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Abstract

We look back at the end of what soon will be seen as an historic year, from COVID-19 to real-world introduction of biologicals

influencing the life of our patients. This review describes the important findings in Rhinology over the past year. A large body of
evidence now demonstrates loss of sense of smell to be one of the most common symptoms of COVID-19 infection; a meta-ana-
lysis of 3563 patients found the mean prevalence of self-reported loss to be 47%. A number of studies have now shown long-term
reduced loss of smell and parosmia. Given the high numbers of people affected by COVID-19, even with the best reported
recovery rates, a significant number worldwide will be left with severe olfactory dysfunction. The most prevalent causes for
olfactory dysfunction, besides COVID-19 and upper respiratory tract infections in general, are trauma and CRSWNP. For these
CRSwWNP patients a bright future seems to be starting with the development of treatment with biologics.

This year the Nobel prize in Medicine 2021 was awarded jointly to David Julius and Ardem Patapoutian for their discoveries of
receptors for temperature and touch which has greatly enhanced our understanding of nasal hyperreactivity and understanding
of intranasal trigeminal function. Finally, a new definition of chronic rhinitis has been proposed in the last year and we have seen
many papers emphasizing the importance of endotyping patients in chronic rhinitis and rhinosinusitis in order to optimise treat-

ment effect.
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Introduction

We look back at the end of what once will be seen as a historic
year. In this first full year with COVID-19, our field has realized
the enormous consequences of the pandemic for our profession
and for our patients, with often long-term impact of COVID-19
on the sense of smell. On the other hand, the registration of bio-
logicals for the treatment of severe CRSWNP has provided new
hope for the improvement in the sense of smell (and quality of
life in general) for our patients. These advances—and others
discussed herein— will make us remember this year for a long
time.

COVID-19 and smell

Post-infectious olfactory dysfuntion (PIOD) anosmia is one
of the leading causes of loss of sense of smell in adults, ac-
counting for up to 40% of all cases of smell impairment, with

a peak incidence in springtime ; it was therefore perhaps no
surprise to see an increase in cases at the onset of the SARS-
CoV-2 pandemic. After early newspaper reports of anosmia in
Germany, Korea and Iran, olfactory dysfunction (OD) emerged as
a potential marker of COVID-19 in March 2020, with Rhinology
being one of the first journals to publish on this topic . A large
body of evidence now demonstrates loss of sense of smell to

be one of the most common symptoms of COVID-19 infection
with a meta-analysis of 3563 patients published in May 2020
reporting the mean prevalence of self-reported loss to be 47%
(95% Cl: 36%-59%), ranging from 11% to 84% in the included
case series . Loss of smell may be the only presenting feature
for patients with COVID-19 @, with alteration of sense of smell or
taste preceding other symptoms in 20% (95% Cl: 13%-29%) .
These olfactory symptoms were quite distinct from those who
suffered olfactory loss in association with the common cold ©,



with a relative lack of classic rhinitic-type symptoms. In fact, this
unique presentation of smell loss in the absence of other nasal
symptoms is one of the most sensitive and specific markers

of COVID-19 infection ©. This important role for smell loss as a
sentinel sign of COVID-19 placed our specialty in a position to
make major research contributions during the pandemic. Sadly,
a number of colleagues also contracted the disease themselves,
particularly when PPE was limited during the early stages of the
pandemic 7#. The high prevalence of olfactory dysfunction has
been paralleled by an unprecedented volume of research in a
hitherto neglected field, evaluating new testing techniques ©,
underlying pathophysiology "9, recovery rates and treatment
options.

Post COVID-19 recovery and persistence smell disorders
Many studies have now been performed to evaluate recovery
rates from COVID-19-related OD, and the risk factors for persis-
tence by using questionnaires or objective olfactory tests. Early
studies using self-reported outcomes suggested very high rates
of rapid recovery ", with a low incidence of persistent deficits at
6 months 2%, However, it has become clear that self-reporting
likely over-estimates the degree of recovery, in contrast to
under-estimating the initial prevalence of olfactory dysfunction,
highlighting the importance of objective testing . In a study
performed by Boscolo-Rizzo et al. "9 a significant mismatch was
found between self-reported olfactory function and psychophy-
sical evaluation; interestingly, of 112 patients with self-reported
normal sense of smell at 6 months, only 41% revealed normos-
mia with UPSIT testing.

A number of studies have now published outcomes at 6 months
and beyond. Boscolo-Rizzo has undertaken a case-controlled
study, with a mean follow-up of 401 days after the infection, in
which 46% and 10% of cases and controls were found to have
olfactory dysfunction, with 7% of COVID-19 cases still being
anosmic 7. Given the high numbers of people affected by CO-
VID-19, even with the best reported recovery rates, a significant

number worldwide will be left with severe olfactory dysfunction.

This large burden of disease will hopefully drive therapeutic ad-
vances. Currently, olfactory training is the most commonly used
treatment. One small study suggested benefit from combined
oral and intranasal corticosteroids, but further evaluation is
required ¥, The results of a number of ongoing trials worldwide
are eagerly awaited by ENT doctors and patients alike.

Many patients have reported the development of parosmia,
typically after a period of 2 to 3 months and often after a period
of apparent recovery 9. Parosmia may have a significant impact
on quality of life, and better management of qualitative olfac-
tory dysfunction after COVID-19 remains a significant unmet
need.
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Not all smell disorders are COVID-19

Even before the COVID-19 pandemic and the associated atten-
tion that was suddenly given to smell function, chemosensory
disorders were increasingly focused upon by many rhinologists.
Rhinology as journal has a long-standing commitment to this
field which is reflected by the first descriptions of the currently
most used, and best validated olfactory % and gustatory tests
@Y in Europe and many other parts of the world. Continuous
efforts in improving how olfactory, taste and also trigeminal
tests should be conducted is reflected by work that revisited
controversial issues %23 and suggested new ways of testing
chemical senses ©2#28),In order to summarize all these advances,
and especially those relating to the assessment and evaluation
of chemical senses and disorders, Rhinology has published two
seminal position papers on olfactory disorders ® and methods
to assess them ©°.

Severe olfactory dysfunction with total loss is very prevalent,
estimated to affect between 3-5 % of the general population

BY, Another 10-15 % of the population are affected to a milder
extent, suffering from decreased olfactory function. This high
prevalence of olfactory dysfunction has been recently confir-
med based on large epidemiological studies with over 100,000
subjects and once more points out the importance of chemo-
sensory impairment has in our daily practice ©2. As many studies
have now shown that these patients suffer considerably 2433,
the need for effective therapies is great ?%. The most prevalent
causes for olfactory dysfunction, besides COVID-19 and upper
respiratory tract infections in general, are trauma and chronic
rhinosinusitis (CRS) 734, For trauma-related olfactory disorders,
no meaningful treatments have yet been identified and there is
urgent need for research to focus on therapies for these patients
6537 Olfactory training, which has proven to be highly effective
in patients with post-infectious olfactory impairment #3839,
seems to be only marginally useful after head trauma “**2. For
CRS-related olfactory impairment, the treatments directed at the
underlying CRS, such as topical steroids and endoscopic sinus
surgery, provide some benefit to improve olfactory function but
unfortunately not all patients experience recovery “*49, For these
CRS patients with treatment-recalcitrant olfactory dysfunction,
there is new hope on the horizon. With the development of the
biological treatments “**”, it is very likely from initial investigati-
ons that olfactory function can be further improved “® without
the need of recurrent systemic steroids. However more real-life
studies in this field are needed to draw a more comprehensive
picture of when and which biological treatment is best used for
patients with treatment-refractory olfactory dysfunction “*59,
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Not all nasal senses are olfaction: Nobel prize for TRPVI and
TRPMS8 importance for intranasal trigeminal function

The Nobel prize in medicine of 2021, awarded to David Julius
and Ardem Patapoutian (https://www.nobelprize.org/prizes/
medicine/2021/summary) who discovered the receptors for
temperature and touch, clearly highlights the importance of
theses senses.

The last few years have seen an substantial increase in stu-

dies investigating the often neglected chemical sense that is
intranasal trigeminal function ©'*2. It had been known for over
a decade that the perception of nasal obstruction depends not
just on mechanical factors but also on the detection of airflow
that is mediated by trigeminal innervation of the nasal mucosa
6355 To which extent this also reflects in clinical complaints has
been speculated, but until recently very little data existed 7.
Recently, Migneault-Bouchard et al. *® showed that trigeminal
function appears to be more informative than mechanical re-
sistance in patients with treatment refractory nasal obstruction,
and Bischoff et al. ®® published data suggesting that intranasal
trigeminal function predicts satisfaction after septoplasty.
Taken together, these reports strongly suggest that rhinologists
should consider assessment of trigeminal function, especially in
patients potentially being prone to develop paradoxical nasal
obstruction after surgery, a condition commonly coined as
empty nose syndrome 06",

Advances in chronic rhinitis

Definition and diagnosis; epidemiology

Chronic rhinitis (CR) was defined for a long time as the presence
of at least two nasal symptoms for at least 1 hour per day for
more than 12 weeks per year. However, this definition lacked

an evidence-based foundation. For that reason the epidemio-
logical definition of CR was recently redefined as the presence
of at least one nasal complaint present for at least 3 weeks per
year ©?. CR can be categorized into allergic (AR) and non-allergic
rhinitis (NAR) 6267,

The prevalence of CR in the general population is 40% (of which
a majority is NAR) and it has recently been described that AR
and NAR have distinct seasonal patterns with AR being more
prevalent in spring/summer and NAR being in autumn/winter.
The most common NAR phenotypes are idiopathic and rhinitis
medicamentosa, followed by occupational, smokers’,hormonal,
gustatory and rhinorrhoea of the elderly ©?. The high prevalen-
ce of rhinitis medicamentosa has also recently been shown to
be correlated with the presence of local inflammation, anxiety
and habitual smoking ©®.

