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1 | INTRODUCTION

| Thomas Hummel MD?

Abstract

Background and Objective: Olfactory dysfunction has a high prevalence in chronic
rhinosinusitis (CRS) patients and significantly affects quality of life. CRS is recognized
as a complex disorder encompassing heterogeneous inflammatory processes in the
nose and paranasal sinuses. Olfactory dysfunction in CRS patients is associated with
the level of inflammatory mediators and the efficiency of inflammatory control.
Learning about the association between CRS-related inflammation and olfactory
function will provide clues to the pathogenesis of CRS.

Structure: The first section of this review describes the assessment of olfactory func-
tion using various measures, from ratings to MR based imaging. Then, we discuss the
conductive and inflammatory mechanisms related to olfactory dysfunction in CRS:
olfaction is associated with certain inflammatory patterns and is potentially a marker
of CRS subtype. Finally, we review anti-inflammatory therapies including conserva-
tive and surgical approaches, and their effectiveness in olfactory dysfunction in CRS.
Conclusion: Assessment of olfactory function should be considered in the clinical evalua-
tion of CRS patients, not only for detecting and quantifying patients' symptom, but also
because it appears to be useful to objectively assess the efficacy of CRS treatment over
time. In addition, olfaction can be expected to expand the library of CRS phenotypes and

endotypes and, hence, pave the way for more precise, tailored treatment options.
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olfactory dysfunction are more likely to report difficulties with

cooking, feeling less safe, and depression and anxiety. Unexplained

Olfaction, one of the basic human senses, has a wide range of func-
tions, including the avoidance of environmental hazards, finding and
identifying food,* spatial orientation,? flavor perception, social interac-
tions (eg, recognition of emotions and romantic relationships),® and

4

cognitive functions (eg, modulation of memories).” Patients with

olfactory dysfunction has also been related to increased mortality.>®
All in all, olfactory dysfunction can severely affect quality of
life (QOL).

Olfactory dysfunction is among the cardinal diagnostic features
(nasal blockage/obstruction/congestion, nasal discharge, facial pain/
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pressure, and reduction or loss of smell) of chronic rhinosinusitis
(CRS), which is defined as an inflammatory disease of the nasal cavi-
ties and paranasal sinuses lasting 12 weeks or longer. Approximately
67% to -78% of CRS patients are affected by impaired olfaction,” and
more and more researchers are focusing their attention on the sense
of smell in CRS. (Figure 1) Olfactory dysfunction is deemed to be a
major contributor to medication use and poor QOL in CRS patients.®?

To date CRS is mainly clinically classified into the two main pheno-
types: CRS without nasal polyps (CRSsNP) and with nasal polyps
(CRSWNP). Over the past decade, research has begun to explore the
heterogeneity of CRS by finding immuno-pathophysiologic mechanisms
and defining inflammatory endotypes, In fact, the recent EPOS2020
position paper has divided CRS into: Type 2 presenting with high level
of Th2 cytokines, such as IL-4, IL-5, and IL-13, and infiltrating eosino-
phils, which is more resistant to therapies and exhibits a high rate of
recurrence, while nontype2 is related to Th1/Th17 immune responses
characterized by cytokine IL-17A and IL-8 as well as excess neutrophilic
inflammation and interferon-gamma (IFN-y)‘10 Biologic agents targeting
type 2 inflammation hold great promise in providing targeted therapies
in severe and recalcitrant CRS patients. At present, Dupilumab, a
humanized monoclonal IgG4 antibody directed against the interleukin-4
receptor o (IL-4Ra) subunit, is the first biological to be approved by the
Food and Drug Administration (FDA) of the USA and the European
Medicines Agency (EMA) in 2019 for use in CRSWNP. Dupilumab shows
significant improvement in almost all clinical symptoms of CRSWNP.1! In
light of such results, it has been suggested that biologicals as novel ther-
apies in nonadequate disease control may potentially revolutionize
CRSWNP treatment.?

