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Abstract

Background: Recurrent infections of the nose, sinuses, and ears are common problems for
people with primary ciliary dyskinesia (PCD). While pulmonary exacerbations in PCD are
defined, thereis no definitionfor Ear-Nose-Throat (ENT) exacerbations, a potential outcome

for research and clinical trials.

Methods: We set up an expert panel of 24 ENT specialists, respiratory physicians, other
healthcare professionals, and patients to develop consensus definitions of sinonasal and

otologic exacerbations in children and adults with PCD for research settings. We reviewed

the literature and used a modified Delphi approach with four electronic surveys.

Results: Both definitions are based on a combination of major and minor criteria, requiring
three major or two major and at least two minor criteria each. Major criteria for a sinonasal
exacerbation are: 1) reported acute increase in nasal discharge or change in colour; 2)
reported acute pain or sensitivity in the sinus regions; 3) mucopurulent discharge on
examination. Minor criteria include: reported symptoms; examination signs; doctor’s
decision to treat; improvement after at least 14-days. Major criteria for the otologic
exacerbation are: 1) reported acute ear pain or sensitivity, 2) reported acute ear discharge,

3) ear discharge on examination, 4) signs of otitis media in otoscopy. Minor criteria are:

reported acute hearing problems; signs of acute complication; doctor’s decision to treat.

Conclusion: These definitions might offer a useful outcome measure for PCD research in

different settings. They should be validated in future studies and trials together with other

potential outcomes, to assess their usability.
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Introduction

Dysfunction of motile cilia due to genetic mutations leads to a wide range of symptoms
including multiple organ systems in patients with primary ciliary dyskinesia (PCD).[1, 2]
Despite the clinical heterogeneity, the greatest impact of impaired mucociliary clearance is
seen on the respiratory tract and the ears.[3] Patients present with persistent wet cough
and recurrent lower airway infections, progressing with time to irreversible lung damage.[3]
Inadequate clearance of mucus, pathogens, and debrisin the nose and sinuses, as well as in
the eustachian tube and middle ear, leads to bacteria growing in the mucus-clogged
airways. Consequently, patients experience recurrent episodes of sinonasal infections, and
the risk of sinonasal disease increases with age, with chronic rhinosinusitis (CRS) becoming a
common feature as disease progresses.[4—6] From the ears, recurrent episodes of acute
otitis media (AOM) often progress to severe bilateral otitis media with effusion (OME) and
conductive hearing impairment.[7—11] Acute infections of the nose, sinuses, and ears in
PCD, usually involve already impaired upper airways, with a more complicated
pathophysiology and course compared to common acute upper airway infections.
Respiratory exacerbations are a significant determinant of morbidity and subsequent care
requirements of people with chronic respiratory diseases. They are typically characterised
by deterioration of the patient’s clinical condition, most often due to viral or bacterial
infections or exposure to other triggering factors. Exacerbations often require additional
management and have significant effects on disease progression, severity, and patients’
quality of life.[12—15] For clinical and epidemiological research, exacerbations are important
outcomes, in measuringburden of disease or response to treatments.[16, 17] Despite their
importance, there is a lack of evidence on the frequency of exacerbations - pulmonary,
sinonasal, and otologic-among people with PCD, and their impact on quality of life has not
been measured. Lack of evidence is partly explained from the lack of precise definitions.
Pulmonary exacerbationshave been defined, and were recently included in a core outcome
set for pulmonary disease interventions,[18, 19] in the framework of the BEAT-PCD clinical
research collaboration supported by the European Respiratory Society (ERS).[20, 21] The
existing definition excluded upper respiratory tract exacerbations because they often occur
independently from lower respiratory tract exacerbations and have different prognosis.[18]
Therefore, despite their impact on severity of PCD, there is still no definition for Ear-Nose-

Throat (ENT) exacerbations. This lack of definition is an important gap for future clinical



research in the field, particularly because clinical outcomes capturing ENT disease in PCD are
even fewer than the ones available for lung disease.[22]

Using an international panel of specialists involved in PCD care, we aimed to develop a
consensus definition of ENT exacerbationsfor children and adults with PCD, participating in
clinical research.