The diagnosis of rhinitis—and more specifically NAR— is prima-
rily based on symptomatology and the presence/absence of
sensitisation measured by skin prick testing of serum specific
IgE measurements ©0.

For the diagnosis of CR it is important to exclude other diseases
involving the nose and sinuses like CRS, septal deviation ¢ and
other anatomical changes like turbinate hypertrophy ©7* and
even OSAS 7479, Although this may be obvious, in the last year
COVID-19 has shown us how difficult it can be for patients with
CR or CRS and their surroundings to discriminate their daily
symptoms from concomitant conditions like COVID-19 79 . The
complex anatomical structure of the nasal guides the airflow
throughout the nasal cavities and anatomical or inflammatory
changes can modify this environment with negative consequen-
ces Computational fluid dynamics, although at the moment
still too expensive and laborious for routine use, may become a

viable diagnostic tool in the future for studying nasal physiology
(77-80)

Nobel prize for TRPV1 and TRPMS - role in nasal hyperreac-
tivity

The Nobel prize discovery of TRPV1 and TRPM8 has also greatly
enhanced our understanding of nasal hyperreactivity 83,

The stimulation of the TRPVI receptor with Cold Dry Air (CDA)
has been shown to be an excellent way to measure nasal hyper-
reactivity 8489 and treatment of NAR with capsaicin has shown
to reduce nasal hyperreactivity and transient receptor potential
cation channel subfamily V, receptor 1 (TRPV1) overexpression
in patients with idiopathic rhinitis ©9. In the past years, It has
been increasingly clear that hyperreactivity occur in all forms

of sinunasal disease ®°". However, it is unclear, at the moment,
whether the TRPVI receptor (overexpression) is the cause in all
these forms of hyperreactivity.

Endotypes of CR including local allergic rhinitis

It can be difficult to discriminate between different forms of
CR 2, Recently a first attempt of cluster analysis has been tried
although one can envision that in due time better biomarkers
will help us in our daily practice ©93-99),

In recent years a number of papers have evaluated the pheno-
menon of local allergic rhinitis (LAR), defined by the presence
of allergen-specific immunoglobulin in the nasal mucosa of
patients with non-allergic rhinitis (NAR) ©>?. The prevalence of
local allergic rhinitis has been reported to vary greatly ©°.

One of the reasons might be that LAR is mainly found in NAR pa-
tients who think they have an allergy (and are seen by allergists),
another reason might be the difference in availability of nasal
corticosteroids 7% (being OTC or prescribed by GP), a very ef-
fective treatment of LAR.

Treatment of CR

The treatment of CR of course largely depends on the endotype.
For AR a new algorithm has been proposed ©® emphasizing the
importance of control of symptoms in CR. CR is an extremely
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costly disease due to the high prevalence and large number of
patients with uncontrolled disease . The mainstay of tre-
atment of inflammatory forms of CR are local corticosteroids
07101102 |n the treatment of CR, azelastine has an increasingly
prominent role. This drug that originally was classified as an
antihistamine has been shown to be effective in some forms of
NAR and in a combination preparation with local corticosteroids

it has been shown to be very effective in control of disease in AR
(103,104)

Advances in chronic rhinosinusitis

Another subject that has had a tremendous amount of interest
in the past year is CRS and especially new treatment options in
CRSwWNP.

Chronic rhinosinusitis (CRS) is one of the most common inflam-
matory conditions of the upper airway, affecting up to approxi-
mately 10% of the population around the world “#31951%) Re-
search continues to show that CRS has a great negative impact
on the patient "91%) jn addition to costing society billions of
euros every year 109110,

Pathophysiology of CRS
In the last several years, a number of advances have been made
in our understanding of the pathophysiology of CRS and the

consequent downstream impact to patients’ quality of life (QOL).

Recent multiomic approaches applied to CRS have revealed
novel insights into the pathophysiologic mechanisms of CRS.
Gene expression in the sinonasal mucosa continues to show

a dominant role for inflammatory responses """ that may

be quite heterogeneous from patient-to-patient "'¥ as well as
increasing importance for the role of mucosal stromal cells and
tissue remodeling response "%, all of which seem to be proces-
ses intrinsic to the patient and the mucosa "''%. More recently,
single cell gene expression studies have also revealed distinct
populations of epithelial cells and lymphocytes uniquely contri-
buting to CRS pathophysiology "7, Transcriptional changes
have largely been validated by proteomic studies 12" as well
as cellular and histologic studies of sinonasal mucosa which
have highlighted not only importance of inflammatory dysre-
gulation, but tissue remodeling in CRS pathophysiology 122129,
There is even increasing evidence for neurogenic modulation
sinonasal inflammation through direct neural input and solitary
chemosensory cells 2128, Multiomic characterization of CRS
pathophysiology also extends beyond the host to include the
microbiome 129139 with the most recent studies showing that
there are common alterations in the sinonasal microbiome of
CRS patients found throughout the world 3",

Supported by the aforementioned multiomic approaches,
endotypes of CRS—although potentially quite numerous—have
been shown to be broadly characterized as being dominated

Rhinology from COVID-19 to biologicals

by type-2 inflammation or not 212121 |n fact, the most recent
guidance from the 2020 European Position Paper on Rhino-
sinusitis and Nasal Polyps is that primary inflammatory CRS

be classified based on whether the patient’s disease is due to
type-2 inflammation or not, rather than using phenotypic clas-
sifications such as the presence of nasal polyps “?. Endotyping
of CRS based on the dominance of type-2 inflammation, which
includes eosinophilic inflammation, has been especially shown
to be predictive of response to corticosteroids as well as outco-
mes after endoscopic sinus surgery 132139, Moreover, molecular
characterization of CRS endotypes has also allowed for identifi-
cation of novel biomarkers, for example to identify patients with
NSAID-exacerbated respiratory disease " or more precisely
predict response to specific treatments *®, Beyond the underly-
ing host specific characteristics, increasing work has shown that
environmental factors may also influence the development and
persistence of CRS. Recent work has shown that factors such as
air pollution as well as occupational exposures may contribute
to the CRS disease process 347, Even food exposures are have
been recently identified as potential modulators of the CRS
disease process (142,

Downstream of the pathophysiologic mechanisms of CRS

are the clinical manifestations of CRS, which include chronic
sinonasal symptoms, as well as symptoms related to poor sleep,
craniofacial discomfort, emotional disturbance and lower airway
hyperreactivity or asthma exacerbation 43147, These symptoms
may differentially impact patients with nasal symptoms most
dominantly impacting patients’ perception of their disease bur-
den while extra-nasal symptoms dominantly associate with their
general QOL &30 Recent work has shown that QOL may be
significantly reduced by clinical manifestations of CRS beyond
just the associated symptoms of CRS. The ability of CRS to exa-
cerbate comorbid asthma has recently been shown to be one
important means for not just reduction of QOL but also asthma-
related morbidity 52159, The use systemic rescue medications for
CRS in the form of oral antibiotics and oral corticosteroids, which
may reflect acute exacerbations of CRS or progression of CRS,
have now been shown to be independent predictors of decre-
ased QOL as well as validated measures of CRS disease burden
155 that may be used to complement tradition symptom-based
CRS outcome measures in determining CRS disease control

156 Finally, studies continue to show that we learn more about
how CRS impacts our patients from talking to them. Qualitative
research that focuses on one-on-one or group interviews has
revealed novel insights about the impact of CRS as well as what
patients need for their care and optimal outcomes °7-159,

Medical treatment of CRS
The cornerstone treatment of CRS remains the application of
topical corticosteroids, often administered as a nasal spray. For
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nasal spray, much can be gained regarding education on proper
administration techniques “®. Other application methods have
been investigated over recent years. In a single-arm prospective
study, fluticasone delivered with an exhalation delivery system
gave a reduction in SNOT-22 scores of more than 20 points

in over 700 patients. There was no control group but many
included subjects had been using a conventional intranasal
steroid spray before, suggesting that this exhalation delivery
system might provide additional benefit in CRS patients %2, On
the other hand, nebulization as delivery system does not seem
to give better symptom control than a conventional nasal spray
(160 Some even advocate patient-personalized irrigation strate-
gies based on 3D-printed models of their sinus CT scans (16",

