  

 

Prior investigations have associated PIOD with the degeneration of central olfactory 

pathways, peripheral destruction of ORNs, or a combination of both.428 Animal models 

have shown that the OE and OB are consistently affected by influenza virus, but with 
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limited histological evidence of degeneration, despite the presence of hemagglutinin, a 

viral protein crucial for neural cell infection.458,459  

 

Similar studies conducted in animals have demonstrated that HSV infection results in 

cell death of ORNs, mitral cells, and granule cells.460-462 Furthermore, following infection 

with parainfluenza virus, ORNs exhibit “diminished calcium signalling in response to 

odorant binding, suggesting an impairment in cellular depolarization and signal 

transduction”.463,464 The neurovirulence of parainfluenza virus appears to be limited to 

primary ORNs and their surrounding cells within the OE and OB. Notably, when 

compared to influenza or HSV, parainfluenza virus infection elicits minimal morphological 

alterations or inflammatory responses within the OE and OB.463,464 

 

The recent pandemic has given a new impetus to the research on PIOD and although 

most of the research on the topic has been conducted on C19OD, findings can be 

potentially generalised to other forms of PIOD. As previously mentioned, C19OD is less 

likely to be accompanied by nasal obstruction or rhinorrhoea, and the majority of people 

have little or no nasal congestion which would point against a conductive pathogenesis 

of OD.465 In support of that, the majority of MRI studies conducted in patients with C19OD 

confirmed a clear olfactory cleft in most of the cases with a selective inflammatory 

oedema of the olfactory cleft in the absence of any nasal airflow obstruction in a small 

number of patients.466-468  

 

Early in the pandemic, increasing evidence suggested that nasal respiratory epithelial 

cells and supporting cells within the OE exhibited significant expression of angiotensin-

converting enzyme 2 (ACE2) receptors. This finding, coupled with the observation of 

efficient SARS-CoV-2 utilization of ACE2 for cellular entry, prompted further 

investigation.469 Post-mortem analysis of OE tissue from COVID-19 patients confirmed 

that sustentacular cells serve as the primary target for SARS-CoV-2 infection and 
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replication, with no evidence of infection of ORNs or of the OB.470 Other pathological 

findings included “focal atrophy of the OE, leukocytic infiltration of the lamina propria, 

and evidence of axonal damage to olfactory nerve fibres”.471 Although “ORNs themselves 

do not express ACE2 receptors and are not directly infected by the virus”, the damage 

to sustentacular cells can lead to diminished ORN sensitivity and ciliary loss, 

consequently hindering odour transmission.472 An age-dependent decreased expression 

of ACE2 receptors has also been observed in the OE which could partially explain why 

C19OD is less  frequent in the elderly.473 The lack of supporting cell able to sustain the 

ORNs’ function causes a widespread persistent downregulation of ORNs proteins and of 

ORNs signalling genes in human ORNs.474 However, other mechanisms could account 

for the persistent OD. (Table 6.3.) 

 

 

 
Table 6.3. Relevant mechanisms leading to COVID-19-related olfactory dysfunction.  
 
OB: olfactory bulb; OE: Olfactory epithelium; ORNs: olfactory receptor neurons. 
 
 

In 2000 Leopold475 was the first to point out that an autoimmune process or an 

inflammatory product released while fighting the URTI could have been responsible for 

the PIOD. Recent research has focused on the role of macrophages as key immune cells 

 Mechanism Rationale 

Damage of OE Sensorineural 

• Damage of sustentacular cells by SARS-CoV-2. 
• Decreased sensitivity and loss of ORNs cilia due to 

sustentacular cell damage 
• Production of pro-inflammatory cytokines by damaged 

sustentacular cells 
• Focal atrophy of the OE, leukocytic infiltration of the 

lamina propria, and axonal damage to olfactory nerve 
fibres. 

• Ongoing inflammation causes impairment in regenerative 
capacity of basal stem cells   

Neurocognitive Central 

• Axonal degeneration and microvascular endothelial injury, 
astrogliosis and microgliosis in the OB leading to 
decreased volume of the OB 

• Decreased volume and functional activity of cerebral 
olfactory processing areas (piriform cortex, insular cortex, 
orbitofrontal cortex, cerebellum, and limbic regions) and 
connected white matter. 
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in olfactory homeostasis and disease, by enhancing tissue regeneration whilst being the 

first responders to many respiratory and neurotropic pathogens.459,476 A study conducted 

in mice has identified two different tissue macrophage populations in the olfactory 

mucosa and one of these, specialized for neuron interactions and to phagocytose cells 

and debris, including ORNs, has been found to be decreased in hyposmic patients and 

further reduced in COVID-19 hyposmic subjects.477 The production of pro-inflammatory 

cytokines during the acute and chronic phase of COVID-19 infection by the sustentacular 

cells is also considered by different authors as a relevant mechanism in the pathogenesis 

of persistent C19OD.474,478 These are known to target neural stem cells, thus, attenuating 

neurogenesis.474,478-480 This ongoing inflammation in the OE can impair the regenerative 

capacity of the basal stem cells and could be responsible for the persistent C19OD.481 

Horizontal basal stem cells (HBCs), located in the basal layer of the OE, have 

regenerative capacity able to replace ORNs and maintain ongoing neurogenesis.  

 

Chronic inflammatory conditions can induce a functional shift within the OE, transitioning 

it from a neuro-regenerative phenotype to one primarily involved in immune defence.481  

This functional alteration can consequently result in a deficit in the replacement of 

ORNs.481 In a murine model, the proinflammatory cytokine tumour necrosis factor (TNF) 

can be released by the sustentacular cells during a chronic inflammation. Both the TNF 

and the downstream NF-κB pathways, involved in cell proliferation and immune 

responses, are enriched in the HBCs during chronic inflammation with the aim to regulate 

immune cell trafficking (through chemokines) and enhance pathogen removal.481 On the 

other side, the prioritization of the immune-related functions rather than ORNs 

proliferation contributes to the loss of sense of smell.481 (Figure 6.1.) MRI studies have 

found that the OB volume, as well as the grey matter in the cerebral olfactory processing 

areas (piriform cortex, insular cortex, orbitofrontal cortex, cerebellum, and limbic regions) 

and connected white matter, are reduced following PIOD.482,483 
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Figure 6.1. Different pathophysiological mechanisms leading to COVID-19 olfactory dysfunction.  
 
Amy: amygdala; Cereb: cerebellum; Ento: entorhinal cortex; Hippo: hippocampus; Hypot: hypothalamus; 
OFC: orbitofrontal cortex; PC: piriform cortex; Thal: thalamus.  
 

A study conducted by Kim et al.484 in 2012 revealed that patients with PIOD exhibited a 

significant reduction in metabolic activity within not only the primary olfactory cortex, 

including the piriform cortex, but also within secondary olfactory cortical regions, like the 

bilateral insular cortices and the medial and lateral temporal cortices, when compared to 

a healthy control group. These changes were more marked in the right hemisphere484 

which could also reflect the right-side predominance in odorant perception.485,486 

Alterations in the central nervous system have also been observed in patients with 

persistent C19OD. However, these do not seem to be caused by a retrograde transport 

of SARS-CoV-2 into the OB, that is believed to be highly unlikely in humans.470,487  

 

Conversely, it is plausible that the observed changes in the central nervous system may 

be a consequence of immune system activation and the resulting inflammatory cascade 

associated with SARS-CoV-2 infection.488 This hypothesis is corroborated by post-

mortem findings, including evidence of axonal degeneration, microvascular endothelial 

injury found in the OB and olfactory tract tissues in the absence of viral infection,488 but 



 152 

also of a pronounced neuroinflammatory response characterized by astrogliosis, 

microgliosis, and minor infiltration of cytotoxic T lymphocytes within the OB.489 

Additionally, a regenerative deficit within the OB and OE, particularly concerning 

dopaminergic neurons, which are essential for maintaining olfactory function, has been 

implicated in the observed neurogenic deficit.490,491 Interestingly, a recent MRI study 

comparing patients with C19OD and healthy subjects, revealed a mid-term OB damage 

in COVID-19 patients, regardless of whether they had persistent OD or recovered from 

it.492 As the result of repeated olfactory sensory deprivation, a loss of grey matter in the 

limbic and olfactory cortical systems as well as a decreased OB volume has been 

demonstrated by comparing MRI before and after SARS-CoV-2 infection.493,494 To further 

support the role of neuroinflammation in persistent C19OD, similarities between C19OD 

and other central nervous diseases presenting with OD (i.e. multiple sclerosis, Lewy 

body disease, Parkinson’s and/or Alzheimer’s disease) have been highlighted.495  

 

6.4.2. Pathophysiology of qualitative olfactory disorders 

 

The pathophysiological mechanisms leading to qualitative olfactory disorders are not 

completely known and, so far, multiple theories have been postulated to explain their 

occurrence. These mechanisms include: “an aberrant regeneration of ORNs after the 

acute viral insult” (the so-called ‘miswiring’ wherein neurons exhibit aberrant responses 

to inoffensive odorant stimuli);496 a reduction in the population of functioning ORNs 

leading to incomplete encoding of odour-induced information;497 a defect in stimulus 

processing in demyelinated ORNs;498,499 and an abnormal level of activity within the 

central olfactory processing regions.482,497,500 Yamagishi and colleagues501 found that 

parosmia was present in those with mild or moderate impairment of the olfactory mucosa, 

while it was absent in those with complete destruction of the olfactory mucosa. More 

recently during the COVID-19 pandemic, Parker et al.502 hypothesised that parosmia was 

caused by an incomplete characterization of all constituent odour components, resulting 
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in the “unopposed detection of unpleasant odour compounds without the 

counterbalancing detection of more pleasant odour profile aspects”. Pre-pandemic 

studies using MRI techniques in subjects with parosmia have demonstrated a selective 

loss of grey matter within key brain regions involved in odour discrimination and memory, 

namely the anterior insula, anterior insula complex, and hippocampus.503 An interesting 

functional MRI study (pre-COVID) revealed “distinct activation patterns in the brains of 

patients with hyposmia and parosmia in response to odour presentation. Subjects with 

parosmia exhibited stronger activation within the putamen, a cerebral structure 

implicated in the recognition of aversive stimuli, as well as the thalamus, a structure 

considered essential for regulating the direction of attention towards a stimulus”.500 A 

further neuroimaging study done in a COVID-19 patient with parosmia using PET/CT and 

MRI showed a hypometabolism in insula and hippocampus.504  

 

6.5. Histopathologic findings 

 

Previous histopathological studies of olfactory biopsies of patients with PIOD found an 

extensive scarring together with replacement of OE by respiratory epithelium.505 

Moreover, a paucity of dendritic projections reaching the epithelial surface, an absence 

of sensory cilia within olfactory vesicles, a presence of pathological junctions between 

olfactory and respiratory epithelium, and a reduction in the number of nerve bundles 

were also observed.506 Hyposmic patients showed a less pronounced reduction in the 

density of ORNs when compared to patients exhibiting anosmia.506 Furthermore, the 

remaining ORNs in hyposmic patients displayed a more normal morphological 

appearance.506 In a study by Yamagishi and colleagues501 three different histological 

patterns of the OE were identified. The first pattern was characterized by a reduction in 

the number of ORNs while maintaining the overall structural integrity of the OE. The 

second pattern showed a thinning of the OE with a predominance of supporting and 

basal cells, and the third, most severe pattern, involved the complete replacement of the 
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OE by metaplastic squamous epithelium. Ongoing inflammation in the OE is also one of 

the potential causes of persistent PIOD. Histopathological examination of OE biopsies 

obtained from seven patients experiencing persistent C19OD demonstrated viral 

persistence within the OE.479 This was associated with progressive inflammatory 

processes, increased IL-6 levels, and presence of cellular apoptosis.479 A subsequent 

study evaluating OE biopsies of nine patients with objectively quantified long-term 

C19OD confirmed persistence of T-cell mediated inflammation in the absence of 

detectable SARS-CoV-2 RNA or protein.480  

 

6.6. Prognosis 

 

Long-term prognosis of PIOD before COVID was barely known. Only few studies had 

followed up patients long enough to assess long-term recovery. In a study which followed 

patients for over 1 year, improvement in olfactory function was observed in 90% of 

patients using the UPSIT test (identification test) with a correlation demonstrated 

between the amount of improvement and length of follow-up.507 In a similar study, Lee et 

al.508 found that approximately 86% of the patients with PIOD had an improvement in 

their sense of smell after 1 year (using a Butanol Threshold Test).  

 

The flourishing research on OD during the COVID-19 pandemic has allowed us to better 

clarify the natural trajectory of C19OD recovery. As previously mentioned, potentially this 

could be applied to other forms of PIOD. After OD onset following SARS-CoV-2 infection, 

44-64% of the subjects recover within 2 weeks.433,446 At 6 months 27-60% of subjects 

develop a persistent olfactory loss,435,465,509-513 26.5-46% at 1 year513,514 and 8.3% at 2 

years.515 Recently, it has been reported that 5.2% of subjects infected during the first 

wave of the pandemic and 7.9% of those who had a chemosensory dysfunction during 

the acute phase of the disease still have C19OD after 3 years following the infection.516 

Currently, more than 700 million worldwide have been infected by SARS-CoV-2 and, 
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based on current prevalence and recovery rates, up to 28-30 million people will suffer 

with persistent C19OD. However, the true long-term prognosis cannot be definitively 

confirmed.  

 

The reasons why some people recover and others do not, are not completely 

understood. Age (older)435,509,512,517 and female sex518 have been confirmed to be 

significant predictors of the likelihood of developing persistent loss of smell. On the other 

side, predictive factors associated with a higher rate of olfactory function recovery 

included: the absence of coexisting nasal congestion,508,517 non-smoking status,519 a 

higher density of ORNs and the presence of intact nerve bundles in the OE biopsy,501 

lower severity and duration of OD,501,508,519,520 the “presence of olfactory event-related 

potentials,521 and a narrow width of the OB” when measured radiologically.522 

Interestingly, patients with C19OD who also experienced parosmia, particularly younger 

patients, demonstrated a higher likelihood of recovering their olfactory function 

compared to those without parosmia.508,520,523 

 

6.7. Treatments for C19OD 

 

Table 6.4. summarises the pharmacological and non-pharmacological treatments 

described for C19OD with their corresponding highest available evidence. However, 

considering that C19OD is a particular form of PIOD, these findings can be generalised 

to PIOD as well.  

 

6.7.1.  Non-pharmacological treatments 

 

Olfactory training (OT) is regarded worldwide as the gold standard treatment for PIOD 

and recommended by the major experts on the topic.44,524 First proposed in 2009 by 

Hummel and colleagues,525 several studies, either randomised and not, placebo-
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controlled and not, have now confirmed its effectiveness in improving OD following a viral 

infection.526-534 In the classic version of the OT, patients use four odorants (lemon, rose, 

cloves and eucalyptus) and “consciously spend 20 seconds smelling each odour, twice 

a day, for at least three months”.525 A modified version of OT was suggested in 2015 by 

Altundag et al.528 whereas three sets of four different odours are used sequentially every 

3 months.  Although modified OT can increase patients’ compliance and adherence, a 

recent meta-analysis did not show a superiority over classic OT.530 Moreover, it has been 

reported that prolonged OT (assessed up to 56 weeks) is associated with better results 

than a short-term scheme.535 The use of odours at higher concentrations has been 

shown to be more beneficial (better smell improvement in 44% of subjects, p=0.03), as 

confirmed by a RCT from Damm et al.527 Conversely, the number of odours used in the 

OT scheme does not appear to have a significant role.536 In fact, the use of more than 4 

odours in OT can instead reduce adherence amongst patients.536 As already explained 

in Chapter 3, the effect of sniffing can also increase uptake of odorants to the olfactory 

mucosa, as confirmed in an experimental study on patients with Parkinson disease 

whereas an improvement in patients sniffing was accompanied by a temporary 

improvement in their olfactory performance.143 Effectiveness of OT has also been proven 

in patients with parosmia following PIOD.537 Despite its potential therapeutic value, OT 

demonstrates limited efficacy in a substantial proportion of subjects, with an estimated 

50% to 85% of individuals exhibiting no significant improvement in olfactory function.525 

Additionally, a considerable subset of patients with PIOD, ranging up to 29% of cases, 

fails to demonstrate any olfactory improvement even following prolonged courses of 

OT.535  

 

Moreover, evidence seems to suggest that OT is particularly useful when it is started 

within 12 months after PIOD onset,527 and therefore, might be less effective in long-

standing OD.  
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Authors (year published) Type of study Control arm(s) (if 
applicable) Benefit Main outcomes 

Non-pharmacological       

Olfactory training (OT) 

 Kattar et al.530 (2021) Meta-analysis 
(2 RCTs, 2 QES) Placebo / no OT Yes OT has 2.77 higher odds of achieving MCID (TDI>5.5) 

 Asvapoositkul et al.531 (2023) Meta-analysis 
(5 RCTs) 

No OT Yes OT leads to +4.68 average TDI increase 

 
Hwang et al.534 (2023)  Meta-analysis 

(3 RCTs, 6 QES) 

OT+NCS / 
OT+PEA-LUT / OT 
(different odours) 

Yes OT more effective for acute OD (<1 month) 

 
Delgado-Lima et al.532 (2024)* Meta-analysis 

(6 RCTs, 30 QES) 
Placebo / no OT / 

different OT Yes 
OT increase significantly all the olfactory abilities, with 
larger effects on D and I, when compared to no OT or 

placebo 

Pharmacological       

Oral corticosteroids (OCS) 

 Schepens et al.533 (2022) DB-RCT Placebo No 
OCS (prednisolone 40 mg/daily for 10 days) does not 

improve olfaction 

 Asvapoositkul et al.531 (2023) Meta-analysis 
(2 QES) 

OCS+OT vs OT No Addition of OCS to OT does not improve odour I or TDI 

Nasal corticosteroids (NCS) 

 Kim et al.538 (2022) Meta-analysis 
(4 RCTs, 1 QES) 

Placebo / No 
treatment Yes Improvement in the short-term (2-4 weeks). No 

difference in full olfactory recovery rate 

 Asvapoositkul et al.531 (2023) Meta-analysis 
(2 RCT) 

NCS+OT vs OT No No difference in odour I or reported smell 

 Chen et al.539 (2024) Meta-analysis 
(7 RCTs) Placebo / OT Yes Olfactory scores 1.35 points higher in the short-term 

(4-6 weeks). No difference in recovery time. 

Palmitoylethanolamide and 
luteolin (PEA-LUT)** 

 De Luca et al.540 (2022) RCT PEA-LUT+OT / 
PEA-LUT Yes PEA-LUT+OT improved significantly odour I vs PEA-

LUT 

 Capra et al.541 (2023) Meta-analysis 
(3 RCTs) OT Yes PEA-LUT+OT improved significantly olfaction vs OT 

Omega-3  Hernandez et al.542 (2022) RCT Omega-3+OT / OT Yes Omega-3 (2g BD for 3 months) increase significantly 
odour T 

Alpha-lipoic acid (ALA)  Cantone et al.543 (2024) DB-RCT ALA+OT / OT No Addition of ALA (300mg BD for 3 months) to OT does 
not lead to better odour T and I improvement 

Gabapentin  Mahadev et al.544 (2023) DB-RCT Placebo No Gabapentin (maximum tolerable dose for 8 weeks) did 
not improve odour I vs placebo 

Systemic Vitamin A (VitA)  Taheri et al.545 (2024) DB-RCT VitA+OT / OT / No 
treatment No Systemic VitA (10,000 units/daily for 3 months) does 

not lead to better olfactory improvement.  

Zinc sulphate  Abdelmaksoud et al.546 (2021)  RCT No treatment Yes Zinc sulfate (220 mg BD) shortens OD recovery time 
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Table 6.4. Pharmacological and non-pharmacological treatments for COVID-19-related OD (C19OD). Where multiple studies had been conducted, only 
the highest available evidence (systematic reviews, meta-analyses or RCT) were included.  
 
BD: bi-daily; CCS: corticosteroids; D: discrimination; DB-RCT: double-blind randomised-controlled trial; I: identification; NC: Nasal corticosteroids; OT: olfactory training; 
PEA-LUT: Palmitoylethanolamide and luteolin; PRP: Platelet-rich plasma; QES: quasi-experimental studies (prospective controlled or non-controlled studies); RCT: 
randomised-controlled trial; T: threshold; TDI: threshold + discrimination + identification.  
 
* Including also other causes of OD 
** PEA 700mg + luteolin 70 mg daily 
*** Although no high evidence studies available, this has been added as important in the context of the present PhD.  
  

Intervention       

Platelet-rich plasma (PRP)  

 Yan et al.547 (2023) – injected  RCT Saline injection Yes Significant increase in TDI and odour D vs placebo 

 Evman et al.548 (2023) –
injected RCT No treatment Yes Significant increase in odour T and I 

 Duffy et al.549 (2024) – coated 
foam RCT 

Saline-coated 
foam No No significant improvement in odour I 

Functional septorhinoplasty 
(fSRP)***  

 Whitcroft et al.178 (2023) Prospective non-
controlled study - Yes fSRP leads to statistically and clinically significant 

improvement in TDI and odour I 
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The mechanisms through which OT works are not completely known. Some authors 

suggested OT may work by promoting regeneration of ORNs at the level of the OE 

through repeated exposure to olfactory stimuli (i.e. odours).550,551 Others believe that OT 

exerts a "top-down" effect, characterized by the induction of cortical thickening within 

olfactory brain regions,551 further accompanied by a strengthening of olfactory, 

somatosensory, and integrative neural networks, as well as a volumetric increase in the 

OB.552 This theory is further supported by a meta-analysis;553 however, it is probably a 

combination of both ‘bottom up’ and ‘top down’ regeneration effects. Due to the effects 

of PIOD on quality of life (see Section 2.6. on olfactory dysfunction and quality of life), 

counselling is fundamental in the management of persistent PIOD with the aim to help in 

reducing life disruptions linked to the loss of sense of smell.  

 

6.7.2.  Pharmacological treatments 

 

Despite the high number of studies conducted exploring different therapeutic options for 

PIOD, evidence supporting pharmacological treatments for C19OD remains weak.554,555 

(Table 6.4.) 

 

The use of oral corticosteroids (OCS) for PIOD is debated and received only weak 

support from expert consensus documents and results from previous RCT did not show 

a superiority of OCS over placebo.44,69,524,533 Their role in PIOD remains controversial 

and the majority of the authors recommend these should not be suggested earlier than 

4 weeks, considering that spontaneous healing is expected few weeks after recovery 

from URTI onset.472 Moreover, considering potential side effects, their use should be 

offered only after careful discussion of risks and benefits with the patient.556 (Table 6.4.) 
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Limited evidence is available for nasal corticosteroids (NCS) and a benefit has been 

shown when these are used in the early phase of C19OD (first 4 weeks).531,538,539,557,558 

However, a systematic review and meta-analysis assessing the effect of NCS on PIOD 

found no difference in the full olfactory recovery rate between treated and control 

subjects (placebo or no treatment).538 This is possibly linked to the fact that NCS may 

not be able to reach the olfactory cleft when administered nasally using a spray. 

Conversely, a pre-COVID RCT showed that NCS could be useful when administered as 

a rinse (budesonide irrigation) and in combination with OT.557 (Table 6.4.) 

 

For several years zinc sulphate has been regarded as a potential effective treatment for 

PIOD559,560 but a pre-COVID double-blind placebo-controlled RCT did not show any 

superiority over placebo in the treatment of taste and smell disorders secondary to a 

variety of etiological factors.559,560 Nevertheless, a recent RCT conducted in patients with 

C19OD demonstrated a shorter recovery time of OD in patients treated with zinc sulphate 

compared to those not taking it.546 (Table 6.4.) 

 

Supplementation with omega-3542,561 and alpha-lipoic acid543,562 has been suggested as 

a therapeutic option considering their safe profile and infrequent side effects. These fatty 

acids exhibit potential neuroprotective effects. Omega-3 “increases production of 

antioxidant and anti-inflammatory amino acids” while alpha-lipoic acid is a potent 

antioxidant and penetrates the blood-brain barrier enhancing motor-nerve conduction 

velocity and microcirculation. However, recent RCTs conducted on C19OD suggested a 

potential role for omega-3542 but not for alpha-lipoic acid543. 

 

Intranasal sodium citrate exhibits positive effect on olfaction that lasts minutes to hours, 

but its long-term efficacy is controversial.563-565 It has a safe profile and increases 

sensitivity to odours by “sequestering calcium and reducing free mucosal calcium with 

subsequent inhibition of negative feedback”. A reduction in patients reporting 
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phantosmia, but not parosmia, has also been reported.565 To the best of my knowledge, 

no studies have been conducted on C19OD to suggest its use in this category of 

subjects.   

 

Intranasal and systemic vitamin A have been investigated in patients with PIOD in view 

of vitamin A capacity to stimulate neural regeneration and repair of the peripheral 

olfactory system. However, efficacy remains controversial. Whilst some studies 

demonstrated a potential effects of topical intranasal vitamin A when taken in 

combination with OT,566 a double-blinded placebo-controlled RCT (intranasal vitamin A 

vs placebo) conducted pre-COVID did not show any benefit.567 A two-arm RCT of 

intranasal vitamin A vs no intervention is currently ongoing in the UK and will be including 

patients with C19OD as well.568 Thus, whether evidence supporting intranasal vitamin A 

is still controversial and under evaluation, the use of systemic vitamin A is not 

recommended. In this regard, a recent double-blind RCT has confirmed no additional 

benefit when this is given in combination to OT.545,554  (Table 6.4.) 

 

Positive results have been recently reported with the use of palmitoylethanolamide and 

luteolin (PEA-LUT) with RCTs and a meta-analysis showing olfactory benefits when PEA-

LUT is given in combination to OT.540,541 PEA-LUT is supposed to “reduce 

neuroinflammation by modulating microglia and reducing oxidative stress”.540,569 (Table 

6.4.) 

 

The role of gabapentin in C19OD has also recently been investigated. However, despite 

initial evidence from a small case series were showing a potential improvement in 

parosmia,570 a double-blind RCT did not show any clinically meaningful improvement in 

olfaction or statistically significant difference between the gabapentin and placebo 

groups during the study period.544 (Table 6.4.) 
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Disease-modifying therapy drugs, currently used to treat autoimmune neuroinflammation 

in multiple sclerosis, have also been proposed to modulate neuroinflammation in COVID-

19.571 However, their effect on C19OD is currently under evaluation.572 Finally, valproic 

acid is another drug that has recently gained attention due to its potential 

neuroregenerative effects and ability to promote differentiation of cultured neural stem 

cells and neurite outgrowth.573  

 

Other treatments investigated before COVID-19 for the management of OD include: 

intramuscular administration of beta carotene or vitamin A;574 a regimen comprising a 

combination of oral vitamin B12, adenosine triphosphate, and betamethasone nasal 

drip;501 minocycline;575 oral or intranasal (saline irrigation) 5theophylline576-578 and 

caroverine.579-581 However, the available evidence regarding the efficacy of these 

interventions remains limited and inconclusive. 

 

6.7.3.  Interventions 

 

Topical injection of platelet-rich plasma (PRP) in the olfactory cleft has recently gained 

attention as a potential option for PIOD due to its anti-inflammatory and neuroprotective 

effects. PRP is an autologous biological product obtained by processing a sample of the 

patient's own blood. This process results in a product enriched in platelets and a variety 

of pro-regenerative factors, including “transforming growth factor, vascular endothelial 

growth factor, epidermal growth factor, and insulin-like growth factor”.582 These growth 

factors are known to stimulate tissue repair and regeneration. Studies have been 

conducted also in patients with C19OD but its efficacy is still under investigation.547,583 A 

RCT by Yan et al.547 showed a significant increase in olfactory function in C19OD patients 

receiving injected PRP compared to those receiving saline injection. PRP benefits have 

 
5 Theophylline is a phosphodiesterase inhibitor and increases intracellular cAMP and cGMP levels which 
promote olfactory signalling and sensory axonal regeneration. It has also anti-inflammatory properties. 
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also been recently evaluated when this is applied topically as a coated foam.549 However, 

a RCT did not show any olfactory improvement when this is compared to saline-coated 

foam.549  

 

More recently Whitcroft et al.178 showed that fSRP could improve sense of smell in 

patients with long-standing OD (either idiopathic or post-infectious) confirming a role of 

nasal airway augmentation in smell restoration. Particularly, the authors found a strict 

correlation between increase in nasal airflow and olfactory threshold improvement, 

suggesting that smell restoration resulted from an increased peripheral activity (i.e. 

increased stimulation of the OE) likely caused by a higher odorants delivery. The role of 

fSRP in C19OD is the topic of my latest prospective controlled study (Section 6.15) and 

its effectiveness in PIOD will be further analysed in Section 6.16. 