Methods

Participants and purpose of the consensus

We established an expert panel consisting mainly of ENT specialists, with expertise in
managing children and adults with PCD. Experts participated in the panel by invitation from
the study co-ordinators. We invited specialists from PCD reference centres in Europe,
particularly centres participating in the EPIC-PCD study. We also contacted PCD reference
centres internationally and requested for contact details of ENT specialists with expertise in
PCD who might be interested to join the panel. We encouraged invited participants to
suggest further members ensuring wide international representation, resulting in
participating ENT specialists from Europe, Canada, Australia, and Japan (Supplementary
Table S1). Additionally, we invited a paediatric and an adult pulmonologist, involved in the
consensus group of the pulmonary exacerbations definition,[18] and other healthcare
professionals involved in PCD patient care and research. The panel was completed by two
patient representatives, an adult with PCD and a parent of a child with PCD; 24 members in
total, representing 13 countries. To ensure significant patient involvement and input from
the people who experience first-hand these exacerbations, we also set up a parallel group of
patient and parent volunteers, with support from the European Lung Foundation (ELF),[23]
who did not join the consensus panel, but provided feedback and were encouraged to
participate in the surveys. The activities of the panel and the patient group were
coordinated by two facilitators, a clinical epidemiologist with expertise in PCD research (MG)
and a PCD PhD candidate (YTL); the latter did not participate in voting. An initial virtual
panel meeting refined the aims and proposed methodology. It was concluded that
standardised definitions for PCD were missing and decided unanimously to produce two
separate definitions: one for sinonasal exacerbations and one for otologic exacerbations.
Our goal was to establish definitions meant to be used in research and clinical practice.

Literature search



We conducted a systematicliterature search of publications referring to ENT exacerbations
in patients with PCD, or separately sinonasal and otologic exacerbations. Given the
anticipated limited pre-existing literature on the topic, our search strategy was expanded at
the outset to include other areas with common characteristics, in particular CRS. We
searched PubMed for studies published between January 2012 and December 2021 using
the following keywords: ciliary dyskinesia, primary OR immotile cilia syndrome OR
Kartagener/ AND exacerbat* OR infect* OR acute/ AND sinus* for sinonasal exacerbations,
or otit* OR ear or otol*, for otologic ones. We simplified the terms, excluding PCD specific
keywords, to expand on other diseases excluding the PCD related keywords. We did not
exclude any publication type or language.

Reaching a consensus

A modified Delphiapproach with online (eDelphi) surveys was used. Initial literature search
results revealed that identified pre-existing definitions did not cover the need for PCD-
specific definitionsbut should be used as a starting point for the first eDelphi survey. Based
on these definitions and the panel consensus, we identified important components for
definitions of sinonasal and otologic exacerbations. For each survey, participants received
detailed instructions and a link via e-mail, then two reminders to respond within two and
three weeks.

The panel decided that at least an 85% response rate would be required to proceed to the
next survey and that 80% of agreement would signify consensus; however, possibility of
accepting lower agreement as consensus was left open provided that the panel would be
informed and there would be no veto against it. Each survey (eDelphisurvey Supplementary
material 1-4) included different types of questions to reach consensus initially on the
included components for each definition and subsequently on the details of specific
components e.g. elements of included components such as specific symptoms or signs. Each
survey was designed based on the results of the previous survey and included a summary of
these for the panel’sinformation. Participants were asked to explain their opinions in free
text boxes, particularly where consensus was not achievable despite high agreement, so
statements could be clarified and modified in the next round. The number of surveys was
not predefined, but ultimately 4 surveys were required. A virtual meeting was organised
with MG and the patient group to explain details of the project to the patient or parent

members and provide any answers to their questions. Replies remained anonymous to the



panel and only the facilitators had access to identifying information. After the eDelphi
surveys were completed, the results of the final survey were circulated among the panel to

ensure all members agreed with the final definitions.

Results

Literature search

Our search resulted in total of 2352 abstracts related to sinonasal and 2208 to otologic
exacerbations respectively. No abstracts with definitions specific to PCD were identified.
After excluding duplicates and screening the abstracts, we identified 24 manuscripts that
referred to sinonasal exacerbations. By searching their references 6 additional manuscripts
were identified, 30 in total, including one systematic review.[24] A summary of definitions
used in literature for sinonasal exacerbationin patients with CRS in the identified studies is
presented in Table 1.[24-53] These definitions were discussed at a virtual expert panel
meeting and the elements they used were considered for developing the initial survey. No
study fulfilled the criteria of otologic exacerbation of a chronic condition.