Additional therapies consist, amongst others, of oral cortico-
steroids and antibiotics. Although the latter are generally not
advised for all CRS patients “?, trials are still being performed

in subgroups of patients to find those that might benefit from
antibiotics. For example, 12 weeks of azithromycin 500mg thrice
a week gave a sustained improved of SNOT-22 scores at one year
follow-up in a small group of 27 N-ERD patients versus 21 on
placebo (%2, Despite the lack of sound evidence for antibiotics
in CRS, electronic records show that patients are given them fre-
quently at the primary care level "3, It has been suggested that
the reason antibiotics may be effective for treatment of CRS, is
that they help control the local microbiome. However, in a small
RCT with 50 CRS patients randomly assigned to oral prednisolo-
ne, topical budesonide or oral doxycycline, (and their respective
placebos), no treatment seemed to alter the nasal microbiome,
despite clear clinical improvement of the disease ¢4,

Treatable traits in CRS

Physicians treating CRS should be aware of treatable traits. A few
should be actively assessed, such as smoking *", and occupatio-
nal exposure 139149, Furthermore, the presence of N-ERD should
be noted 3. This condition has a high tendency to result in
severe, uncontrolled CRS, leaving patients divided between their
allergist suggesting more oral corticosteroids and their ENT-sur-
geon suggesting yet another ESS "7, Unfortunately, most other
treatment options for N-ERD, including diets (e.g., to reduce
salicylate contents 1#2, seem to be of little additional value %%,
Another area of interest is the presence of possible odontogenic
disease in CRS patients 1,

Surgery and post-operative care in CRS

With the first RCT on endoscopic sinus surgery (ESS) with medi-
cal therapy versus non-surgical management to be published
in the coming weeks %7, the role of ESS in the treatment of
CRSwWNP has been confirmed. However, there is still a large de-
bate on the extent of surgery. Retrospective (and hence, biased)

studies show inconclusive results "%, However, more extensive
surgery may improve delivery of topical medications and more
extensive surgery has been associated with lower revision rates
(169 Moreover both high volume, low flow lavages and the use
of an exhalation delivery system were shown to give better
penetration into the sinuses postoperatively when compared
to standard spray in a silicon cast model 179, These findings un-
derscoring the importance of attention to postoperative topical
delivery techniques as well as surgical extent.

With tools now available to quantify extent of past surgery 7",
the next steps will be RCTs comparing limited and more exten-
sive approaches 72, As an example, a prospective, randomized-
controlled study comparing functional ESS, radical ESS and
radical ESS with Draf Ill in 81 patients showed better disease
control at one year follow-up, but not at five year follow-up in
the radical ESS group; addition of Draf lll did not give further
short-term improvement. However, postoperative medical tre-
atment was not standardized in this study "7?. Certain other sur-
gical variations to ESS, such as the addition of a partial middle
turbinectomy or the use of a free nasal floor mucosal graft can
help improve QoL as well 174179 Interestingly, ESS also seems to
improve Eustachian tube dysfunction in CRSWNP as shown by a
small prospective study with 57 patients (79,

Perioperative attention should be given to the anaesthetic
techniques, as total intravenous anaesthesia was shown in a
meta-analysis to provide a better surgical field, reduced blood
loss and shorter operative times compared to inhalation anaes-
thesia 77,

Postoperative care is also a continuing point of debate. In a sys-
tematic review and meta-analysis, small advantages of fibrin tis-
sue adhesive over nasal packing were demonstrated. However,
the pricing is higher than that of nasal packing which could well
be a reason not to implement this strategy 7%. Infiltrating nasal
polyvinyl alcohol packs with triamcinolone showed additional
benefit in the postoperative recovery 79,

Regarding postoperative antibiotics, some controversy remains.
In a double-blind placebo-controlled RCT with 126 patients, the
addition of 12 weeks of oral clarithromycin to 2 weeks of oral
corticosteroids as post-operative therapy resulted in reduced
SNOT-22 and improved endoscopy scores, especially in patients
without tissue eosinophilia 8%, These results could not be found
in 187 postoperative CRS patients randomized to receive either
intranasal fluticasone proprionate or daily clarithromycin for 12
weeks, regardless of polyp or eosinophilia status "®". The pos-
sible benefits of long-term antibiotics should always be weighed
against possible disadvantages and complications, although

for macrolides, no significant short-term or long-term increased
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risks of myocardial infarction could be established in a large
database study holding over 66.000 patients (%2,

Biologicals for CRS

The field of CRS treatment has evolved largely over the past
few years as biologicals have become available. Phase Ill trials,
their post-hoc analyses, and the first real-life data have shown
the great potential of biologicals to (rapidly) improve quality of
life, reduce disease burden, and alleviate olfactory dysfunction
(46,47,50183184) Currently, dupilumab, mepolizumab, and omalizu-
mab are available as add-on treatment for CRSWNP, although
data pointing to a preferential treatment are limited 589,
Unfortunately, biologicals are as yet not cost-effective due to
the high treatment costs "¢, and are therefore not available or
reimbursed in many countries. It is likely that cost-effectiveness
will increase by reducing the costs (e.g., by stepwise interdosage
interval prolongation ©%, or by selecting those with the largest
risk of failing other therapy (e.g., those with N-ERD) %%, They
are now still often identified from groups of patients treated
with biologicals for their asthma. For example, one small open
study using omalizumab in 16 N-ERD patients versus 16 N-ERD
patients receiving aspirin therapy after desensitization (ATAD),

Rhinology from COVID-19 to biologicals

reported improvement in 14 of the 16 omalizumab-treated
patients. They had a decrease in RSOM-31 scores, accompanied
by a reduction of nasal polyp scores "®. The field desperately
needs more real-life data from large groups of patients treated
with biological with CRS as the primary indication. These will
help the identification of patient groups that would benefit
most from biologicals.

Conclusion
A lot has happened in Rhinology in 2021. This review gives an
overview of the highlights.

Authorship contribution
All authors contributed to the text of this review, reviewed and
approved the final text.

Conflict of interest
The authors reported no COI concerning this review.

Financial disclosure
No funding for this review.

References endoscopic skull base procedures dur- 16. Boscolo-Rizzo P, Polesel J, Spinato G,

1. Konstantinidis |, Haehner A, Frasnelli J, ing the COVID-19 outbreak. Rhinology. Menegaldo A, Fabbris C, Calvanese L, et al.
Reden J, Quante G, Damm M, et al. Post- 2020;58(3):289-94. Predominance of an altered sense of smell
infectious olfactory dysfunction exhibits a 9. Wirkner K, Hinz A, Loeffler M, Engel or taste among long-lasting symptoms in
seasonal pattern. Rhinology. 2006;44(2):135- C. Sniffin" Sticks Screening 12 test: patients with mildly symptomatic COVID-
9. Presentation of odours on filter paper 19. Rhinology. 2020;58(5):524-25.

2. Gane SB, Kelly C, Hopkins C. Isolated sud- improves the recognition rate. Rhinology. 17. Boscolo-Rizzo P, Hummel T, Hopkins C,
den onset anosmia in COVID-19 infection. A 2021. Dibattista M, Menini A, Spinato G, et al. High
novel syndrome? Rhinology. 2020;58(3):299- 10. Ueha R, Kondo K, Kagoya R, Shichino S, prevalence of long-term olfactory, gusta-
301. Shichino S, Yamasoba T. ACE2, TMPRSS2, tory, and chemesthesis dysfunction in post-

3. Hopkins C, Surda P, Kumar N. Presentation and Furin expression in the nose and olfac- COVID-19 patients: a matched case-con-
of new onset anosmia during the COVID-19 tory bulb in mice and humans. Rhinology. trol study with one-year follow-up using a
pandemic. Rhinology. 2020;58(3):295-98. 2021;59(1):105-00. comprehensive psychophysical evaluation.

4. Borsetto D, Hopkins C, Philips V, Obholzer R, 11. Hopkins C, Surda P, Whitehead E, Kumar BN. Rhinology. 2021.

Tirelli G, Polesel J, et al. Self-reported altera- Early recovery following new onset anosmia 18. Vaira LA, Hopkins C, Petrocelli M, Lechien
tion of sense of smell or taste in patients during the COVID-19 pandemic - an obser- JR, Cutrupi S, Salzano G, et al. Efficacy of
with COVID-19: a systematic review and vational cohort study. J Otolaryngol Head corticosteroid therapy in the treatment of
meta-analysis on 3563 patients. Rhinology. Neck Surg. 2020;49(1):26. long- lasting olfactory disorders in COVID-
2020;58(5):430-36. 12. Hopkins C, Surda P, Vaira LA, Lechien JR, 19 patients. Rhinology. 2021;59(1):21-25.