 

6.7.4.  Long-standing C19OD and the need for clinically meaningful treatments 

 

Although the majority of COVID-19 patients experience symptoms resolution within one 

year, up to 8.3% of them can still report C19OD after two years515 and up to 7.9% after 

three years following SARS-CoV-2 infection.516 Nevertheless, long-term recovery 

trajectory of C19OD is still unknown.  

 

Giving the long-term impact of C19OD on quality of life, it is important to find a treatment 

able to restore sense of smell or at least capable to offer a meaningful improvement of 

patients’ olfactory function. As already explained in Chapter 2, this is defined by the 

minimal clinically importance difference (MCID) which is the minimal improvement in the 

olfactory function required to denote a noticeable, and clinically important, change 

relevant to the patient. The concept of MCID becomes even more important when 

comparing different interventions. In fact, despite a study could have shown a statistically 

significant improvement in the olfactory score, this increase might have not reached the 
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MCID level and, therefore, changes obtained may not be meaningful for the patient. 

Choosing a treatment based on its ability to reach MCID would further support its use as 

clinically beneficial for the patient. MCID scores are currently available only for the most 

common olfactory tests, including S’S, SIT and B-SIT (Table 2.1., Chapter 2) and this 

luck of data can prevent comparison between treatments.  

 

Table 6.5. compares changes in S’S olfactory scores according to the different 

treatments shown to have enough evidence to support their role in C19OD. From this 

direct comparison, it appears that only OT, PRP and fSRP improved olfaction 

meaningfully (i.e. reaching MCID threshold for TDI) while demonstrating a benefit over 

control.178,533,547,584-587 However, only OT showed to improve olfactory threshold and 

identification scores above MCID as well.533,584  

 

However, the main difference between these three treatments stands upon the length of 

OD of the patients included in the related studies. In fact, whether the average length of 

OD was <6 months for studies evaluating OT, this was 8.9 months for injected PRP and 

6 years for fSRP. In fact, knowing a priori that a treatment might have different 

effectiveness depending on the duration of C19OD, may favour a treatment against 

another one based on the benefits this could offer to our specific category of subjects. 

Despite several studies have shown that OT is very effective for PIOD and, particularly, 

for C19OD, studies suggest this might be less effective for long-standing OD.534 A recent 

meta-analysis conducted by Hwang et al.534 confirmed a standard mean difference of 

1.78 when comparing improvement of olfactory scores after OT in C19OD patients with 

an OD shorter vs longer than 1 month (p=0.02). Nevertheless, a recent study by Boscolo-

Rizzo et al.586 has shown benefits of OT in patients with an average length of OD of 9.4 

months. To the best of my knowledge, effects of OT in patients with long-term (>1 year) 

C19OD have not been reported and my studies will bring new insights on this topic.
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Table 6.5. Sniffin’ Sticks subtests improvement following treatment with proven efficacy (as per Table 2) for COVID-19-related olfactory dysfunction 
(C19OD). Only studies conducted on C19OD patients have been included apart from functional septorhinoplasty, which has been added to the table as 
relevant for this PhD thesis. To allow direct comparison, only studies that used Sniffin’ Sticks as olfactory outcome measure have been considered.  
Where minimal clinically important difference (MCID) has been achieved, the value is marked in bold. For MCID values refer to Table 2.1, Chapter 2. 
Please note that the changes in score are changes withing group (i.e. before and after treatment) and not between groups (i.e. vs control). 
Level of significance: * p<0.05; ** p<0.01, ***p<0.001.  
 
D: discrimination; DB-RCT: double-blind randomised-controlled trial; fSRP: functional septorhinoplasty; I: identification; N/A: not available; OCS: oral corticosteroids; OD: 
olfactory dysfunction; OT: olfactory training; PEA-LUT: Palmitoylethanolamide and luteolin; PRP: platelet-rich plasma; QES: quasi-experimental studies (prospective 
controlled or non-controlled studies); RCT: randomised-controlled trial; T: threshold; TDI: threshold + discrimination + identification.   

 
 

Authors Type of study Type of 
control 

Duration 
of OD 

Follow-up 
period 

Sniffin’ Sticks Benefit over 
control 

 
 

T D I TDI 

Non-pharmacological            

Olfactory training 

 Schepens et al.533 (2022) DB-RCT OT+OCS 2 months 3 months +3.0 +2.0 +2.5 +6.3 No 

 Lechien et al.584 (2022) QES No treatment 4.4 months 18 months - - +6.9*** - Yes 

 Yaylaci et al.585 (2022) QES No treatment 5.8 months 3 months +1.52*** +2.24*** +1.92*** +5.68*** Yes (T, D, TDI) 

 Boscolo-Rizzo et al.586 
(2024) QES Not adherent 

to OT 9.4 months 4 months +2.0 +2.4 +1.0 +6.0 Yes (TDI) 

 Schepens et al.587 (2024) QES No treatment 2 months 3 months +3.0 +2.0 +1.0 +6.0 Yes (D, I, TDI) 

Pharmacological            

PEA-LUT 

 De Luca et al.540 (2022) RCT PEA-
LUT+OT 8.4 months 3 months N/A N/A N/A +2.6* No 

 Di Stadio et al.588 (2023) RCT OT 6.8 months 3 months - - +2.9** - Yes 

 Di Stadio et al.589 (2023) RCT 
(PEA-LUT+OT) OT 8.8 months 3 months - - +2.9*** - Yes 

Omega-3  Hernandez et al.542 (2022) RCT 
(Omega-3+OT) OT 9.2 months 3 months +1.8* +2.2 +0.6 +4.7 Yes (T) 

Intervention            

PRP  Yan et al.547 (2023) RCT Saline 8.9 months 3 months +1.82** +2.82*** +1.53* +6.25*** Yes (TDI, D) 

fSRP  Whitcroft et al.178 (2023) QES  6 years 4 months +1.78 +2.22 +2.44* +6.5* - 
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When looking at Table 6.5., it could seem that PRP offers similar olfactory scores 

improvements to OT. However, Yan et al.547 RCT demonstrated a statistically significant 

benefit in olfactory discrimination (+2.40 points, p=0.004) and TDI (+3.67 points, 

p=0.047) when compared to OT. Also, for PRP its effect in long-term C19OD (>1 year) 

are currently unknown. fSRP is today the only intervention that has been evaluated in 

patients with long-term OD. The study by Whitcroft et al.178 included patients with the 

longest duration of OD (mean duration of 6 years) and showed a similarly high 

improvement in TDI, and above MCID, to that obtained by OT and PRP. However, it must 

be said that this study included patients with mixed cause of OD (idiopathic and PIOD) 

and was conducted before COVID-19; thus, results may not be strictly comparable to 

those reported in Table 6.5. Nevertheless, it is important to put this treatment in 

comparison with the others as it will give a background for the prospective-controlled 

study on fSRP I conducted on patients with long-term C19OD (Section 6.15).  

 

Finally, the last parameter we should look at when choosing an appropriate treatment for 

C19OD is the olfactory ability that the intervention is more likely to improve. As it will be 

discussed and demonstrated in my studies, C19OD is primarily characterised by a 

peripheral damage of the OE which affects the olfactory threshold, as shown by S’S. 

Based on Table 6.5., OT seems to be, so far, the only treatment able to achieve a 

meaningful improvement of olfactory threshold above MCID (≥2.5 points).533,587 This 

point will be important when critically reviewing the results of my research.  

 

6.8. Published studies on C19OD – hypotheses and aims 

 

The first study590 is a multicentre survey I conducted at the beginning of the pandemic in 

collaboration with the University of Padua. Here I aimed to investigate prevalence and 

early recovery (2 months) of C19OD in healthcare workers who caught COVID-19 whilst 

working in their hospitals during the pandemic outbreak. In this study I am also looking 



 167 

at possible occupational risk factors and demographic differences influencing smell 

recovery.  

 

The second study,310 always conducted during the first wave of the pandemic, is a 

prospective longitudinal study and one of the first available in the literature in which loss 

of sense of smell had been investigated using psychophysical olfactory tests in addition 

to patient-reported outcomes. Here I looked at olfactory recovery rate of C19OD over a 

longer period (6 months). The possibility of running different S’S subtests gave me the 

opportunity to understand which olfactory ability was the most affected one following 

SARS-CoV-2 infection.   

 

My third research591 is a cohort study which looked at prevalence of reported OD in 

previously hospitalised COVID-19 patients (median time from infection was 9 months). 

Whilst looking at long-term prevalence of C19OD, this study also investigated QoL 

changes following loss of smell. Long-term (>1 year) QoL impairment following C19OD 

was the focus of my fourth study too.592 This study offered the longest follow-up (14 

months) available at that stage at which effects of C19OD on QoL had been measured 

using extended S’S.  

 

The evidence that a good percentage of people were not recovering their sense of smell 

following SARS-CoV-2 infection even after 1 year, and developing a persistent C19OD, 

brought me to look into the clinical factors potentially influencing olfactory recovery. This, 

in fact, was the focus of my fifth study in which I analysed data collected on 100 patients 

I reviewed at the long-COVID smell clinic at the Royal National ENT.425 The identification 

of clinical factors impacting on smell recovery and the isolation of specific categories of 

subjects more prone to develop a persistent OD, may have significant implications in 

terms of disease prevention but, more importantly, can feed future research on 

treatments options for PIOD.  
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Finally, I focused my attention on therapies to offer to patients with persistent long-

standing C19OD. This led me to review currently available options and explore new 

promising treatments. As discussed in Section 6.7.1., OT currently remains the only 

treatment showing strong evidence to suggest its use in PIOD. Corticosteroids represent 

one of the commonest drugs used to reduce inflammation which, in PIOD, may help in 

controlling OE local inflammation. Their use in C19OD is still debated as well as it is the 

best formulation to use (oral vs topical vs combination of both). In my sixth paper, I 

conducted a multicentre real-life cohort study to assess whether the addition of 

corticosteroids (oral plus topical) to OT could give a benefit in the treatment of persistent 

C19OD. The hypothesis is that the addition of corticosteroids to OT could help in 

reducing the OE inflammation, thus enhancing the effect of OT.  

 

The last paper I wrote on C19OD is exploring a new potential intervention to restore 

sense of smell in this category of subjects. The evidence that up to 8% of subjects still 

presented a persistent C19OD at 3 years,516 led me to look at other ways to improve 

long-standing OD. A pre-COVID study conducted by our research team, showed that 

fSRP could improve sense of smell in patients with long-standing OD (either idiopathic 

or post-infectious).178 In this study, Whitcroft et al.178 demonstrated that an improvement 

in nasal airflow was correlated with an improvement in olfaction, and more importantly in 

olfactory threshold, which is also the most affected olfactory abilities in C19OD. 

Therefore, I decided to conduct a prospective controlled study to evaluate olfactory 

changes in patients with persistent C19OD undergoing fSRP and compared to a control 

group of C19OD patients on OT with similar baseline characteristics. My hypothesis is 

that fSRP can increase nasal airflow in the olfactory cleft by augmenting the volume of 

the INV. This increased stimulation of the OE can then improve olfactory function.  
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Minor edits to manuscripts have been made following departmental guidelines to ensure 

these fit the overall style of the thesis. An introduction to the topic will follow to give a 

background to the studies conducted. 
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6.9. Olfactory and taste dysfunction among mild-to-moderate symptomatic 

COVID-19 positive healthcare workers: an international survey590 

 

6.9.1. Introduction 

Healthcare workers (HCWs) have been identified as a high-risk group to acquire COVID-

19.593 In Europe HCWs account for 10.7% (Italy) to 30.5% [United Kingdom (UK)] of the 

total number of COVID-19 positive cases.594,595 A different figure was released by the 

International Council of Nurses based on data acquired from 30 countries reporting that, 

on average, 6% of all confirmed cases of COVID-19 were among HCWs.596 Similarly, an 

Indian questionnaire-based survey found that only 1.8% (20/1113) of the HCWs tested 

were positive for the virus.597 The specific job role of COVID-19 HCWs is also potentially 

relevant with a higher prevalence in doctors (43.9%) and nurses/health care assistants 

(HCA) (41%).598 Particularly, otolaryngologists and intensive care/anesthetists have 

demonstrated a higher risk of contracting COVID-19 owing to their higher viral load 

exposure.599 

The World Health Organization has included ‘loss of smell’ and ‘taste’ amongst the less 

common symptoms of COVID-19 infection.600 Nonetheless, the estimated prevalence of 

olfactory and taste dysfunction (OD, TD) amongst COVID-19 subjects in the general 

population is as high as 38.5% and 30.4% respectively.601 Because of the work-related 

risks, HCWs are exposed daily to higher viral load which may lead to a different 

expression of the chemosensory disorders, both in terms of prevalence, severity and/or 

recovery rate. In a survey conducted by the American Academy of Otolaryngology–Head 

and Neck Surgery, 1/3 of COVID-19 positive patients with anosmia were HCWs.602 

Moreover, Lan et al. found that anosmia/ageusia was reported by 15.7% (13/83) of 

COVID-19 positive HCWs in the US.603 In a more recent American study a higher 

percentage of positive HCWs reported anosmia or ageusia, respectively 51% (26/51) 

and 53% (27/51).604 
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The true prevalence in Europe remains unknown. According to available data between 

14.4% (20/139) and 79% (77/97) of the adult COVID-19 positive patients reporting OD 

and TD were HCWs.593,598,605 A very recent Belgian study found that almost 40% (62/156) 

of positive HCWs self-reported loss of sense of smell/taste605 while a Danish study 

conducted on a bigger sample found that loss of sense of smell or taste was reported by 

32.4% (377/1163) of the tested positive HCWs606. Smaller European case series (less 

than 6 subjects) on OD and TD amongst HCWs are also available but inconclusive.607-

609 In the UK the prevalence of OD and TD amongst COVID-19 positive HCWs is 

unknown. Moreover, the risk factors and prognosis for OD and TD amongst HCWs are 

mostly unknown.   

The aim of this study is to determine the prevalence of OD and TD amongst COVID-19 

positive HCWs in the UK and ascertain risk factors and prognosis in two European 

hospitals [London (UK) and Padua (Italy)] which have been significantly affected by 

COVID-19. 

 

6.9.2. Materials and methods 

 

This study was conducted in accordance with the 1996 Helsinki Declaration and 

approved by the research ethic committee (IRAS project ID: 156511), the UCL joint 

research office and the Padua Otolaryngology Section’s in-house ethical committee. All 

respondents were invited to take part in this survey via email which included a study 

information pack and consent form with a cooling off period. 

 

Setting of the survey 

Between May 26 and June 10, 2020 an international multicenter survey on sense of 

smell and taste dysfunction in mild-to-moderate symptomatic COVID-19 positive HCWs, 

defined as home-managed subjects with symptoms that did not require an intensive care 

or other hospital admissions, was conducted at the Whittington Hospital (London, UK) 



 172 

and the Hospital of Padua (Padua, Italy). The survey questionnaire was validated locally 

and nationally by both ENT and infection clinicians as well as patient advocates to ensure 

clarity and to exclude ambiguity. In the UK the survey was performed via Survey Monkey 

(San Mateo, California) and emailed to all COVID-19 positive HCWs. The questionnaire 

was translated into Italian and equally validated and administered by hand in Padua.  

Inclusion criteria were age >18 years old, laboratory confirmation of SARS-CoV2 

infection [by reverse transcription polymerase chain reaction (RT-PCR)], good 

comprehension of the language used in the questionnaire and absence of any clinical 

impairment to fulfil the questionnaire. Participants with a past history of OD and/or TD or 

those admitted to hospital at the moment of the survey were excluded from the study. 

Informed consent was obtained from each participant before starting any study-related 

procedure. 

 

Population and data collection 

The recipients of this survey were mild-to-moderate symptomatic HCWs who tested 

positive by RT-PCR for SARS-CoV2 and were working at their own hospital during 

COVID-19 pandemic. Participants were selected using the databases of the 

Microbiology Laboratory in London and the Infectious Disease Department in Padua. 

Data were collected anonymously mainly on olfactory and gustatory disorders 

presentation, type of onset and recovery status, while the presence of other systemic 

symptoms has not been investigated. Demographic data including age, sex, ethnicity, 

job role and department of origin were also collected for all the participants in order to 

investigate any potential influence.  

 

Statistical analysis 

Quantitative variables were summarized using median and interquartile range (P25–

P75) while qualitative variables were described with frequency and percentage. Missing 

values (i.e. people who did not answer the question) were not considered in the 
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calculation of percentages (valid percent). However, unanswered items have been 

reported in the tables.   

Survival analysis was implemented to study recovery time from onset of both sense of 

smell and taste. Participants that had not recovered at the date of questionnaire 

administration were considered as censored, with censor time described as the number 

of days since the onset of the symptom up to the day of the questionnaire. Survival 

curves have been estimated with Kaplan-Meier estimator, log-rank tests have been 

performed to compare subpopulations and Cox proportional hazard model has been 

fitted to model the joint effect of all available variables on the recovery time. The best 

model has been chosen by stepwise selection based on Akaike Information Criterion 

(AIC). Likelihood ratio tests have been used to test comparisons between means and 

proportions, and Pearson chi-square test with Yates correction to compare categorical 

variables.  
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6.9.3. Results 

 

Response rate 

One hundred and fifty-five HCWs, 119 from London and 36 from Padua received the 

questionnaire. The different method of questionnaire administration led to a different 

response rate of 70.6% (84/119) in London and of 100% (36/36) in Padua.  

 

Population characteristics 

After further analysis, we excluded 2 participants who did not accept the consent form 

and 4 participants who did not answer any question, leading to a final population of 114 

HCWs who completed the survey. The total population was composed of 28 men and 86 

women (male to female ratio approximately of 1:3), ranging from 23 to 65 years, with a 

median age of 38 years. Most of the HCWs were white (62; 81.6%), worked on COVID-

19 wards (59; 53.2%) and were either nurses/HCA (43.7%) or doctors (39.3%). A 

significant difference in the composition of participants at the two hospitals was observed 

according to ethnicity (p<0.00001) and department of origin (p=0.00035) whereas they 

were similar in terms of age (p=0.72), sex ratio (p=1) and job role (p=0.067). Detailed 

characteristics of the population at each institution are reported in Table 1.  
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 Combined 
(n=114) 

London 
(n=78) 

Padua 
(n=36) 

Difference between 
London and Padua 

p-value 

Age, median [P25-P75], yr 38 [29.5-48] 39 [32-47] 39 [27.5-52] p = 0.72 

Sex, No (%) 
Female 
Male 

 

86 (75.4%) 
28 (24.6%) 

 

59 (75.6%) 
19 (24.4%) 

 

27 (75.0%) 
9 (25.0%) 

 
 

p = 1 

Ethnicity, No (%)† 
White 
Asian 
Black/African/Caribbean 
Mixed/multiple ethnic groups 
Missing 

 

62 (81.6%) 
12 (15.8%) 
1 (1.3%) 
1 (1.3%) 

38 

 

26 (65.0%) 
12 (30.0%) 
1 (2.5%) 
1 (2.5%) 

38 

 

36 (100.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 

0 

 

 

p < 0.00001* 

 
Role, No (%)† 

Nurse/HCA 
Doctor 
Allied health professional 
Non-clinical role 
Missing  

 
 

49 (43.7%) 
44 (39.3%) 
16 (14.3%) 
3 (2.7%) 

2 

 
 

32 (41.0%) 
29 (37.2%) 
14 (18.0%) 
3 (3.8%) 

0 

 
 

17 (50.0%) 
15 (44.1%) 
2 (5.9%) 
0 (0.0%) 

2 

 

 

p = 0.067 

Department of origin, No (%)† 
COVID-19 ward 
Non-COVID-19 ward 
Office/laboratory 

      Missing 

 
59 (53.2%) 
47 (42.3%) 
5 (4.5%) 

3 

 

51 (65.4%) 
24 (30.8%) 
3 (3.8%) 

0 

 

8 (24.2%) 
23 (69.7%) 
2 (6.1%) 

3 

 
 
 

p = 0.00035* 

Type of disfunction reported, No (%) 
      Olfactory dysfunction 
      Taste dysfunction 
      Both 

 
 

N/A 
 

57 (73.1%) 
54 (69.2%) 
48 (61.5%) 

 
 

N/A 

 
 

N/A 

OD characteristics, No (%)† 
      First symptom 
      Only symptom‡ 
      Onset 
           Sudden 
           Progressive 
      Missing 

 
19 (21.6%) 
0 (0.0%) 

 
69 (78.4%) 
19 (21.6%) 

5 

 
10 (18.9%) 
0 (0.0%) 

 
42 (79.2%) 
11 (20.8%) 

4 

 
9 (25.7%) 
0 (0.0%) 

 
27 (77.1%) 
8 (22.9%) 

1 

 
p = 0.62 

- 
 

p = 1  

TD characteristics, No (%)† 
      First symptom 
      Only symptom 
      Onset 
           Sudden 
           Progressive  
      Missing 

 
14 (16.1%) 
1 (1.1%) 

 
65 (74.7%) 
22 (25.3%) 

7 

 
 6 (11.3%) 
1 (1.9%) 

 
42 (79.2%) 
11 (20.8%) 

5 

 
8 (23.5%) 
0 (0.0%) 

 
23 (67.6%) 
11 (32.4%) 

2 

 
p = 0.23 

- 
 
 

p = 0.34 
 
 

Dysgeusia§ 30 (65.2%) 9 (39.1%) 21 (91.3%) p = 0.002* 

 
Table 1. Detailed characteristics of the populations. p-values indicate differences in the 
distribution between the two Institutions.  
 
* Significant p-values. Level of significance p < 0.05. † Valid percent, not including missing values 
‡ Please note that in 7 subjects (7.5%) olfactory dysfunction was associated to taste dysfunction 
alone.  §Dysgeusia has been calculated only considering those subjects who reported hypogeusia 
or ageusia at the moment of questionnaire administration (n=46).  
N/A: Not Applicable. Not possible because prevalence not performed in Padua 
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Olfactory and taste subjective dysfunction characteristics  

The prevalence of reported olfactory and taste alteration was 73.1% and 69.2% 

respectively in London HCWs. Prevalence was not obtained in the Paduan population 

due to the fact that questionnaire was administered only to HCWs with a reported smell 

impairment.  

In the total study population, among the 93 HCWs who experienced OD, this was the 

first symptom in 19 participants (21.6%), but none of them reported this to be the only 

COVID-19 related symptom. Additionally, only 8 of those who reported OD as a first 

symptom (8/19) also complained of nasal obstruction. In 7 participants (7.5%) it was 

associated with TD and these were the only symptoms experienced during their COVID-

19 illness. The onset of OD was reported to be sudden by 69 participants (78.4%), while 

it was progressive in 19 of them (21.6%).  

Similarly, among the 94 HCWs who had TD during their illness this was the first symptom 

in 14 of them (16.1%) and was the only one experienced in 1 participant (1.1%). 

Deterioration of sense of taste was described as sudden by 65 HCWs (74.7%) and as 

progressive by 22 of them (25.3%). Dysgeusia (distortion of sense of taste) was reported 

by 30 participants (65.2%). Apart from dysgeusia which was significantly more prevalent 

among Paduans (p=0.002), no differences were observed in terms of presentation (first 

symptom, only symptom and type of onset) between the two Hospitals. Detailed 

characteristics of smell and taste dysfunction amongst healthcare workers according to 

Institution are reported in Table 1. 

 

Prognosis of smell and taste dysfunction  

At 52 days follow-up, 28 HCWs (31.8%) reported that OD had completely recovered 

while the majority of them (49; 55.7%) reported that their sense of smell had improved 

but was still lower than before (hyposmia). It was still absent (anosmia) in 11 participants 

(12.5%) (Table 2). None of the subjects had started any specific treatment for the OD.  
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With regards to sense of taste, 41 HCWs (47.1%) reported that TD had completely 

recovered at the time of the questionnaire administration. Thirty-eight participants 

(43.7%), still reported a lower sense of taste (hypogeusia) while it was still absent 

(ageusia) in 8 participants (9.2%) (Table 3). No significant differences were noted 

between the two institutions. The median time for the recovery start as well as the median 

time to questionnaire administration for both smell and taste are reported in Table 2 and 

3.  

 

Influence of available variables on olfactory and taste dysfunction prognosis 

Considering the whole population, certain job roles negatively influenced the time to 

recovery both for sense of smell (doctor p=0.04; nurse/HCA p=0.02) and taste (doctor 

p=0.02; nurse/HCA p=0.01) (Figure 1; Table 4) In addition, following multiple regression 

analysis, ethnicity (being white) was shown to positively influence sense of taste recovery 

time (p=0.036) but not for sense of smell (p=0.5) (Table 4). Conversely, no influence on 

smell and taste recovery was observed when considering age, sex, department of origin, 

presentation as first symptom or only symptom and type of onset (Figure 1; Table 4).  

Analyzing the results from the two hospitals individually, the prognosis of OD among 

Paduans was negatively influenced by female sex (p=0.02). Following multiple 

regression analysis, female sex was shown to negatively influence TD recovery as well. 

Conversely, in London, job role (Nurse/HCA) influenced OD and TD (p=0.002 and p=0.02 

respectively). Following multiple regression analysis, ethnicity (being white) was also 

shown to positively influence sense of taste recovery time (p=0.022) (Table 4).  
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Figure 1. Kaplan-Meier survival curves for smell and taste recovery time according to job 
role (upper left and right) and to department of origin (lower left and right).  
 
AHP: allied health professional; NH: nurse/healthcare assistants; HCA: healthcare assistants 
C ward: COVID-19 ward; N-C ward: Non-COVID-19 ward 
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Table 2.  Time for sense of smell recovery in the three subgroups of subjects who experienced smell dysfunction.  
N/A: Not Applicable. Not possible to calculate considering that sense of smell in these subjects has not started to recover. 
† Time for the recovery to begin after first symptom onset.  
‡ Interval of time between first symptom onset and questionnaire administration. 
 
OD: olfactory dysfunction. 
 
 
 
 
 
 
 

 Sense of Smell 

N (%) 
 Time to OD onset 

Median [P25-P75], days 
 Time for recovery to start† 

Median [P25-P75], days 
 Time to questionnaire administration‡ 

Median [P25-P75], days 

Combined London Padua  Combined London Padua  Combined London Padua  Combined London Padua 

Recovered 28 (31.8%) 22 (41.5%) 6 (17.1%)  4 [2-5] 4 [2-5] 2.5 [1.3-8.3]  10 [7-14.5] 12 [7-14.8] 8 [6-17]  52.5 [47.3-62.8] 53 [49.8-63.8] 24 [13.8-65.3] 

Still 
hyposmia 49 (55.7%) 28 (52.8%) 21 (60.0%)  4 [2-6] 4.5 [3-6.8] 3 [2-5]  20 [10-30] 21 [15.5-40] 10 [7.5-22.5]  51 [35-62] 54 [50-64.3] 35 [22-62.5] 

Not 
recovered 11 (12.5%) 3 (5.7%) 8 (22.9%)  3 [1-5.75] 3 [1-8.5] 3 [1-5]  N/A N/A N/A  41 [24.5-54.5] 56 [53-66] 34.5 [12.3-45.5] 
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Table 3.  Time for sense of taste recovery in the three subgroups of subjects who experienced taste dysfunction.  
N/A: Not Applicable. Not possible to calculate considering that sense of taste in these subjects has not started to recover. 
† Time for the recovery to begin after first symptom onset. 
‡ Interval of time between first symptom onset and questionnaire administration  
 
TD: taste dysfunction 
 

 

 

 

 Sense of Taste 

N (%) 
 Time to TD onset 

Median [P25-P75], days 
 Time for recovery to start† 

Median [P25-P75], days 
 Time to questionnaire administration‡ 

Median [P25-P75], days 

Combined London Padua  Combined London Padua  Combined London Padua  Combined London Padua 

Recovered 41 (47.1%) 30 (56.6%) 11 (32.4%)  4 [2-5] 4 [2-5.3] 2 [1.5-6]  10 [8-18] 12.5 [7.3-15] 10 [9-20]  53 [47-63] 53.5 [48.8-65.3] 47 [24-63] 

Still 
hypogeusia 38 (43.7%) 20 (37.7%) 18 (52.9%)  4.5 [2-6] 5 [2.8-7] 3 [2-5]  15 [10-30] 20 [11-30.5] 14 [9.3-20]  51.5 [34-62] 53 [50-61.5] 34.5 [28.8-64] 

Not 
recovered 8 (9.2%) 3 (5.7%) 5 (14.7%)  3 [2-5] 3 [2-4.5] 3 [2-4.8]  N/A N/A N/A  33 [10.3-52.8] 54 [49-62] 11 [9-33] 
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Table 4. Influence of available variables on recovery rate in the population of healthcare workers who experienced smell and/or taste dysfunction.  
* Significant p-values. Level of significance p < 0.05. 
 