Research efforts have been made to investigate the relation
between endotype and phenotype of CRS. CRSWNP is known as a
type 2 reaction, while CRSsNP is linked with predominantly Th-1 cell
response.*® Type 2 endotypes tend to be more resistant to current
therapies and are associated with asthma.'* Evidence also demon-
strates olfactory dysfunction, a cardinal CRS symptom, to be strongly

associated with the type 2 inflammatory endotype. Patients with

eosinophilic CRS complain of a stronger degree of smell loss,*®> and
the degree of smell function was found to be positively correlated
with the inflammatory condition of the nasal cavity.*® Given that the
overall intensity of the inflammatory response is closely associated
with the severity of disease and carries prognostic information, it
seems important to understand the role of olfaction in CRS and its
association with the inflammatory status.?” In this paper, we aim to
review olfactory dysfunction with regard to its clinical evaluation,
pathophysiological mechanisms, relation with inflammatory burden

and anti-inflammatory responses in CRS patients.

2 | ASSESSMENT OF OLFACTORY
FUNCTION

2.1 | Subjective assessment

Subjective testing can be easily performed in daily clinical practice
using visual analogue scales (VAS) and Likert-type questionnaires.
Patients are asked to rate frequency and severity of their symptoms
based on their experience of smell loss, which provides insights into
the real-world impact of smell loss in CRS patients. It has been shown
to be a simple, relatively reliable method to differentiate between nor-
mosmia and hyposmia/anosmia.’®'? Therefore, “subjective” olfactory
assessment appears to be helpful for olfaction screening when psy-
chophysical tests are unavailable. Mattos et al showed that olfactory-
specific questionnaires can be helpful for post-treatment follow-up,
they also established the minimal clinically important difference of
these questionnaires which helps to gauge clinically relevant differ-
ences in olfactory function, and the impact of interventions.2® How-
ever, Philpott et al reported that only 28% patients in a rhinology
clinic are aware of their olfactory function before being tested.?* A
survey at the clinic conducted by Lotsch et al have shown that almost
30% (355/1227) of anosmic subjects rated their ability to smell as at
least “average”.?? On an individual level, much of the literature
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emphasized that there are striking differences between rated and
measured olfactory function.2®24

Similarly, in a recent study of 109 patients with CRS, only a weak
relationship between olfactory-specific QOL and psychophysical mea-
sures of olfactory function was found.? Interestingly, considering the
nature of the sense of smell as determinant of flavor perception, it needs
to be further investigated to what degree flavor loss is among the main
drivers of CRS patients to seek medical counseling.2>2® Indeed, increasing
evidence shows low correlation between subjective symptoms and objec-
tive findings in CRS.2” The gradual onset of smell loss in CRS may explain
why olfactory loss often goes unnoticed.?® Given this discrepancy, assess-
ment of olfactory function based on self-reports is recommended to be
performed in conjunction with psychophysical methods allowing for a

more objective characterization of the sense of smell.??

2.2 | Psychophysical assessment of olfactory
function
221 | Orthonasal tests

Orthonasal olfaction describes the perception of odors through sniffing.
A number of standardized and validated orthonasal psychophysical
olfactory tests have been developed. The “Sniffin' Sticks” test (Burghart;
Wedel, Germany) and the Smell Identification Test (Sensonics Inc.,
Haddon Heights, New Jersey) are the two most widely used tests for
clinical and research applications. While most tests focus on odor identi-
fication, the Sniffin Sticks, for example, is multicomponent and allows
for the assessment of odor threshold, odor discrimination and identifica-
tion. Combined testing of these components to diagnose smell loss
appears to be more sensitive than individual tests, especially when
including assessment of odor thresholds.*° In CRS patients, odor thresh-
old appears to be more affected than odor discrimination and identifica-
tion, as shown in a study examining 1226 subjects.®* This is in contrast
to other disease etiologies: patients with postinfectious olfactory dys-
function, for example, have relatively well preserved odor threshold and
discrimination during the period of recovery, but poor odor identifica-
tion.® Multicomponent olfactory tests may therefore aid in diagnosing
the underlying cause of impaired olfaction.

Whilst odor threshold may carry diagnostic information, in
patients who have undergone treatment for CRS, it has been
suggested that odor discrimination best reflects overall change in
olfactory function.3? In addition, odor discrimination has the strongest
correlation with olfactory-specific QOL in CRS.2

In light of the above, validated and, if possible, multicomponent psy-
chophysical olfactory tests can aid in diagnosis, quantitatively monitor
patients' symptom and help to evaluate the efficiency of CRS therapy.?’