eDelphi surveys

Response rates to the eDelphisurveys ranged between 88 and 100% (Supplementary Table
S1). In addition, two to five members of the patient group completed each survey. In survey
1, the panel assessed opinions about the importance of sinonasal and otologic
exacerbations for people with PCD and components that should be included in the
exacerbation definitions. Consensus was reached that exacerbations from the nose and
sinuses are an important problem for both adults and children with PCD, they impact the
quality of life of people with PCD and can be an important outcome measure for ENT clinical
trialsin PCD. For otologicexacerbations, opinions were similar, however no consensus was
reached on the importance of this problem for adults with PCD, primarily due to smaller
frequency of acute ear exacerbations in adulthood. The panel also agreed that sinonasal,
otologic, and pulmonary exacerbations may occur separately from each other, highlighting
again the importance of separate definitions. Responses to key questions about the
components of the two definitions are presented in Supplementary Table S2. The
combination of new symptoms or worsening of baseline symptoms and of new clinical signs
or changes in clinical examination was voted as the best combination of components to

define both sinonasal (93%) and otologic (97%) exacerbations. No consensus was reached



about including the following components: 1) changes in imaging for sinonasal
exacerbations, 2) decision of ENT specialist to treat (for both definitions), and 3) complete
resolution of any changes and return to baseline (for both definitions).

Survey 2 included questions on specific elements, particularly symptoms (Supplementary
Table S3) and signs (Supplementary Table S4) for the sinonasal and the otologic
exacerbation definitions. Agreement was reached for three symptoms and two signs for
each definition in this round. Items that achieved 60-79% agreement in survey 2 were
discussed again in survey 3. Tables 2 and 3 follow the process of reaching a consensus for
the two definitions step by step from survey 2 to survey 4 and the levels of agreement until
consensus was reached, or not. Survey 2 also clarified that sinus imaging should not be an
absolute requirement for the definition of a sinonasal exacerbation, with main reasoning
thatit should berestricted for baseline assessment and for complications, and that it entails
too much radiation and offers little in case of acute exacerbations (85% agreement).
Survey 3 discussed elements from previous surveys, which had scored highly but not yet
reached a consensusoninclusion (Supplementary Table S5). The panel unanimously agreed
in this survey to introduce major and minor criteria for both definitions. This was already
discussed as a possibility at the first panel meeting and was raised again at this point of the
project, suggesting consideringthe most important criteria as major and the rest as minor,
according to the level of agreement reached for each. We also reached consent (85%) that
all clinical signs or changes seenin clinical examinations included in both definitions should
be assessed in relation to previous examinations. In survey 4, participants voted specifically
about major and minor criteria. For criteria for which consensus (280% agreement) was
alreadyreached, the panel was asked to vote whether they should be included as major or
as minor (Tables 2 and 3). Criteria that reached more than 50% but less than 80% agreement
in survey 3, were now voted upon including as minor or excluding from the definitions.
Based on discussions that clinical practice may differ substantially from research practices,
particularly in the non-PCD ENT specialist, although we originally considered that the
definitions would cover also clinical practice, the panel decided (100% agreement) to
include the following clarification: “These definitions are aimed to be used in research
settings, especiallyin clinical trials, to define a sinonasal or otologic exacerbation in patients
with PCD”. The panel also agreed that a) 3 major or b) 2 major and at least 2 minor criteria

are needed to define a sinonasal or otologic exacerbation (Table 4). Panel members were



invited to submit alternative proposals in case of disagreement; no other proposals were
submitted. For sinonasal exacerbation, we reached consensus on three major (reported
acute increase in nasal discharge or change in discharge colour, reported acute pain or
sensitivity in the sinus region, and mucopurulent nasal discharge at examination) and six
minor criteria (reported acute blocked nose or worseningin chronic feeling of blocked nose,
reported acute decreased sense of smell, increased mucus production or postnasal drip at
examination, signs of acute complication at examination, doctor’s decision to treat, and
importantimprovementin symptoms or clinical findings after a period of at least 14 days).
For an otologic exacerbation, we reached consensus on 4 major (reported acute ear
sensitivity or pain, reported acute ear discharge, ear discharge at examination, and sign of
otitis media in otoscopy) and 3 minor (reported acute hearing problems/worsening in
preexisting hearing problems, signs of acute complications at examination, and doctor’s
decision to treat). Major criteria were decided on at least 80% consensus and minor on at
least 74%, which was agreed in the panel (Tables 2 and 3). Lastly, the panel highlighted that

no criterion was an absolute requirement for either definition (Table 4).