HCA: healthcare assistants 

 Sense of smell prognosis  Sense of taste prognosis 

Combined London Padua  Combined London Padua 

Age p = 0.9 p = 0.5 p = 0.6  p = 0.1 p = 0.4 p = 0.3 

Sex p = 0.9 p = 0.06 p = 0.02*  p = 0.9 p = 0.3 
p = 0.1 

(p = 0.011* at multiple 
regression) 

Ethnicity p = 0.5 p = 0.2 ..  
p = 0.09 

(p = 0.036* at multiple 
regression) 

p = 0.06 

(p = 0.022* at multiple 
regression) 

.. 

Role 
p = 0.04* (Doctor) 

p = 0.02* (Nurse/HCA) 

p = 0.0566 (Doctor) 

p = 0.002*(Nurse/HCA) 

p = 0.8 (Doctor) 

p = 0.6 (Nurse/HCA) 
 

p = 0.02* (Doctor) 

p = 0.01* (Nurse/HCA) 

p = 0.204 (Doctor) 

p = 0.02* (Nurse/HCA) 

p = 0.391 (Doctor) 

p = 0.733 (Nurse/HCA) 

Department p = 0.1 p = 0.9 p = 0.2  p = 0.9 p = 1 p = 0.7 

First Symptom p = 0.6 p = 0.9 p = 0.7  p = 0.6 p = 0.7 p = 0.9 

Only Symptom p = 0.9 p = 0.9 p = 1  p = 0.4 p = 0.2 p = 0.9 

Type of onset p = 0.9 p = 0.8 p = 0.8  p = 0.2 p = 0.4 p = 0.4 
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6.9.4. Discussion 

 

To the best of our knowledge, our study represents the first International multicentric 

European survey evaluating olfactory and taste dysfunction on COVID-19 positive HCWs 

with a response rate higher than 70%.  

In the UK, the prevalence of both OD and TD amongst our COVID-19 positive HCWs 

was 73.1% and 69.2% respectively. These rates are significantly higher than those found 

within the general population (38.5% and 30.4% respectively, according to a recent meta-

analysis)601 and equally considerably higher when compared to HCW prevalence rates 

in the US603,604 or in other European countries605,606. In addition, a higher rate of 

dysgeusia was particularly highlighted in our European cohort which had not been 

previously described. The higher prevalence rates of both olfactory and taste disturbance 

are unexpected when compared to current published data within the general population. 

One proposed explanation is that HCWs are more prone to OD and TD because they 

have a higher exposure to Sars-CoV-2 viral load within their place of work598. An 

alternative explanation for the higher prevalence rates amongst HCWs in our study is a 

consequence of the higher sensitivity of our survey whereby milder cases of OD and TD 

are being captured. In addition, all our HCWs were assessed from the time of their 

diagnosis and then studied longitudinally over a median of 52 days from COVID-19 

symptom onset. This enabled us to evaluate the whole of their COVID-19 journey and 

not just at a single point in time and avoids missing OD and TD before it even started. 

Previous studies conducted in Europe on OD and TD amongst COVID-19 HCWs598,605,606 

have focused more on general COVID-19 symptoms with only rudimentary smell and 

taste dysfunction evaluation and/or not exploring patients with very mild symptoms which 

may explain why their prevalence rates are lower than ours. Patients with milder OD 

have been shown to be unaware of their symptoms and therefore less likely to report a 

problem.441 A responder bias also needs to be considered. It is possible that those with 
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OD and TD were more likely to respond to the questionnaire; however, this is unlikely 

given that our response rate was over 70%.  

The presentation of OD and TD, in terms of smell and taste onset (sudden/progressive 

and first/only), in our population of HCWs seemed to be similar to that seen in the general 

population. In our study OD and TD occurred suddenly (78.4% and 74.7% respectively) 

at a median time of 4 days which is similar to the general population.610-612 Similarly, smell 

and taste impairment presented as the first symptom in 21.6% and 16.1% respectively, 

in line with previous surveys on the general population.448,602,612 None of our respondents 

described loss of sense of smell as an isolated symptom, but in 7 participants (7.5%) OD 

and TD were their only COVID-19 symptoms. This percentage is similar to another Italian 

study.448 Conversely, a previous survey on 2428 subjects with new-onset anosmia 

showed that 17% reported OD as an isolated symptom;451 however, this finding was not 

confirmed by our results.  

Our results also showed a higher prevalence of OD and TD amongst COVID-19 positive 

doctors and nurses/HCA as compared to other HCWs, which reflects previous Italian 

findings.164,598  More importantly, we observed that HCW’s job role negatively influenced 

prognosis and their time to recovery both for sense of smell (doctor p=0.04; nurse/HCA 

p=0.02) and taste (doctor p=0.02; nurse/HCA p=0.01) (Figure 1, Table 4) with 

implications to change future behavior in order to mitigate this risk. 

Notably, we did not observe that the department of work influenced prognosis of OD 

(p=0.1) and TD (p=0.9) (Figure 1) which potentially confirms the effectiveness of 

preventative measures in higher risk departments. In support of our results, Wang et al. 

also found that the majority of the infected HCWs in Wuhan had worked on the general 

wards (77.5%), with a lower prevalence in the emergency department (17.5%) and ICU 

(5%).613 

According to our findings, ethnicity appears to affect prognosis. We demonstrated that 

prognosis was significantly more favorable in white HCWs but only for TD (p=0.036) 

(Table 4) and this novel finding has not been previously described in COVID-19 patients. 
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However, it corroborates what had been reported by Doty, prior to the COVID-19 

pandemic, that being an ethnic minority represents a risk factor for OD.434 Overall, white 

and Asian subjects were the most widely affected group amongst our HCW population 

which is similar to previous reports showing OD and TD being three times more common 

in Caucasians compared to East Asians.601  

In our population 75.4% of the HCWs who experienced OD and/or TD were female with 

a median age of 38 years which confirms previous findings that COVID-19 related OD 

disproportionately affects the younger generation434,605,614,615 and the female sex615. We 

also demonstrated that female HCWs in the Paduan population showed a worse 

prognosis for OD and TD. However, this finding was not confirmed when considering the 

total study population and therefore it could be related to a bias in the composition of the 

Paduan sample. Age did not demonstrate an influence on smell or taste recovery time.  

The true prognosis of OD and TD amongst COVID-19 HCWs is not known because the 

follow-up time to date has been too short to draw reasonable conclusions. We have found 

that the sense of smell and taste started to improve spontaneously on average after a 

median time of 15 days from onset of symptoms. (Figure 2 left; Table 2,3)  

 

 

Figure 2. Frequency polygon (left) and scatter plot (right) showing time to smell and taste 
recovery.   
 

We observed a bimodal trend in recovery for sense of taste with two identifiable peaks 

roughly at 15 and 30 days (Figure 2 left – yellow area); conversely, this was not evident 
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for smell recovery where at least another peak at 22 days was recognized (Figure 2 left 

– green area). Early spontaneous recovery of sense of smell may indicate a conductive 

cause for COVID-19 OD, as it has been reported that olfactory disorders may last 3 to 4 

weeks after clinical onset, or longer, in case of damage of the olfactory epithelium (i.e. 

support cell, stem cell and perivascular cell of the olfactory epithelium).616 Moreover, the 

infection of basal cells could block or slow down sensory cell turnover which normally 

lasts 28 to 30 days,617 justifying the longer recovery period observed in some subjects. 

On this regard, it has been reported that in non-COVID-19 post-viral anosmia more than 

80% of the patients may experience a subjective improvement of OD after a follow-up 

period of one year whereas only 30% would experience a spontaneous recovery in the 

same period of time.508 

Additionally, it must be noted that smell and taste recovery correlated each other in our 

population (r=0.83; p<0.00001) confirming that TD is caused by an impairment of the 

retronasal olfaction, rather than impaired gustation itself (Figure 2 right).618 

Complete recovery was reported within a median time of 52 days in 31.8% (OD) and 

47.1% (TD) of HCWs. Unfortunately, OD and TD was still present in 68.2% and 52.9% 

of our respective subjects. (Table 2,3) The recovery rates observed in our COVID-19 

HCW population are considerably higher when compared to the general population614,615 

and in previous studies of HCWs593,602. However, a similar rate of complete resolution of 

smell or taste impairment (48.7%) has been recently reported by Boscolo-Rizzo et al. at 

a follow-up of 4 weeks.619 Therefore, the higher recovery rates we observed can be 

explained by our larger sample size and longer follow-up period over 52 days.  

Considering the huge number of people infected in this pandemic and the significant 

proportion with long-lasting OD and TD (up to 70%), there will be a need for additional 

capacity to offer treatment for smell and taste impairment in the post-COVID-19 recovery 

phase. As a consequence of increased media coverage, the number of patients coming 

to otolaryngology clinics is also expected to be higher than normal. In addition to current 
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available therapies for OD,618 there is a need to embrace new therapies exploring 

damaged neurons regeneration38,620.  

 

Strengths and limitations of the study 

 

To our knowledge, this is the first multi-site European study to evaluate risk and 

prognosis of OD and TD amongst COVID-19 positive HCWs.   A study limitation was the 

inability to calculate OD and TD prevalence in the Paduan population due to the fact that 

questionnaire was only administered to HCWs with smell impairment. A possible bias in 

the composition of the samples in terms of sex and ethnicity, may have influenced our 

findings. Additionally, HCWs have been included within previous studies of the general 

population. This may have inflated the rates of OD and TD observed in these studies and 

thus distorted our comparison between healthcare workers, and all other members of the 

general population. Finally, as most of the currently available studies on COVID-19, OD 

and TD diagnosis was based on self-reported symptoms which can have added a 

potential bias considering the low correlation between objective and self-rating olfactory 

loss.621 However, even if it were possible that subjects not reporting smell or taste 

dysfunction may have a degree of impairment, it is also true that those complaining of 

smell and/or taste loss more than likely will have an impairment in the chemosensory 

function.  

On this regard, our results may have underestimated the real prevalence of OD and TD 

among HCWs. Validated olfactory and gustatory tests should be encouraged in future 

studies as soon as the condition will allow it.  

 

6.9.5. Conclusions 

 

This study is the first to demonstrate that the UK prevalence of OD and TD amongst 

COVID-19 positive HCWs was respectively 73.1% and 69.2% which is unexpectantly 
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high when compared to previous published results in the general and HCW populations. 

This study has demonstrated that nurses/HCAs and doctors have a worse prognosis in 

OD and TD recovery. Interestingly, working on a COVID-19 ward did not influence 

prognosis confirming preventive measures are effective. Ethnicity (being white) positively 

influenced only taste recovery.  Importantly, up to 68% of the surveyed HCWs continued 

to experience OD or TD after 52 days and this will require an increase in treatment 

capacity if spontaneous improvement does not occur in medium to long term. 
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6.10. Comparison of self-reported symptoms and psychophysical tests in 

COVID-19 subjects experiencing long-term olfactory dysfunction: a 6-month 

follow-up study310 

 

6.10.1. Introduction 

 

Since the novel severe acute respiratory syndrome coronavirus- 2 (SARS-CoV-2) 

emerged in Wuhan, China, coronavirus disease 2019 (COVID-19) has rapidly spread 

worldwide leading to the current pandemic.622 Olfactory and taste dysfunction (OD, TD) 

have been included among the most frequent reported symptoms, with a prevalence 

reported to be 47.85%.438 Studies published on COVID-19–related OD have mainly 

assessed smell loss using patient-reported outcome measures (PROMs) such as the 

visual analogue scale (VAS) and the 22-item Sino-Nasal Outcome Test (SNOT-22).622 

However, self-reported OD poorly correlates with olfactory tests such as Sniffin’ Sticks 

(S’S).623 The aim of this study is to provide a prospective long-term assessment of 

COVID-19–related OD using PROMs609 and S’S624 and to investigate their correlation. 

 

6.10.2. Methods 

 

Patients with laboratory-confirmed SARS-CoV-2 infection and OD/TD were selected 

from our Infectious Disease Department database and asked to complete the SNOT- 22 

and VAS for smell and taste (sVAS, tVAS: 0 represents “absent” and 10 “not affected”). 

Exclusion criteria included previous history of OD/TD, head and neck tumours, 

chemo/radiotherapy, head trauma, chronic rhinosinusitis and neurologic diseases. The 

study was approved by the Hospital Research Ethics Committee Protocol 056881. After 

disease recovery, patients who completed the initial screening (T0) were invited to 

undergo S’S evaluation (T1), regardless of their reported olfactory function. SNOT-22 and 

s/tVAS were repeated. Patients with a confirmed OD at T1 S’S had a second evaluation 
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(T2) roughly 6 months after their first assessment. Paired t-test was used for statistical 

analysis except for sVAS and tVAS, for which the exact Wilcoxon signed rank test was 

used. Spearman correlation coefficient was chosen to measure the relationship between 

the different indicators. 

 

6.10.3. Results 

 

A cohort of 101 consecutive COVID-19 subjects complaining of chemosensory alteration 

completed the s/tVAS and the SNOT-22 within one week of COVID-19 diagnosis (T0) 

(Table 1). Eighty-one patients underwent further evaluation with S’S at T1 (median time 

62 days [range, 41–165 days] from diagnosis). Looking at the individual S’S subscores 

(threshold, discrimination, and identification [TDI]), the percentage of patients below 

normal were 44%, 41%, 38%, respectively, with the threshold being the most 

compromised (Figure 1; Table 1), whereas the composite TDI S’S score was below 

normal in 55.6% of patients. At T1 both sVAS and tVAS showed a significant improvement 

when compared to T0 (p < 0.0001, for both) and a statistically significant moderate 

correlation between sVAS and TDI score was demonstrated (r=0.42, p=0.0009). About 

55% (25/45) of the S’S hyposmic patients “self-reported” their olfaction as being 

recovered, whereas only 72.2% (26/36) of the S’S normosmics reported their smell as 

normal. Twenty-two patients with a confirmed S’S OD at T1 received a further smell 

evaluation 6 months later (T2 – median time, 230 days [range, 213–252] from diagnosis). 

Looking at the S’S subscores separately, only the discrimination and identification scores 

significantly improved when compared to T1 scores. At T2, only sVAS demonstrated a 

significant improvement with respect to T1 (p = 0.0394), whereas neither SNOT-22 nor 

tVAS changed significantly (Figure 1; Table 1). Similarly, a statistically significant 

correlation was not found between T2 sVAS and TDI scores (r = 0.15, p = 0.5). At T2, 

81.8% of normosmics “self-reported” their olfaction as recovered, whereas 72.7% of 

hyposmics reported smell as recovered.  
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Figure 1. Box-plots showing the distributions of the differences between patients’ scores (TDI) 
and the normosmic minimum score (10th percentile of the distribution of the scores for 
normosmic)112 at T1 and T2. The numbers indicate the proportion (decimals) of subjects with 
normal scores (above the dotted line) and with pathological scores (below the dotted line). Dotted 
line: Normosmic minimum score. 
 
S’S: Sniffin’ Sticks; T1: first psychophysical olfactory test; T2: second psychophysical olfactory test. TDI, 
threshold, discrimination, and identification. 
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Table 1. PROMs, Sniffin’ Sticks scores,112 and percentage of normosmic, hyposmic, and anosmic 
patients at T0, T1, and T2.  
 
Notes: sVAS/tVAS score range: 0 = the worst thinkable situation, 10 = not affected. NS SNOT-22 
items: (1) need to blow nose, (2) sneezing, (3) runny nose, (4) postnasal discharge, (5) thick nasal 
discharge, and (6) blockage/congestion of nose. TDI score: threshold + discrimination + 
identification.  
 
NS SNOT-22, SNOT-22 nasal symptoms items without considering those related to smell and taste 
dysfunctions; PROM, patient-reported outcome measure; SD, standard deviation; SNOT-22, 22-item Sino-
Nasal Outcome Test; VAS, visual analogue scale; sVAS, VAS for smell; tVAS, VAS for taste; T0, subjects’ 
enrollment; T1, first olfactory evaluation; T2, second olfactory evaluation.  
aSignificant p values are in bold. Level of significance p < 0.05. 
 

 

6.10.4. Discussion  

 

Current evidence shows that OD is an early marker of COVID-19 and one of the best 

predictors of SARS-CoV-2 infection. Our COVID-19 study provides a prospective long-

term evaluation of OD using both PROMs and S’S. At the first olfactory evaluation (T1), 

55.6% of the patients were found to be hypo/anosmic according to the TDI score. 

Interestingly, when we looked at the S’S subscores separately, we observed that a lower 

percentage of them showed below-normal scores. This highlights the importance of 

subanalysis when evaluating smell function using S’S because the sole use of 

identification tests for screening may underestimate the real prevalence of olfactory loss. 

Moreover, we found that at T2 only the discrimination and identification scores improved 

significantly when compared to T1, indicating that the odour threshold is affected long-

term. 
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A significant improvement in the self-reported olfactory and taste loss was shown 

between T0 and T1, whereas only sVAS improved significantly at T2 when compared to 

T1. The absence of a T2 tVAS significant improvement could be explained by the T1 tVAS 

already being at a normal level, suggesting that TD in these patients is not linked to an 

impairment of gustation itself but to a retronasal impairment.625 The correlation between 

self-rated OD and S’S was moderate (r = 0.42) and significant (p = 0.0009) at T1, but not 

significant at T2. The lack of correlation observed in the late recovery-phase could be 

explained by a subject habituation to OD or to the presence of milder smell impairment, 

which may not be noticeable by the subject. Because threshold represents the main 

component being affected long-term, this would imply the patient’s OD lies with their 

inability to smell odours at low concentration and a potential end-organ pathogenesis. 

Our results confirm that psychophysical smell tests remain more sensitive than 

PROMs626 and that the latter could be unreliable when used to assess smell recovery in 

the long-term. Nevertheless, we recognize that PROMs still remain of value in the 

evaluation of new-onset smell loss given their good discriminative ability.627 The lag 

between T0 and T1 constitutes a study limitation. Unfortunately, that was mainly related 

to the patients’ need to self-isolate and demonstrate negative swab tests before coming 

to the clinic in accordance with Italian guidance. 

 

In conclusion, when assessing olfactory performance in patients with COVID-19–related 

OD we discourage the sole use of PROMs and recommend the use of psychophysical 

tests with additional subtest analysis. We also showed that in COVID-19–related OD, 

threshold is the most affected S’S subtest, suggesting an end-organ failure 

pathogenesis.628 
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6.11. Prevalence of olfactory dysfunction and quality of life impairment in 

hospitalised patients 1 year after SARS-CoV-2 infection: a cohort study591 

 

6.11.1. Introduction 

 

With over 250 million cases and 5 million deaths recorded worldwide so far,629 the 

COVID-19 pandemic caused by SARS-CoV-2 is an ongoing global crisis. COVID-19 

presentation is highly varied. An estimated 17%–20 of those infected remain 

asymptomatic,630,631 while others can develop a mild-to-moderate disease or severe 

pneumonia.632 According to WHO, ‘loss of smell or taste’ is considered a less common 

symptom of COVID-19. However, findings from many studies conducted worldwide have 

strongly contradicted this, with several reports depicting high prevalence of olfactory 

and/or gustatory dysfunction (OD ±GD) among infected subjects.433,441,590,633-635 So far, 

the long-term prevalence of OD±GD is unknown, and values determined from the large 

proportion of studies conducted during the earlier months of the pandemic poorly reflect 

its persistence and the current proportion of those still affected. Prevalence of OD and 

GD also vary depending on studied populations between 54.2% and 70.2% of the 

general population with mild-to-moderate symptoms (mean 11.5±5.7 days),434 69.2% and 

73.1% in mild-to-moderate symptomatic healthcare workers (median follow-up of 52 

days),590 and 5.1% and 5.6% in acutely hospitalised patients.636 There also remains 

conflicting data surrounding associated risk factors. Pre-COVID-19 data show that OD 

is associated with increased morbidity and mortality,92,93,100 and population studies have 

shown that anosmia is an independent risk factor for a shortened life span.98,637-640 In a 

study of over 3000 adults, olfactory function was reported to be one of the strongest 

independent predictors of 5-year mortality, surpassing heart failure, lung disease and 

even cancer.99 COVID-19-related OD presentation has been extensively investigated, 

but its impact on quality of life (QoL) in the context of COVID-19 has not been fully 
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explored. Therefore, this represents a key area which needs to be addressed to more 

effectively reduce long-term morbidity.  

 

We conducted a cohort study on previously hospitalised patients with COVID-19 

admitted at a central London hospital during the first pandemic wave, to determine the 

long-term prevalence of OD±GD, potential risk factors and impact on QoL. 

 

6.11.2. Methods 

 

A cohort study of previously hospitalised patients with COVID-19 was performed 

between 10 December 2020 and 29 January 2021 at the National Hospital for Neurology 

and Neurosurgery (London, UK). 

 

Study population 

Three hundred and fifty-eight patients hospitalised at University College London Hospital 

with a COVID-19 diagnosis between 10 February 2020 and 22 May 2020 were identified 

as potentially eligible for this study. Sample size was determined pragmatically based on 

data available within the medical database at the time of collection. Electronic medical 

records and laboratory findings were reviewed to verify full adherence to the following 

inclusion criteria: (1) adults ≥18 years of age, and either (2) laboratory-confirmed SARS-

CoV-2 infection, defined as a positive result on reverse transcription PCR analysis of 

nasopharyngeal swab specimens, or (3) clinically confirmed COVID-19 on the basis of 

presenting symptoms, in accordance with WHO interim guidance at the time.641 

Considering the lack of widespread testing in the UK during this studied period of the 

pandemic, both laboratory and clinical diagnostic criteria were initially included to prevent 

inadvertent exclusion of eligible participants. Prior to commencement of the study, 

demographic data including age, sex, ethnicity and smoking status were noted to 

facilitate investigation into any potential associations. Baseline characteristics and 
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medical status were also recorded to identify ineligible patients (death or patient age <18 

years). 

 

Outcomes 

Eligible subjects were invited to undertake telephone interviews involving a series of 

standardised questions from validated questionnaires: the EuroQoL 5-Dimension 5-

Level (EQ-5D-5L)642 and the Sino-Nasal Outcome Test-22 (SNOT-22). Patients reporting 

decreased sense of smell/taste in the SNOT-22 were subsequently followed up with an 

additional smell and taste questionnaire (online supplemental figure 1) designed to 

capture specific details relating to the type(s) of chemosensory dysfunction experienced. 

All telephone interviews were conducted in English by the same researcher following a 

standardised procedure in an effort to minimise interobserver bias. Verbal informed 

consent was obtained from all participants prior to enrolment in the study.  

 

 

Figure 1. Flowchart depicting stages of patient identification, inclusion and analysis.  
 
SNOT-22: Sino-Nasal Outcome Test-22. 
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Statistical analysis 

All statistical analyses were performed using GraphPad Prism V.9.0.1 for macOS 

(GraphPad Software, San Diego, California, USA). Qualitative variables were presented 

as frequency and percentages; quantitative variables were summarised as median and 

IQR or mean±SD for normally distributed data. Non-parametric variables were compared 

using the Mann-Whitney test; data following Gaussian distribution were analysed using 

the unpaired t-test, with Welch’s correction applied to adjust for unequal SDs and 

variances. Fisher’s exact test was used to compare associations between variables in 

patients with OD±GD and patients without OD or GD. Linear regression analysis was 

performed to explore whether SNOT-22 scores changed over time. The 95% CIs were 

provided for the reported data where appropriate, and the level of statistical significance 

was set at a two-sided p<0.05. 

 

Patient and public involvement 

No patients or members of the public were involved in setting the research question or 

the outcome measures. They were not involved in the study design or conduct, nor were 

they invited to contribute to the writing, interpretation, reporting or distribution of the 

results. 

 

6.11.3. Results 

 

Three hundred and fifty-eight patients previously hospitalised with a COVID-19 diagnosis 

were identified as potentially eligible for this study. Figure 1 outlines the selection 

process. Following screening of electronic medical records for all 358 patients, 141 were 

classed as ineligible and subsequently excluded. This comprised patients who had either 

died (n=129) or those <18 years of age (n=1), as well as patients with a COVID-19 

negative diagnosis (n=11), defined as individuals with presenting complaints initially 

ascribed to SARS-CoV- 2 infection, but which were later attributed to non-COVID-19 
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causes. The remaining 217 patients were deemed eligible for this study. However, 15 

were not invited to participate due to overarching causes for exclusion. This included 

patients who were unable to consent, such as those with severe cognitive impairment 

(n=9), severe learning disabilities (n=3) or patients under intensive hospitalisation (n=1). 

Additionally, imprisoned individuals (n=1) and those with explicit refusal to partake in 

research as recorded in the patient notes (n=1) were excluded. Of the 202 patients 

contacted and invited to participate, 51 were excluded. This included unreachable 

patients (n=13), defined as those unable to be contacted despite >3 separate attempts 

(n=5) and those with invalid contact details (n=8). Patients with communication difficulties 

(n=3) referring to aphonic individuals (n=2) or patients with hearing impairments (n=1) 

preventing completion of the questionnaires. Responses were received from 151/202 

invited participants, thereby resulting in a response rate of 74.8%. One patient who did 

not provide any answers to the SNOT-22 was excluded. 

 

Demographics and characteristics  

A final population of 150 subjects (102 males and 48 females, male:female ratio of 

approximately 2:1) was obtained. The majority of patients had laboratory-confirmed 

COVID-19 (n=147) and three patients had a presumptive diagnosis based on clinical 

criteria. Median time from infection was 264.5 days (range 215–318). Detailed 

demographics and baseline characteristics of the population are summarised in table 1. 
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Table 1. Detailed characteristics of the population. 
  

Total 
population 
(n = 150) 

 
Patients without 

OD or GD 
(n = 129) 

 
Patients with 

OD ± GD 
(n = 19) 

 

 
P value 

Age, (mean ± SD), years 
Age groups, n (%) 

18 – 30 
31 – 40 
41 – 50  
51 – 60 
61 – 70  
71 – 80 
81 – 90 
> 90 

58.0 ± 15.9 
 

5 (3.3) 
20 (13.3) 
25 (16.7) 
23 (15.3) 
48 (32.0) 
15 (10.0) 
12 (8.0) 
2 (1.3) 

57.8 ± 16.4 
 

5 (3.9) 
18 (14.0) 
21 (16.3) 
21 (16.3) 
37 (28.7) 
14 (10.9) 
11 (8.5) 
2 (1.6) 

59.6 ± 11.8 
 

0 (0) 
2 (10.5) 
3 (15.8) 
2 (10.5) 
11 (57.9) 

0 (0) 
1 (5.3) 
0 (0) 

0.5773 

Sex, n (%) 
Male 
Female 

 
102 (68.0) 
48 (32.0) 

 
90 (69.8) 
39 (30.2) 

 
11 (57.9) 
8 (42.1) 

 
0.3032 

Ethnicity, n (%)a 

White 
BAME 
Missing 

 
80 (58.8) 
56 (41.2) 

14 

 
68 (58.6) 
48 (41.4) 

13 

 
11 (61.1) 
7 (38.9) 

1 

 
 

>0.9999 
 

Smoking status, n (%)a 

Never smoked 
Have smoked 

Current 
Quit 

Missing 

 
72 (65.5) 
38 (34.5) 
10 (9.1) 
28 (25.5) 

40 

 
64 (66.7) 
32 (33.3) 
9 (9.4) 

23 (24.0) 
33 

 
7 (53.8) 
6 (46.2) 
1 (7.7) 
5 (38.5) 

6 

 
 
 

0.3699 

Highest CRP value (mean ± SD), mg/L 170.9 ± 135.6 174.5 ± 139.5 158.0 ± 109.5 0.9282 

Intubation and ventilation, n (%)a 

No 
Yes 
Missing 

 
52 (57.8) 
38 (42.2) 

60 

 
44 (55.7) 
35 (44.3) 

50 

 
6 (66.7) 
3 (33.3) 

10 

 
 

0.7263 

Oxygen supplementation, n (%)a 

No  
Yes 
Missing 

 
20 (17.2) 
96 (82.8) 

34 

 
18 (17.8) 
83 (82.2) 

28 

 
1 (7.1) 

13 (92.9) 
5 

 
0.4599 

a Missing data have been reported but were not used in the calculation of percentages (valid percent).  
Percentages may not total 100.0% due to rounding. 
CRP: C-reactive protein; BAME: Black, Asian and Minority Ethnic.  
 