2.2.2 | Retronasal tests

Many patients complain of taste loss. However, apart from a relatively

small number of patients with gustatory dysfunction (sweet, sour,

bitter, salty, and savory/umami), the symptom “taste loss” typically
signals loss of flavor.3® Retronasal olfaction, well described by Rozin®*
in 1982,is a critical element in flavor perception, related to smells that
arise from inside the mouth during eating and drinking. Food-
associated volatiles are carried by retronasal airflow reaching the
olfactory epithelium upon exhalation rather than by orthonasal flow,
due to the unique shape of the human oropharynx.®®> Studies based
on magnetic resonance imaging (MRI) and electrophysiological record-
ings have demonstrated the processing of retronasal odors to be dis-
tinct from orthonasal perception of the same odors.34%7

Over the past two decades, methods for the clinical assessment
of retronasal olfactory function have become available. Heilman

et al®®

introduced a retronasal olfactory test using “taste powders”
with grocery store condiments and food items (eg, spices and instant
drinks). The taste powders are administered to the subject's oral cav-
ity using squeezable plastic vials. Another retronasal olfactory test is
“candy smell test” introduced by Renner et al,** comprised of 23 dif-
ferently aromatized smell candies. Both tests are considered as easy
to handle, reliable tools to investigate retronasal olfaction. Their
results are well correlated with orthonasal function (eg, the “Sniffin'
Sticks” scores) and differentiate normosmia, hyposmia, and anosmia.
However, still some issues are present. Neither taste powders nor the
“candies” are tasteless, other sensory modalities like the taste and/or
texture may enhance the performance correctly during retronasal test.
Powders are nonstandardized reagents, which may affect intertest
results' reliability. Several new tools have been proposed. For exam-
ple, “Candy Smell Test” for self-testing,*° tasteless powders,*! and
freeze-dried retronasal stimuli.*?> What is more, currently, only retro-
nasal odor identification is assessed which is strongly dependent on
cultural backgrounds. Other possibilities to assess retronasal olfactory
function may be expected in the future, for example, retronasal dis-
crimination, or assessment of retronasal thresholds.

Retronasal and orthonasal odor identification are correlated in
CRS patients.*® Completely obstructing the olfactory cleft (OC) can
significantly decrease orthonasal and retronasal olfactory function.**
However, retronasal olfaction is more often preserved to a higher
degree in CRSwWP compared to orthonasal olfaction, supporting the
idea that polyps mechanically change airflow to the OC.#** A signifi-
cant correlation was reported between retronasal olfaction and
olfactory-specific QOL which was not found to the same degree for
orthonasal function.*® Retronasal olfaction can provide additional
information when evaluating changes in eating habits. Moreover, reg-
ular exposure to retronasal odors (“retronasal training”) may have the

potential to improve food-related QOL.#¢

2.3 | Assessment of olfactory-related parameters
using imaging and electrophysiological tools

CT and MRI allow the examination of olfaction-related structures. CT
of the sinuses remains the modality of choice to confirm or exclude
diagnosis and evaluate the severity of CRS. OC opacification quanti-

fied using CT has been shown to be an effective method to evaluate
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olfactory function in patients with CRS.*’ It seems the association
between OC opacification and olfactory function based on the nasal
polyps. In 148 CRS patients, Catherine el al*® found OC opacification
only correlated with olfactory function in CRSWNP, whereas not in
CRSsNP. Similarly, in Kohli's study, quantitative measures of OC
opacification correlate with odor threshold, discrimination, and identi-
fication scores within the CRSWNP patients. However, in CRSsNP
subgroup, odor thresholds correlate with OC opacification, while odor
discrimination/identification do not.* In addition, whether retronasal
olfactory function linked to CT opacification of the OC have been
unclear in current literature. Apart from correlation with olfaction
function, OC opacification may also help predict recovery of olfaction
function after surgery in CRSWNP patients.>®

Compared with CT, MRI offers unique advantages in the delinea-
tion of olfactory structures including olfactory bulbs, olfactory sulcus,
olfactory tract, and olfactory cortex. For the olfactory bulb and sulcus,
this works best in T2-weighted sequences due to the bright CSF sur-
rounding these structures. Both olfactory bulb volume and olfactory
sulcus depth have been shown to be of clinical relevance in various
pathological conditions.>*">3 CRS patients exhibit a reduction in OB
volume.>*>> Importantly, a marked increase of OB volume was
observed after treatment, concomitant with an increase in olfactory
function.>®>® In keeping with this, structural alterations in gray matter
volume within olfactory-related regions has also been shown in CRS
patients with olfactory impairments.>? Moreover, grey matter volume
within olfactory-eloquent regions increases after surgical treatment
for CRS, along with improved olfactory function.?® These dynamic
changes in OB and gray matter volume reflect the apparent plastic
nature of the olfactory system.