Discussion

An international panel of ENT specialists, pulmonologists, healthcare professionals, and people
with PCD, agreed on consensus definitions of sinonasal and otologic exacerbations in children
and adults with PCD to be used in research, especially in clinical trials. This effort followed
similarapproach tothe one used to develop a consensus definition of pulmonary exacerbations
in PCD.[18] Although upper and lower airway disease in PCD should be managed holistically and
exacerbations often occur simultaneously, or progress to involve the whole airways, our panel
agreed that exacerbations from the nose, the sinuses, and the ears require separate
definitions.[54] They can occur individually and have different characteristics. Both are an

important problemin children with PCD and whilst in adults sinonasal exacerbations remain a

major issue, otologic exacerbations are less common.

Main strengths of the study were the international and multidisciplinary nature of the panel,
and the inclusion of patients and parents of children with PCD, together with the added group
of patient volunteers. We performed a thorough systematicreview of the literature, expanding
our search also to other conditions, such as other types of CRS, which have similarities with
PCD. We retained a high panel response rate throughout the study. Although the panel
considered originally developing definitions that would also be used for clinical practice, we
agreed during the process that this would not be feasible. Clinical outcome measures for
research, even simple ones as these definitions, need to be very clearly defined, while for
clinical practice a decision for an exacerbation might be needed to be taken only based on
reported symptoms, often without any examination, requiring sometimes a less precise

definition.

Our panel discussed thoroughly whether existing definitions specifically for exacerbation of
CRS, could be used also for children and adults with PCD, without the need to develop disease-
specific definitions. We considered all available definitions (Table 1), particularly the latest
European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS) that defined acute
exacerbation of CRS as worsening of symptom intensity with return to baseline CRS symptom
intensity, often after intervention with corticosteroids and or antibiotics.[36] We reached

consensus that none of them fully covered the purpose of a PCD-specific definition, although



they highlighted important components which we then discussed. Most of the available
definitionswere not precise enough to be used as outcome measures for clinical trials and refer
to deterioration of symptoms in general without listing specific symptoms. Considering that
patients with PCD grow accustomed to their chronic symptoms and tend to underestimate
them, we aimed to refer to specific symptoms. The panel members agreed also on the need to
includein the definition PCD-specific signs seen at simple examination, which was not part of
most existing definitions. We found no eligible definitions that could be used as a starting point

for otologic exacerbations.

Throughout the process, our panel highlighted the need to select elements which could be
assessed easily, in different settings and would not require complex ENT examination or a
specialist with expertise in PCD to assess them. Most criteria refer to symptoms, or signs that
can be observed in simple clinical examination, the most complex assessment included being
otoscopy. Panel members agreed that patients with PCD often underestimate their upper
airway symptoms, which are non-specific and to which they grown accustomed over time,
highlightingthe need to also consider simple signs in the definitions.[4, 7, 55, 56] This was also
shownin a recent study from the ENT Prospective International Cohort of PCD Patients (EPIC-
PCD) that reported a lack of correlation between sinonasal and otologic symptoms with

objective measurements.[57, 58]

Two components that required long discussions and voting rounds were doctor’s decision to
treatand the need for improvement of the symptoms and signs. In both definitions, decision to
treat was included as minor criterion since it could occur regardless of an exacerbation (e.g.
detection of Pseudomonas aeruginosa in a routine nasal or ear sample). The panel clarified that
treatment should not only refer to need for antibiotics but also other medication or
management practices such as upper airway clearance, e.g. start or increased frequency of
saline irrigation. Return to baseline was a term that was not found agreeable to most panel
members. Even though improvement in symptoms and signs, where follow-up examination is
possible, wasincluded as a minor criterion for the sinonasal definition, participants agreed that

it is difficult to measure improvement as deterioration is partly expected due to the chronic



nature of the disease. In case of acute ear exacerbations especially, this was not considered

possible, and it was not included at all in the definition.

This initiative was developed in the framework of the BEAT-PCD ERS clinical research

collaboration (https://beat-pcd.squarespace.com), as part of our efforts to define and promote

the use of reliable clinical outcome measures for PCD trial and clinical research.[20] Evidence-
base for PCD treatment is small, and there are no trials which have accessed specifically
management of the upper airways. Identifying the most suitable clinical and patient-reported
outcomesto be used as endpoints focused on the upper and lower airways, was one of the top
priorities related to PCD research identified recently by experts in the field. These new
definitionswere developed to address a gap in disease-specificand relevant outcome measures
for the upper airways. As more trials are needed to improve care of PCD and new potential
therapies are in the pipeline, these definitions might offer a useful outcome measure in
different research settings. It is important to use and validate them in future studies and trials,

to assess their usability together with other potential outcomes.


https://beat-pcd.squarespace.com/

Funding: The study was supported by a Swiss National Science Foundation Ambizione
fellowship (PZOOP3_185923) granted to M Goutaki. Several authors participatein the BEAT-PCD
clinical research collaboration, co-chaired by M Goutaki and supported by the European
Respiratory Society, and many centres participate in the ERN-LUNG (European Reference

Network on rare respiratory diseases) PCD core.