Sino-Nasal Outcome Test-22 

A total of 150 patients completed the SNOT-22 and the median total score for the whole 

population was 17.0 (Q1–Q3: 6.0–36.3; 95% CI 13.0 to 22.0). As depicted in figure 2, 

the five most prevalent SNOT-22 problems were: wake up tired (101/149, 67.8%), fatigue 

(97/147, 66.0%), lack of a good night’s sleep (98/149, 65.8%), reduced productivity 

(97/148, 65.5%) and wake up at night (94/149, 63.1%). Wake up tired, fatigue and lack 
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of a good night’s sleep were also among the problems most frequently reported to affect 

patient health the most (Figure 3).  

 
Figure 2. Prevalence of SNOT-22 problems stratified by severity and categorised by domain.  
† The item ‘decreased sense of smell/taste’ was excluded from the rhinologic symptoms domain 
and presented separately, given OD ± GD status was used as a subgroup in the sub-analysis. 
 
OD±GD, olfactory and/or gustatory dysfunction; SNOT-22, Sino-Nasal Outcome Test-22. 
 

 

Figure 3. SNOT-22 problems reported to most greatly affect patient health.  
 
OD±GD, olfactory and/or gustatory dysfunction; SNOT-22, Sino-Nasal Outcome Test-22. 
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14.1% (21/149) of patients reported to have decreased sense of smell/taste in the SNOT-

22 (score ≥1 at the corresponding item), of which the severity was very mild in 4.0%, 

mild in 4.7%, moderate in 2.7% and severe in 2.7%. Two individuals were classed as 

pre-existing OD±GD based on evidence of iatrogenic causes and age-related olfactory 

loss predating COVID-19 infection and hospitalisation. This led to a total of 19/149 

patients (12.8%) with reported decreased smell/taste in the context of COVID-19. Only 

2/18 (11.1%) had sought treatment: one patient did olfactory training and the other 

patient did not specify. Characteristics of OD and GD are reported in table 2. 

 

Table 2. Prevalence and characteristics of olfactory and gustatory disorders. 
 Total responses (n = 149) 

Prevalence, n (%)   
Total reporting decreased smell/taste 21 (14.1) 

In the context of COVID-19 19 (12.8) 
Pre-existing 2 (1.3) 

No OD or GD 128 (85.9) 
 

 Analysed population with OD ± GD (n = 19)a 

Type of dysfunction reported, n (%)  
OD and GD 15 (78.9) 
Only OD  4 (21.1) 
Only GD  0 (0) 
Parosmiab 3 (16.7) 
Parageusiab 5 (27.8) 
Phantosmiab 2 (11.1) 
Phantogeusiab 
 

0 (0) 

OD ± GD characteristics, n (%)  
Constantb 14 (77.8) 
Fluctuantb 4 (22.2) 
Isolated ODb,c 1 (5.3) 
Isolated GDb,c 0 (0) 

 
Treatment, n (%)b  

Have not sought treatment 16 (88.9) 
Have sought treatment 2 (11.1) 

 

a Analyses performed on population following application of exclusion criteria (excludes pre-existing 
OD ± GD). 
b Valid percentages calculated based on subjects who provided responses to the question (n = 18).  
Missing responses were not included in the calculations. 
c ‘Isolated’ OD or GD defined as decreased sense of smell/taste in the absence of any other SNOT-22 
problem. 

 

Patients with OD±GD demonstrated a statistically significant higher median total SNOT-

22 score (46.1; Q1–Q3: 23.0–60.0; 95% CI 23.0 to 60.0) than those without (16.0; Q1–
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Q3: 5.0–30.5; 95% CI 12.0 to 18.0) (p=0.0002) and their scores were higher across all 

SNOT-22 domains406 except one (extranasal rhinologic symptoms) (Table 3).  

 

Table 3. Subgroup differences in median total SNOT-22 score for each domain. 

  
Median total SNOT-22 score 

 

 

 
Domain 

 
Patients without OD or GD 

(n = 129) 

 
Patients with OD ± GD 

(n = 19) 

 
P value 

Rhinologic symptoms 2.0 6.0 0.0189* 

Extranasal rhinologic symptoms 0 1.0 0.0524 

Ear/facial symptoms 1.0 3.75 0.0087** 

Psychological dysfunction 7.0 22.0 0.0004*** 

Sleep dysfunction 7.0 16.0 0.0024** 
 

Significant p values in bold. Level of significance *p < 0.05, **p < 0.01, ***p < 0.001 

 

Total SNOT-22 scores were found to improve over time in patients without OD or GD 

(p=0.0327), although this was not observed in patients with OD±GD (p=0.4977) (figure 

4).  

 

Figure 4 Linear regression analysis of subgroup changes in total SNOT-22 scores over time. 
Dashed lines denote 95% CI. *Significant p values. Level of significance p<0.05.  
 
OD±GD, olfactory and/or gustatory dysfunction; SNOT-22, Sino-Nasal Outcome Test-22. 
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Comparisons of the demographics of the two subgroups found no influence of age, sex, 

ethnicity or smoking status (have smoked vs never smoked) on the development of 

OD±GD (p>0.05) (table 1). Similarly, no statistically significant association was observed 

between OD±GD and other characteristics recorded during hospitalisation, such as 

highest C reactive protein (CRP) value, requirement for intubation and ventilation, or 

oxygen supplementation (p=0.9282, 0.7263 and 0.4599, respectively). 

 

EQ-5D-5L 

A total of 149 patients completed the EQ-5D-5L and the median value for the total 

population was 0.80 (Q1–Q3: 0.53–0.94; 95% CI 0.73 to 0.86). Patients with OD±GD 

had a lower median EQ-5D-5L value (0.70; Q1–Q3: 0.38–0.83; 95% CI 0.38 to 0.83) 

compared with those without OD or GD (0.83; Q1–Q3: 0.61–0.94; 95% CI 0.75 to 0.89); 

however, the difference was not statistically significant (p=0.0627). Time from infection 

(the number of days between the date of the patient’s first COVID-19 positive swab or 

their onset of COVID-19 symptoms, and the date at which the questionnaire was 

administered) was not found to be correlated to EQ-5D-5L value in both patients with OD 

±GD (p=0.8693) and those without (p=0.5371) (Figure 5). 

 

 

Figure 5. Linear regression analysis of EQ-5D-5L value and time from infection in patients with 
OD ±GD and patients without OD or GD.  
 
OD±GD, olfactory and/or gustatory dysfunction; EQ-5D-5L, EuroQoL 5-Dimension 5-Level. 
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6.11.4. Discussion 

 

This is the first study to evaluate the long-term prevalence of OD±GD in a group of 

previously hospitalised patients with COVID-19. The prevalence of OD±GD in our 

studied population was 12.8%. This is considerably lower than that of surveys conducted 

in hospitalised patients in Europe (35.0%–80.6% for OD and 21.0%–90.3% for GD within 

1 month),643-645 and in other countries such as Turkey (42.3% for OD±GD),646 and Brazil 

(64.6% and 66.7% for OD and GD, respectively, at follow-up of 15–55 days).647 The 

longer follow-up at which our study has been conducted could explain the lower rate of 

observed chemosensory alteration in our population, whereby recovery of OD/GD is 

expected to happen over time in some patients. This is supported by a recent French 

study which found that 24.0% of non-severe COVID-19 subjects reported persistent 

OD/GD 7 months after symptom onset.648 Interestingly, our prevalence of 12.8% is 

similar to that observed by Lee et al615 (15.3%) in a large Korean cohort of 3191 patients 

with varying COVID-19 severity at 1 month, but it is relatively higher than that observed 

by Mao et al636 in a population of 214 acutely hospitalised patients with COVID-19 (5.1% 

and 5.6% with OD and GD, respectively). A selection bias could have potentially 

influenced the observed lower prevalence. Most surveys investigating OD/GD in COVID-

19 subjects have been conducted on patients with mild-to-moderate 

symptoms.433,434,619,649,650 In this regard, higher prevalence of anosmia has been noted in 

milder individuals, along with a significantly increased risk of self-reported olfactory loss 

in outpatients compared with hospitalised patients.651 This is reflected in the most recent 

studies on long-term COVID-19-related OD±GD. In one study, 48.0% and 38.5% of non-

hospitalised COVID-19 subjects reported persistent OD and GD, respectively, at 8 

months follow-up.652 Similarly, 21.3% of subjects reported OD±GD in another study of 

mild-to- moderate symptomatic patients at 1 year.653 These values were notably higher 

than our described prevalence despite the longer follow-up times, thus suggesting that 
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selection bias may produce the observed disparities in reported long-term OD±GD 

prevalence. Additionally, it is important to consider the possible contribution of COVID-

19 variants to such disparities due to their potential differing effects on olfaction. Genetic, 

structural and epidemiological data have shown that a single nucleotide polymorphism 

from D614 to G614 (D614G mutation) in the spike protein of SARS-CoV-2 may enhance 

chemosensory impairment, resulting in increased prevalence of COVID-19- related 

OD±GD.654,655 With the presence of different viral strains and potentially uncharacterised 

host and viral variants, such factors may have therefore contributed to the different 

incidences of OD±GD observed between countries. In our population, OD was 

associated with GD in most of the cases (78.9%), while none of the subjects reported 

GD only. This reflects what has extensively been reported in previous studies449,634,648,656 

and confirms that GD is usually linked to an impairment of retronasal olfaction rather than 

impairment of gustation itself. Nonetheless, although less common, isolated GD has 

been described in patients with COVID-19.657 Despite the extensive literature available 

on quantitative changes in smell and taste, qualitative alterations of smell and taste in 

COVID-19 have been seldom explored. In our study, 16.7% of patients had parosmia 

(distortions in smell) while 27.8% had parageusia (distortions in taste). A similar 

prevalence (15.0%) of parosmia was reported by Gorzkowski et al658 although a higher 

rate of 32.4% was previously described by Lechien et al.433 Prevalence of COVID-19- 

related parageusia vary widely in the literature, but a recent meta-analysis of 8438 

patients with COVID-19 from 13 countries revealed a pooled prevalence of 38.2% (95% 

CI 24.0% to 53.6%),659 which is higher than that observed in our study. The differences 

observed between studies could partly reflect inherent biases in the composition of 

sampled populations. Additionally, a cultural variability in taste appreciation or perception 

has been reported to exist in COVID-19 positive subjects with a different cultural 

background.625 Phantosmia (the detections of smells not present within the environment) 

was reported in 11.1% of our study participants. A similar prevalence was reported by 

Lechien et al433 and Gorzkowski et al.658 No cases of phantogeusia (abnormal taste in 
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the mouth in the absence of any stimulus) were recorded in our population and based 

on the current published literature, prevalence of phantogeusia in COVID-19 subjects is 

unknown. In line with previous findings, 433,658  most of our participants (77.8%) reported 

constant OD±GD, suggesting that the driving mechanism leading to persistent 

chemosensory dysfunction is sensorineural. No statistically significant association 

between persistent OD ±GD and age, smoking status, highest CRP value, intubation and 

ventilation, or oxygen supplementation was found in our study, thus corroborating results 

from multiple studies.446,619,647,648,658,660-663 Similarly, sex did not demonstrate any 

influence on the prevalence of persistent OD±GD in our study, which is in line with 

previous studies conducted worldwide.441,619,658,660,664,665 Nonetheless, several authors 

have observed a significantly higher prevalence of OD±GD in women,433,446,614,615 with 

some reports suggesting that being female is a risk factor for prolonged recovery from 

chemosensory dysfunction.644,647,661 However, the female predominance observed from 

such studies may be attributed to the differences in the sampled populations 

(hospitalised vs mild-to- moderate) or in the gender composition. In fact, previous studies 

on COVID-19 hospitalised patients have demonstrated a lower prevalence of female 

patients,666 which is confirmed by the male:female ratio in our population (2:1). Moreover, 

women tend to outperform men on olfactory assessment and in their capacity to perceive 

OD, which could lead to disproportionately increased prevalence seen in females.90,667 

Our study included a more ethnically diverse population in comparison to more 

geographically limited studies conducted on cohorts of the same ethnic background. 

Despite this, we found no statistically significant association between ethnicity and 

OD±GD, in contrast to what was reported by Doty668 before the pandemic that ethnic 

minorities are more at risk of developing chemosensory dysfunction. In this study, the 

majority of patients reporting decreased sense of smell/taste had very mild or mild 

impairment as opposed to moderate or severe impairment. Decreased sense of 

smell/taste was also not frequently ranked within the top five of their most important 

items, suggesting that chemosensory impairment was not of their greatest concern, if 
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compared with other residual symptoms listed in the SNOT-22. This is an expected 

finding, considering previous studies which show that hospitalised patients are less likely 

to report olfactory loss compared with patients with milder course,651 possibly due to the 

presence of more prominent symptoms. However, while OD±GD severity was not largely 

found to be profound in this study, it should be noted that patients with OD±GD had a 

significantly higher median total SNOT-22 score than those without, with the score only 

improving over time for the latter subgroup. This corresponds to a greater health burden 

and subsequent poorer QoL among those affected with chemosensory impairments, as 

exemplified in a recent study by Chary et al.446 More importantly, it reflects the ongoing 

health burden in patients with OD±GD, which has previously been depicted to a similar 

effect.664 Analysis of the SNOT-22 items demonstrated intrinsic psychological and sleep 

dysfunction in our population, where the items wake up tired, fatigue and lack of a good 

night’s sleep were three of the most commonly ticked ‘important items’ (maximum of five 

items). While this highlights some of the long-term manifestations of COVID-19, now 

called ‘long-COVID’,634,669 further subanalysis revealed that OD±GD reduced QoL in 

nearly all domains, especially that of psychological dysfunction, when compared with 

patients without OD or GD. Recent studies have supported this, with emphasis on both 

the direct and indirect negative effects of COVID-19-related OD on psychological well-

being. In one study, 15.8% of patients with COVID-19 with OD reported depression due 

to their smell loss,670 whereas in a separate study, 28.2% had increased anger as a 

secondary effect.671 A more recent study reported that chemosensory disturbance in 

mildly symptomatic patients with COVID-19 was associated with emotional distress and 

depression, despite over a year since the onset of their COVID-19 infection.513 

Interestingly, long-lasting fatigue has also been found to be significantly associated with 

persistent OD±GD.649 Taken together, our findings therefore highlight the negative long-

term effects of persistent OD±GD on QoL. Conversely, based on subgroup analysis of 

EQ-5D-5L values, we did not observe any difference in health-related QoL between those 

with OD±GD and those without. More importantly, EQ-5D- 5L value did not improve with 
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time and was not influenced by the presence of a chemosensory alteration. One possible 

explanation for these results is interpatient variability. Given that the EQ-5D-5L is 

nonspecific to COVID-19 and captures responses based on overall QoL on the day of 

questioning, patients’ responses could have been influenced by other factors. The 

questionnaire also may not have been sensitive enough to differentiate the problems 

experienced by patients with OD±GD. Alternatively, the lack of any significant difference 

in EQ-5D-5L values between these two subgroups may reflect the residual difficulties of 

long-COVID which are common to many patients with COVID-19, regardless of anosmia 

status. 

 

Strengths and limitations 

To our knowledge, this represents the first study to have determined the prevalence of 

OD±GD in a cohort of previously hospitalised patients with COVID-19 at 1 year following 

infection. We have, therefore, provided a more current insight into both the persistence 

and the scale of OD and GD from a long-term perspective, and the impact on patients’ 

QoL and well-being. Our cohort of previously hospitalised patients with COVID-19 also 

adds value by highlighting differences in OD±GD prevalence in different populations, 

given that current existing studies have predominantly been based on mild-to-moderately 

affected patients or healthcare workers. The prevalence of OD and GD observed in our 

study refers to a single-centre population of previously hospitalised patients with COVID-

19. Our findings, therefore, may not be directly comparable or generalisable to those 

reported for mild-to-moderate symptomatic COVID-19 subjects in the general 

community. There is also the possibility of misdiagnosis, especially with the three 

clinically confirmed patients with COVID-19, although this is unlikely considering the 

surging number of COVID-19 cases at the time of their presentation. Without baseline 

data, we were unable to determine the extent to which the impairments in OD±GD 

patients were new onset or more chronic, or whether there was any previous 

improvement of chemosensory function. Lastly, as in other COVID-19 studies, patients 
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with OD±GD were identified through subjective, self-reported questionnaires. These 

have a low correlation with psychophysical measurements,310 and findings derived from 

these surveys cannot be compared with studies which have used objective tests, such 

as Sniffin’ sticks. However, given that psychophysical testing has not been available or 

feasible in many countries during the pandemic, we believe that, in an emergency 

condition, self-rated symptoms remain of value.627 

 

Clinical implications of this study 

A proportion of previously hospitalised patients with COVID-19 may continue to 

experience persistent OD±GD long term, especially when this is not treated. With over 

9.3 million COVID-19 positive cases in the UK at the time of writing,672 and with numbers 

likely to increase including untested asymptomatic individuals and those with milder 

disease, our study demonstrates the relevance of OD±GD and its place as a key 

manifestation of long-COVID. OD±GD impacts QoL and can have a potentially 

substantial long-term burden on patients and healthcare resources. Our study suggests 

that persistent COVID-19-related chemosensory dysfunction requires increased holistic 

support. This includes safety counselling, psychological therapy, coping strategies and 

patient support groups to aid patients in the management of their OD±GD, but concurrent 

rehabilitation such as olfactory training should also be considered, given the evidence 

base supporting its effectiveness in post-viral olfactory loss.116,618,673,674 It should also be 

noted that there are currently ongoing clinical trials assessing other interventions such 

as anti-inflammatory agents, nasal/oral steroids and even intranasal photobiomodulation 

therapy.675,676 However, while these could play supportive roles in the potential recovery 

of COVID-19-related OD±GD, further research regarding their safety and efficacy will be 

needed, alongside additional studies investigating the impact of such modalities on 

patient QoL. 
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6.11.5. Conclusions 

 

Up to a year following infection, 12.8% of previously hospitalised patients with COVID-

19 in London reported persistent chemosensory dysfunction. COVID-19-related OD±GD 

reduces both QoL and psychological well-being, and this does not improve over time, 

creating an important health burden. With the number of patients seeking treatment 

expected to rise, developing new therapeutic treatments will be important in the future, 

as well as providing adequate patient support for now. 
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6.12. Long-term quality-of-life impairment in patients with more than 1-year 

COVID-19–related olfactory dysfunction592 

 

6.12.1. Introduction 

 

Olfactory dysfunction (OD) impacts patients’ lives and the causes for this are multiple.69 

It results in decreased flavour perception and the inability to recognise spoiled food, 

hazardous odours or volatile chemicals poses a health and safety risk. Compared to 

other causes of olfactory disorders, post-infectious OD is associated with a higher level 

of quality of life (QoL) impairment. Pre-COVID-19 studies confirmed that QoL is reduced 

in patients with OD and recent studies showed the impact of COVID-19-related OD on 

patients’ QoL both in the short671 and medium-term677. To date, its long-term 

consequences on QoL remain partially unexplored. We investigated by means of Sniffin’ 

Sticks (S’S) and validated QoL questionnaires the effects of persistent COVID-19-related 

OD on QoL in subjects with a history of OD longer than 1 year. 

 

6.12.2. Methods 

 

We conducted a cross-sectional study including patients with a history of mild-to-

moderate COVID-19 referred to our long-COVID smell clinic between December 2020 

and April 2022 for persistent COVID-19-related OD. Patients with a pre-existing history 

of OD or other pathologies known to affect olfaction were not included. The study was 

conducted in accordance with the 1996 Helsinki Declaration and approved by the 

Research Ethic Committee (Reference 14/SC/1180). 

Detailed characteristics of the population are reported in Table1. Olfaction was 

assessed using the S’S extended test while self-assessment of smell was performed 

using a visual analogue scale(sVAS)310. The Medical Outcome Study Short-Form 36(SF-

36) was chosen for the measurement of QoL, while the brief version of the Questionnaire 
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of Olfactory Dysfunction-Negative statements (brief QOD-NS)107 was used to quantify 

the smell loss symptoms’ effect on patients’ QoL. Sinonasal symptoms were evaluated 

using the Sino-Nasal Outcomes Test-22(SNOT-22). 

Variables were compared using the unpaired T-test and Mann-Whitney test. 

Fisher’s exact test was used to investigate associations between variables in normosmic 

and dysosmic patients. Linear regression analysis was used to explore correlations 

between TDI scores and questionnaire outcomes. 

 

6.12.3. Results 

 

Sixty patients completed the assessment and were included in the study (Table1). None 

of the patients had other long-hauler COVID-19 symptoms apart from OD. Subjects were 

categorised into three groups based on their TDI score: 14 normosmics (subjects who 

reported OD but showed normal S’S scores - TDI≥30.75), 39 hyposmics (16<TDI< 30.75) 

and 7 anosmics (TDI≤16). For comparative analysis, patients with hyposmia and 

anosmia were combined together and classified as ‘dysosmics’ (n=46). 

 No differences in the general characteristics and qualitative OD 

(parosmia/phantosmia) were observed between normosmics and dysmosmics. 

Dysosmics showed significantly lower scores (worse outcomes) in the SF-36 domains 

‘energy/fatigue’, ‘emotional wellbeing’, ‘social functioning’ and ‘general health’, brief 

QOD-NS, sVAS and S’S scores, with threshold being the most affected S’S subtest. 

Similarly, dysosmics had higher scores (worse outcomes) in SNOT-22 subdomains 

‘psychological dysfunction’ and ‘loss of smell or taste’. (Table1; Figure1) A significant 

linear correlation was found between the S’S and SF-36 domain ‘energy/fatigue’ (p<0.01 

for all but identification, which was not significant) and sVAS (p=0.03 for identification 

and p<0.01 for the remaining S’S scores). 
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Figure 1. Short-Form 36 (SF-36) and Sino-Nasal Outcome Test-22 (SNOT-22) radar charts (left) 
showing median scores for normosmic and dysosmic patients and their p-values. Box plots (right) 
demonstrate SF-36 and SNOT-22 domains with significant differences between the two groups. 
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TABLE 1. Detailed characteristics and differences in olfaction and questionnaires scores for 
normosmic and dysosmic patients. 

 Normosmia  
(n = 14) 

Dysosmia  
(n = 46) p-value 

General characteristics    
Age, (mean ± SD), yr 44.4 ± 12.3 43.0 ± 13.1 0.71 
Sex, n (%) 

Male 
Female 

 
7 (50.0) 
7 (50.0) 

 
13 (28.3) 
33 (71.7) 

 
0.19 

Duration of smell loss, (mean ± SD), days 405.4 ± 151.8 431.1 ± 198.5 0.66 
Parosmia, n (%) 
      No 
      Yes 

 
2 (14.3) 
12 (85.7) 

 
8 (17.4) 
38 (82.6) 

 
>0.99 

Phantosmia, n (%) 
      No 
      Yes 

 
10 (71.4) 
4 (28.6) 

 
29 (63.0) 
17 (37.0) 

 
0.75 

Smoking status, n (%) 

Never smoked 
Have smoked 

Current 
Quit 

 
11 (78.6) 
3 (21.4) 
1 (7.1) 
2 (14.3) 

 
38 (82.6) 
8 (17.4) 
4 (8.7) 
4 (8.7) 

 
 

0.71 
 
 

Comorbidities, n (%) 
      None 
      Yes 
              Hypothyroidism 
              Hypertension 
              Hyperlipidaemia 
              Diabetes mellitus 
              Allergic rhinitis 
              Migraine  
              Others 

 
9 (64.3) 
5 (35.7) 

2 
1 
1 
1 
1 
2 
3 

 
33 (71.7) 
13 (28.3) 

2 
3 
2 
2 
1 
0 
15 

 
 

0.74 

Previous nasal operations, n (%) 

      No 
      Yes 

 
14 (100.0) 

0 (0) 

 
39 (84.8) 
7 (15.2) 

 
0.18 

Rhinitis, n (%) 
      No 
      Yes 

 
8 (57.1) 
6 (42.9) 

 
35 (76.1) 
11 (23.9) 

 
0.19 

Medication use, n (%) 
      None 
      Yes 

α-blockers 
Sartans 
Dicumarolics 
Antiplatelet drugs 
Biguanides 
Antidepressants 
Others 

 
13 (92.9) 
1 (7.1) 

0 
0 
0 
0 
0 
0 
1 

 
37 (80.4) 
9 (19.6) 

0 
0 
0 
2 
0 
2 
8 

 
 

0.43 

Olfactory test and PROMs    
Sniffin’ Sticks score, median [IQR] 
      TDI 
              Threshold 
              Discrimination 
              Identification 

 
32.0 [31.4 – 33.6] 

6.8 [5.8 – 7.6] 
14.0 [13.0 – 15.0] 
12.0 [11.0 – 13.0] 

 
23.3 [20.4 – 28.3] 

4.6 [1.4 – 5.5] 
10.0 [8.0 – 12.0] 
10.0 [7.8 – 11.0] 

 
<0.0001**** 
<0.0001**** 
<0.0001**** 
0.0002*** 

SNOT-22, median [IQR] 
      Total SNOT-22 Score 
              Rhinologic Symptoms+ 

              Extranasal Rhinologic Symptoms 
              Ear/ Facial Symptoms 
              Psychological Dysfunction 

 
16.5 [10.0 – 30.5] 

4.5 [1.0 – 6.0] 
0 [0 – 3.0] 
0 [0 – 4.3] 

5.0 [1.8 – 10.0] 

 
23.0 [12.5 – 46.0] 

2.0 [0 – 5.0] 
0 [0 – 1.0] 

1.0 [0 – 4.0] 
10.5 [5.0 – 21.3] 

 
0.23 
0.11 
0.45 
0.49 
0.03* 
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6.12.4. Discussion 

 

Our study offers the longest follow-up (14 months) at which effects of COVID-19-related 

OD on QoL have been measured. Dysosmic patients demonstrated worse QoL scores 

when compared to normosmics especially in the SF-36 domains ‘energy/fatigue’, 

‘emotional wellbeing’ and ‘social functioning’, which confirms the difficulties these 

patients report in their everyday activities513. However, when we looked at the SF-36 

scores of those who recovered their sense of smell(normosmics), these were found to 

be within the normative values for the UK population678, suggesting how olfactory 

recovery could contribute to improving QoL.  

 Our data highlighted a significantly higher psychological dysfunction in dysosmic 

patients at SNOT-22 when compared to normosmics corroborating previous findings 

demonstrated both in the medium679 and long-term591. At 14 months from OD onset, 

dysosmic patients continued to have lower S’S scores with a linear correlation 

demonstrated with the SF-36 domain ‘energy/fatigue’ which could reflect the general 

level of debility commonly reported by dysosmic patients. However, both the identification 

              Sleep Dysfunction 
              Loss of Smell or Taste 

4.0 [2.3 – 10.3] 
3.0 [2.8 – 4.0] 

9.5 [1.3 – 16.0] 
4.0 [3.0 – 5.0] 

0.24 
0.01** 

SF-36, (mean ± SD)/median [IQR] †, (%) 
      Physical Functioning 
      Role limitations due to physical health 
      Role limitations due to emotional 
problems 
      Energy/ Fatigue 
      Emotional Wellbeing 
      Social Functioning 
      Pain 
      General Health    

 
95.0 [85.0 – 100] 
100 [100 – 100]  
100 [66.7 – 100] 

67.9 ± 12.7 
77.4 ± 16.4 
84.8 ± 20.3 

90.0 [67.5 – 92.5] 
74.6 ± 12.9 

 
95.0 [80.0 – 100] 
100 [43.8 – 100] 
66.7 [25.0 – 100]  

46.5 ± 18.1 
63.2 ± 18.2 
68.8 ± 28.6 

85.0 [67.5 – 100] 
65.2 ± 21.8 

 
0.82 
0.11 
0.07 

0.0001**** 
0.01** 
0.05* 
0.80 
0.05* 

QOD-NS, (mean ± SD) 15.1 ± 4.8 8.5 ± 5.5 0.0001**** 
sVAS, (mean ± SD) 7.5 ± 0.5 3.3 ± 2.2 <0.0001**** 
 
Significant p-values in bold. Levels of significance *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001, **** p ≤ 0.0001. 
+ The item ‘loss of smell or taste’ was excluded from the rhinologic symptoms domain and presented separately 
† (mean ± SD) or median [IQR] have been reported according to data distribution (normal vs non-normal 
distribution). 
 