Therefore, CT/MRI-based volumetric analysis would appear to be
a useful objective morphological tool to assess olfactory function in
CRS patients, particularly in longitudinally tracking patients' recovery
after treatment.

Other ways to evaluate olfactory function in a relatively unbiased
way include olfactory event-related potentials (OERPs), functional
magnetic resonance imaging (fMRI), or positron emission tomography
(PET).6Y¢® These methods allow deeper insights into the functional
characterization of the human olfactory system, with the capability to
explore the pathophysiology of smell dysfunction. However, these
examinations are typically limited to use in research, partly due to
their relatively high cost, and the need for specialized equipment and
expertise.

3 | MECHANISMS FOR OLFACTORY LOSS
IN CRS

The mechanisms underlying CRS-associated olfactory loss are not
fully known. It has traditionally been assumed to be of a conductive
origin, with the OC being mechanically obstructed by polyps/edema-
tous mucosal tissue, leading to impaired airflow, and reduced odorant
access to the olfactory epithelium. Recently, Besser et al effectively

established a hyposmia model obstructed the OC with dissolvable

nasal dressing.** In keeping with this, nasal polyps can affect
orthonasal olfactory function more strongly than retronasal olfactory
function, emphasizing conductive mechanisms in smell dysfunction.®*
While there is no doubt that nasal patency is essential for olfactory
perception, observations in patients with CRS show that smell loss is
possible even when the OC is nonobstructed and no changes in nasal
airflow are present. Furthermore, removal of nasal polyps does not
always increase olfactory function in CRS.4>¢® Hence, olfactory loss in
CRS can also be attributed to inflammatory processes.

The histologic changes of olfactory mucosa in CRS patients
include—goblet cell hyperplasia, squamous metaplasia, and more com-
monly, erosion, which is characterized by severe olfactory epithelial
layers loss and a higher prevalence of inflammatory cell infiltra-
tion.4”"%? Inflammation within the olfactory epithelium may directly or
indirectly decrease the quantity of olfactory neurons. Biopsies speci-
men of the olfactory epithelium in cases of olfactory dysfunction sec-
ondary to CRS showed apoptotic changes.®” In the mouse,
progressive inflammatory infiltration in the olfactory epithelium trig-
gers caspase-3 activity, known as the executioner caspase in apopto-
sis, leading to olfactory neuron death in CRS.”®’! Eosinophilic
inflammation directly impairs or even kills olfactory sensory neurons,
resulting possibly from neurotoxic effects from the release of eosino-
philic granule proteins and eosinophil-related cytokine damage.”?7#
Compared with the noneosinophilic CRS group, eosinophilic CRS
patients have a more pronounced smell loss, fewer OMP (olfactory
marker protein: a protein that marks mature olfactory neurons used in
immunohistochemistry) positive cells and greater epithelial erosion.”®
Recent work in mice suggests that type 2 inflammation decreases the
number of immature olfactory neurons, but not the mature olfactory
neurons, indicating that it may interfere with the process of olfactory
neurogenesis.”® After some time, this may lead to reduced mature
olfactory neuron populations, resulting in reduced OMP+ cells, as
mentioned above.

Inflammation can also have a negative impact on the overlying
mucus layer of the respiratory and olfactory epithelium. Mucus is
secreted by respiratory submucosal glands (SMGs) and Bowman's
glands.”” Inflammation may lead to hypersecretion, in turn leading to
altered potassium and sodium concentrations within the olfactory
mucus. Accordingly, disruption of the ionic milieu may interfere with
olfactory receptor activation and downstream transduction cas-
cades.”®”? Furthermore, there is evidence from animal models of CRS
showing that olfactory stem cell proliferation and differentiation are
arrested with local inducible expression of TNF-a and interferon-
c 8083 Importantly, olfactory receptor neurons can reverse these
changes when such inflammation subsides.884