Conflict of interest: No potential conflict of interest relevantto this article was reported. JF Papon
reports personal fees from Sanofi, GSK, Medtronic and ALK outside the submitted work. AL

Poirrier received speaker honorarium from GSK outside the submitted work.

Acknowledgments: We would like to thank Jeanette Boyd from the European Lung Foundation
(ELF) and the group of people affected by PCD who have supported this project by participating
in the eDelphi surveys and providing feedback outside of the consensus expert panel, namely:
Tanja Hedberg (Sweden), Tamar Makhatadze (Georgia), Nina Peters (UK), Poonam Sodha (UK)

and Peter van Baalen (Netherlands).

Author Contributions: M Goutaki and JF Papon developed the concept and designed the study.
YT Lam performed the literature search. M Goutaki managed the study, designed the eDelphi
surveys, analysed the data, and drafted the manuscript. All authors contributed to the surveys,
interpreted results, and revised critically the manuscript. M Goutaki and JF Papon take final

responsibility for all content.

Data availability: All data generated for this project was made available in the manuscript

display items or supplementary information.



References

10.

Wallmeier J, Nielsen KG, Kuehni CE, Lucas JS, Leigh MW, Zariwala MA, Omran H. Motile ciliopathies.
Nat. Rev. Dis. Primer 2020; 6: 77.

Goutaki M, Shoemark A. Diagnosis of Primary Ciliary Dyskinesia. Clin. Chest Med. 2022; 43: 127-140.

Goutaki M, Meier AB, Halbeisen FS, Lucas JS, Dell SD, Maurer E, Casaulta C, Jurca M, Spycher BD,
Kuehni CE. Clinical manifestations in primary ciliary dyskinesia: systematic review and meta-analysis.
Eur Respir J 2016/08/06 ed. 2016; 48: 1081-1095.

Lam YT, Papon J-F, Alexandru M, Anagiotos A, Armengot M, Boon M, Burgess A, Crowley S,
Dheyauldeen SAD, Emiralioglu N, Eralp EE, Gogh C van, Gokdemir Y, Gunaydin O, Haarman EG,
Harris A, Hayn |, Ismail-Koch H, Karadag B, Kempeneers C, Kim S, Latzin P, Lorent N, Ozcelik U, Pioch
C, Poirrier A-LM, Reula A, Roehmel J, Yiallouros P, Team the E-P, et al. Sinonasal disease among
patients with primary ciliary dyskinesia — an international study [Internet]. medRxiv; 2022 [cited
2023 Jan 22]. p. 2022.11.23.22282583Available from:
https://www.medrxiv.org/content/10.1101/2022.11.23.22282583v1.

Bequignon E, Dupuy L, Zerah-Lancner F, Bassinet L, Honoré |, Legendre M, Devars du Mayne M,
Escabasse V, Crestani B, Maitre B, Escudier E, Coste A, Papon JF. Critical Evaluation of Sinonasal
Disease in 64 Adults with Primary Ciliary Dyskinesia. J Clin Med 2019/05/10 ed. 2019; 8.

Bequignon E, Dupuy L, Escabasse V, Zerah-Lancner F, Bassinet L, Honoré |, Legendre M, Devars du
Mayne M, Crestani B, Escudier E, Coste A, Papon JF, Maitre B. Follow-Up and Management of
Chronic Rhinosinusitis in Adults with Primary Ciliary Dyskinesia: Review and Experience of Our
Reference Centers. J Clin Med 2019/09/25 ed. 2019; 8.

Goutaki M, Lam YT, Alexandru M, Anagiotos A, Armengot M, Boon M, Burgess A, Caversaccio N,
Crowley S, Dheyauldeen SAD, Emiralioglu N, Erdem E, van Gogh C, Gunaydin O, Haarman EG, Harris
A, Hayn 1, Ismail-Koch H, Karadag B, Kempeneers C, Kim S, Lorent N, Ozcelik U, Pioch C, Poirrier A-
LML, Reula A, Roehmel J, Yiallouros P, Yumusakhuylu AC, Papon J-F. Characteristics of Otologic
Disease Among Patients With Primary Ciliary Dyskinesia. JAMA Otolaryngol.-- Head Neck Surg.
2023; : e230841.