PROMs: Patient reported outcome measures; SNOT-22, Sino-Nasal Outcome Test-22; SF-36, 36-item Short Form 
Health Survey; QOD-NS, Brief version of Questionnaire of Olfactory Disorders - Negative Statements; sVAS, 
Visual Analogue Scale for sense of smell (0 represents “sense of smell absent” and 10 “sense of smell not 
affected”). 
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and, more significantly, the threshold scores were found to be outside S’S normative 

values also in the normosmic group. This confirms how threshold remains the most 

affected task in COVID-19-related OD both in the medium310 and long-term513. 

 Qualitative disorders (parosmia/phantosmia) had been reported to be more 

associated with severe reduction in QoL than purely quantitative disorders, and the fact 

that QoL in our normosmic group was within the normal range despite a similar rate of 

parosmia/phantosmia in the two groups may be due either to a less severe qualitative 

OD in patients who recovered their sense of smell or the adoption of more efficient 

compensatory strategies to cope with parosmia.  

 Dysosmic patients demonstrated lower scores at the brief QOD-NS, confirming 

its usefulness in discriminating subjects at a higher risk to QoL detriments related to 

OD.680 A significant linear correlation between sVAS and S’S(both TDI and S’S subtests 

scores) was also observed in our analysis replicating previous results.310 

 A limit of the study is the lack of a control group of patients with no history of OD 

with or without previous COVID-19. However, we could speculate that our normosmic 

group offers similar characteristics whereas QoL scores were found to be within the 

normal range. Due to the cross-sectional nature of the study and the fact it included only 

patients with reported OD, results need to be verified in wider populations.  

In conclusion, patients with persistent OD show worse QoL scores than those 

who recover sense of smell, suggesting how olfactory recovery could contribute to QoL 

improvement. Threshold remains the most affected task in the long-term which 

strengthens the hypothesis that SARS-CoV-2 targets the olfactory epithelium.  
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6.13. Clinical factors influencing olfactory performance in patients with 

persistent COVID-19 smell loss longer than 1 year425 

 
6.13.1. Introduction 

 
Olfactory dysfunction (OD) represents a prevalent symptom in patients infected by the 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).590,635 Spontaneous 

recovery rate of olfaction is very high within the first month following infection and up to 

95.7% of subjects fully recover their olfaction within 12 months472,518,681. The downside of 

that is that about 5% of them can develop a persistent OD518 which has now been 

recognised as a long-COVID symptom682.  

 

To date the reasons why some people spontaneously recover their sense of smell soon 

after the infection while others develop a persistent OD are not fully known. According to 

recent evidence, SARS-CoV-2 persistence and associated inflammation in the olfactory 

neuroepithelium and immunological dysfunction may account for prolonged COVID-19-

related OD, as demonstrated in olfactory mucosa samples from patients with persistent 

COVID-19 smell loss479,683,684. However, we do not know if associated clinical factors can 

contribute to the olfactory mucosa inflammation and potentially impede a possible smell 

recovery.  

 

A metanalysis published in June 2022 and including papers up to October 2021 showed 

that female patients, subjects with greater initial severity of dysfunction or nasal 

congestion were less likely to recover their olfaction.518 More recently, Leung et al.685 by 

using an identification test found that presence of phantosmia was associated with a 

worse evolution in smell recovery. In a survey conducted on 2218 COVID-19 patients, 

Chudzik et al.686 found that the risk of developing persistent OD after COVID-19 was 

greater in younger people with less comorbidities and a higher number of symptoms 

during the acute phase of COVID-19. In another survey on 798 participants Coelho et 
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al.687 showed that age <40 and presence of nasal congestion at time of COVID-19 

infection were predictive of improved rates of smell recovery, while difficulty breathing at 

time of COVID-19 infection, and prior head trauma predicted worsened rates of recovery. 

A positive influence of age (age <40) on smell recovery was also confirmed by 

McWilliams and colleagues688. In a multicentric study on 147 patients, Menzel et al.523 

using Sniffin’ Sticks (S’S) observed a better prognosis in younger patients with parosmia 

and lower olfactory scores at the first visit. Conversely, Schwab et al.689 found that 

parosmia, high severity of OD and female sex were associated with lower rates of 

recovery. 

 

To date, results from papers evaluating prognostic factors remain difficult to interpret and 

in some cases these are conflicting. This could have been influenced by the different 

methods used by the authors to assess olfaction, namely subjective or psychophysical 

assessment with further differences for the latter one in terms of olfactory abilities 

assessed (i.e. threshold, discrimination, identification or composite).310 

 

We conducted a retrospective analysis of 100 patients seen in a single-centre long-

COVID smell clinic for reported persistent COVID-19-related OD who underwent 

extensive rhinological assessment, patient reported outcome measures (PROMs) and 

olfactory assessment using S’S extended test. We aim to evaluate the general 

characteristics, investigations results and PROMs in this population, compare these 

between patients with normal and altered olfactory scores at assessment, and look at 

factors influencing persistence of COVID-19-related OD. 

 

6.13.2. Materials and methods 
 

Study design and population 

A retrospective analysis of patients with reported persistent COVID-19-related OD was 

conducted to evaluate the general characteristics, investigations results and PROMs of 
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the population and compare these between patients with ‘normal’ sense of smell 

(normosmics) at Sniffin’ Sticks (S’S) and those with a lowered or absent sense of smell 

(dysosmics). All patients were seen in our long-COVID smell clinic at the University 

College London Hospitals (London, United Kingdom) and were referred to us for a 

persistent reported OD occurred after a laboratory confirmed SARS-CoV-2 infection. 

Informed consent was obtained from each subject before starting any study-related 

procedure. The study was approved by the Hospital Research Ethic Committees (REC 

ref 14/SC/1180) and was conducted in accordance with the Declaration of Helsinki. 

 

Investigations 

Sense of smell was evaluated using the S'S extended set (Burghart, Medisense) to 

obtain the odour threshold (T), discrimination (D), and identification (I) scores. 

Normosmia was attributed where TDI score (the sum of T, D, and I individual scores) was 

≥30.75, hyposmia where TDI was >16, but <30.75, and functional anosmia if TDI ≤16.112 

All patients received a nasal endoscopy to exclude signs of chronic rhinosinusitis (CRS) 

– nasal polyps, nasal discharge, and signs of rhinitis – or an obstruction/inflammation of 

the olfactory clefts. As part of our rhinology assessment, patients underwent unilateral 

and bilateral (total) peak nasal inspiratory flow (PNIF) to assess nasal patency.282 A skin 

prick test (SPT) was also offered to those patients not on regular antihistamines or oral 

corticosteroids to rule out any underlying allergen sensitivity to common aeroallergens 

(house dust mite, grass, tree and birch pollens, cat and dog epithelia, Alternaria). An MRI 

of the head was arranged to study the olfactory system and exclude any central causes 

of OD. However, this stopped to be systematically requested for every single patient 

once new evidence showed that COVID-19-related OD does not affect the central smell 

regions.690 
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Patient reported outcome measures 

The 36-Item Short Form Health Survey (SF-36) was chosen to assess quality of life 

(QoL), while the short version of the Questionnaire of Olfactory Disorders-Negative 

Statements (short QOD-NS)107 was used to quantify the smell loss symptoms’ effect on 

patients’ QoL. Self-assessment of olfaction was performed using a visual analogue scale 

for sense of smell (sVAS—0 represents “sense of smell absent” and 10 “sense of smell 

not affected”)310 whereas sinonasal symptoms were evaluated using the 22-item Sino-

Nasal Outcome Test (SNOT-22)406. Qualitative olfactory dysfunction (i.e. 

parosmia/phantosmia) was investigated by asking the patients if the symptom was 

present or not at the moment of the examination. 

 

Statistical analysis 

Quantitative variables were presented as median and interquartile range whereas 

qualitative variables were expressed as number of observations and percentage. 

Comparisons of general characteristics and findings between groups were performed 

using the Wilcoxon test for quantitative variables and the Pearson chi-square test for 

categorical variables. Differences between normosmics and dysosmics were evaluated 

using the Wilcoxon test for quantitative variables or the chi-square test for qualitative 

variables. Correlation between Sniffin’ Sticks, PNIF and PROMs scores was assessed 

using the Pearson correlation test. Multiple linear regression with selection of variable 

based on Akaike's information criterion (backward stepwise) was performed to identify 

the effects of the available variables on the difference in S’S results and help determine 

positive and negative influences. Cramer V test was used to calculate effect size for 

qualitative variables while Wilcoxon r test for quantitative ones. p-values have been 

calculated for all tests, and 5% was considered as the critical level of significance. All the 

analysis has been performed in R (R Core Team, 2021). 
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6.13.3. Results 
 

General characteristics of the whole population 

One hundred patients (66 female; female-to-male ratio 2:1) with a median age of 42 

years (range 18-85) were seen between October 2020 and December 2022. All patients 

had a mild-to-moderate COVID-19, experienced a complete loss of sense of smell 

(described as no sense of smell by the patients) following SARS-CoV-2 infection and 

developed a persistent OD after that episode. The median length of OD (calculated as 

number of days from the date of smell loss to the day of first consultation) was 1.4 years. 

Sixty-four patients (64.0%) lost their sense of smell during the first wave of the pandemic 

(between February and June 2020). The majority of the subjects were non-smokers (83; 

83.0%), with no comorbidities (62.0%) and they reported parosmia on the day of the 

assessment (80; 80%). Phantosmia was less frequently reported (31; 31.0%). Only one 

patient (1.0%) had a history of CRS without nasal polyps but their sense of smell was 

not affected by the CRS. Four patients (4.0%) had a history of post-infectious OD but 

their sense of smell completely recovered after that episode. Similarly, 5 patients (5.0%) 

had a head trauma in the past but olfaction was not affected. Before coming to our smell 

clinic, 81 patients (81.0%) tried at least one treatment to improve their smell. (Table 1) 

 

Olfactory measurements, PROMs and other investigations in the whole population 

At presentation, twenty patients (20.0%) were found to be normosmics at S’S, 68 (68.0%) 

were hyposmics and the remaining 12 (12.0%) were functionally anosmics. For the 

analysis, we grouped the hyposmics and anosmics into a single group (dysosmics – TDI 

< 30.75) to maximize statistical power. Total PNIF median value was within the normal 

range for an adult population285 while the unilateral PNIF (both right and left) results were 

reduced404. Nasal endoscopy revealed a septal deviation in 32 patients (32.0%) and this 

was associated with an inferior turbinates hypertrophy in other 14 patients (14.0%). An 

MRI head was performed in 70 patients (70.0%) and it showed a reduced olfactory bulb 

volume only in 1 patient (1.4%), using cut-off values as described by Rombaux et al.691  
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 Whole population 
n = 100 

Normosmics 
n = 20 

Dysosmics 
n = 80 

Difference 
in medians p-value Effect size d 

Age, median [P25-P75], yr 42.0 [29.8-53.0] 43.5 [32.0-49.8] 42.0 [30.0-54.0] 1.5 0.69 0.04 
Sex, No (%) 

Female 
Male  

 
66 (66.0%) 
34 (34.0%) 

 
11 (55.0%) 
9 (45.0%) 

 
55 (68.8%) 
25 (31.2%) 

 
 0.69 

 
0.13 

Length of OD, median [P25-P75], yr 1.4 [1.0-1.9] 1.1 [1.0-1.9] 1.5 [1.0-1.9] - 0.4 0.43  

Parosmia, No (%) 80 (80.0%) 16 (80.0%) 64 (80.0%)  0.69 0.02 

Phantosmia, No (%) 31 (31.0%) 4 (20.0%) 27 (33.8%)  0.69 0.17 

Smoking, No (%) 
    Ex-smoker     
    Yes 
    No 

 
4 (4.0%) 

13 (13.0%) 
83 (83.0%) 

 
1 (5.0%) 

2 (10.0%) 
17 (85.0%) 

 
3 (3.8%) 

12 (15.0%) 
65 (81.2%) 

 

0.69 0.08 

Comorbidity, No (%) 
    None 
    Yes 
      Hypothyroidism  
      Asthma 
      Hypercholesterolemia 
      Diabetes 
      Hypertension 
      Others 

 
62 (62.0%) 
38 (38.0%) 
9 (23.7%) 
6 (15.8%) 
5 (13.3%) 
5 (13.2%) 
4 (10.5%) 

18 (47.4%) 

 
12 (60.0%) 
8 (40.0%) 
3 (37.5%) 
1 (12.5%) 
1 (12.5%) 
2 (25.0%) 
1 (12.5%) 
4 (50.0%) 

 
50 (62.5%) 
30 (37.5%) 
6 (20.0%) 
5 (25.0%) 
4 (13.3%) 
3 (10.0%) 
3 (10.0%) 

14 (46.7%) 

 

0.69 0.02 

Allergic rhinitis, No (%) 21 (21.0%) 7 (35.0%) 14 (17.5%)  0.06 0.20 

Chronic rhinosinusitis, No (%) 1 (1.0%) 0 (0.0%) 1 (1.3%)  1 0.05 

Family history Alzheimer/Parkinson, No (%) 12 (12.0%) 2 (10.0%) 10 (12.5%)  1 0.02 

History of PIOD, No (%) 4 (4.0%) 0 (0.0%) 4 (5.0%)  1 0.10 

Previous nasal operations, No (%) 9 (9.0%) 0 (0.0%) 9 (11.3%)  0.20 0.15 
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Table 1. General characteristics of the whole population and of normosmic and dysosmic patients. Difference between groups medians and level of significance 
(p-value).  
*Others: Vitamin A drops, theophylline spray, alpha lipoic acid, sodium citrate, omega-3 
 
OD: olfactory dysfunction; PIOD: post-infectious olfactory dysfunction;  
  

History of head trauma, No (%) 5 (5.0%) 0 (0.0%) 5 (6.3%)  0.58 0.11 

Previous treatment for OD, No (%) 
    None 
    Yes 
      Olfactory training 
      Topical steroid 
      Multivitamins  
      Oral steroid 
      Others* 

 
19 (19.0%) 
81 (81.0%) 
66 (81.5%) 
48 (59.3%) 
44 (54.3%) 
11 (13.6%) 

7 (8.6%) 

 
7 (35.0%) 

13 (65.0%) 
9 (69.2%) 
8 (61.5%) 
7 (53.8%) 
1 (7.7%) 
1 (7.7%) 

 
12 (15.0%) 
68 (85.0%) 
57 (83.8%) 
40 (58.8%) 
37 (54.4%) 
10 (14.7%) 

6 (8.8%) 

  
0.06 
0.17 
0.08 
0.72 
0.43 
0.68 

1 

 
0.22 
0.17 
0.20 
0.06 
0.09 
0.08 
0.17 
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A sensitivity to common aeroallergens was observed in 34 patients (36.9%). Lower 

scores at the SF-36 were found for the health domains energy/fatigue (55.0%), emotional 

wellbeing (68.0%), social functioning (75.0%), general health (70.0%) and health change 

(50.0%). Reduced scores were also observed for sVAS (4.0) and short QOD-NS (9.0) 

while raised scores were found for the SNOT-22 (23.0). (Table 2)  

 

Correlations between Sniffin’ Sticks, PNIF and PROMs 

A moderate statistically significant positive correlation was observed between sVAS and 

the TDI (r=0.59; p<0.0001), threshold (r=0.52; p<0.0001), discrimination (r=0.45; 

p<0.0001) and identification (r=0.46; p<0.0001) scores. A weak statistically significant 

positive correlation was found between the SF-36 domain energy/fatigue and TDI 

(r=0.27; p=0.008), threshold (r=0.29; p=0.005) and discrimination (r=0.25; p=0.02). A 

weak statistically significant negative correlation was shown between SNOT-22 and 

threshold score only (r=-0.24; p=0.02). (Figure 1) 

 

 
 

Figure 1.  Correlation matrix showing strength of correlations between Sniffin’ Sticks, peak nasal 
inspiratory flow (PNIF) and patient reported outcome measures (PROMs). Levels of significance 
*p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
 
TDI: threshold + discrimination + identification score; VAS: Visual Analogue Scale; SF-36: 36-Item Short 
Form Health Survey; SNOT-22: 22-item SinoNasal Outcome Test; short QOD-NS: short version of the 
Questionnaire of Olfactory Disorders-Negative Statements. 
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  Whole population 
n = 100 

Normosmics 
n = 20 

Dysosmics 
n = 80 

Difference 
in medians p-value 

Effect size 
d 

Investigations        

Sniffin’ Sticks, median [P25-P75] 
    Threshold 
    Discrimination 
    Identification   
    TDI score, median [P25-P75] 
       Normosmic, n (%) 
       Hyposmic, n (%) 
       Anosmic, n (%) 

  
4.9 [2.5-5.8] 

11.0 [9.0-12.0] 
10.0 [8.0-12.0] 

25.0 [21.2-29.5] 
20 (20.0%) 
68 (68.0%) 
12 (12.0%) 

 
7.1 [5.8-7.9] 

13.5 [12.8-14.0] 
12.5 [11.0-13.0] 
32.0 [31.5-33.6] 

20 (20.0%) 
- 
- 

 
4.5 [2.0-5.5] 

10.0 [8.0-12.0] 
9.5 [7.8-11.0] 

23.5 [19.2-27.8] 
- 

68 (85.0%) 
12 (15.0%) 

 
2.6 
3.5 
3.0 
8.5 

 
<0.0001*** 
<0.0001*** 
<0.0001*** 
<0.0001*** 

 

 
-0.51 
-0.50 
-0.50 
-0.68 

 

PNIF, median [P25-P75], L/min 
    Bilateral 
    rPNIF 
    lPNIF  

  
130.0 [105.0-160.0] 

80.0 [56.3-100.0] 
80.0 [60.0-100.0] 

 
130.0 [117.5-160.0] 

85.0 [73.8-100.0] 
92.5 [67.5-105.0] 

 
127.5 [100.0-

160.0] 
75.0 [50.0-97.5] 

80.0 [60.0-100.0] 

 
2.5 
10.0 
12.5 

 
0.39 
0.17 
0.20 

 
-0.09 
-0.14 
-0.13 

Nasal endoscopy, No (%) 
    Unremarkable 
    Septal deviation 
    IT hypertrophy 
    Septal deviation + IT hypertrophy 

  
42 (42.0%) 
32 (32.0%) 
 12 (12.0%) 
14 (14.0%) 

 
9 (45.0%) 
7 (35.0%) 
 1 (5.0%) 
3 (15.0%) 

 
33 (41.3%) 
25 (31.3%) 
 11 (13.8%) 
11 (13.8%) 

 
 

0.77 0.11 

MRI head, No (%) 
    Normal 
    Incidental findings 
    Reduced OB volume 

 70 (70.0%) 
66 (94.3%) 

 3 (4.3%) 
1 (1.4%) 

8 (40.0%) 
8 (100%) 
 0 (0.0%) 
0 (0.0%) 

62 (77.5%) 
58 (93.5%) 

 3 (4.8%) 
1 (1.6%) 

 

0.76 0.09 

Skin prick test, No (%) 
    Negative 
    One allergen 
    Two allergens 
    Multiple allergens 

 92 (92.0%) 
58 (63.0%) 
14 (15.2%) 

 5 (5.4%) 
15 (16.3%) 

17 (85.0%) 
12 (70.6%) 

0 (0.0%) 
 1 (5.9%) 
4 (23.5%) 

75 (93.8%) 
46 (61.3%) 
14 (18.7%) 

 4 (5.3%) 
11 (14.7%) 

 

0.25 0.21 

PROMs        

SF-36, median [P25-P75], % 
    Physical functioning 
    Role limitations due to physical health 
    Role limitations due to emotional problems 
    Energy/Fatigue 

  
95.0 [85.0-100] 
100 [25.0-100] 
100 [33.3-100] 

55.0 [35.0-65.0] 

 
95.0 [88.8-100] 
100 [93.8-100] 
100 [41.7-100] 

65.0 [58.8-71.3] 

 
95.0 [80.0-100] 
100 [25.0-100] 
66.7 [0.0-100] 

45.0 [35.0-60.0] 

 
0 
0 

33.3 
20.0 

 
0.97 
0.24 
0.16 

0.0004** 

 
0.003 
-0.12 
-0.14 
-0.36 
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Table 2. Investigations and patients reported outcome measures (PROMs) for the whole population and for the normosmic and dysosmic patients. Difference 
between groups medians and level of significance (p-value).  
Significant p-values in bold. Levels of significance *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
 
TDI: Threshold + Discrimination + Identification; PNIF; peak nasal inspiratory flow; lPNIF: left PNIF; rPNIF: right PNIF; IT: inferior turbinates; VAS: Visual Analogue Scale; SF-36; 
SNOT-22: 22-item SinoNasal Outcome Test; short version of the Questionnaire of Olfactory Disorders-Negative Statements (short QOD-NS)  
 
  

    Emotional wellbeing 
    Social functioning 
    Pain 
    General health 
    Health change 

68.0 [56.0-80.0] 
 75.0 [62.5-100] 
90.0 [67.5-100] 
70.0 [55.0-80.0] 
50.0 [25.0-50.0] 

76.0 [66.0-85.0] 
 87.5 [62.5-100] 
90.0 [80.0-95.0] 
75.0 [65.0-81.3] 
50.0 [25.0-50.0] 

68.0 [51.0-80.0] 
 75.0 [50.0-100] 
90.0 [67.5-100] 
70.0 [48.8-80.0] 
50.0 [25.0-62.5] 

8.0 
12.0 

0 
5.0 
0 

0.04* 
0.16  
0.73 
0.20 
0.39 

-0.19 
-0.14 
-0.03 
-0.13 
0.09 

VAS smell, median [P25-P75]   4.0 [2.0-6.0] 7.0 [5.5-7.8] 4.0 [2.0-5.0] 3.0 0.0008** -0.34 

SNOT-22, median [P25-P75]   23.0 [14.0-40.0] 18.0 [11.5-33.5] 23.0 [14.8-43.8] - 5.0 0.31 0.10 

Short QOD-NS, median [P25-P75]  9.0 [5.0-15.0] 14.0 [5.5-17.0] 8.0 [5.0-12.0] 6.0 0.07 -0.18 

        



 226 

Differences between normosmics and dysosmics 

No significant differences between normosmics and dysosmics were observed when 

looking at the general characteristics. (Table 1) All the S’S scores were significantly lower 

in the dysosmic population with a medium effect size. (Table 2) In particular, TDI, 

threshold and identification scores were below the 10th percentile in the dysosmic group 

while these were all normal in the normosmics. Similarly, significantly lower scores were 

observed in the dysosmic group in the SF-36 domains energy/fatigue (p=0.0004; d=-

0.36), emotional wellbeing (p=0.04; d=-0.19) and in the sVAS (p=0.0008; d=-0.34). (Table 

2; Figure 2) 

 

 
 

 
 
Figure 2. 36-Item Short Form Health Survey (SF-36) radar chart showing median scores for 
normosmic and dysosmic patients. Levels of significance *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. 
 
 

Influence of available variables on olfactory performance (Sniffin’Sticks scores) 

At the multivariate analysis a statistically significant positive influence on discrimination 

for total PNIF (p=0.001), smoking (p=0.03) and presence of comorbidity (p=0.048) and 

on identification for presence of septal deviation with inferior turbinates hypertrophy 

(p=0.009). Conversely, a statistically significant negative influence on discrimination was 
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noted for smell training (p=0.047) and on identification for positivity to common 

aeroallergens at SPT (p=0.036). (Figure 3) 

 

 
 
 
Figure 3. Multivariate analysis showing p-values for the variables influencing Sniffin’ Sticks scores 
and the positive (+) or negative (-) direction of the effect. Levels of significance *p ≤ 0.05, **p ≤ 
0.01, ***p ≤ 0.001. 
 
TDI: threshold + discrimination + identification score; PNIF; peak nasal inspiratory flow. 
 

 
6.13.4. Discussion 
 

Our study highlighted new clinical factors potentially influencing olfactory performance 

(i.e. quantitative olfactory function) in patients with persistent COVID-19-related OD.  

 

We observed a role of nasal obstruction on smell recovery. In particular, at the 

multivariate analysis a better nasal airflow, higher scores as measured by means of PNIF, 

was found to positively and significantly influence odour discrimination (p=0.001). Also, 

a positive influence of total PNIF on TDI, despite non-significant (p=0.1), was observed. 

However, a linear correlation between PNIF values and TDI scores was not 

demonstrated. In support of this finding, Boscolo-Rizzo et al.513 found that patients with 

long-term reduced olfactory function (TDI ≤30.5) had significant lower PNIF values when 
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compared to cases with normal olfactory function. On the other hand, the multivariate 

analysis also showed a significant positive effect of septal deviation associated with 

inferior turbinates hypertrophy at nasal endoscopy (p=0.009) on identification scores. 

Although this result might be difficult to interpret, presence of septal deviation does not 

necessarily lead to a nasal blockage and, this finding could be simply linked to a sample 

bias (e.g. high prevalence of patients with non-functionally important septal deviation 

amongst dysosmics). The relationship between nasal airways and sense of smell is not 

new. Several studies, in fact, have shown how a surgical improvement of nasal patency 

is associated with increased olfaction, confirmed not only using PROMs174,692,693 but also 

with psychophysical assessment177,426,693. This is particularly relevant when the septal 

deviation impacts on the internal nasal valves426,694 as this can reduce the airflow onto 

the olfactory cleft.  

 

Our paper also showed for the first time a potential role of allergic rhinitis on smell 

performance. In particular, sensitivity to common aeroallergens as shown at SPT, 

negatively influenced both the discrimination and identification scores at the multivariate 

analysis, with only the latter being significant (p=0.036). Whether a relationship between 

olfaction and CRS is well-established,210 evidence of an impact of allergic rhinitis on 

sense of smell remains sparce695,696. In the past Hinrisdottir and colleagues697 showed 

that a pronounced allergic reaction after allergen challenge was accompanied by an 

elevated olfactory threshold. We hypothesize that allergic rhinitis could impact on smell 

recovery in two ways: 1) by reducing the nasal airflow and odorants delivery to the 

olfactory clefts due to an inferior turbinates hypertrophy and increased mucus production; 

2) by creating an additional inflammatory component in the olfactory mucosa able to 

affect the neuroepithelium function. In fact, one of the most credited theories leading to 

persistent COVID-19-related OD is that of an ongoing inflammation in the olfactory 

mucosa and a chronic sustentacular cells damage causing olfactory neuron deciliation 
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and necrosis.479,684,698 Allergic rhinitis could increase this inflammation in the olfactory 

mucosa and prolong OD by slowing the regeneration of olfactory neuroepithelium. 

 

So far, many papers have confirmed that both acute loss of sense of smell590,615 following 

SARS-CoV-2 infection but also long-term COVID-19-related OD518,69938 are more 

frequent in female subjects. In this regard, our study confirms that with two thirds of our 

patients (64.0%) being female and the majority of them found to be dysosmics at S’S. All 

our patients experienced a severe smell loss following SARS-CoV-2 infection and this 

corroborates previous studies suggesting that subjects with greater initial severity of 

dysfunction are less likely to recover their olfaction518. The role of smoking on smell 

recovery is still controversial.518,700 A study conducted by Hummel et al.519 on 894 patients 

before the COVID-19 pandemic concluded that smoking is a negative predictive factor 

for recovery by increasing the nasal irritation and causing subsequent nasal obstruction. 

Conversely, our study showed a positive significant influence of smoking on 

discrimination scores (p=0.03). Even though this could have been caused by a sample 

bias in our study, our finding corroborates previous results from Akbari and colleagues700 

who found significant better identification scores in smokers but also previous 

studies701,702 which reported that COVID-19 related OD is less frequent in patients with 

a smoking habit. Prevalence of parosmia in our population (80%) was higher when 

compared to previous studies, although this varies widely across different studies in the 

literature and reported to be between 43% at 6 months and 70.9% when evaluated at 1 

year.511,703-705 A higher prevalence of parosmia in our group of patients could be explained 

either by a longer OD in our population (1.4 years) or by the fact that only patients with 

a self-reported long-term OD were referred to our long-COVID smell clinic and included 

in the study. Although past studies have reported a possible influence of parosmia523,689 

and phantosmia685 on smell recovery our analysis did not confirm that. Similarly, in 

contrast with previous authors523,686-688,700 we did not find any effect of age on smell 

recovery. On the other hand, we found a positive significant effect of presence of 



 230 

comorbidities on discrimination scores (p=0.048) which in some aspects corroborates 

previous results from Chudzik and colleagues686 who concluded that the risk of 

developing long-COVID smell loss is grater in people with less comorbidities.  