5. Huart C, Philpott C, Konstantinidis |, Safarian M, Saussez S, et al. Six month fol- 19. Cook E, Kelly CE, Burges Watson DL,
Altundag A, Whitcroft KL, Trecca EMC, et low-up of self-reported loss of smell dur- Hopkins C. Parosmia is prevalent and per-
al. Comparison of COVID-19 and common ing the COVID-19 pandemic. Rhinology. sistent amongst those with COVID-19 olfac-
cold chemosensory dysfunction. Rhinology. 2021;59(1):26-31. tory dysfunction. Rhinology. 2021,59(2):222-
2020:58(6):623-25. 13. Kooper D, Coerts H, Mkadmi H. Self- 24,

6. Heidari F, Karimi E, Firouzifar M, Khamushian reported olfactory and gustatory dysfunc- 20. Kobal G, Hummel T, Sekinger B, Barz S,
P Ansari R, Mohammadi Ardehali M, tion in patients with COVID-19 infection. Roscher S, Wolf S. "Sniffin' sticks": screen-
et al. Anosmia as a prominent symp- Rhinology online. 2021;4(1):140-46. ing of olfactory performance. Rhinology.
tom of COVID-19 infection. Rhinology. 14. Speth MM, Singer-Cornelius T, Oberle M, 1996,34(4):222-6.
2020:58(3):302-03. Gengler I, Brockmeier SJ, Sedaghat AR. Time 21. Mueller C, Kallert S, Renner B, Stiassny K,

7. Reitsma S, Lund, V.J,, Carrie, S., Fokkens, W.J. scale for resolution of olfactory dysfunction Temmel AF, Hummel T, et al. Quantitative
ERS member survey on COVID-19 symp- in COVID-19. Rhinology. 2020;58(4):404-05. assessment of gustatory function in a clini-
tomatology and personal protection: a con- 15. Vandersteen C, Payne M, Dumas, L-E., cal context using impregnated "taste strips".
struct to predict early COVID-19 disease. Metelkina-Fernandez V, Plonka A, Chirio D. Rhinology. 2003;41(1):2-6.

Rhinology online. 2020;3(1):31-37. Persistent olfactory complaints after COVID- ~ 22. Besser G, Prassl A, Mueller CA, Renner B.

8. Van Gerven L, Hellings PW, Cox T, Fokkens 19: a new interpretation of the psycho- Testing gustatory function using either a

W, Hopkins C, Hox V, et al. Personal pro-
tection and delivery of rhinologic and

physical olfactory scores. Rhinology online.
2021:4(1):66-72.

495

forced-choice or a non-forced-choice
paradigm - Does it make a difference?



Fokkens et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Rhinology. 2019;57(5):385-91.

Chen B, Pfister A, Nahrath P, Hummel T.
Odor perception depends on airflow, odor
solubility and intranasal application site.
Rhinology. 2020;58(6):635-37.

Besser G, Tianxiang Liu D, Prem B, labloncsik
D, Pablik E, Mueller CA, et al. Retronasal
olfactory testing using candies sent by post
and for screening purposes: a feasibility
study. Rhinology. 2020;58(3):218-25.

Huart C, Hummel T, Kaehling C,
Konstantinidis I, Hox V, Mouraux A, et
al. Development of a new psychophysi-
cal method to assess intranasal trigemi-
nal chemosensory function. Rhinology.
2019;57(5):375-84.

Hummel T, Kaehling C, Grosse F. Automated
assessment of intranasal trigeminal func-
tion. Rhinology. 2016;54(1):27-31.

Liu X, Huang J, Tian P, Hu J, Zou L.
Development of a Self-reported Olfactory
Dysfunction Questionnaire (SODQ) to
screen olfactory disorders in China.
Rhinology. 2021;59(4):393-97.

Zou L, Dworschak A, Alizadeh R, Kamrava
SK, Alwashahi M, Bock MA, et al. "U-Sniff"
- the international odor identification test
for children: an extension of its normative
database and study of global reliability.
Rhinology. 2020;58(5):471-76.

Hummel T, Whitcroft KL, Andrews P,
Altundag A, Cinghi C, Costanzo RM, et al.
Position paper on olfactory dysfunction.
Rhinology. 2016;56(1):1-30.

Rimmer J, Hellings P, Lund VJ, Alobid |, Beale
T, Dassi C, et al. European position paper on
diagnostic tools in rhinology. Rhinology.
2019;57(Suppl 528):1-41.

Landis BN, Hummel T. New evidence for
high occurrence of olfactory dysfunc-
tions within the population. Am J Med.
2006;119(1):91-2.

Stogbauer J, Wirkner K, Engel C, Moebus S,
Pundt N, Teismann H, et al. Prevalence and
risk factors of smell dysfunction - a com-
parison between five German population-
based studies. Rhinology. 2020;58(2):184-91.
Landis BN, Stow NW, Lacroix JS,
Hugentobler M, Hummel T. Olfactory dis-
orders: the patients' view. Rhinology.
2009;47(4):454-9.

Ciofalo A, Filiaci F, Romeo R, Zambetti G,
Vestri AR. Epidemiological aspects of olfac-
tory dysfunction. Rhinology. 2006;44(1):78-
82.

Gudziol V, Hoenck |, Landis B, Podlesek D,
Bayn M, Hummel T. The impact and pros-
pect of traumatic brain injury on olfactory
function: a cross-sectional and prospec-
tive study. Eur Arch Oto-rhino-laryngol.
2014;271(6):1533-40.

Gudziol V, Marschke T, Reden J, Hummel
T. Impact of anterior skull base fracture on
lateralized olfactory function. Rhinology.
2020;58(1):45-50.

Welge-Lussen A, Hilgenfeld A, Meusel T,
Hummel T. Long-term follow-up of post-
traumatic olfactory disorders. Rhinology.
2012;50(1):67-72.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Hummel T, Stupka G, Haehner A, Poletti SC.
Olfactory training changes electrophysio-
logical responses at the level of the olfacto-
ry epithelium. Rhinology. 2018;56(4):330-35.
Sorokowska A, Drechsler E, Karwowski M,
Hummel T. Effects of olfactory training: a
meta-analysis. Rhinology. 2017;55(1):17-26.
Konstantinidis |, Tsakiropoulou E, Bekiaridou
P Kazantzidou C, Constantinidis J. Use of
olfactory training in post-traumatic and
postinfectious olfactory dysfunction.
Laryngoscope. 2013;123(12):E85-90.
Konstantinidis |, Tsakiropoulou E,
Constantinidis J. Long term effects of olfac-
tory training in patients with post-infectious
olfactory loss. Rhinology. 2016;54(2):170-5.
Mahmut MK, Musch M, Han P, Abolmaali
N, Hummel T. The effect of olfactory train-
ing on olfactory bulb volumes in patients
with idiopathic olfactory loss. Rhinology.
2020;58(4):410-12.

Fokkens WJ, Lund VJ, Hopkins C, Hellings
PW, Kern R, Reitsma S, et al. European
Position Paper on Rhinosinusitis and Nasal
Polyps 2020. Rhinology. 2020;58(Suppl
$29):1-464.

Zhang C, Li D, Wang X. Role of physical
exercise type in olfactory deterioration in
ageing. Rhinology. 2020;58(2):145-50.
Hellings PW, Verhoeven E, Fokkens WJ.
State-of-the-art overview on biologi-
cal treatment for CRSWNP. Rhinology.
2021;59(2):151-63.

Bachert C, Han JK, Desrosiers M, Hellings
PW, Amin N, Lee SE, et al. Efficacy and safe-
ty of dupilumab in patients with severe
chronic rhinosinusitis with nasal polyps
(LIBERTY NP SINUS-24 and LIBERTY NP
SINUS-52): results from two multicentre,
randomised, double-blind, placebo-con-
trolled, parallel-group phase 3 trials. Lancet.
2019;394(10209):1638-50.

Gevaert P, Omachi TA, Corren J, Mullol J, Han
J, Lee SE, et al. Efficacy and safety of omali-
zumab in nasal polyposis: 2 randomized
phase 3 trials. J Allergy Clin Immunol.
2020;146(3):595-605.

Desrosiers M, Mannent LP, Amin N,
Canonica GW, Hellings PW, Gevaert P, et al.
Dupilumab reduces systemic corticosteroid
use and sinonasal surgery rate in CRSWNP.
Rhinology. 2021;59(3):301-11.

Hopkins C, Wagenmann M, Bachert C,
Desrosiers M, Han JK, Hellings PW, et al.
Efficacy of dupilumab in patients with a
history of prior sinus surgery for chronic
rhinosinusitis with nasal polyps. Int Forum
Allergy Rhinol. 2021;11(7):1087-101.

Lans R, Fokkens WJ, Adriaensen G, Hoven
DR, Drubbel JJ, Reitsma S. Real-life obser-
vational cohort verifies high efficacy of
dupilumab for Chronic Rhinosinusitis with
Nasal Polyps. Allergy. 2021.