It is believed that the immune system plays a major role in CRS
development. Emerging evidence suggests olfactory stem cell to be
involved in crosstalk between CRS inflammatory microenvironment
and immune cells, which switch from their regenerative state to
immune defense, resulting in impaired neurogenesis and olfactory

neuron replacement.®®

This work has expanded the underlying mech-
anisms of CRS-related smell loss and the possibility of developing

novel therapies.
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As mentioned above, changes in the central olfactory system are
associated with smell loss in CRS. Reduced olfactory bulb volume has
been demonstrated in CRS patients with smell l0ss.>>°% In rodents,
recent studies suggest that persistent nasal inflammation induces glial
activation, damage of the olfactory bulb circuit, and ultimately atrophy
of the olfactory bulb.2¢ Of particular interest, change in olfactory bulb
volume is related to change in odor threshold, which is considered to
partly reflect peripheral olfactory function. Given that olfactory bulb
directly receives axons from the olfactory receptor neurons, the
decrease of olfactory bulb volume in CRS might be due to decreasing
input from the olfactory epithelium. In addition, structural and integ-
rity changes in white matter and gray matter related to the olfactory
areas have also been demonstrated.>87:88 |t indicates that an inflam-
matory state in the nasal cavity is sufficient to produce a gradual and
accumulated effect in central areas, which may contribute to the smell
loss in CRS patients. It remains unknown which specific processes are
responsible for these changes in central-nervous structures, what
these changes mean for prognosis and how they could be utilized in
the clinical treatment of CRS related olfactory loss. It appears that
smell loss in CRS is one of the best example for central changes due
to peripheral inflammation and obstruction- and that timely therapy
(and associated diagnosis) of CRS is crucial.

Hence, impaired olfactory function in CRS patients is multifacto-
rial. It not only results from physical obstruction of the nasal cavity,
but also involves an inflammatory component resulting in olfactory
receptor neuron dysfunction and death. What is more, CRS appears
to affect the entire olfactory system, from the periphery to central-
nervous areas. Although many recent advances remain in preclinical
stages, knowledge of CRS-associated olfactory loss contributes to the

development of future therapeutic approaches.

4 | OLFACTION INDICATES THE DEGREE
OF INFLAMMATION AND MAY BE A MARKER
OF CRS SUBTYPE

Previous histological studies of olfactory tissue in CRS demonstrated
that CRS patients with olfactory deficit exhibited a higher degree of
inflammation with an influx of lymphocytes, macrophages, and eosin-
ophils.®” An increasing number of studies support the idea that olfac-
tory function is quantitatively associated with the level of
inflammatory mediators. In a cross-sectional analysis of 34 patients
with olfactory loss due to CRS, Schlosser et al found that scores of
olfactory function were inversely correlated with levels of IL-5 in the
OC.®? Furthermore, one prospective case-control study showed that
odor identification scores in CRS patients related to the degree of
IL-2, IL-5, IL-6, IL-10, and IL-13 collected from olfactory mucus.”® Of
note, a direct correlation was found between the cytokine levels in
the OC and levels in the middle meatus,”® which suggests that cyto-
kine changes are found simultaneously in the respiratory mucosa and
the olfactory mucosa. These results are consistent with the previous
observation of a significant correlation between the eosinophil counts

in the respiratory and olfactory mucosa.®””>

Olfactory loss seems to be more severe and occurs at earlier
stages of the disease in patients with eosinophilic infiltration.” The
smell reduction of CRS has been reported to show correlations with
blood and nasal mucosa eosinophil count.”?? The eosinophilic
marker, Charcot-Leyden crystal (CLC) gene expression, has been
found to be significantly correlated with olfactory threshold, even
when confounders that is, the presence of nasal polyps, radiographic
and endoscopic findings, were controlled.”® In addition, in both the
CRSsNP and CRSWNP groups, olfactory test scores have been shown
to be negatively correlated with neuron-specific enolase (NSE)
levels.*® Given this evidence, it appears that the severity of olfactory
function serves as a surrogate marker of inflammation within the
entire nasal cavity, not just the local environment in the area of
the OC.

Multicomponent psychophysical olfactory testing (ie, assessment
of odor threshold, discrimination, identification) increases sensitivity
in diagnosing olfactory dysfunction. In a study involving 1226 hyp-
osmic patients, Whitcroft et al found patients with CRS related smell
loss to have particularly impaired odor threshold (ie, they had a low
sensitivity), relative to odor identification and discrimination.3? This
study suggested that the pattern of subtest scores provides diagnostic
benefit regarding the underlying pathology. In line with this evidence,
Lavin et al showed that threshold scores are associated with eosino-
philia, as measured by CLC, more closely than discrimination score.”®
In contrast, data from Schlosser et al, in a much smaller group, indicate
that olfactory identification rather than threshold correlates best with
OC mucus IL-5,8? which is one of the essential cytokines that activate
type 2 helper T-cell (Th2) inflammation. Considering the limited num-
ber of studies, the present interpretation is that different patterns of
smell test scores may be associated with different CRS endotypes,
with the Th2 predominant inflammatory profile producing injury to
the olfactory epithelium. More studies are needed to clarify this.