 

Persistent COVID-19-related OD negatively impacts on emotional well-being leading to 

feelings of loneliness, fear, and depression, as well as difficulties concerning 

social/sexual relationships.706 Dysosmic patients were found to have significantly lower 

scores at the SF-36 health domains for energy/fatigue (p=0.0004; d=-0.36) and 

emotional wellbeing (p=0.04; d=-0.19) when compared to normosmics, with a small-to-

medium effect size. SF-36 scores were all within the normal range678 in the normosmic 

group while these were reduced in the dysosmics for the health domains ‘role limitation 

due to emotional problems’, ‘energy/fatigue’, ‘emotional wellbeing’, ‘social functioning’ 

and perceived ‘general health’. Moreover, a weak but significant positive correlation was 

observed between the SF-36 domain ‘energy/fatigue’ and the S’S scores suggesting that 

an improvement in the olfactory scores (i.e. olfactory recovery) is associated with an 

increased level of energy and, thus, a QoL improvement. This further confirms our 

previous results on a smaller population.592 

 

In the dysosmic group both the composite TDI score and all the three subcomponents 

(threshold, discrimination and identification) were significantly lower (p<0.0001 for each 

test) when compared to the scores obtained in the normosmic group with a medium 

effect size in each case (Table 2). Moreover, when looking at the normative data for 

S’S112, TDI, threshold and identification scores were below the 10th percentile in the 

dysosmic group whether these were all above the 10th percentile (specifically between 

the 25th and 50th percentiles) in the normosmics. Whether on the one hand these results 

demonstrate how both the odour threshold and identification abilities are affected in 

patients with long-COVID smell loss, on the other hand they also show that these abilities 

can still go back to a normal level even after more than 1 year from OD onset.  
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In our study, sVAS was confirmed to be an easy and quick tool to assess olfaction and 

to discriminate between normal and reduced sense of smell as demonstrated by a 

moderate correlation with all the S’S scores and a highly significant difference in the 

sVAS results between normosmics and dysosmics with a small effect size (p=0.0008; 

d=-0.34). 

 

To date olfactory training remains the only recognised treatment for persistent COVID-

19-related OD.584 Our multivariate analysis showed a significant negative influence of 

smell training (p=0.047) on discrimination scores. However, we believe that this could be 

related to the fact that those who tried smell training before were also those in whom 

sense of smell was more affected.   

 

Strengths and limitations 

The present paper is one of the most comprehensive studies currently available in which 

patients with persistent COVID-19-related OD underwent complete psychophysical smell 

assessment, a thorough rhinological evaluation and an extensive QoL investigation. It 

must be stated that this study is not a cohort study including all the subjects who 

experienced COVID-19-related OD but a cross-sectional study which considered only 

patients with a persistent reported OD. This means that prognostic factors in our paper 

were evaluated on a specific sub-group of a wider population of patients who 

experienced smell loss following SARS-CoV-2 infection, introducing a possible sample 

bias. In this regard, our findings may not be directly comparable with previous studies. 

Also, our group of normosmics cannot be strictly considered a group of people with a 

normal sense of smell as the majority of them were still reporting qualitative OD (80% 

referring parosmia). 
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6.13.5. Conclusions 

 

Risk factors affecting long-COVID smell recovery remain partially unknown. In our study, 

impairment of nasal airflow and sensitivity to common aeroallergens have been shown 

to influence olfactory performance. The effect of smoking on smell recovery still remains 

controversial. Nevertheless, these results should be verified in future studies on larger 

populations and using validated psychophysical tests to assess olfaction. Finally, our 

study further confirms how long-COVID smell loss deeply affects QoL although recovery 

of olfaction can bring it back to a normal range. 
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6.14. A multicentre real-life study to determine the efficacy of corticosteroids and 

olfactory training in improving persistent COVID-19-related olfactory 

dysfunction698 

 

6.14.1. Introduction 

 

Olfactory dysfunction (OD) represents a highly prevalent symptom in patients infected 

by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) with up to 85% 

of mild-to-moderate coronavirus disease 2019 (COVID-19) cases developing loss of 

sense of smell590,635. Spontaneous recovery rate of olfaction is very high within the first 

month following infection (recovery rate 94.6%) and it becomes 85.7% at 6 months681 

and  93% at 12 months472. Persistent post-infectious OD (PIOD) has been recognised 

as a “long-COVID” symptom, defined as a persistent symptom in individuals who 

recovered from COVID-19682 and, unfortunately, no definitive treatments exist to 

effectively restore function. European guidelines recommend olfactory training (OT) for 

a minimum of 3 months to maximise the chance of smell improvement42. Nonetheless, 

OT remains ineffective in 50%-85% of subjects525,707,708 with up to 29% of PIOD cases 

not improving even after long-term OT (14 months)535.  

 

Topical and systemic corticosteroids have been considered as a therapeutic option in 

PIOD but their benefit for non-sinonasal-related OD remain controversial. A systematic 

review published in 2019709 suggested that systemic corticosteroids could improve 

olfactory loss in PIOD (level 4), whereas a more recent one524 concluded that systemic 

or topical corticosteroids remain “optional” due to the lack of high-quality studies. The 

rationale behind the use of corticosteroids to treat PIOD relies on its capacity to reduce 

a subclinical inflammation which may persist in the nose after an otherwise resolved 

upper respiratory tract infection. On the other hand, corticosteroids could play a role in 

the regeneration of the olfactory epithelium of PIOD patients, as already shown in animal 



 234 

models710,711. Studies focusing on corticosteroids as treatment of PIOD did not clarify 

which formulation, dose and route of administration is better in improving sense of smell 

and if this is more effective if combined with OT. Another question remains on whether 

there is a time limit from OD onset at which treatment should be started in order to 

observe a benefit. Ultimately, in the lack of clear evidence-based guidelines the choice 

is left to doctor’s preferences. To date, most of the authors seem to agree that 

corticosteroids may have a role when started close to OD onset712; however, whether 

this could have a role in persistent OD remains partially unexplored.  

In this study we aim to investigate the role of the combination of corticosteroids plus OT 

in improving persistent COVID-19-related OD in a cohort of subjects with a history of 

smell loss longer than 7 months. Patients refusing to take corticosteroids and doing OT 

alone and those not doing any treatment were used as internal controls.  

 

6.14.2. Materials and methods 

 

Study design 

A multicentre real-life cohort study was conducted to assess the efficacy and safety of 

corticosteroids in combination with OT in the treatment of persistent OD in patients with 

a history of mild-to-moderate COVID-19. The study was approved by the Hospital 

Research Ethic Committees (REC ref 14/SC/1180) and was conducted in accordance 

with the Declaration of Helsinki.  

 

Participants’ characteristics 

Patients with a reported OD occurred following a laboratory-confirmed SARS-CoV-2 

infection referred to our smell clinics at the University College London Hospitals (London, 

United Kingdom) and the University Hospital of Padua (Padua, Italy) were selected. All 

participants provided full informed consent prior to their inclusion in the study. Data were 

collected on demographics, subjective characteristics of OD at onset, smoking status, 
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comorbidities and medications taken. (Table 1) Patients with a chronic or recent short-

term oral steroid use, pregnancy, pre-existing history of OD, non-COVID-19-related OD 

or other pathologies known to affect olfaction (i.e., head and neck tumors, chronic 

rhinosinusitis, head trauma, radio/chemotherapy of the craniofacial region, psychiatric or 

neurological disease) were not included in the study.  

 

First assessment (T0) and evaluation of olfactory function 

On the first visit, a fully detailed medical history was obtained. Participants were asked 

to report any medications they used. Factors such as duration of olfactory loss and 

presence of parosmia, described as the occurrence of distorted olfaction when smelling 

odour, were also explored. All patients underwent nasal endoscopy to exclude signs of 

chronic rhinosinusitis (CRS) – nasal polyps, nasal discharge and signs of rhinitis – or an 

obstruction/inflammation of the olfactory clefts. An MRI of the head was arranged for all 

patients to study the olfactory system and exclude any central causes of OD. Olfaction 

was evaluated using Sniffin’ Sticks (S’S) - extended set (Burghart, Medisense) to obtain 

the odour threshold (T), discrimination (D) and identification (I) scores. Normosmia was 

attributed where TDI score (the sum of T, D and I individual scores) was ≥ 30.75, 

hyposmia where TDI was >16, but <30.75, and functional anosmia if TDI ≤16112. Self-

assessment of olfaction was performed using a visual analogue scale (VAS - 0 

represents “sense of smell absent” and 10 “sense of smell not affected”)310 while 

sinonasal symptoms were evaluated using the Sino-Nasal Outcomes Test-22 (SNOT-

22)406.  

 

 

 

 

 

 



 236 

 
Table 1. General characteristics of the whole population of dysosmic patients and according to type of treatment. *Significant p-values. Level of significance 
p<0.05. 
 

OD: olfactory dysfunction. Others: Anxiety, Migraine, prolapsed discs, Epilepsy, Temporal arteritis, Sleep problem, osteoporosis, Asthma, dermititis, IBS, eosinophilia, Psoriasis, 
Restless leg syndrome, CAD, osteoarthritis, VITD deficiency, bladder incontinence 

 Patients with OD 
(n=44) 

Group AS+OT 
(n=19) 

Group BOT 
(n=16) 

Group CNone 
(n=9) p-value 

Age, median [P25-P75], yr 40.5 [30.5-53.3] 47.0 [31.0-54.0] 50.0 [33.0-57.0] 32.0 [28.0-35.0] 0.03* 
Sex, No (%) 

Female 
Male  

 
28 (63.6%) 
16 (36.4%) 

 
11 (57.9%) 
8 (42.1%) 

 
11 (68.8%) 
5 (31.2%) 

 
6 (66.7%) 
3 (33.3%) 

 
0.78 

Comorbidities, No (%) 
    Diabetes 
    Hypertension 
    Hyperlipidaemia 
    Hypothyroidism 
    Allergic rhinitis 

 
1 (2.3%) 
4 (9.1%) 
3 (6.8%) 
1 (2.3%) 
1 (2.3%) 

 
1 (5.3%) 
1 (5.3%) 
1 (5.3%) 
1 (5.3%) 
1 (5.3%) 

 
0 (0.0%) 

3 (18.8%) 
2 (12.5%) 

0 (0.0%) 
0 (0.0%) 

 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 

0.36 

Smoking, No (%) 5 (11.4%) 1 (5.3%) 2 (12.5%) 2 (22.2%) 0.41 
Medications, No (%) 
    None 
    Yes 
       α-blockers 
       Sartans 
       Dicumarolics 
       Antiplatelet drugs 
       Biguanides 
       Antidepressants 
       Others 

 
35 (79.5%) 

9 (20.5%) 
0 (0.0%) 

1 (11.1%) 
0 (0.0%) 

3 (33.3%) 
0 (0.0%) 

1 (11.1%) 
8 (88.9%) 

 
13 (68.4%) 

6 (31.6%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 

1 (16.7%) 
0 (0.0%) 

1 (16.7%) 
6 (100%) 

 
13 (81.3%) 

3 (18.7%) 
0 (0.0%) 

1 (25.0%) 
0 (0.0%) 

2 (50.0%) 
0 (0.0%) 

 0 (0.0%) 
 2 (50.0%) 

 
9 (100%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 
0 (0.0%) 

0.28 

Interval for smell loss onset, median [P25-P75], days 1.0 [0.0-4.3] 2.0 [0.0-7.0] 0.5 [0.0-3.0] 1.0 [0.0-5.0] 0.96 

Length of OD [P25-P75], days 224.0 [136.0-383.8] 214.0 [165.5-352.5] 226.5 [126.3-418.0] 235.0 [191.0-383.0] 0.94 

Reported level of smell at infection, No (%) 
Anosmia  
Hyposmia 

 
36 (81.8%) 

8 (18.2%) 

 
17 (89.5%) 

2 (10.5%) 

 
11 (68.8%) 
5 (31.2%) 

 
8 (88.9%) 
1 (11.1%) 

 
0.24 

Previous treatments, No (%) 
    Olfactory training 
    Oral steroid  
    Topical steroid (drops) 
    Topical steroid (spray) 
    Multivitamins 

 
27 (61.4%) 

2 (4.5%) 
  2 (4.5%) 
8 (18.2%) 

20 (45.5%) 

 
11 (57.9%) 
2 (10.5%) 

  2 (10.5%) 
6 (31.6%) 
7 (36.8%) 

 
13 (81.3%) 

0 (0.0%) 
  0 (0.0%) 

1 (6.3%) 
11 (68.8%) 

 
3 (33.3%) 

0 (0.0%) 
  0 (0.0%) 
1 (11.1%) 
2 (22.2%) 

 
0.06 
0.25 
0.13 
0.05 
0.31 
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Treatment and further follow-up (T1) 

Patients with no OD at S’S (TDI ≥30.75) were discharged back to their general 

practitioner (GP). Conversely, patients with a confirmed OD (TDI<30.75) were offered a 

steroid treatment consisting in a 2-week course of oral corticosteroids (Prednisolone 40 

mg/daily for 5 days, then tapered down over 9 days) followed by intranasal 

corticosteroids drops for 2 weeks (Betamethasone 0.1%, 2 drops/nostril bidaily) 

administered in the Kaiteki position271. Specific consent to start the previously-mentioned 

treatment was sought from all patients before giving any related prescription. They were 

also asked to start OT, as previously described42, until further follow-up irrespective of 

whether they had done or not it before. Patients with contraindications to 

corticosteroids713 or refusing to take them were asked to start OT. A further follow-up at 

6 months was arranged for all patients and patient-reported outcome measures 

(PROMs) and S’S were repeated on that occasion. Treatment adherence was checked 

at follow-up by requesting specific questions about treatment (i.e. modalities of topical 

steroid drops administration, length of time allowed for olfactory training and strict 

adherence to instructions provided). At follow-up, patients who did not do any treatment 

during the study period were kept in the analysis and formed an additional control group.  

 

Statistical analysis  

Quantitative variables were presented as median and interquartile range while qualitative 

variables were expressed as number of observations and percentage. Considering the 

Wilcoxon test, to obtain an increase in the TDI score of 5.5 points, which corresponds to 

the minimal clinically important difference (MCID),247 a power (1-β) of 0.8 is obtained with 

n=17 in each arm, while a sample size of n=15 in each arm gives a power of 0.79, 

keeping a fix α (uncertainty level) at 5%. Comparisons of general characteristics and 

findings between groups were performed using the Kruskal-Wallis test for quantitative 

variables and the Pearson Chi-square test for categorical variables. Differences between 

T0 and T1 were evaluated using the paired Wilcoxon test for quantitative variables while 
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the chi square test was chosen for parosmia. Multiple linear regression with selection of 

variable based on Akaike’s information criterion (backward stepwise) has also been 

performed to identify the effects of the available variables on the measurement changes 

at T1. P-values have been calculated for all tests, and 5% was considered as the critical 

level of significance. All the analysis has been performed in R (R Core Team, 2021). 

 

6.14.3. Results 

 

Breakdown of the population  

Between December 2020 and April 2022, 67 patients with a reported COVID-19-related 

OD were seen at our smell clinics. All patients had a history of mild-to-moderate COVID-

19 and none of them required hospital admission. Of them, 14 patients were found to be 

normosmic at S’S and were discharged back to GP care. The remaining 53 subjects (7 

anosmics) were advised to start the suggested treatment. Nine patients did not attend 

their 6-month follow-up leading to a total of 44 patients (28 female; 63.6%), with a median 

age of 40.5 years, who completed the study period and were considered for data 

analysis. Of them, 19 patients had the combined treatment (corticosteroids plus OT - 

group A), 16 patients refused to take corticosteroids and did the OT alone (group B) and 

9 patients did not do any treatment despite medical recommendations (group C). Figure 

1 shows the flow chart for the study population. 
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Figure 1. Flow chart of study population. 
 
OD: olfactory dysfunction; CCS: corticosteroids; DNA: did not attend; OT: olfactory training.  
 

 

General characteristics of the population 

Demographics, smoking status, comorbidities, and medications taken are reported in 

Table 1. All patients had a confirmed persistent COVID-19-related OD at S’S with a 

median length of OD of 224 days (calculated as number of days from the infection date 

to the day of first consultation). In most of cases this presented as a complete loss of 

sense of smell (36; 81.8%) and occurred at a median time of 1 day following infection. 

Most of patients tried OT (27; 61.4%) or oral multivitamins (20; 45.5%) before coming for 
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their first consultation. None of them received any course of oral steroid for their OD in 

the past. No side effects were reported after treatment with corticosteroids. 

Characteristics for each group of patients are reported in Table 1. Patients in group C 

were significantly younger (p=0.03) but, apart from that, no other statistically significant 

differences were noted in terms of demographics and baseline clinical characteristics 

among the 3 groups. (Table 1) 

 

PROMs, olfactory measurements and other investigations 

Nasal endoscopy showed a clear olfactory cleft for all patients. MRI scan of the head 

was normal in all patients with no radiological sign of CRS or central causes of OD. 

PROMs scores (VAS and SNOT-22), incidence of parosmia, threshold, discrimination, 

identification and TDI scores at baseline (T0) and at follow-up (T1) for each group of 

patients are reported in Table 2. Apart from a significant lower number of parosmics 

observed in group B at baseline (p=0.01), no other significant differences were observed 

in the measurements either at baseline and at follow-up in the three groups. (Table 2)  

 

Effects of the therapy on olfaction 

A statistically significant improvement in the TDI score was demonstrated at follow-up in 

patients receiving the combined treatment (p=0.01) and those doing OT alone (p=0.04) 

while a significant improvement in VAS score was shown only for patients in the former 

group (p=0.01). No significant changes were noted in group C or in the SNOT-22 score 

or in the number of parosmics for all groups. (Table 3) In 6 patients (31.6%) in group A 

the TDI improvement was above the MCID of 5.5 points in TDI score128 when compared 

to 5 patients (31.3%) in group B and 4 patients (44.4%) in group C. No significant 

differences were observed when comparing the number of patients reaching the MCID 

improvement in the three groups (p=0.78). 
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Table 2. Measurements at baseline and follow-up. *Significant p-values. Level of significance p<0.05. 
 
TDI: Threshold + Discrimination + Identification; VAS: Visual Analogue Scale; SNOT-22: SinoNasal Outcome Test-22 items. 
 
 

  Patients with OD 
(n=44) 

Group AS+OT 
(n=19) 

Group BOT 
(n=16) 

Group CNone 
(n=9) p-valueA-B-C 

Findings at first assessment (T0)       

Sniffin’ Sticks, median [P25-P75] 
    Threshold 
    Discrimination 
    Identification   
    TDI score, median [P25-P75] 
       Anosmic, n (%) 
       Hyposmic, n (%) 

  
3.5 [1.0-5.5] 

10.0 [9.0-12.0] 
10.0 [7.5-11.0] 

23.5 [20.5-28.4] 
7 (15.9%) 

37 (84.1%) 

 
4.5 [1.0-5.3] 

10.0 [8.0-11.0] 
10.0 [7.0-11.0] 

22.8 [18.5-27.0] 
4 (21.1%) 

15 (78.9%) 

 
3.8 [1.0-5.5] 

11.0 [10.0-12.5] 
11.0 [9.5-12.5] 

27.0 [23.5-28.1] 
2 (12.5%) 

14 (87.5%) 

 
2.5 [2.3-6.0] 

11.0 [10.0-12.0] 
9.0 [9.0-10.0] 

23.3 [20.5-28.3] 
1 (11.1%) 
8 (88.9%) 

 
0.95 
0.26 
0.26 
0.35 

 
0.75 

VAS smell, median [P25-P75]   4.0 [1.0-6.0] 2.5 [0.8-4.0] 5.0 [2.0-7.0] 3.0 [1.8-6.3] 0.35 
SNOT-22, median [P25-P75]   22.0 [12.0-38.5] 24.5 [10.0-41.8] 18.0 [15.0-26.0] 32.0 [14.5-60] 0.63 
Parosmia, No (%)  31 (70.5%) 16 (84.2%) 7 (43.8%) 8 (89.9%) 0.01* 

       

Findings at second assessment (T1)       

Sniffin’ Sticks, median [P25-P75] 
    Threshold 
    Discrimination 
    Identification   
    TDI score, median [P25-P75] 
       Anosmic, n (%) 
       Hyposmic, n (%) 
       Normosmic, n (%) 

  
5.5 [3.3-6.6] 

11.0 [10.0-13.0] 
10.5 [9.8-12.0] 

26.6 [23.0-30.0] 
0 (0.0%) 

 33 (75.0%) 
11 (25.0%) 

 
5.0 [2.6-5.8] 

11.0 [9.5-12.0] 
10.0 [9.0-12.0] 

24.8 [22.6-28.8] 
0 (0.0%) 

 16 (84.2%) 
3 (15.8%) 

 
5.6 [4.0-7.4] 

11.0 [10.0-13.3] 
11.5 [10.0-12.0] 
27.5 [24.8-32.7] 

0 (0.0%) 
 11 (68.7%) 

5 (31.3%) 

 
5.5 [3.8-7.5] 

12.0 [11.0-13.0] 
10.0 [10.0-10.0] 
29.5 [24.5-30.8] 

0 (0.0%) 
6 (66.7%) 
3 (33.3%) 

 
0.52 
0.33 
0.28 
0.27 

 
0.47 

 
VAS smell, median [P25-P75]   5.0 [3.0-7.0] 5 [3.0-6.0] 5.8 [4.8-8.0] 5.0 [2.0-8.0] 0.27 
SNOT-22, median [P25-P75]   18.0 [8.8-26.0] 21.0 [10.5-27.5] 17.0 [9.8-23.0] 8.0 [5.0-26.0] 0.32 
Parosmia, No (%)  27 (61.4%) 11 (57.9%) 8 (50.0%) 8 (88.9%) 0.35  

       



 242 

 
 
 
 
 
 
 
 
 
 
 

 

Table 3. Changes between T0 and T1 for the available variables and statistical differences. The sign ‘+’ shows an increase in the recorded values while the sign ‘-’ 
highlights a decrease. Please note that values represent changes either in the median values (Sniffin’ Sticks, VAS smell, SNOT-22) or number of observations 
(Parosmia). *Significant p-values. Level of significance p<0.05. 
 
TDI: Threshold + Discrimination + Identification; VAS: Visual Analogue Scale; SNOT-22: SinoNasal Outcome Test-22 items. 
 

 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Influence of the available variables on smell recovery for Group A and Group B. Please note that not all the variables enter the multiple regression model 
but only those found to be significant at the stepwise selection based on AIC. *Significant p-values. Level of significance p<0.05. 
 
TDI: Threshold + Discrimination + Identification; VAS: Visual Analogue Scale; SNOT-22: SinoNasal Outcome Test-22 items.

 Patients with OD 
(n=44) 

Group AS+OT 
(n=19) 

Group BOT 
(n=16) 

Group CNone 
(n=9) p-valueA-B-C 

Sniffin’ Sticks, median [IQR] 
    Threshold 
    Discrimination 
    Identification   
    TDI score, median 

 
+1.25 [3.75] (p=0.004*) 
+1.00 [3.00] (p=0.008*) 
+1.00 [3.50] (p=0.01*) 

+2.25 [8.25] (p=0.0003*) 

 
+0.50 [2.62] (p=0.11)  
+1.00 [3.00] (p=0.06) 
+0.00 [3.50] (p=0.09) 
+2.25 [5.75] (p=0.01*) 

 
+2.00 [3.88] (p=0.06) 
+1.00[3.50] (p=0.17) 
+0.00 [3.50] (p=0.27) 
+2.5 [9.38] (p=0.04*) 

 
+2.75 [4.75] (p=0.23) 
+2.00 [5.00] (p=0.23) 
+1.00 [1.00] (p=0.65) 
+0.75 [9.75] (p=0.12) 

 
0.58 
0.94 
0.85 
0.99 

VAS smell, median [IQR]  +2.00 [3.00] (p=0.003*) +2.00 [2.62] (p=0.01*) +3.00 [5.00] (p=0.22) +1.00 [2.25] (p=0.09) 0.84 
SNOT-22, median [IQR]  -1.00 [13.00] (p=0.59) -1.50 [12.00] (p=0.57) 0.00 [14.00] (p=0.89) -8.00 [28.00] (p=0.62) 0.77 
Parosmia, No (%) -4 (0.09%) (p=0.46) -5 (0.26%) (p=0.51) +1 (0.06%) (p=1) 0 (0.0%) 0.06 

 Patients with OD 
(n=44) 

Group AS+OT 
(n=19) 

Group BOT 
(n=16) 

Group CNone 
(n=9) p-valueA-B-C 

Sniffin’ Sticks, median [IQR] 
    Threshold 
    Discrimination 
    Identification   
    TDI score, median 

 
+1.25 [3.75] (p=0.004*) 
+1.00 [3.00] (p=0.008*) 
+1.00 [3.50] (p=0.01*) 

+2.25 [8.25] (p=0.0003*) 

 
+0.50 [2.62] (p=0.11)  
+1.00 [3.00] (p=0.06) 
+0.00 [3.50] (p=0.09) 
+2.25 [5.75] (p=0.01*) 

 
+2.00 [3.88] (p=0.06) 
+1.00[3.50] (p=0.17) 
+0.00 [3.50] (p=0.27) 
+2.5 [9.38] (p=0.04*) 

 
+2.75 [4.75] (p=0.23) 
+2.00 [5.00] (p=0.23) 
+1.00 [1.00] (p=0.65) 
+0.75 [9.75] (p=0.12) 

 
0.58 
0.94 
0.85 
0.99 

VAS smell, median [IQR]  +2.00 [3.00] (p=0.003*) +2.00 [2.62] (p=0.01*) +3.00 [5.00] (p=0.22) +1.00 [2.25] (p=0.09) 0.84 
SNOT-22, median [IQR]  -1.00 [13.00] (p=0.59) -1.50 [12.00] (p=0.57) 0.00 [14.00] (p=0.89) -8.00 [28.00] (p=0.62) 0.77 
Parosmia, No (%) -4 (0.09%) (p=0.46) -5 (0.26%) (p=0.51) +1 (0.06%) (p=1) 0 (0.0%) 0.06 
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Influence of available variables on smell improvement 

Presence of comorbidities negatively influenced the TDI and identification scores in 

group A (p=0.04 and p=0.03 respectively) and the discrimination and identification scores 

in group B (p<0.001 and p=0.007 respectively). Age and sex (male) negatively influenced 

identification score in group B only (p<0.001 for both) while the length of OD negatively 

influenced threshold and discrimination scores in group A (p=0.02 and p=0.01 

respectively) and the discrimination and identification scores in group B (p<0.001 and 

p=0.004 respectively). (Table 4) All the other variables were found to not influence smell 

recovery. 