Rombaux P, Mouraux A, Keller T, Hummel
T. Trigeminal event-related potentials
in patients with olfactory dysfunction.
Rhinology. 2008;46(3):170-4.

Brand G, Jacquot L. Peripheral and central
levels in nasal trigeminal sensitization and

496

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

. Konstantinidis

desensitization. Rhinology. 2009;47(2):148-
52.

Konstantinidis |, Gartz |, Gerber JC, Reden
J, Hummel T. Anatomy of the nasal cavity
determines intranasal trigeminal sensitivity.
Rhinology. 2010;48(1):18-22.

Poletti SC, Hausold J, Herrmann A, Witt M,
Hummel T. Topographical distribution of
trigeminal receptor expression in the nasal
cavity. Rhinology. 2019;57(2):147-52.
Scheibe M, Schmidt A, Hummel T.
Investigation of the topographical dif-
ferences in somatosensory sensitiv-
ity of the human nasal mucosa. Rhinology.
2012;50(3):290-3.

Foguem C, Lemdani M, Huart C. Parkinson
disease in eldery patients: lessons from
odour detection thresholds on olfac-
to-trigeminal interaction. Rhinology.
2018;56(2):127-32.

Poletti SC, Cuevas M, Weile S, Hummel T.
Trigeminal sensitivity in chronic rhinosinusi-
tis: topographical differences and the effect
of surgery. Rhinology. 2017;55(1):70-74.
Migneault-Bouchard C, Boselie FJM,
Hugentobler M, Landis BN, Frasnelli J.
Trigeminal impairment in treatment-refrac-
tory chronic nasal obstruction. Rhinology.
2021;59(3):312-18.

Bischoff S, Poletti SC, Kunz S, Kiessling SY,
Hinder D, Dreher A, et al. Trigeminal endo-
nasal perception - an outcome predictor for
septoplasty. Rhinology. 2020;58(5):437-43.
Huart C, Eloy P, Collet S, Rombaux P.
Chemosensory function assessed with
psychophysical testing and event-relat-
ed potentials in patients with atrophic
rhinitis. Eur Arch Oto-rhino-laryngol.
2012;269(1):135-41.

I, Tsakiropoulou E,
Chatziavramidis A, lkonomidis C, Markou
K. Intranasal trigeminal function in
patients with empty nose syndrome. The
Laryngoscope. 2017;127(6):1263-67.
Avdeeva KS, Fokkens WJ, Reitsma S. Towards
a new epidemiological definition of chron-
ic rhinitis: prevalence of nasal complaints
in the general population. Rhinology.
2021;59(3):258-66.

Meng Y, Wang Y, Lou H, Wang K, Meng N,
Zhang L, et al. Specific immunoglobulin E
in nasal secretions for the diagnosis of local
allergic rhinitis. Rhinology. 2019;57(4):313-
20.

Meng Y, Wang C, Zhang L. Advances and
novel developments in allergic rhinitis.
Allergy. 2020;75(12):3069-3076.

Hamizan AW, Rimmer J, Husain S, Alvarado
R, Tatersall J, Sewell W, et al. Local specific
Immunoglobulin E among patients with
nonallergic rhinitis: a systematic review.
Rhinology. 2019;57(1):10-20.

Huang Y, Lou H, Wang C, Zhang L. Cold
dry air provocation is a reliable diagnos-
tic tool in nonallergic rhinitis. Rhinology.
2019;57(3):225-30.

Hellings PW, Klimek L, Cingi C, Agache I,
Akdis C, Bachert C, et al. Non-allergic rhi-
nitis: Position paper of the European



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Academy of Allergy and Clinical
Immunology. Allergy. 2017;72(11):1657-65.
De Corso E, Mastrapasqua RF, Tricarico
L, Settimi S, Di Cesare T, Mele DA, et al.
Predisposing factors of rhinitis medicamen-
tosa: what can influence drug discontinua-
tion? Rhinology. 2020;58(3):233-40.
Stockmann A, Larsen, L., Lange, B, Darling,
P, etal. Evaluation of nasal septal deviation
in patients with chronic rhinosinusitis —
an interrater agreement study. Rhinology
online. 2020;3(1):106-12.

Mirza AA, Alandejani TA, Shawli HY,
Alsamel MS, Albakrei MO, Abdulazeem HM.
Outcomes of microdebrider-assisted versus
radiofrequency-assisted inferior turbinate
reduction surgery: a systematic review and
meta-analysis of interventional randomised
studies. Rhinology. 2020;58(6):530-37.
Sommer F, Scheithauer MO, Hoffmann TK,
Grossi AS, Hauck K, Lindemann J. Value
of turbinoplasty in rhinosurgery - a con-
trolled randomized study. Rhinology.
2019;57(5):352-57.

Chavan SS, Khond, A.D, Saple, P, Kurle, V.R.
Comparative study between diathermy
and microdebrider for inferior turbinate
reduction surgeries. Rhinology online.
2020;3(1):1-7.

Lange B, Mortz, C.G., Bindslev-Jensen, C,,
et.al. Nasal symptoms in patients with
NSAID hypersensitivity. Rhinology online.
2019;2(1):91-96.

Bengtsson C, Jonsson L, Theorell-Haglow
J, Holmstrom M, Janson C, Lindberg E.
Sinonasal outcome test-22 and peak
nasal inspiratory flow - valuable tools in
obstructive sleep apnoea. Rhinology.
2020;58(4):341-48.

Hoven KM, Aarstad, H.J., Steinsvag, SK.
Associations between nasal characteristics
and sleep polygraphic data in patients sus-
pected Obstructive Sleep Apnea. Rhinology
online. 2020;3(1).

Hagemann J, Onorato GL, Jutel M, Akdis CA,
Agache |, Zuberbier T, et al. Differentiation
of COVID-19 signs and symptoms from
allergic rhinitis and common cold: An
ARIA-EAACI-GA(2) LEN consensus. Allergy.
2021;76(8):2354-66.

Farzal Z, Del Signore AG, Zanation AM,
Ebert CS, Jr, Frank-Ito D, Kimbell JS, et al.
A computational fluid dynamics analysis
of the effects of size and shape of ante-
rior nasal septal perforations. Rhinology.
2019;57(2):153-59.

Leite SHP, Jain R, Douglas RG. The clini-
cal implications of computerised fluid
dynamic modelling in rhinology. Rhinology.
2019;57(1):2-9.

Siu J, Dong J, Inthavong K, Shang Y, Douglas
RG. Quantification of airflow in the sinuses
following functional endoscopic sinus sur-
gery. Rhinology. 2020;58(3):257-65.

Siu J, Inthavong K, Shang Y, Vahaji S,
Douglas RG. Aerodynamic impact of total
inferior turbinectomy versus inferior turbi-
noplasty - a computational fluid dynamics
study. Rhinology. 2020;58(4):349-59.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Holland C, van Drunen C, Denyer J, Smart
K, Segboer C, Terreehorst |, et al. Inhibition
of capsaicin-driven nasal hyper-reactivity
by SB-705498, a TRPV1 antagonist. Br J Clin
Pharmacol. 2014;77(5):777-88.

Van Gerven L, Alpizar YA, Steelant B,
Callebaut I, Kortekaas Krohn I, Wouters M,
et al. Enhanced chemosensory sensitiv-
ity in patients with idiopathic rhinitis and
its reversal by nasal capsaicin treatment. J
Allergy Clin Immunol. 2017;140(2):437-46.
e2.

Gevorgyan A, Segboer C, Gorissen R, van
Drunen CM, Fokkens W. Capsaicin for non-
allergic rhinitis. Cochrane Database Syst
Rev. 2015(7):Cd010591.

Van Gerven L, Boeckxstaens G, Jorissen M,
Fokkens W, Hellings PW. Short-time cold
dry air exposure: a useful diagnostic tool for
nasal hyperresponsiveness. Laryngoscope.
2012;122(12):2615-20.

Van Rijswijk JB, Boeke EL, Keizer JM, Mulder
PG, Blom HM, Fokkens WJ. Intranasal cap-
saicin reduces nasal hyperreactivity in
idiopathic rhinitis: a double-blind rand-
omized application regimen study. Allergy.
2003;58(8):754-61.

Van Gerven L, Alpizar YA, Wouters MM, Hox
V, Hauben E, Jorissen M, et al. Capsaicin
treatment reduces nasal hyperreactivity and
transient receptor potential cation channel
subfamily V, receptor 1 (TRPV1) overexpres-
sion in patients with idiopathic rhinitis. J
Allergy Clin Immunol. 2014;133(5):1332-9,
39.e1-3.

Segboer CL, Holland CT, Reinartz SM,
Terreehorst |, Gevorgyan A, Hellings PW, et
al. Nasal hyper-reactivity is a common fea-
ture in both allergic and nonallergic rhinitis.
Allergy. 2013;68(11):1427-34.

Equiluz-Gracia |, Fernandez-Santamaria R,
Testera-Montes A, Ariza A, Campo P, Prieto
A, et al. Coexistence of nasal reactivity to
allergens with and without IgE sensitiza-
tion in patients with allergic rhinitis. Allergy.
2020;75(7):1689-98.