The evolving classification of CRS helps to successfully tailor
patient care. The division of CRS into two major phenotypes, CRSsNP
and CRSwWNP, is widely accepted. Smell loss has been described as a
major feature of CRSWNP affecting 83% to 91% of patients. What is
more, olfactory function is more severe and more frequent as
reported by patients with CRSWNP compared to CRSsNP patients.”?*
Recently, there has been effort to identify phenotypic subgroups by
using clustering methods, based on common clinical symptoms. In
these studies, olfactory function seems to be a stable and valuable
factor in the various clusters. In a multi-institutional prospective study
of 690 patients in CRS, separating patients into five clusters, olfactory
function at baseline was significantly different between clusters.
Moreover, patient clusters with the best olfactory function experience
the greatest benefit with surgery.”® Cole et al identified five clusters
depending on the severity and frequency of symptoms using 37 ques-
tions from 3535 subjects. The results indicated that self-reported
smell loss is a factor with little longitudinal change.”® In Morse et al's
study, the majority of anosmic patients were found in a specific CRS
cluster characterized by nasal polyposis (100%), allergic fungal
rhinosinusitis (50%), and aspirin-exacerbated respiratory disease
(AERD) (33%).”” These results suggest that olfactory function is a
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cardinal symptom that can be used to identify sub-phenotypes of
CRS, which may provide prognostic information. Subclassification of
CRS is underway for better understanding of CRS endotypes. Studies
point out that smell loss may also be closely related to Th2-skewed
inflammatory CRS endotype.””

Taken together, these results provide important insights into
olfactory function in CRS which is linked to the sinonasal inflamma-
tory response: it appears to be an indicator of CRS severity. Accurate,
quantitative assessment of smell function, with well-established and
reliable tools, should continue to aid in the establishment of CRS phe-
notypes and endotypes, as well as the optimization of available

treatments.

4.1 | Therapies of olfactory function in CRS

The plasticity of the olfactory system allows recovery after treatment
of CRS related olfactory dysfunction.”® The first-line therapy of olfac-
tory function in CRS is to treat the underlying sinonasal condition.?’
Accordingly, olfactory function has been shown to respond to both

medical and surgical interventions in CRS (Table 1).

411 | Conservative approaches

Standard conservative treatment of CRS is based on glucocorti-
costeroids, administered orally, for example, prednisolone, or topically
via nasal spray/drops, for example, fluticasone, mometasone, or
beclametasone. Both administration forms have been shown to be
effective in improving olfactory function in CRS patients: A meta-
analysis showed that orally administered glucocorticosteroids improve
both self-rated and psychophysically assessed function, compared to
placebo, included studies used prednisolone (30-50 mg/day) for
14 days and 32 mg methylprednisolone tapered off over 20 days
compared to placebo.%"100 However, oral steroids seem to improve
olfaction only for a short period of time (8-12 weeks).'°* Topical ste-
roids have also been shown to be effective in terms of subjectively
rated olfactory function. However, as discussed above, subjective and
objective testing have been shown to correlate poorly—with subjec-
tive ratings being confounded by numerous factors including nasal air-
flow and the patients expectations.?” Yousefi et al's study revealed
there are not significantly improvement in olfactory threshold among
16 CRSsNP patients after 3 months topical corticosteroids and nasal
irrigation of normal saline (P =.311 for men and P =.139 for
women).10?

The therapeutic efficacy of topical steroids seems to depend
strongly on the mode of application.'®® Steroid nasal drops adminis-
tered in the supine position with the head tilted back in patients with
CRS and nasal polyps (CRSWNP) was prospectively shown to improve
olfactory threshold and identification scores on the Conneticut
Chemosensory Clinical Research Center (CCCRC) test.1%4 In addition,
work by Shu and colleagues showed that the application of nasal

spray more directly to the OC using a longer applicator provides

Anti-inflammatory approaches regarding olfactory function outcome to CRS patients (heterogeneous approaches in terms of methods used and groups of patients studied)

TABLE 1

Laryngoscope

Follow-
up

Patients

EG/

Anti-inflammatory approach

Outcome (significance)