 

6.14.4. Discussion 

 

Corticosteroids have been considered as a therapeutic option for PIOD with many 

studies showing promising results557,714-717. It has been hypothesised that some patients 

with persistent PIOD may have an undetectable (not macroscopically evident) ongoing 

inflammation in the olfactory neuroepithelium428,718,719 which could explain why some 

people could respond better than others to steroidal treatment719,720. However, in the 

absence of large randomised-controlled trials, evidence supporting its use in PIOD 

remains weak. So far, a unanimous consensus has not been reached and clear 

guidelines do not exist. In January 2021 an experts panel concluded that “oral and topical 

steroids may still have a role in the management” of PIOD and “may be used in carefully 

selected patients”712 while in another international consensus issued a month later on 

the treatment of COVID-19-related OD the majority of the authors thought that “systemic 

CCS should not be considered as standard-of-care” although these could “have a 

potential place” in its treatment721.  
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Our results failed to demonstrate a clear superiority of taking corticosteroids in 

combination with OT over OT alone. In fact, both treatments were found to improve TDI 

score at follow-up although none was superior to the other (p=0.99). Nevertheless, a 

higher statistically significant improvement was demonstrated in the group of patients 

taking the combined treatment (p=0.01 vs p=0.04). When looking at the MCID for the 

TDI score for single patient in each group, we observed a very similar percentage of 

patients who reached the MCID in the two treatment groups (31.6% in group A vs 31.3% 

in group B) with a slightly higher number of patients in group C, although this was not 

statistically significant (p=0.78). Nonetheless, a statistically significant improvement of 

the VAS score (p=0.01) was observed only in those having the combined treatment. The 

lack of statistically significant differences of baseline characteristics between the three 

groups, helped us to rule out any selection bias in treatment choice. Overall, these results 

seem to suggest a benefit, at least in the reported OD, of adding a short course of 

corticosteroids to OT in the management of COVID-19-related OD. In this regard, our 

data corroborate previous findings by Le bon et al.716 who found that only patients with 

combined therapy (10-day course of 32 mg of methylprednisolone once daily combined 

with OT) significantly improved olfactory function when compared to those who did the 

OT alone. However, our patients had a considerably longer length of OD (7.5 months on 

average) compared to Le Bon et al. subjects (5 weeks on average). A recent systematic 

review by Yuan et al.717 concluded that “a combination of steroids and OT is more efficient 

than OT only in managing OD from post-viral OD”. In 2018, Nguyen and Patel557 found 

that steroid irrigation (Budesonide respules in a 0.5-mg/2-mL dose) in combination with 

OT was superior to OT alone in improving olfactory function in patients with anosmia of 

different causes (46.6% were PIOD). In a retrospective study conducted on 46 adults, 

Fleiner et al.707 concluded that OT with a topical nasal steroid (not better described) was 

more effective than OT alone, especially in the subgroup of patients with PIOD. It must 

be stated that, in addition to the way of administration, corticosteroid molecules differ in 

terms of their anti-inflammatory potencies and duration of action722 which could 
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eventually influence their potential effect to improve sense of smell. However, to our 

knowledge, the best corticosteroid molecule to use in COVID-19-related OD, or broadly 

in post-viral OD, has not yet been identified. 

 

Today, most of the authors agree that, considering the systemic side effects of taking oral 

corticosteroids, it is not recommended to use them more than 2 weeks for the treatment 

of COVID-19-related OD556. As an option, giving a short course of oral steroids for 3–4 

days has been suggested as a diagnostic tool720, followed then by a full course of steroids 

completing 2 weeks for those responding. However, this would require an extra follow-

up to assess treatment response which could not always be feasible in the context of a 

stretched national health system. 

 

A strong association between the time of initiation of corticosteroids therapy and smell 

recovery rate has been confirmed in patients with PIOD. Experts agree that oral 

corticosteroids could have a role only if administered in the early stage of COVID-19-

related OD712 event though the overall consensus is to not suggest them within the first 

3 weeks after OD onset due to the high rate of spontaneous recovery310,590,721. However, 

the question remains whether it is worthwhile trying oral corticosteroids in patients with 

a persistent OD (longer than 6 months). In this regard, Genetzaki et al.720 noted a smell 

improvement also in patients with persistent OD (up to 12 months) receiving oral 

corticosteroids plus OT. In our study, a significant improvement of the TDI score was 

observed in group A with patients having an average length of OD of 7.1 months. 

However, the length of OD did not influence smell recovery in group A while an effect 

was noted in group B on TDI, threshold and identification scores with a cut-off of 300 

days found to be significant for all the three scores. This suggests that an early initiation 

of the OT (before 10 months) could give a better benefit in terms of olfactory 

improvement. Interestingly, the lack of influence of the time variable on the olfactory 
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recovery of patients taking the combined treatment would indicate its effectiveness 

irrespective of the length of OD.    

 

We also found that patients in both groups who had had previous treatments for OD 

responded better to the therapy in term of olfactory scores at follow-up. Similarly, the 

presence of comorbidities significantly correlated with smell recovery in both treatment 

groups while an impact of age (younger than 50 years) and sex (male) was found to 

influence identification scores only in those who did the OT alone, as previously noted590.  

 

The decision over the best way of administering corticosteroids (oral vs topical vs 

combination) still remains a matter of debate. Despite some studies seem to show no 

benefit of topical steroid in improving PIOD723-725, delivery method could influence 

response to treatment. The majority of the authors agree that nasal corticosteroids 

sprays are not useful because they cannot reach the olfactory clefts. On the other side, 

rinsing with a topical steroid irrigation557 or delivering steroid drops in the Kaiteki 

position726 has been reported to be helpful. Given the potential benefits of intranasal 

steroid drops, we offered a combined treatment of oral and topical steroids for a total 

length of treatment of 4 weeks. 

 

Finally, our data also highlight the role of OT in persistent PIOD, as demonstrated by the 

fact that no statistically significant improvement was observed in those who did not do it 

(group C). 

 

Strengths and limitations 

This study is the first one looking at the role of corticosteroids in patients with a persistent 

COVID-19-related OD. Also, all patients considered in the study had no signs of 

paranasal inflammation, as demonstrated by a clear MRI head. This allowed us to be 

more confident that any smell improvement observed in the steroid group would have 
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not been confounded by treating an underlying sinonasal disease. The main limitation of 

the study is its non-randomized non-blinded design as treatments suggested were not 

randomly assigned. However, this represents a real-life study and it was not initially 

designed as a prospective controlled trial. Group C did not reach the minimal sample 

size; therefore, we cannot exclude that the results observed regarding this group were 

affected by a casual effect. Even though it could be considered a controlled study for the 

presence of two different control groups, their inclusion was not part of the initial study 

design but was a consequence of patients’ own choice to take or not the treatment 

suggested. As an additional consequence of that, the patients reported outcomes (i.e. 

VAS and SNOT-22) might have been biased whereas those receiving the combined 

treatment were more prone to believe they could have achieved an improvement at the 

end of the treatment. Also, by giving a combination of oral and topical steroid drops to 

patients in group A, we were not able to conclude whether the observed smell 

improvement was due to a particular formulation of corticosteroids or to the combination 

of both. 

 

6.14.5. Conclusions 

 

Our study confirms the importance of OT in the treatment of persistent COVID-19-related 

OD suggesting that the addition of corticosteroids may also give a benefit in term of 

patient’s perceived olfaction. Topical steroid drops administered in the Kaiteki position 

may contribute to oral corticosteroids effect by targeting directly the olfactory 

neuroepithelium. However, benefits of corticosteroids must be considered against their 

systemic side effects and randomised controlled studies on bigger populations are 

strongly encouraged to better clarify their role in the treatment of persistent PIOD.
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6.15. The effectiveness of functional septorhinoplasty in improving COVID-19-

related olfactory dysfunction 

 

6.15.1. Introduction  

 

The recent COVID-19 pandemic has left millions of people with a profound loss of 

chemosensation due to the high prevalence of olfactory dysfunction (OD) linked to 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.310,425,590,592 

Although a high recovery rate has been observed during the first months,69 up to 13% of 

subjects can show persistent COVID-19 related-OD (C19OD) at 3 years,727 with severe 

impact on quality of life (QoL).425,592  

 

The olfactory pathophysiology of C19OD is multifactorial. Traditionally, causes of OD 

have been classidied according to the anatomical location of the presumed 

pathology/lesion and divided as conductive, sensorineural and central, or a combination 

of these. SARS-CoV-2 typically damages the olfactory epithelium (OE), thus creating a 

sensorineural loss of smell, and to a lesser extent affects the central primary and 

secondary olfactory cortices.470,684 Although C19OD represents a reversible 

sensorineural olfactory loss in the majority of cases,727 the question remains as to why 

this is not the case for those developing a persistent loss of sense of smell.  

 

Normal nasal airflow through the olfactory cleft is one of the conditions necessary for an 

intact olfactory sense.130 Current evidence shows that a moderate-to-severe deviated 

nasal septum (DNS) results in decreased olfactory function on the obstructed nasal side 

(lateralised olfaction) and olfaction is normalised following septoplasty.178 OD caused by 

a structural obstruction is mainly caused by a conductive loss secondary to a reduction 

in the access of odorants to the OE and once rectified the sense of smell returns to 

normal.155,171-173,728 The relationship between nasal airway improvement following septal 
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surgery and improved olfaction has been consistently demonstrated.130,153,165-

167,173,174,176,177,426,694,729-731  

 

Functional septorhinoplasty (fSRP), as well as correcting a DNS, can also increase 

internal/external nasal valve (INV/ENV) function, which is crucial in regulating airflow to 

the olfactory region.149,732 With additional INV and ENV augmentation, there is growing 

evidence suggesting that fSRP can improve olfaction to a greater extent than septoplasty 

alone and implying that other mechanisms, in addition to the conductive component, are 

involved in the smell improvement.177,178,426,731,733  In this regard, Whitcroft et al.178 

demonstrated that fSRP can improve olfaction in patients with a combination of 

conductive and sensorineural olfactory loss. The authors hypothesised that the observed 

olfactory improvement was achieved by an improved OE function caused by an 

increased nasal airflow to the olfactory niche.178 

 

In the post-COVID-19 era, the unmet need is to find a treatment which could achieve a 

meaningful olfactory increase for patients with long-term (>2 years) C19OD. This 

noticeable, perceptible for the patient, improvement in the smell function is usually 

defined as an increase in the smell scores above the minimal clinically important 

difference (MCID).  

 

Currently only few studies have explored treatments for persistent C19OD lasting longer 

than one year but MCID in olfactory gain has never been achieved.734 We conducted a 

pilot study to evaluate olfactory changes in patients with persistent C19OD undergoing 

fSRP and compared these to a control group of C19OD patients on OT. 
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6.15.2. Materials and methods  

 

Participants were recruited from patients seen in the long-COVID smell clinic at the Royal 

National ENT Hospital hospital between October 2022 and May 2023. Inclusion and 

exclusion criteria are reported in Table 1. This study was approved by the Hospital 

Research Ethic Committee (ref 14/SC/1180) and was conducted in accordance with the 

1996 Declaration of Helsinki. All participants provided full informed written consent prior 

to participation.  

 

 
Table 1. Study inclusion and exclusion criteria.   
+These include: congenital olfactory loss, post-traumatic olfactory dysfunction, chronic 
rhinosinusitis, neoplasms, previous chemotherapy or radiotherapy to the head and neck, 
neurodegenerative diseases 
 
 OD: olfactory dysfunction; PIOD: post-infectious olfactory dysfunction; OT: olfactory training; MRI: magnetic 
resonance imaging; DNS: deviated nasal septum; INV: internal nasal valve; ENV: external nasal valve.  
 

 

Subjects satisfying eligibility criteria were offered fSRP. Those refusing it but willing to 

take part in the study, were asked to continue with OT for the entire study period and 

formed the control arm. Subjects in the treatment group were assessed at baseline (T0), 

3-month (T1) and 6-month (T2) from fSRP. Those in the control group, instead, were 

assessed at T0 and T2 only. During the follow-up period, participants were asked to not 

Inclusion Exclusion 

Age ≥18. 
Presence of other causes 
leading/contributing to OD (also confirmed 
by MRI of the head/sinuses).+  

Aetiology of OD following a polymerase chain 
reaction–confirmed diagnosis of SARS-CoV-2 
infection. 

History of PIOD prior to COVID-19. 

OD confirmed at Sniffin’ Sticks and longer than 
18 months. Prior nasal/sinonasal/skull base surgery. 

OD failing to improve on conservative 
treatments, including OT and oral/topical 
corticosteroids. 

Bleeding disorders. 

Aesthetically unacceptable nasal deformity or 
reduced nasal airflow caused by a confirmed 
DNS and/or INV/ENV dysfunction. 

Blood thinners assumption. 
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start any additional treatment potentially influencing olfaction. Compliance with OT in the 

control group was assessed at T2. fSRP was performed using a standardised external 

approach involving septoplasty with nasal bone realignment to increase airway 

symmetry, INV and ENV augmentation using autologous spreader grafts and columellar 

strut respectively. All operations were performed by the same team (yy) and following the 

same surgical technique.   

 

Sense of smell was evaluated using S'S extended set (Burghart, Medisense) to obtain 

the odour threshold(T), discrimination(D), and identification(I) scores.112 Normosmia was 

attributed where TDI score was ≥30.75, hyposmia where TDI was >16, but <30.75, and 

functional anosmia if TDI≤16.112 The MCID was defined as a clinically significant 

improvement corresponding to 5.5 points increase for TDI (our primary outcome) and 2.5 

points for the other S’S scores.128 Bilateral and unilateral peak nasal inspiratory flow 

(PNIF) were performed to assess nasal airflow while acoustic rhinometry (AR) was used 

to obtain unilateral minimal cross-sectional area (MCA) and nasal volume (NV).282,404,405 

QoL was assessed using the 36-Item Short Form Health Survey (SF-36). Self-

assessment of olfaction was performed using a visual analogue scale for smell (sVAS – 

0 represents “sense of smell absent” and 10 “sense of smell not affected”)310 whereas 

sinonasal symptoms were evaluated using the 22-item Sino-Nasal Outcome Test (SNOT-

22).406 The Nasal Obstruction Symptom Evaluation (NOSE) scale was used to 

subjectively assess nasal obstruction.735 Qualitative olfactory dysfunction (i.e. 

parosmia/phantosmia) was investigated by asking the participants if the symptom was 

present or not at the moment of the examination. 

 

Statistical analysis 

Quantitative variables were summarized using median and interquartile range whereas 

qualitative variables were described with frequency and percentage. Comparisons of 

measurements between baseline and follow-ups were performed using the Mann-



 252 

Whitney test for quantitative variables and the proportion test for dichotomic variables. 

Person correlation index was used to measure associations between quantitative 

variables. p-values were calculated for all tests, and 5% was considered as the critical 

level of significance. Sample size was determined using a power analysis of independent 

Mann-Whitney test (two-sided) assuming a difference between means at the end of the 

study of 5.5 TDI points (MCID)128 and an equal standard deviation in the two groups of 4 

TDI points. Based on that, a minimum of 10 patients in each group were required to 

reach a power of 81%, with an alpha error of 0.05. 

 

6.15.3. Results  

 

This study assessed for eligibility 104 subjects. Twenty-five participants were selected 

with 12 forming the treatment group and 13 entering the control group. Nine patients in 

the treatment group and 10 in the control arm completed the 6-month follow-up period 

(6-month drop-out rate of 25.0% and 23.1%, respectively). No complications were 

recorded following fSRP. Demographics and baseline characteristics for the participants, 

and comparison between groups, are reported in Table 2.  

 

Olfactory scores, nasal measurements and patient-reported outcome measures 

(PROMs) at baseline 

Apart from the median discrimination scores, all S’S subtests scores at baseline were 

below normative values when compared to those of an adult population of similar age 

group.112 Similarly, baseline median bilateral and unilateral PNIF as well as AR 

parameters were below the reference values for an adult population of similar age 

group.285,404,736 
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Table 2. General characteristics of the treatment and control groups at baseline. Statistical 
difference between groups is also shown. Significant p-values in bold. Levels of significance *p 
≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.+ Length of OD is calculated as number of days from the 
infection date to the day of enrolment. 
 
OD: olfactory dysfunction; PIOD: post-infectious olfactory dysfunction. 
 

Lower SF-36 scores were found for the health domains role limitations due to physical 

health, energy/fatigue, emotional wellbeing, social functioning and general health when 

compared to normative values for the UK population.737 Reduced scores were observed 

for sVAS while raised scores were found for the SNOT-22105 and NOSE.738 No 

statistically significant differences were noted in the olfactory scores, nasal 

measurements and PROMs at baseline between the two groups.(Tables 3-4) 

 Treatment group 
n = 12 

Control group 
n = 13 

p-value 

Age, median [P25-P75], yr 40.0 [31.5-44.0] 49.0 [30.0-54.0] 0.66 
Sex, No (%) 

Female 
Male  

 
9 (75.0%) 
3 (25.0%) 

 
8 (61.5%) 
5 (38.5%) 

0.77 

Length of OD+, median [P25-P75], yr 2.3 [2.0-2.5] 2.4 [1.9-2.8] 0.53 

Parosmia, No (%) 10 (83.3%) 10 (76.9%) 1 

Phantosmia, No (%) 4 (33.3%) 2 (15.4%) 0.56 

Smoking, No (%) 
    Ex-smoker     
    Yes 
    No 

 
1 (100%) 
0 (0.0%) 
0 (0.0%) 

 
0 (0.0%) 
2 (100%) 
0 (0.0%) 

0.50 

Comorbidity, No (%) 
    None 
    Yes 
      Hypothyroidism  
      Asthma 
      Others 

 
8 (66.7%) 
4 (33.3%) 
1 (25.0%) 
1 (25.0%) 
4 (100%) 

 
9 (69.2%) 
4 (30.8%) 
1 (25.0%) 
1 (25.0%) 
3 (75.0%) 

0.33 

Allergic rhinitis, No (%) 2 (16.7%) 0 (0.0%) 0.94 

Chronic rhinosinusitis, No (%) 0 (0.0%) 0 (0.0%) 1 

Family history Alzheimer/Parkinson, No 
(%) 

3 (25.0%) 1 (7.7%) 1 

History of PIOD, No (%) 2 (16.6%) 3 (23.1%) 1 

History of previous nasal operations, No 
(%) 

0 (0.0%) 0 (0.0%) 1 

History of head trauma, No (%) 1 (8.3%) 0 (0.0%) 0.97 
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  Treatment group  Control group 
  Baseline (T0) 

n=12 
3-month (T1) 

n=10 
6-month (T2) 

n=9 
 Baseline (T0) 

n=13 
6-month (T2) 

n=10 

Sniffin’ Sticks        

TDI, median [P25-P75] 
   Threshold, median [P25-P75] 
   Discrimination, median [P25-P75] 
   Identification, median [P25-P75] 

 22.3 [20.0-24.8] 
1.8 [1.0-3.8] 

10.0 [10.0-11.3] 
9.0 [8.0-11.3] 

26.8 [20.0-24.8] 
4.6 [1.7-7.0] 

11.5 [10.0-12.0] 
10.5 [9.0-12.8] 

30.3 [24.5-30.8] 
5.8 [4.0-7.3] 

12.0 [11.0-13.0] 
12.0 [10.0-13.0] 

 22.0 [18.0-25.0] 
4.0 [2.3-4.5] 

9.0 [8.0-10.0] 
9.0 [7.0-10.0] 

21.9 [21.1-31.2] 
4.4 [2.2-5.4] 

10.5 [8.0-13.0] 
10.0 [8.3-10.8] 

Normosmics, n (%) 
Hyposmics, n (%) 
Anosmics, n (%) 

 0 (0.0%) 
11 (91.7%) 

1 (8.3%) 

1 (10.0%) 
9 (90.0%) 
0 (23.5%) 

4 (44.4%) 
5 (55.6%) 
0 (0.0%) 

 0 (0.0%) 
12 (92.3%) 

1 (7.7%) 

3 (30.0%) 
6 (60.0%) 
1 (10.0%) 

Nasal measurements        

PNIF, median [P25-P75], L/min 
    Bilateral PNIF 
    Right PNIF 
    Left PNIF  

  
115.0 [87.5-137.5] 

62.5 [50.0-82.5] 
60.0 [48.8-77.5] 

 
137.5 [130.0-157.5] 

82.5 [66.3-130.0] 
90.0 [81.3-107.5] 

 
160.0 [125.0-190.0] 

110.0 [70.0-120.0] 
65.0 [50.0-100.0] 

  
135.0 [110.0-162.5] 

82.5 [66.3-98.8] 
100.0 [68.8-116.3] 

- 

Acoustic rhinometry, median [P25-P75] 
    Right MCA1, cm2 

    Right Nasal volume (0-5), cm3  
    Left MCA1, cm2 
    Left Nasal volume (0-5), cm3  

  
0.5 [0.4-0.7] 
5.7 [5.2-7.3] 
0.7 [0.4-0.8] 
6.6 [5.7-7.4] 

 
0.5 [0.4-0.7] 

8.1 [5.9-10.9] 
0.7 [0.5-0.8] 

9.5 [7.6-10.7] 

 
0.6 [0.4-0.7] 
7.9 [5.8-9.4] 
0.6 [0.5-0.8] 
8.0 [6.0-9.1] 

  
0.6 [0.4-0.9] 

6.9 [6.2-13.1] 
0.8 [0.6-1.1] 

9.0 [6.1-13.1] 

- 

PROMs        

SF-36, median [P25-P75], % 
    Physical functioning 
    Role limitations due to physical health 
    Role limitations due to emotional problems 
    Energy/Fatigue 
    Emotional wellbeing 
    Social functioning 
    Pain 
    General health 

  
95.0 [83.8-100] 
62.5 [25.0-100] 
100 [33.3-100] 

50.0 [23.8-73.8] 
70.0 [67.0-88.0] 
68.8 [46.9-100] 
78.8 [65.0-90.0] 
65.0 [45.0-72.5] 

 
100 [81.3-100] 
75.0 [31.3-100] 
100 [66.7-100] 

60.0 [37.5-75.0] 
72.0 [68.0-88.0] 
100 [65.6-100] 

90.0 [78.1-97.5] 
62.5 [55.0-83.8] 

 
95.0 [90.0-100] 
75.0 [50.0-100] 
100 [100-100] 

55.0 [50.0-80.0] 
84.0 [76.0-88.0] 
100 [81.3-100] 

90.0 [73.8-95.0] 
75.0 [50.0-85.0] 

  
100 [87.5-100] 
100 [75.0-100] 
100 [16.7-100] 

45.0 [27.5-62.5] 
80.0 [58.0-82.0] 
62.5 [50.0-93.8] 
90.0 [83.8-100] 
65.0 [40.0-77.5] 

 
100 [91.3-100] 
100 [100-100] 
100 [50.0-100] 

52.5 [38.8-55.5] 
72.0 [53.0-90.0] 
81.3 [62.5-96.9] 
95.0 [71.9-100] 
62.5 [55.0-68.8] 

sVAS, median [P25-P75]  4.3 [3.0-5.3] 5.0 [4.0-6.4] 6.0 [4.5-6.0]  4.0 [2.0-5.5] 4.0 [3.5-5.0] 
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Table 3. Olfactory and nasal measurements, and patient-reported outcome measures (PROMs) at baseline, 3- and 6-month following functional septorhinoplasty 
for the treatment group and at baseline and at 6-month for the control group.  
 
TDI: Threshold + Discrimination + Identification; PNIF; peak nasal inspiratory flow; lPNIF: left PNIF; rPNIF: right PNIF; MCA1: first minimal cross-sectional area. 
SF-36: 36-item Short Form Survey; EQ-5D-5L: EuroQoL 5-Dimension 5-Level; Short-QODNS: short version of Questionnaire of Olfactory Disorders - Negative Statements; sVAS: 
Visual Analogue Scale for sense of smell; SNOT-22: 22-item SinoNasal Outcome Test; NOSE: Nasal Obstruction and Septoplasty Effectiveness Scale 
 

 

SNOT-22, median [P25-P75]  25.0 [14.3-30.0] 13.0 [9.3-32.5] 11.0 [6.0-15.0]  12.0 [10.0-30.5] 17.5 [15.3-27.8] 

NOSE, median [P25-P75]  25.0 [12.5-45.0] 17.5 [7.5-34] 10.0 [10.0-15.0]  20.0 [10.0-52.5] 27.5 [6.5-44] 
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  Within group comparisons  Between groups 
 Comparisons†   Treatment group  Control group  

  T0-T1 T1-T2 T0-T2  T0-T2  T0 T2 |DT0-T2| 

Sniffin’ Sticks           

TDI 
   Threshold 
   Discrimination 
   Identification 

 +4.5 (0.15) 
+2.8 (0.08) 
+1.5 (0.46) 
+1.5 (0.27) 

+3.5 (0.22) 
+1.2 (0.57) 
+0.5 (0.28) 
+1.5 (0.38) 

+8.0 (0.005)** 
+4.0 (0.01)** 
+2.0 (0.05)* 
+3.0 (0.04)* 

 
 
 
 

-0.1 (0.39) 
+0.4 (0.53) 
+1.5 (0.51) 
+1.0 (0.23) 

 
 
 
 

+0.3 (0.57) 
-2.2 (0.11) 
+1.0 (0.07) 
0.0 (0.32) 

+8.4 (0.19) 
+1.4 (0.33) 
+1.5 (0.46) 
+2.0 (0.08) 

8.1 (0.06) 
3.6 (0.05)* 
0.5 (0.74) 
2.0 (0.07) 

Nasal measurements           

PNIF, L/min 
    Bilateral PNIF 
    Right PNIF 
    Left PNIF  

  
+22.5 (0.06) 
+20.0 (0.11) 
+30.0 (0.03)* 

 
+22.5 (0.84) 
+27.5 (0.77) 
-25.0 (0.27) 

 
+45.0 (0.04)* 
+47.5 (0.07) 
+5.0 (0.40) 

 
 
- 

  
-20.0 (0.20) 
-20.0 (0.13) 
-40.0 (0.06) 

 
- 

 
- 

Acoustic rhinometry 
    Right MCA1, cm2 

    Right Nasal volume (0-5), cm3  
    Left MCA1, cm2 
    Left Nasal volume (0-5), cm3 

  
0.0 (0.62) 

+2.4 (0.07) 
0.0 (0.72) 

+2.9 (0.09) 

 
+0.1 (0.29) 
-0.2 (0.66) 
-0.1 (0.96) 
-1.5 (0.90) 

 
+0.1 (0.34) 
+2.2 (0.03)* 
-0.1 (0.84) 
+1.4 (0.11) 

 

 
- 

  
-0.1 (0.45) 
-1.2 (0.1) 
-0.1 (0.38) 
-2.4 (0.19) 

 
- 

 
- 

PROMs           

SF-36, % 
    Physical functioning 
    Role limitations due to physical health 
    Role limitations due to emotional problems 
    Energy/Fatigue 
    Emotional wellbeing 
    Social functioning 
    Pain 
    General health 

  
+5.0 (0.55) 
+10.0 (0.68) 

0.0 (0.85) 
+10.0 (0.69) 
+2.0 (0.74) 
+31.2 (0.24) 
+11.2 (0.57) 
-2.5 (0.74) 

 
-5.0 (0.83) 
0.0 (0.97) 
0.0 (0.40) 
-5.0 (0.62) 

+12.0 (0.44) 
0.0 (0.93) 
0.0 (0.65) 

+12.5 (0.97) 

 
0.0 (0.74) 

+10.0 (0.61) 
0.0 (0.47) 

+5.0 (0.41) 
+14.0 (0.43) 
+31.2 (0.31) 
+11.2 (0.74) 
+10.0 (0.50) 

  
0.0 (0.78) 
0.0 (0.74) 
0.0 (0.64) 

+7.5 (0.59) 
-8.0 (1.00) 

+18.8 (0.73) 
+5.0 (0.96) 
-2.5 (1.00) 

  
-5.0 (0.63) 
-37.5 (0.14) 
0.0 (0.55) 

+5.0 (0.77) 
-10.0 (0.67) 
+6.3 (0.79) 
-11.2 (0.28) 

0.0 (1) 

 
-5.0 (0.63) 
-25.0 (0.14) 
0.0 (0.56) 

+2.5 (0.43) 
+12.0 (0.29) 
+18.7 (0.37) 
-5.0 (0.42) 

+12.5 (0.32) 

 
0.0 (0.56) 
10 (0.32) 
0.0 (0.33) 
2.5 (0.95) 
22 (0.72) 

12.4 (0.85) 
6.2 (0.27) 
12.5 (0.72) 

sVAS  +0.7 (0.34) +1.0 (0.84) +1.7 (0.17)  0.0 (0.69)  +0.3 (0.78) +2.0 (0.25) 1.7 (0.82) 

SNOT-22  -12.0 (0.27) -2.0 (0.35) -14.0 (0.03)*  +5.5 (0.53)  +13.0 (0.53) -6.5 (0.13) 19.5 (0.41) 



 257 

 

Table 4. Differences in medians and statistical significance (p-values – in brackets). The sign ‘+’ indicates an improvement while the sign ‘-‘ indicates a worsening 
in the median values. Please note that for the intergroup differences the direction signs have not been used. 
Significant p-values in bold. Levels of significance *p ≤ 0.05, **p ≤ 0.01. 
† Comparison made with reference to treatment group (i.e. Treatment group – Control group) 
 
TDI: Threshold + Discrimination + Identification; PNIF; peak nasal inspiratory flow; lPNIF: left PNIF; rPNIF: right PNIF; MCA1: first minimal cross-sectional area. 
PROMs: patient-reported outcome measures; SF-36: 36-item Short Form Survey; EQ-5D-5L: EuroQoL 5-Dimension 5-Level; Short-QODNS: short version of Questionnaire of 
Olfactory Disorders - Negative Statements; sVAS: Visual Analogue Scale for sense of smell; SNOT-22: 22-item SinoNasal Outcome Test; NOSE: Nasal Obstruction and Septoplasty 
Effectiveness Scale 
 

  

NOSE  -7.5 (0.48) -7.5 (0.20) -15.0 (0.05)*  +7.5 (0.84)  +5.0 (0.93) -17.5 (0.20) 22.5 (0.31) 
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Within and between groups comparisons at follow-ups 

An improvement in all S’S scores was observed only in the fSRP group both at T1 and 

T2 but these were statistically significant and all above MCID level (apart from 

discrimination) only at T2.(Figure 1; Tables 3-4) A statistically significant improvement at 

T2 from baseline (T0-T2) was noted only in the treatment group in the bilateral PNIF 

(p=0.04) and right NV (p=0.03), while left PNIF improved significantly only at T1 from 

baseline (T0-T1, p=0.03).(Tables 3-4) A statistically significant reduction in the SNOT-22 

and NOSE was demonstrated at T2 (respectively p=0.03 and p=0.05) only in the 

treatment group.(Tables 3-4) When comparing the gain obtained between T0 and T2 

between the two groups, a statistically significant difference was noted for the threshold 

(p=0.05) and a trend towards significance was noted for the TDI (p=0.06) and the 

identification (p=0.07), all in favour of fSRP.(Figure 2; Table 4) 

 
 
Figure 1. Box plots showing changes in TDI (a), threshold (b), discrimination (c) and identification 
(d) scores for the fSRP group during the study period. Statistical difference between intervals is 
also shown. Levels of significance *p ≤ 0.05, **p ≤ 0.01. 
 