Scadding G, Bousquet J, Bachert C, Fokkens
WJ, Hellings PW, Prokopakis E, et al.
Rhinology future trends: 2017 EUFOREA
debate on allergic rhinitis. Rhinology.
2019;57(1):49-56.

Backaert W, Steelant B, Jorissen M, Van
Oudenhove L, Talavera K, Hellings PW, et al.
Self-reported nasal hyperreactivity is com-
mon in all chronic upper airway inflamma-
tory phenotypes and not related to gen-
eral well-being. Allergy 2021 Aug 21. Online
ahead of print.

Doulaptsi M, Steelant B, Prokopakis E,
lerodiakonou D, Tsinaslanidou Z, Cools L,
et al. Prevalence and impact of nasal hyper-
reactivity in chronic rhinosinusitis. Allergy.
2020;75(7):1768-71.

Zhu Z, Wang W, Zhang X, Wang X, Zha
Y, Chen Y, et al. Nasal fluid cytology and
cytokine profiles of eosinophilic and non-
eosinophilic chronic rhinosinusitis with
nasal polyps. Rhinology. 2020;58(4):314-22.

. Ogulur 1, Pat Y, Ardicli O, Barletta E,

497

Rhinology from COVID-19 to biologicals

Cevhertas L, Fernandez-Santamaria R, et
al. Advances and highlights in biomarkers
of allergic diseases. Allergy. 2021. Online
ahead of print.

94. Ciprandi G, Silvestri M, Pistorio A, Tosca MA,
Cirillo I. Clustering analysis in outpatients
with allergic rhinitis in clinical practice.
Allergy. 2019;74(3):607-10.

95. Meng Y, Lou H, Wang Y, Wang X, Cao F,
Wang K, et al. Endotypes of chronic rhi-
nitis: A cluster analysis study. Allergy.
2019;74(4):720-30.

96. Bozek A, Scierski W, Ignasiak B, Jarzab J,
Misiolek M. The prevalence and charac-
teristics of local allergic rhinitis in Poland.
Rhinology. 2019;57(3):213-18.

97. Fokkens WJ. Local corticosteroids, why are
they not used more / properly ? Rhinology.
2019;,57(2):81.

98. Treat S, Ebert Jr, CS., Farzal, Z., Basu, S.,
Zanation, A.M., Thorp, B.D., Kimbell, J.S.,
Senior, B.A., Kimple, A.J. Intranasal corti-
costeroids: patient administration angles
and impact of education. Rhinology online.
2020;3(1):160-66.

99. Hellings PW, Scadding G, Bachert C, Bjermer
L, Canonica GW, Cardell LO, et al. EUFOREA
treatment algorithm for allergic rhinitis.
Rhinology. 2020;58(6):618-22.

100.Avdeeva KS, Reitsma S, Fokkens WJ. Direct
and indirect costs of allergic and non-
allergic rhinitis in the Netherlands. Allergy.
2020;75(11):2993-96.

101.Wang S-z, Zhao, J-p., Guo, S-n., Qu, S-h.,
Zengm W-m., Xle, Q., Zhang, Y., Chen,S. .
Acupuncture in addition to budesonide
does not further improve RQLQ apart
from the sleep domain. Rhinology online.
2020;3(1):184-92.

102.Sher MR, Steven GC, Romett JL, Pien G,
LeBenger K, Messina JC, et al. EXHANCE-3:
a cohort study of the exhalation delivery
system with fluticasone for chronic sinusitis
with or without nasal polyps. Rhinology.
2020;58(1):25-35.

103.Stjarne P, Strand V, Theman K, Ehnhage A.
Control of allergic rhinitis with MP-AzeFlu:
a noninterventional study of a Swedish
cohort. Rhinology. 2019;57(4):279-86.

104.Vogel N, Kunz, S., Akdis, C., Soyka, M.B. The
influence of corticosteroids and Azelastine
on epithelial cell integrity in chronic rhi-
nosinusitis with polyps. Rhinology online.
2020;3(1):8-14.

105.Ahn JC, Kim JW, Lee CH, Rhee CS.
Prevalence and Risk Factors of Chronic
Rhinosinusitus, Allergic Rhinitis, and Nasal
Septal Deviation: Results of the Korean
National Health and Nutrition Survey 2008-
2012. JAMA Otolaryngol Head Neck Surg.
2016;142(2):162-7.

106.0stovar A, Fokkens, W.,J., Farrokhi, S. The
agreement between self-reported physi-
cian-diagnosed and epidemiologic defini-
tion of chronic rhinosinusitis. Rhinology
online. 2019;2(1):97-98.

107.Khan A, Huynh TMT, Vandeplas G, Joish VN,
Mannent LP, Tomassen P, et al. The GALEN
rhinosinusitis cohort: chronic rhinosinusi-



Fokkens et al.

tis with nasal polyps affects health-related
quality of life. Rhinology. 2019;57(5):343-51.

108.Khan A, Vandeplas G, Huynh TMT, Joish VN,
Mannent L, Tomassen P, et al. The Global
Allergy and Asthma European Network
(GALEN rhinosinusitis cohort: a large
European cross-sectional study of chronic
rhinosinusitis patients with and without
nasal polyps. Rhinology. 2019;57(1):32-42.

109.Lourijsen ES, Fokkens WJ, Reitsma S. Direct
and indirect costs of adult patients with
chronic rhinosinusitis with nasal polyps.
Rhinology. 2020;58(3):213-17.

110.Wahid NW, Smith R, Clark A, Salam M,

Philpott CM. The socioeconomic cost of

chronic rhinosinusitis study. Rhinology.

2020;58(2):112-25.

.Bassiouni A, Ou J, Schreiber A, Geoghegan

J, Tsykin A, Psaltis AJ, et al. The global tran-

scriptomic signature in sinonasal tissues

reveals roles for tissue type and chronic rhi-

nosinusitis disease phenotype. Rhinology.

2020;58(3):273-83.

112.0kada N, Nakayama T, Asaka D, Inoue N,
Tsurumoto T, Takaishi S, et al. Distinct gene
expression profiles and regulation net-
works of nasal polyps in eosinophilic and
non-eosinophilic chronic rhinosinusitis. Int
Forum Allergy Rhinology. 2018;8(5):592-604.

113.Wang W, Gao Z, Wang H, Li T, He W, Lv W, et
al. Transcriptome Analysis Reveals Distinct
Gene Expression Profiles in Eosinophilic
and Noneosinophilic Chronic Rhinosinusitis
with Nasal Polyps. Sci Rep. 2016,6:26604.

114.Lee EJ, Gawel DR, Lilja S, Li X, Schéfer S,
Sysoev O, et al. Analysis of expression profil-
ing data suggests explanation for difficul-
ties in finding biomarkers for nasal polyps.
Rhinology. 2020;58(4):360-67.

115.Ball SL, Cockell SJ, Wilson JA, Mann DA,
Fisher AJ. Microarray analysis of primary
epithelial and fibroblast cells in chronic rhi-
nosinusitis without nasal polyps. Rhinology.
2020;58(6):581-87.

116.Biggs TC, Hayes SM, Harries PG, Allan RN,
Walls AF, Pender SLF, et al. Immunological
profiling of key inflammatory drivers of
nasal polyp formation and growth in chron-
ic rhinosinusitis. Rhinology. 2019;57(5):336-
42.

117.Ma S, Xian M, Yang B, Fang G, Lou H, Yu W,
et al. Pathological changes from the origi-
nating to the peripheral sites of Sinonasal
Inverted Papilloma are the underlying
mechanisms of preoperative MRI-tumor ori-
gin prediction. Rhinology. 2020;58(1):59-65.

118.0rdovas-Montanes J, Dwyer DF, Nyquist
SK, Buchheit KM, Vukovic M, Deb C, et al.
Allergic inflammatory memory in human
respiratory epithelial progenitor cells.
Nature. 2018;560(7720):649-54.

119.Kao SS, Bassiouni A, Ramezanpour M,
Chegeni N, Colella AD, Chataway TK, et al.
Scoping review of chronic rhinosinusitis
proteomics. Rhinology. 2020;58(5):418-29.

120.Kao SS, Bassiouni A, Ramezanpour M, Finnie
J, Chegeni N, Colella AD, et al. Proteomic
analysis of nasal mucus samples of
healthy patients and patients with chron-

ic rhinosinusitis. J Allergy Clin Immunol.

2021;147(1):168-78.

Klingler Al, Stevens WW, Tan BK, Peters AT,

Poposki JA, Grammer LC, et al. Mechanisms

and biomarkers of inflammatory endo-

types in chronic rhinosinusitis with-

out nasal polyps. J Allergy Clin Immunol.

2021;147(4):1306-17.

122.Bankova LG, Barrett NA. Epithelial cell func-
tion and remodeling in nasal polyposis. Ann
Allergy Asthma Immunol. 2020;124(4):333-
41.