Measure of olfaction

phenotype
CRSWNP

controls (n)

29/29

(conservative, surgical, biologicals)

Reference

.002)

Predicted mean difference = —28.3 (P

VAS for smell (scale 0-100)

2 wk

Oral corticosteroids

Vaidyanathan

et al*®

.31 for men, P = .14 for

Mean difference = .33 (P

1,3 mo smell threshold test

CRSsNP

topical corticosteroids and nasal 16/17

Yousefi et al'®?

women)

irrigation of normal saline

ESS

2.3(P=.001)

Mean difference

3 mo Smell identification test (range

CRSwWNP

40

Dadgarnia et al**°

0-24)
Sniffin' Sticks (range 1-48)

=6.8 (P <.001)

Mean difference

CRSwWNP 3 mo

30

Surgical and standardized medical

Paksoy et al''!

treatment

Significant improvement (71% vs 28%, P < .01)

Predicted mean difference = 11.3 (P < .0001)

Likert scale for smell (range 0-5)

recalcitrant CRS 30.6 mo
24 wk UPSIT (range 0-40)

CRSwWNP

104

Draf Ill surgery Frontal Sinus Surgery

Wong et al*1?

438/286

Dupilumab

Bachert et al**

Abbreviations: CRS, chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis without nasal polyposis; CRSWNP, chronic rhinosinusitis with nasal polyposis; EG, experimental group; ESS, endoscopic sinus surgery;

UPSIT, The University of Pennsylvania Smell Identification Test; VAS, visual analogue scale.
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significantly better results in terms of olfactory outcome compared to
conventional nasal sprays.1°°

Separate from anti-inflammatory effects, evidence from animal
work shows that glucocorticoids can upregulate cyclic nucleotide-
gated (CNG) channels, so potentially enhancing olfactory receptor
response (olfactory receptors are G-protein coupled receptors that
involve the activation of CNG during their transduction cascades). In
addition, glucocorticoids can increase the production of intracellular
cAMP within olfactory receptor neurons, again enhancing transduc-
tion cascades.®® Finally, glucocorticoids can induce the apoptosis of
mature olfactory receptor neurons, and cytokines released after apo-
ptosis can support the regeneration of olfactory receptor neurons.*®”

When systemic steroids are considered, there is no widely
accepted agreement regarding the dose, frequency and duration of
use. Notably, there is little research where patients have been
followed up for a year or longer, there is still a lack of knowledge
about the long-term efficacy of steroids in the treatment of smell loss
secondary to CRS. Furthermore, the association of osteonecrosis with
the use of systemic steroids cannot be ignored by doctors and
patients.1%®

Currently existing evidence does not provide support for
improvement of olfactory function with antibacterial and antifungal

treatment.”?

4.1.2 | Surgical approaches

Endoscopic sinus surgery (ESS) for patients with CRS is the most com-
mon and important therapy for medically refractive patients.® The
goal of ESS for CRS is to clear polyps and excess polypoid tissue, opti-
mize sinus function, and facilitate use of topical treatments, all of
which help improve the inflammatory response and might restore
olfactory function. CRS associated olfactory function has been shown
to benefit from ESS.7419%-111 Gignificant olfactory improvement was
also observed in recalcitrant CRS by Draf Ill sinus surgery.'? Revision
ESS has been shown to restore odor identification abilities in nearly
half of patients studied.*'® However, some patients experience no
improvement or even deterioration in olfactory function after surgery.
For example, Jiang et al showed that surgery seems to have no
improvement on olfactory function for patients with medically refrac-
tory symptoms.** One large prospective study (n = 775) using stan-
dardized odor identification tests demonstrated that only 23% of CRS
patients received olfactory improvement, 68% no improvement, and
9% deterioration after ESS.1® In contrast, in a 5 year follow-up study
in 34 patients, 9% of CRS patients had no improvement and 6% had
deterioration after ESS, based on measures of odor thresholds.**¢
Therefore, olfactory outcomes after ESS are variable, and it remains
challenging to predict surgical outcome in individuals.

ESS for CRS can also help to improve overall QoL, and smell
improvement is positively associated with patients' QoL changes. An
increase in olfactory function of 4.75 points on the composite
threshold + discrimination + identification Sniffin' Sticks score is con-

sidered the cutoff point for clinically significant QoL recovery.'”