TDI: Threshold + Discrimination + Identification. 
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Figure 2. Box plots showing changes in TDI (a), threshold (b), discrimination (c) and 
identification (d) scores between the treatment (cases) and the control groups between T0 
(baseline) and T2 (6 months). Statistical difference between intervals is also shown. Levels of 
significance *p ≤ 0.05. 
 

Correlation between olfactory function and nasal measurements 

No correlations were found between S’S scores and nasal measurements when 

considering all the measurements obtained in the whole population. When we looked at 

the correlations between the changes in S’S scores and nasal measurements between 

T0 and T2 in the fSRP group, we found strong significant correlations between changes 

in left PNIF and changes in TDI (r=0.67; p=0.05), between changes in total PNIF and 

changes in discrimination (r=0.73; p=0.03) and identification (r=-0.67; p=0.05), and 

between changes in left MCA1 and changes in identification (r=-0.74; p=0.03).(Figure 3) 
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Figure 3. Correlation matrix showing strength of correlations between changes (D) in Sniffin' 
Sticks scores and changes (D) in nasal airways parameters in the treatment group. Levels of 
significance *p ≤ 0.05. 
 
TDI: Threshold + Discrimination + Identification; PNIF; peak nasal inspiratory flow; lPNIF: left PNIF; rPNIF: 
right PNIF; MCA1: first minimal cross-sectional area; NV: nasal volume. 
 
 

6.15.4. Discussion  

 

Our pilot study shows that fSRP can significantly improve persistent C19OD in patients 

who have previously failed other treatment options for post-infectious OD (PIOD). 

Patients undergoing fSRP demonstrated a statistically significant improvement in their 

olfactory scores at 6 months, above MCID level for all S’S scores (apart from 

discrimination),128 whilst an olfactory improvement was not observed in the control arm 

(patients on OT). Importantly, at 6 months, we observed a statistically significant 

improvement in threshold gain following fSRP (+3.6 points, p=0.05). A clear positive trend 

in TDI gain was also observed but did not reach statistical significance (+8.1 points, 

p=0.06). (Table 4) These olfactory gains represent the olfactory improvement secondary 

to the intervention minus the control arm, namely the olfactory benefit obtainable with 

fSRP when compared to OT. Several studies confirm that olfactory threshold reflects the 

peripheral olfactory apparatus function (i.e. OE).178,739,740 This suggests that olfactory 

benefits following fSRP are primarily related to an increased peripheral olfactory 
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stimulation (i.e. olfactory sensorineural reactivation or sensorineural reversibility) 

implying that ORNs are still present in patients with persistent C19OD. Our data 

corroborates previous findings by Whitcroft et al.178 who showed a statistically significant 

improvement in the mean TDI (+6.5 points, p=0.03) in patients with long-term OD 

undergoing fSRP. Similarly, we demonstrated TDI improvement in all our fSRP patients, 

with six of them (66.7%) reaching MCID,128 when compared to only 4 (40%) in the control 

group. Importantly, in the control arm olfaction further decreased in 4 patients (40%) 

whilst deteroriation was not demonstrated in any of the fSRP patients. Although fSRP 

patients demonstrated a noticeable improvement in their TDI, statistical significance at 

T2 was not reported with patient-reported olfaction (sVAS) and general QoL scores. 

However, in previous studies we found statistically significant correlations between 

olfactory scores, sVAS and SF-36,425,592 and we believe these non-significant 

improvements obtained in the present study may be related to the small sample size of 

our cohorts. 

 

The main driving mechanism to the olfactory improvement obtained in the fSRP group is 

centred around an increase in nasal airflow as confirmed by a strong significant 

correlation between post-operative changes in S’S scores and PNIF/AR. Following fSRP, 

patients experienced an objective and subjective increase in the nasal airflow as 

demonstrated by a significant improvement of bilateral PNIF (p=0.04) and a decrease in 

NOSE and SNOT-22 (p=0.05 and p=0.03, respectively) at 6 months. In addition to this 

prevalent mechanism, a previous functional MRI study showed that fSRP can lead to 

structural and functional plasticity of secondary olfactory cortices, caused by a bottom-

up plasticity process.178 In support of this, we demonstrated  a statistically significant 

improvement of the identification and discrimination scores which have been shown to 

reflect more complex processing of olfactory information and influenced by cognitive 

processes.178,739,740  
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The concept of olfactory improvement following nasal surgery is not new.130,153,165-

167,173,176,177,426,694,729-731 However, its efficacy in PIOD, and in particular in C19OD, remains 

unexplored. Consequentely, in the post-COVID-19 era, in which thousands of people 

have been left with a debilitating OD unable to improve on other available options, the 

potential role of fSRP in improving OD is gaining increasing attention from many 

rhinology surgeons. This notion is supported by recent systematic reviews and meta-

analyses showing that fSRP not only constitutes a safe procedure in terms of long-term 

olfactory function but can also restore smell.130,733 The majority of studies seem to 

suggest that an improvement in the nasal airflow in the olfactory area can lead to 

improved olfaction by enhancing transport of odour molecules to the olfactory 

cleft.153,154,163-169 In particular, a growing body of evidence seems to support the critical 

role of the INV in influencing airflow in the olfactory cleft region.149-151,156 Spreader grafts 

are known to increase the INV angle section741 and, in fact, a positive association 

between presence of spreader grafts and olfactory outcomes has been reported.176 

Anatomical variation of the ENV can also influence direction of the airflow and play a role 

in the transportation of odorants to the olfactory cleft.157,158 Our patients underwent 

bilateral INV augmentation, by using bilateral spreader grafts, and anatomical variation 

of the ENV, by means of columellar strut. By increasing the nasal airflow to the olfactory 

clefts, growing evidence suggests that this increased olfactory stimulation, caused by a 

greater quantity of odorants reaching the olfactory area, can lead to an improved OE 

activity. This may contribute to the restoration of the sensorineural deficit (i.e. OE 

damage) present in C19OD.178 This increased peripheral input can then lead to a 

structural and functional plasticity of secondary olfactory cortices through a bottom-up 

plasticity process.178 

 

Although nasal airflow improved following fSRP, all patients were enrolled from our long-

COVID smell clinic with a primary diagnosis of persistent C19OD and not nasal blockage. 

However, all patients had a mild nasal blockage with average NOSE scores less than 25 
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with mildly reduced PNIF/AR scores. Neevrtheless, it is important to delineate the 

separate pre-operative diagnoses of C19OD from long-standing mild nasal blockage 

which appear unrelated in causation prior to COVID. All our patients had reported normal 

sense of smell prior to COVID-19 (history of OD was an exclusion criteria to the study).  

 

Despite continuous research efforts, treatments for long-term (>1year) C19OD today 

remain limited and equally have failed to demonstrate a clinically important olfactory 

improvement (i.e. above MCID). OT is considered the gold standard treatment for 

C19OD.44,69,534 However, its benefits can abate when OD becomes long-standing and 

our study, unfortunately, seems to suggest so. This paints a bleak picture for those 

untreated patients with persistent C19OD.  

 

Strengths and limitations  

To the best of our knowledge, this is the first study to have investigated the role of fSRP, 

and more widely of nasal airways surgery, in improving sense of smell in patients with 

C19OD who have failed previous conservative options for PIOD. Moreover, it is the only 

study that looked into new potential treatments to improve olfaction in patients with a 

C19OD longer than 2 years, whilst demonstrating significant olfactory improvement 

above MCID. The main limitation of our study is the small sample size and, although our 

study was powered enough at baseline and at 3 months, it losts power at the 6-month 

follow-up due to patients’ dropout.  

 

6.15.5. Conclusions  

 

Our pilot study suggests that fSRP can significantly improve sense of smell in patients 

with persistent C19OD lasting more than 2 years with additional significant olfactory 

threshold gain when compared to OT. By augmenting the INV angle and optimising nasal 

airflow to the olfactory cleft, fSRP can improve olfaction by increasing transport of 
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odorants to the OE. This increased stimulation of the olfactory mucosa leads to a 

sensorineural improvement of the OE potentially triggering a bottom-up plasticity process 

in the central olfactory areas. Nevertheless, further studies on larger populations are 

needed to confirm our preliminary findings. 
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6.16 Published studies on C19OD – summary of findings and their relevance in 

the PhD project   

 

Prevalence of C19OD and long-term recovery rate is not completely known. In the 

multicentre survey on SARS-CoV-2 infected HCWs I found a prevalence of OD amongst 

HCWs of 73.1% with a complete olfactory recovery rate of 31.8% at 2 months (i.e. 

prevalence of OD at 2 months of 68.2%).590 This prevalence is similar to what Borsetto 

et al.437 reported in their meta-analysis when looking at mild-to-moderate COVID-19 

cases (prevalence of 67%). Interestingly, smell recovery was worse amongst doctors and 

nurses/health-care assistants. I noted a similar recovery rate of C19OD at 2 months 

(43.4%) in my second study when assessing sense of smell using S’S, whereas at 6-

month C19OD recovery rate was of 50.0%.310 The second study showed for the first time 

that olfactory threshold was the most affected ability in C19OD subjects. As explained in 

the previous chapters, olfactory threshold has been shown to reflect the peripheral 

olfactory system function and is usually compromised in case of diseases primarily 

affecting the nose and/or the olfactory mucosa.49,628 Therefore, I hypothesised that the 

pathogenesis of C19OD was related to an end-organ failure, namely an alteration of the 

OE.  

 

In the cohort study on previously hospitalised patients with COVID-19 I found a 

prevalence of reported OD of 12.8% at median time of 9 months following SARS-CoV-2 

infection.591 This prevalence is lower when compared to those reported in Table 6.2. but 

may confirm a lower prevalence of OD in patients with severe (i.e. hospitalised) COVID-

19 when compared to those with a mild-to-moderate disease. This has been discussed 

in the paper. In this study, I also confirmed a high impact of OD on QoL, with higher 

sinonasal symptoms (SNOT-22) reported by those with OD compared to those who 

recovered sense of smell. A high impact of C19OD on QoL was also confirmed in my 

other two studies on subjects with more than 1-year C19OD.425,592 Specifically, C19OD 
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subjects showed difficulties in their everyday activities (affected SF-36 domains were 

“energy/fatigue,” “emotional well-being,” and “social functioning”) although restoration of 

sense of smell was also accompanied by normalisation in their QoL scores. One more 

time, in this study I confirmed that olfactory threshold remained the most affected 

olfactory abilities in C19OD in the long-term, strengthening the hypothesis that SARS-

CoV-2 targets the OE. 

 

Still today clinical factors influencing recovery of C19OD are not known. In my 

retrospective analysis of 100 patients with persistent C19OD I first showed that an 

impairment of nasal airflow can negatively affect olfactory performance.425 This had not 

been shown in C19OD and it is extremely important because further supports my 

overarching hypothesis that sense of smell could be improved in C19OD subjects by 

increasing nasal airflow to the olfactory cleft. Interestingly, in this study total nasal airflow 

was found to significantly influence olfactory discrimination but not olfactory threshold, 

as instead previously shown by Whitcroft et al.178 A positive influence was also 

demonstrated on TDI.425 

 

Although ongoing neuroinflammation in the OE is considered to be a major driving 

mechanism in persistent C19OD, I showed that corticosteroids (both oral and topical) did 

not add a clear benefit over OT alone, in terms of objective olfactory function 

improvement, when given in combination with OT to patients with long-term C19OD 

(median length of OD was 7.6 months).698 Only TDI significantly improved in both groups 

of patients at a very similar rate (+2.25 in the group taking combined treatment and +2.50 

in those doing OT alone). Interestingly, olfactory threshold, the most affected ability in 

C19OD, did not improve. MCID was not reached in any of the S’S subtests and in none 

of the groups (OT alone, OT+OCS or no treatment). Although disappointing, my results 

reflect the contradictory role of corticosteroids in PIOD, especially when used for long-

term C19OD, as already discussed in Section 6.7.2. (Table 6.4.) Despite the limitations 
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of this study, mainly the small sample size and lack of randomisation, the absence of an 

MCID advantage of OT or OT+OCS when compared to no treatment may also suggest 

the inability of OT to significantly improve olfactory threshold, discrimination and 

identification above MCID in patients with a long-standing C19OD. On the other side, the 

absence of an evident olfactory improvement following corticosteroids administration 

may suggest either a difficulty of corticosteroids in reaching and treating the local 

olfactory mucosal inflammation or even an absence of local inflammation in long-term 

C19OD (7.6 months in my study). This will be matter of further research (Section 7.2.).  

 

Finally, my prospective study on fSRP showed for the first time that sense of smell can 

improve in patients with persistent C19OD (longer than 2 years) following nasal airways 

augmentation surgery. All the olfactory scores improved following fSRP and all, but 

discrimination, increased above the MCID level. This olfactory improvement was 

accompanied by a parallel statistically significant increase in the nasal airflow and nasal 

airways parameters. Interestingly, the largest improvement was observed in the olfactory 

threshold in the fSRP group (+4.0 points) with significant additional benefit in olfactory 

threshold gain when compared to the OT one (+3.6 points). This is also the most affected 

abilities in C19OD. No previous treatments for C19OD had showed a similarly high 

increase in olfactory threshold (+4.0 points) and TDI (+8.0 points) suggesting the 

therapeutic advantage of fSRP in C19OD. (Table 6.5.) To the best of my knowledge, 

fSRP represents the only treatment which showed significant clinically important benefit 

in patients with long-standing (>2 years) C19OD. Moreover, patients in the control group 

did not improve on OT. This may further confirm an inefficacy of OT for long-standing 

OD. On the other side, it corroborates my hypothesis that an improvement in the nasal 

airways, by means of INV augmentation and airways optimisation, also improves 

olfactory function. This may be a consequence of the increased nasal airflow in the 

olfactory cleft with a resulting increased stimulation of the OE due to improved odorants 

delivery. To a molecular level these findings have multiple implications. The fact that 
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olfaction, and particularly olfactory threshold, can still improve more than 2 years 

following OD onset, means that the OE function in C19OD subjects is still preserved. 

Moreover, this implies that ORNs are still present. This would confirm previous findings 

reported in pre-COVID studies501 and suggest that in subjects with long-term C19OD the 

OE still retains its structure but may have fewer ORNs. The increased odorants delivery, 

following fSRP, will stimulate more the remaining ORNs, which then translates in the 

objectively measured olfactory threshold improvement. These more frequent stimuli may 

affect patterns of neural activity at all levels of the olfactory system, revealed by an 

improvement of the discrimination and identification scores generally considered to 

reflect higher brain function. Moreover, the repeated exposure to odorants may modulate 

regenerative capacity of the olfactory mucosa, as previously shown in animals742-744 and 

humans.525,745,746 Based on a bottom-up mechanism, fSRP would then be able to restore 

olfaction at multiple levels.  

 

This mechanism would explain the greater advantage that nasal airways augmentation, 

achieved with fSRP, could offer over nasal airways restoration obtained with septoplasty 

alone. Pfaar et al.171 found that septal deviation causes a difference in odour threshold 

between the two nostrils and that this asymmetry between obstructed and non-

obstructed sides disappeared after surgery. However, no differences in TDI were noted 

before and after surgery. This may suggest that septoplasty can reduce differences in 

olfaction between nostrils but would not be able to increase overall olfactory function.171 

In fact, whether septoplasty tends to restore nasal airflow in the narrower side by 

correcting the septal deviation without touching the contralateral airway, fSRP not only 

restore airway symmetry, by correcting the DNS, but can additionally increase nasal 

airways volume by working on the internal nasal valve through septal spreader grafts 

insertion. As explained in previous paragraphs, this will turn into an increased airflow in 

the olfactory clefts which could translate into improved olfaction. To further support that, 

our study showed that fSRP can increase all the olfactory scores (including TDI) with a 
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statistically significant difference in threshold gain (+3.6 points; p=0.05) if compared to 

OT. This implies a superiority of fSRP for long-term OD, over other treatments currently 

evaluated for C19OD. (Table 6.6.) 

 

Interestingly, in a meta-analysis by Pfaff et al.130 a similar number of studies on fSRP and 

septoplasty alone reported an improvement in olfaction. Table 6.6. compares olfactory 

threshold, discrimination, identification and TDI scores improvement following 

septoplasty and fSRP. For comparison, only studies that used extended Sniffin’ Sticks 

test have been considered. This table shows that MCID level for overall olfaction (TDI) 

is often not reached (only 1 study reached MCID for TDI) with septoplasty and none of 

the studies on septoplasty demonstrated an improvement above MCID for the other 

olfactory subtests. Conversely, fSRP almost consistently reached MCID for TDI and, so 

far, it is the only treatment that showed an olfactory threshold and identification 

improvement above MCID. This would suggest that fSRP could achieve greater olfactory 

improvement than septoplasty. However, since no studies have evaluated the role of 

septoplasty in patients with a primary diagnosis of OD, a question remains as to whether 

septoplasty can improve olfaction in patients with a persistent OD (or C19OD) and, if so, 

whether this improvement is higher than when septoplasty is performed in patients with 

a reported normal olfactory function (as for the currently available studies on 

septoplasty). This would create the basis for a future RCT to evaluate superiority of fSRP 

over septoplasty for OD improvement in patients with long-standing OD (including 

C19OD).
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Table 6.6. Changes in Sniffin’ Sticks scores following septoplasty and septorhinoplasty conducted on or not in patients with post-infectious olfactory 
dysfunction (PIOD) or COVID-19-related olfactory dysfunction (C19OD). Where minimal clinically important difference (MCID) has been achieved, the 
value is marked in bold. For MCID values refer to Table 2,1., Chapter 2.  
Level of significance: * p<0.05; ** p<0.01, ***p<0.001.  
 
+ Only patients undergoing fSRP with spreader grafts have been included in the table. 

 
 

Authors Sample 
size 

Follow-up 
period 

Sniffin’ Sticks 

 
 

Threshold Discrimination Identification TDI 

Not on PIOD/C19OD         

Septoplasty 

 Damm et al.154 (2003) 30 9 weeks +0.5* +1.8*** +1.9*** N/A 

 Turk et al.164 (2017) 30 6 weeks +1.5* +1.2* +1.4** +4.3*** 

 Valsamidis et al.155 (2019) 60 6 months +2.2*** +2.35** +2.0*** +5.55*** 

Functional septorhinoplasty  Ulusoy et al.176 (2015) 35+ 6 months +1.4*** +0.5** +0.5** N/A 

On PIOD/C19OD         

Functional septorhinoplasty 
 Whitcroft et al.178 (2023) 9 4 months +1.08 +2.22 +2.44* +6.5* 

 Pendolino et al. (PhD paper) 9 6 months +4.0** +2.0* +3.0* +8.0** 
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CHAPTER 7: CONCLUSIONS 
 

7.1. Review of my PhD thesis 

 

This thesis demonstrates my literature contribution during the last six years as well as 

my continuous efforts in looking into new therapeutic options able to improve or restore 

sense of smell in patients with chronic upper respiratory tract diseases. Although at a 

first glance these three diseases may not seem linked, they fundamentally share the 

same underlying causes for their OD: either mucosal inflammation and/or a nasal airflow 

impairment. As already discussed in the relevant chapters, chronic inflammation in the 

olfactory clefts can lead, in the long-term, to sensorineural OD and this seems to be a 

crucial pathophysiologic mechanism for both N-ERD and C19OD patients’ smell loss. On 

the other side all my studies showed a strict relationship between nasal airways/airflow 

and sense of smell. The influence of nasal airway on olfaction represents a leitmotif that 

runs through all my works and an impairment of nasal airflow to the olfactory clefts 

constitutes another critical mechanism which can cause OD in both N-ERD, SDB and 

C19OD patients.  

 

After retrospectively reviewing a database of 190 N-ERD patients with uncontrolled 

CRSwNP,224 I demonstrated how topical LAS can improve nasal airflow and olfaction and 

lead to QoL improvement in those using it.280 My study also showed the strict relationship 

between nasal airflow and olfaction and how these can improve together following 

intranasal LAS treatment. In fact, whether on the one hand olfaction can improve as a 

consequence of the achieved reduced inflammation in the olfactory clefts (sensorineural 

component), on the other side it could also increase as a result of the improved nasal 

airways and better odorant delivery to the olfactory areas (conductive component). 

Despite evidence showing biological therapy to be a very effective alternative for the 

treatment of uncontrolled CRSwNP in N-ERD patients,316,747 LAS can still find its place 
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as an effective treatment option in view of its highly cost-effective benefits. Nevertheless, 

still today a RCT comparing effectiveness of LAS with other treatments available for 

CRSwNP in N-ERD is lacking. I am confident that my work on this topic will provide 

further evidence to policymakers looking at supporting cost-effective treatment options 

for CRSwNP in N-ERD. 

 

My study on the efficacy of RFITs in patients with SDB not only confirmed that RFITs can 

improve nasal airways in the short/medium-term in patients with SDB but also showed 

that a higher number of SDB patients suffer from OD, often undiagnosed, and that nasal 

airway improvement can potentially lead to better olfaction in these subjects.377 While a 

reduction in hyposmics was noted over the study period, this finding lacked statistical 

significance. This could be attributed to the small sample size (due to participant drop-

out) or indicate that RFITs are unable to improve the sense of smell. Additionally, the 

absence of observed smell improvement may correlate with a lack of increase in nasal 

airflow (PNIF), a relationship that my thesis has consistently shown to be strong. The 

study limitations raised in the paper, mainly the lack of a control arm, will lay the 

foundation for a future larger controlled study to further investigate our preliminary 

results.  

 

Ongoing inflammation in the olfactory cleft following a viral infection (mainly SARS-CoV-

2 in this thesis) has been suggested as a relevant mechanism in the pathogenesis of 

persistent C19OD, and potentially capable to impair the regenerative capacity of the 

basal stem cells of the OE. Corticosteroids  which can affect numerous steps of the 

inflammatory pathway probably represent the main anti-inflammatory medicines used to  

reduce sinonasal inflammation.748-751 In the multicentre real-life study, which looked at 

the efficacy of corticosteroids and OT in persistent C19OD,698 I demonstrated  benefit in 

terms of increased olfactory ability and patient’s perceived olfaction in the group of 

subjects receiving both corticosteroids and OT, thus confirming the negative role of 
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inflammation in persistent C19OD and further supporting corticosteroids use in the early 

stages of PIOD. Moreover, in another study in which I looked at the clinical factors 

influencing olfactory performance in patients with persistent C19OD, I demonstrated the 

presence of a relationship between nasal airflow and measured olfaction.425 This has 

become even more evident in my last prospective-controlled study in which I showed 

how olfaction can improve in patients with persistent C19OD following fSRP when 

compared to the control group of C19OD patients continuing on OT, but not responding 

to it. The small sample size and patients’ drop-out during the study period have partially 

flawed these results. Nevertheless, the promising findings observed in this pilot study will 

pave the way for a future larger controlled study that will further evaluate the role of fSRP, 

and more widely the influence of nasal airways, in improving OD.  

 

7.2. Future works 

 

I like to compare my PhD to a research journey. However, this is not simply a single, 

linear, trip bringing me from point A (start of PhD) to point B (thesis submission), but I 

love to picture it in my mind as if it was a long winding road finally leading to other 

collateral streets at the end of the path. In my case, these represent new, future, lines of 

research which naturally open up at the end of this academic degree.  

 

COVID-19 has left millions of people worldwide with a persistent loss of sense of smell 

unable to improve on the available medical treatments and I believe my future research 

activity will mainly focus on this field. Current research on the topic is now looking at the 

histopathological changes in the OE to further develop new therapeutical strategies. As 

mentioned in Section 5.3., recent evidence is now showing a role of ongoing 

neuroinflammation in the OE as a potential cause for the basal stem cell regenerative 

impairment, eventually leading to COVID-19 chronic OD. Reducing or stopping this 

neuroinflammation can potentially lead to reactivation of basal stem cells able to 



 274 

encourage ORNs regeneration. However, studies are currently limited by a lack of 

availability of C19OD human olfactory biopsies. As part of our research project on 

C19OD, I had the opportunity to take biopsies of human olfactory tissue from our patients 

undergoing fSRP under general anaesthesia. These are currently stored in our pathology 

laboratory and we are planning to look at the structural and cellular changes following 

long-term C19OD.  

 

However, where neuroinflammation is missing, but ORNs and stem cells are still 

preserved although reduced, increasing the OE stimulation could be another option to 

stimulate the remaining receptors. As previously discussed, optimisation of nasal airflow 

to the olfactory clefts could be a potential option to increase odorant delivery to the 

olfactory areas and stimulation of ORNs. Our study has showed that fSRP is able to 

achieve that mainly by increasing INV cross-sectional areas. However, as previously 

reported by Whitcroft et al.,178 benefits of fSRP could also be related to a bottom-up 

process that brings to an improved function of brain areas linked with OD (anterior 

cingulate cortex, insula, orbitofrontal cortex, and temporal poles). As part of my last 

project on fSRP and C19OD, I have also collected fMRI data on C19OD patients before 

and after their operation. These may shed some lights on the neuroanatomical correlates 

of C19OD but also on the mechanisms through which fSRP can improve suprathreshold 

olfactory functions (i.e. identification and discrimination) in patients with long-term OD.  

 

I like to compare the way fSRP works in PIOD to what a hearing aid does in sensorineural 

hearing loss (SNHL). In SNHL the function of the cochlea hair cells (the sensory 

receptors in the auditory organ) is reduced but still preserved and hearing aids work by 

increasing the volume and intensity of the sounds transmitted to the receptors. In a 

similar way, the OE in PIOD has a reduced number of ORNs and fSRP may work by 

increasing the numbers of odorants reaching the OE and stimulating the remaining 

ORNs. Nevertheless, further research needs to be conducted on the topic to further 
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confirm this assumption and my aim is to conduct a larger prospective controlled study 

to evaluate the role of fSRP in improving sense of smell in PIOD. As part of this RCT, 

comparison should be made with septoplasty (control group) to further confirms 

preliminary findings showing superiority of nasal airways augmentation (i.e. fSRP) over 

simple nasal airways restoration (i.e. septoplasty). (See Section 6.16) I believe that the 

skills and surgical abilities developed during these years will help me in realising this 

interesting project.  

 

Beside the research on PIOD, I would like to further study olfactory impairment in patients 

with SDB. OSA is becoming a growing problem in our society and mainly related to a 

change in the dietary and lifestyle habits. Due to the deteriorating impact of OD on mental 

health and QoL, treatment of OD in SDB patients will become more relevant in the future. 

Improving nasal congestion, often caused by CPAP machine overnight use, with the 

application of RFITs could be a new treatment option that could be offered to these 

patients to improve their nasal airways with potential additional benefits such as 

increased CPAP tolerance and improved smell function.  

 

7.3. Summary conclusion 

 

OD remains a common finding in chronic upper respiratory tract diseases. My research 

offers new insights in the treatment of chronic smell loss in N-ERD, SDB and PIOD 

patients while suggesting new potential therapeutic options for persistent OD through the 

management of local sinonasal inflammation and nasal airways optimisation. Findings 

obtained with my works will pave the way for future research in the field and, hopefully, 

assist in the development of new treatments for loss of sense of smell.   
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