123.Cornet ME, Kostamo K, Rinia AB,
Zwinderman AH, van Egmond D, de Groot
EJJ, et al. Novel roles for nasal epithe-
lium in the pathogenesis of chronic rhi-
nosinusitis with nasal polyps. Rhinology.
2019;57(3):169-79.

124.Du K, Wang M, Zhang N, Yu P, Wang P, Li
Y, et al. Involvement of the extracellular
matrix proteins periostin and tenascin C
in nasal polyp remodeling by regulating
the expression of MMPs. Clin Trans! Allergy.
2021;11(7):212059.

125.Jiang WX, Cao PP, Li ZY, Zhai GT, Liao B, Lu
X, et al. A retrospective study of chang-
es of histopathology of nasal polyps in
adult Chinese in central China. Rhinology.
2019;57(4):261-67.

126.Suzuki M, Ramezanpour M, Cooksley C,
Lee TJ, Jeong B, Kao S, et al. Zinc-depletion
associates with tissue eosinophilia and col-
lagen depletion in chronic rhinosinusitis.
Rhinology. 2020;58(5):451-59.

127.Chen WC, Lin WC, Yang CH, Wu CN, Luo SD.
Autonomic dysfunction as an independent
risk factor for uncontrolled inflammation in
chronic rhinosinusitis following functional
endoscopic sinus surgery. Rhinology. 2019.
58(3):200-207.

128.Kohanski MA, Workman AD, Patel NN, Hung
LY, Shtraks JP, Chen B, et al. Solitary che-
mosensory cells are a primary epithelial
source of IL-25 in patients with chronic rhi-
nosinusitis with nasal polyps. J Allergy Clin
Immunol. 2018;142(2):460-69 e7.

129.Hoggard M, Zoing M, Biswas K, Taylor MW,
Douglas RG. The sinonasal mycobiota in
chronic rhinosinusitis and control patients.
Rhinology. 2019;57(3):190-99.

130.Ramakrishnan VR, Hauser LJ, Feazel LM, Ir D,

Robertson CE, Frank DN. Sinus microbiota

varies among chronic rhinosinusitis phe-

notypes and predicts surgical outcome. J

Allergy Clin Immunol. 2015;136(2):42.e1.

.Paramasivan S, Bassiouni A, Shiffer A, Dillon

MR, Cope EK, Cooksley C, et al. The inter-

national sinonasal microbiome study: A

multicentre, multinational characteriza-

tion of sinonasal bacterial ecology. Allergy.

2020;75(8):2037-49.

132.Chowdhury NI, Li P, Chandra RK, Turner JH.
Baseline mucus cytokines predict 22-item
Sino-Nasal Outcome Test results after endo-
scopic sinus surgery. Int Forum Allergy
Rhinol. 2020 Jan;10(1):15-22.

133.Guo CL, Liao B, Liu JX, Pan L, Liu Z.
Predicting difficult-to-treat chronic rhinosi-
nusitis by noninvasive biological markers.

12

w

498

Rhinology. 2021;59(1):81-90.

134.Liao B, Liu JX, Guo CL, Li ZY, Pan L, Liu Z. A
panel of clinical and biological markers pre-
dict difficult-to-treat chronic rhinosinusitis.
Allergy. 2020;75(4):946-949.

135.Mortuaire G, Gengler |, Carpentier C,
Szymanski C, Chenivesse C, Lefevre G. T
helper 2 inflammatory markers are associ-
ated with recurrence in chronic rhinosinusi-
tis with nasal polyps after endoscopic sinus
surgery. Rhinology. 2020;58(5):444-50.

136.Qi S, Yan B, Liu C, Wang C, Zhang L.
Predictive significance of Charcot-Leyden
Crystal mRNA levels in nasal brushing
for nasal polyp recurrence. Rhinology.
2020,58(2):166-74.

137.Steiner UG, Bischoff S, Valaperti A, lkenberg
K, Starzyk J, Bucher S, et al. Endotypes of
chronic rhinosinusitis with nasal polyps
with and without NSAID's" intolerance.
Rhinology. 2020;58(6):544-49.

138.Kato A, Peters AT, Stevens WW, Schleimer
RP, Tan BK, Kern RC. Endotypes of chronic
rhinosinusitis: Relationships to disease phe-
notypes, pathogenesis, clinical findings, and
treatment approaches. Allergy. 2021. Online
ahead of print.

139.Clarhed UKE, Johansson H, Veel Svendsen
M, Toren K, Moller AK, Hellgren J.
Occupational exposure and the risk of new-
onset chronic rhinosinusitis" a prospective
study 2013-2018. Rhinology. 2020;58(6):597-
604.

140.Dietz de Loos DAE, Ronsmans S, Cornet

ME, Hellings PW, Hox V, Fokkens WJ, et al.

Occupational exposure influences control

of disease in patients with chronic rhinosi-

nusitis. Rhinology. 2021,59(4):380-86.

.Huang Y, Lou H, Wang C, Zhang L. Impact

of cigarette smoke and IL-17A activation on

asthmatic patients with chronic rhinosinusi-

tis. Rhinology. 2019;57(1):57-66.

142.Philpott CM, Smith R, Davies-Husband CR,
Erskine S, Clark A, Welch A, et al. Exploring
the association between ingestion of
foods with higher potential salicylate con-
tent and symptom exacerbation in chron-
ic rhinosinusitis. Data from the National
Chronic Rhinosinusitis Epidemiology Studly.
Rhinology. 2019;57(4):303-12.

143.Banoub RG, Phillips KM, Hoehle LP,
Caradonna DS, Gray ST, Sedaghat AR.
Relationship between chronic rhinosinusitis
exacerbation frequency and asthma con-
trol. Laryngoscope. 2018;128(5):1033-38.

144.Cox DR, Ashby S, DeConde AS, Mace JC,
Orlandi RR, Smith TL, et al. Dyad of pain
and depression in chronic rhinosinusitis. Int
Forum Allergy Rhinol. 2016;6(3):308-14.

145.Hoehle LP, Phillips KM, Speth MM,
Caradonna DS, Gray ST, Sedaghat AR.
Responsiveness and minimal clini-
cally important difference for the EQ-5D
in chronic rhinosinusitis. Rhinology.
2019;57(2):110-16.

146.0rb Q, Orlandi RR, Alt JA. Sleep dysfunction
and its association to chronic rhinosinusi-
tis: Updated review. Laryngoscope Investig
Otolaryngol. 2017;2(2):46-52.

14



147.Ranford D, Tornari C, Takhar A, Amin N,
Alainin M, Hopkins C, et al. Co-morbid anxi-
ety and depression impacts on the correla-
tion between symptom and radiological
severity in patients with chronic rhinosi-
nusitis. Rhinology. 2020;58(6):568-73.

148.Hoehle LP, Phillips KM, Bergmark RW,
Caradonna DS, Gray ST, Sedaghat AR.
Symptoms of chronic rhinosinusitis differ-
entially impact general health-related qual-
ity of life. Rhinology. 2016;54(4):316-22.

149.Mattos JL, Rudmik L, Schlosser RJ, Smith TL,
Mace JC, Alt J, et al. Symptom importance,
patient expectations, and satisfaction in
chronic rhinosinusitis. Int Forum Allergy
Rhinol. 2019;9(6):593-600.

150.Sedaghat AR, Hoehle LP, Gray ST. Chronic

rhinosinusitis control from the patient

and physician perspectives. Laryngoscope

Investig Otolaryngol. 2018;3(6):419-33.

.Speth MM, Hoehle LP, Phillips KM,

Caradonna DS, Gray ST, Sedaghat AR.

Changes in chronic rhinosinusitis symp-

toms differentially associate with improve-

ment in general health-related qual-
ity of life. Ann Allergy Asthma Immunol.
2018;121(2):195-99.

152.Gleadhill C, Speth MM, Gengler |, Phillips
KM, Hoehle LP, Caradonna DS, et al. Chronic
rhinosinusitis disease burden is associated
with asthma-related emergency depart-
ment usage. European Arch Oto-rhino-
laryngol. 2021;278(1):93-99.

153.Phillips KM, Hoehle LP, Bergmark RW,
Campbell AP, Caradonna DS, Gray ST, et al.
Chronic rhinosinusitis severity is associated
with need for asthma-related systemic cor-
ticosteroids. Rhinology. 2017;55(3):211-17.

154.Phillips KM, Talat R, Caradonna DS, Gray ST,
Sedaghat AR. Quality of life impairment
due to chronic rhinosinusitis in asthmatics
is mediated by asthma control. Rhinology.
2019;57(6):430-35.

155.Phillips KM, Speth MM, Shu ET, Talat R,
Caradonna DS, Gray ST, et al. Validity of
systemic antibiotics and systemic corti-
costeroid usage for chronic rhinosinusitis
as metrics of disease burden. Rhinology.
2020;58(3):194-99.