Notably, olfactory dysfunction before ESS has been described as a
helpful predictor for postoperative QoL outcomes.'*® Thus, olfactory
assessment is an important preoperative step for case selection and
counseling regarding expected surgical outcomes.

Many studies have attempted to find reliable predictors of olfac-
tory outcome after ESS. Nasal polyposis seems to play a key role in
olfactory function in CRS patients.”***>11? Previous work has shown
only 13.5% of CRSWNP patients to be normosmic, and about half of
such patients to be anosmic, in this study, ESS significantly improved
severely impaired olfactory function in CRSWNP patients at 6 months
after treatment.*2° Polyposis of the OC is crucial and should receive
special attention.*?! Of note, co-existent pathology in CRSWNP, for
example, respiratory epithelial adenomatoid hamartomas (REAH), a
benign tumor, present in 48% of biopsied oedematous OCs in the
study by Lorentz et al, should be included in the differential diagnosis
of nasal polyposis.*?2 Nasal polyposis is significantly associated with
better outcomes in postoperative olfactory function.” Other research
has indicated the following predictors for a positive surgical outcome:
anosmia, no prior surgery, opacification of the OC, and favorable
wound healing status.2>>¥27 Furthermore, olfactory changes after
administration of systemic glucocorticosteroid therapy predicts the
olfactory outcome after sinus surgery in CRSWNP.28

ESS with steroid nasal spray has been compared to steroid nasal
spray alone in a recent prospective study. In both groups olfactory
function improved after treatment. However, remission rate was
greater in the ESS group (60%) compared to the conservative group
(20%).22° In a prospective, multi-center study, CRS patients treated
with ESS had better olfactory function than who were treated with

© in contrast, some studies revealed that there were no

medication.*®
significant differences in olfactory function between ESS and standard
medical therapy groups.1°>13! These differences in outcome may be
due in part to the heterogeneity in patients involved and to methods
used for assessment. Further studies involving larger samples of partici-
pants and more sensitive, unified measures of olfaction are required.
Finally, olfactory deterioration has been considered the most sen-

sitive indicator for CRS recurrence. 32133

4.1.3 | Use of biologicals

If surgical and medical treatment fails, biologicals can be considered
for a growing number of CRS patients. Dupilumab, a humanized
monoclonal IgG4 antibody directed against the interleukin-4 receptor
o (IL-4Ra) subunit, is the first targeted biologic therapy for the treat-
ment of CRSWNP, which was approved in the European Union and
the USA in 2019. Significant loss of smell has become one of six
criteria needed to use biologicals.® Placebo-controlled clinical studies
have demonstrated efficacy of dupilumab in improving clinical aspects
of CRS, based on endoscopy, radiography and measures of QOL. The
sense of smell improved from baseline rapidly (within the first
4 weeks) and significantly (by more than 10 points after 24 weeks,
using the 40-item Smell Identification Test).!* Omalizumab, another

antibody targeting IgE, has also be shown to improve olfactory
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awareness scores in comparison to a control group.t** Cavaliere
reported a case study of a patient with olfactory dysfunction secondary
to CRSWNP, the patient experienced complete recovery from anosmia
with the anti-IL-5 monoclonal antibody mepolizumab treatment.*3> The
range of antibodies targeted in the treatment of CRS can be expected
to continue to expand. Furthermore, biological treatments may be com-
bined with surgery or glucocorticosteroids in future care pathways.

As discussed above, olfactory function in CRS is significantly
associated with the sinonasal inflammatory response, as well as
response to anti-inflammatory treatments: e.g. application of gluco-
corticosteroids directly to the OC, polyp removal from the OC, or bio-
logical treatment. Olfaction can therefore be used as a marker for
inflammatory state and to predict response to treatment.

5 | CONCLUSION

Olfactory dysfunction, with a high prevalence in CRS patients, has a
significant impact on health and QOL. Detailed assessment of olfac-
tory function should be considered in the clinical evaluation of CRS
patients, especially with well-established and reliable psychophysical
testing, not only for detecting and quantifying patients' symptom, but
also because it is useful to objectively assess the efficacy of CRS
treatment over time. In particular, olfactory function seems to be a
stable and valid factor in the various clusters of clinical presentations,
linked with certain inflammatory patterns and reflective of the
response to anti-inflammatory treatment. Accordingly, olfaction may
act as a marker in the progression of chronic sinonasal inflammation,
help to differentiate CRS phenotypes and endotypes and ultimately
aid in the development of tailored treatment regimens.
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