156.Sedaghat A, Hopkins C. Chronic rhinosinusi-
tis disease control as a metric for guiding
treatment. Rhinology. 2020;58(3):193.

157.Alanin MC, Laidlaw T, Society TS, Hopkins C.
The Burden of Non-steroidal anti-inflamma-
tory exacerbated respiratory disease from
the patient's perspective - a qualitative
analysis of posts from the Samter's Society.
Rhinology. 2020;58(4):333-40.

158.Hellings PW. Joint action with European
CRSwNP Patients for better outcomes.
Rhinology. 2019;57(5):321.

159.Pugin B, Deneyer L, Bachert C, Alobid
I, Bousquet J, De Carlo G, et al. Patient
Advisory Board for Chronic Rhinosinusitis
- A EUFOREA initiative. Rhinology.
2019;57(5):331-35.

160.Reychler G, Domachowski C, Latiers AC,
Jamar F, Rombaux P. Clinical efficacy of
intranasal drug delivery by nebulization in

15

chronic rhinosinusitis: a systematic review.
Rhinology. 2019;57(2):82-93.
161.Zhao K, Kim K, Craig JR, Palmer JN. Using 3D
printed sinonasal models to visualize and
optimize personalized sinonasal sinus irriga-
tion strategies. Rhinology. 2020;58(3):266-
72.
162.de Oliveira IS, Guimaraes AF, Arantes Pégas
GF, Machado CJ, Cassali GD, Crosara P, et al.
Azithromycin for chronic eosinophilic rhi-
nosinusitis with nasal polyp: a placebo-con-
trolled trial. Rhinology. 2020;58(6):610-17.
163.Hopkins C, Williamson E, Morris S, Clarke CS,
Thomas M, Evans H, et al. Antibiotic usage
in chronic rhinosinusitis: analysis of nation-
al primary care electronic health records.
Rhinology. 2019;57(6):420-29.
164.Cherian LM, Bassiouni A, Cooksley CM,
Vreugde S, Wormald PJ, Psaltis AJ. The
clinical outcomes of medical therapies in
chronic rhinosinusitis are independent of
microbiomic outcomes: a double-blind-
ed, randomised placebo-controlled trial.
Rhinology. 2020;58(6):559-67.
165.Lans R, Fokkens W, Reitsma S. Therapeutic
Options for Chronic Rhinosinusitis in N-ERD
Patients. Front Allergy. 2021.
166.Toppila-Salmi S, Julkunen-livari, A.,
Luukkainen, A, et al. Radiologic periodon-
tal findings in paranasal sinus computed
tomography scans of chronic rhinosinusitis
patients. Rhinology online. 2020;3(1):50-57.
167.Lourijsen ES, Vleming, M., Reitsma, S,
Fokkens, W.J. Endoscopic sinus surgery in
adult patients with Chronic Rhinosinusitis
with nasal polyps (PolypESS) - statis-
tical analysis plan for a multicentre ran-
domised controlled trial. Rhinology online.
2021;4(1):58-65.
168.Ayoub N, Walgama E, Thamboo A,
Chitsuthipakorn W, Patel ZM, Nayak JV, et
al. Correlation between extent of sinus sur-
gery, radiographic disease, and postopera-
tive outcomes. Rhinology. 2020;58(1):36-44.
169.Hopkins C, Lund V. Does time from previ-
ous surgery predict subsequent treatment
failure in Chronic Rhinosinusitis with Nasal
Polyps? Rhinology. 2021;59(3):277-83.
170.Djupesland PG, Messina JC, Palmer JN.
Deposition of drugs in the nose and sinuses
with an exhalation delivery system vs con-
ventional nasal spray or high-volume irri-
gation in Draf II/lll post-surgical anatomy.
Rhinology. 2020;58(2):175-83.
.Reitsma S, Adriaensen G, Cornet ME, van
Haastert RM, Raftopulos MH, Fokkens
WJ. The Amsterdam Classification of
Completeness of Endoscopic Sinus Surgery
(ACCESS): a new CT-based scoring system
grading the extent of surgery. Rhinology.
2020;58(6):538-43.
172.Lilja MJ, Virkkula P, Hammaren-Malmi S,
Laulajainen-Hongisto A, Hafren L, et al.
The extent of endoscopic sinus surgery in
patients with severe chronic rhinosinusi-
tis with nasal polyps (AirGOs Operative).
Rhinology online. 2021;4(1):154-60.
173.Zhang L, Zhang Y, Gao Y, Wang K, Lou H,
MengY, et al. Long-term outcomes of differ-

~

499

Rhinology from COVID-19 to biologicals

ent endoscopic sinus surgery in recurrent
chronic rhinosinusitis with nasal polyps and
asthma. Rhinology. 2020;58(2):126-35.

174.Delarestaghi MM, Rajaeih S, Firouzabadi FD,
Jamali M, Roomiani M, Firouzabadi MD, et
al. Evaluation of the effect of endoscopic
partial middleturbinectomy surgery on
the quality of life of patients with chronic
rhinosinusitis and nasal polyps. Rhinology.
2020;58(3):208-12.

175.Moreno-Luna R, Gonzalez-Garcia J, Maza-
Solano JM, Molina-Fernandez E, Pinheiro-
Neto CD, Del Cuvillo Bernal A, et al. Free
nasal floor mucosal grafting after endo-
scopic total ethmoidectomy for severe
nasal polyposis: a pilot study. Rhinology.
2019,57(3):219-24.

176.Bowles PFD, Agrawal S, Salam MA.
Eustachian Tube dysfunction in chronic rhi-
nosinusitis: pre and post-operative results
following endoscopic sinus surgery, a pro-
spective study. Rhinology. 2019;57(1):73-77.

177.Kolia NR, Man LX. Total intravenous anaes-
thesia versus inhaled anaesthesia for endo-
scopic sinus surgery: a meta-analysis of
randomized controlled trials. Rhinology.
2019;57(6):402-10.

178.Coey JG, Whittaker PJ, Williams G, lkram
UH, Page OJR. Fibrin tissue adhesive versus
nasal packing in endoscopic nasal surgery:
a systematic review and meta-analysis.
Rhinology. 2019;57(1):21-31.

179.Gyawali BR, Pradhan B, Thapa N.
Comparison of outcomes of triamcinolo-
ne versus normal saline soaked polyvinyl
alcohol pack following bilateral endoscopic
sinus surgery. Rhinology. 2019;57(4):287-92.

180.Lin CF, Wang MC, Merton AT, Ho NH, Wu
PS, Hsu AT, et al. Add-on effect of clarithro-
mycin to oral steroids as post- operative
therapy for chronic rhinosinusitis with
nasal polyps: a randomised controlled trial.
Rhinology. 2020;58(6):550-58.

181.Zeng M, Wang H, Liao B, Wang H, Long XB,
Ma J, et al. Comparison of efficacy of fluti-
casone propionate versus clarithromycin for
postoperative treatment of different pheno-
typic chronic rhinosinusitis: a randomized
controlled trial. Rhinology. 2019;57(2):101-
09.

182.Williamson E, Denaxas S, Morris S, Clarke CS,
Thomas M, Evans H, et al. Risk of mortality
and cardiovascular events following mac-
rolide prescription in chronic rhinosinusitis
patients: a cohort study using linked prima-
ry care electronic health records. Rhinology.
2019;57(4):252-60.

183.Bachert C, Zinreich SJ, Hellings PW, Mullol
J, Hamilos DL, Gevaert P, et al. Dupilumab
reduces opacification across all sinuses and
related symptoms in patients with CRSWNP.
Rhinology. 2020;58(1):10-17.

184.Han JK, Bachert C, Fokkens W, Desrosiers M,
Wagenmann M, Lee SE, et al. Mepolizumab
for chronic rhinosinusitis with nasal polyps
(SYNAPSE): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet
Respir Med. 2021;9(10):1141-53.

185.0ykhman P, Paramo FA, Bousquet J,



Fokkens et al.

Kennedy DW, Brignardello-Petersen R, Chu
DK. Comparative efficacy and safety of
monoclonal antibodies and aspirin desensi-
tization for chronic rhinosinusitis with nasal
polyposis: A systematic review and network
meta-analysis. J Allergy Clin Immunol. 2021.

186.Scangas GA, Wu AW, Ting JY, Metson R,

Walgama E, Shrime MG, et al. Cost Utility
Analysis of Dupilumab Versus Endoscopic
Sinus Surgery for Chronic Rhinosinusitis
With Nasal Polyps. Laryngoscope.
2021;131(1):E26-E33.

187.Forster-Ruhrmann U, Stergioudi D,

Pierchalla G, Fluhr JW, Bergmann KC, Olze
H. Omalizumab in patients with NSAIDs-

exacerbated respiratory disease. Rhinology.
2020;58(3):226-32

500

Wytske Fokkens

Department of Otorhinolaryngology
Amsterdam University Medical
Centres

location AMC

Amsterdam

The Netherlands

E-mail:
w.j.fokkens@amsterdamumc.nl