Giinaydin RO, Eroglu E, Tellioglu B, Emiralioglu N, Ozgelik HU, Yalgin E, Dogru D, Kiper EN. Evaluation
of otorhinolaryngological manifestations in patients with primary ciliary dyskinesia. Int. J. Pediatr.
Otorhinolaryngol. 2023; 168: 111520.

el-Sayed Y, al-Sarhani A, al-Essa AR. Otological manifestations of primary ciliary dyskinesia. Clin
Otolaryngol Allied Sci 1997/06/01 ed. 1997; 22: 266-270.

Pruliere-Escabasse V, Coste A, Chauvin P, Fauroux B, Tamalet A, Garabedian EN, Escudier E, Roger G.
Otologic features in children with primary ciliary dyskinesia. Arch Otolaryngol Head Neck Surg
2010/11/17 ed. 2010; 136: 1121-1126.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Majithia A, Fong J, Hariri M, Harcourt J. Hearing outcomes in children with primary ciliary
dyskinesia—a longitudinal study. Int. J. Pediatr. Otorhinolaryngol. 2005; 69: 1061-1064.

Behan L, Rubbo B, Lucas JS, Dunn Galvin A. The patient’s experience of primary ciliary dyskinesia: a
systematic review. Qual Life Res 2017/04/01 ed. 2017; 26: 2265-2285.

Mason SE, Moreta-Martinez R, Labaki WW, Strand M, Baraghoshi D, Regan EA, Bon J, San Jose
Estepar R, Casaburi R, McDonald M-LN, Rossiter H, Make BJ, Dransfield MT, Han MK, Young KA,
Kinney G, Hokanson JE, San Jose Estepar R, Washko GR. Respiratory exacerbations are associated
with muscle loss in current and former smokers. Thorax 2021; 76: 554-560.

Stanford GE, Dave K, Simmonds NJ. Pulmonary Exacerbations in Adults With Cystic Fibrosis. Chest
2021; 159: 93-102.

Machado A, Barusso M, De Brandt J, Quadflieg K, Haesevoets S, Daenen M, Thomeer M, Ruttens D,
Marques A, Burtin C. Impact of acute exacerbations of COPD on patients’ health status beyond
pulmonary function: A scoping review. Pulmonology 2023; 29: 518-534.

Mackay AJ, Kostikas K, Murray L, Martinez FJ, Miravitlles M, Donaldson G, Banerji D, Patalano F,
Wedzicha JA. Patient-reported Outcomes for the Detection, Quantification, and Evaluation of
Chronic Obstructive Pulmonary Disease Exacerbations. Am. J. Respir. Crit. Care Med. American
Thoracic Society - AJRCCM; 2018; 198: 730-738.

Mathioudakis AG, Abroug F, Agusti A, Ananth S, Bakke P, Bartziokas K, Beghe B, Bikov A, Bradbury T,
Brusselle G, Cadus C, Coleman C, Contoli M, Corlateanu A, Corlateanu O, Criner GJ, Csoma B,
Emelyanov A, Faner R, Romero GF, Hammouda Z, Horvath P, Garcia AH, Jacobs M, Jenkins C, Joos G,
Kharevich O, Kostikas K, Lapteva E, Lazar Z, et al. ERS statement: a core outcome set for clinical trials
evaluating the management of COPD exacerbations. Eur. Respir. J. [Internet] European Respiratory
Society; 2022 [cited 2024 Feb 22]; 59Available from:
https://erj.ersjournals.com/content/59/5/2102006.

Lucas JS, Gahleitner F, Amorim A, Boon M, Brown P, Constant C, Cook S, Crowley S, Destouches
DMS, Eber E, Mussaffi H, Haarman E, Harris A, Koerner-Rettberg C, Kuehni CE, Latzin P, Loebinger
MR, Lorent N, Maitre B, Moreno-Galdé A, Nielsen KG, Ozgelik U, Philipsen LKD, Pohunek P, Polverino
E, Rademacher J, Robinson P, Snijders D, Yiallouros P, Carr SB. Pulmonary exacerbations in patients
with primary ciliary dyskinesia: an expert consensus definition for use in clinical trials. ERJ Open Res.
[Internet] European Respiratory Society; 2019 [cited 2024 Feb 22]; 5Available from:
https://openres.ersjournals.com/content/5/1/00147-2018.

Gardner LE, Horton KL, Shoemark A, Lucas JS, Nielsen KG, Kobbernagel H, Rubbo B, Hirst RA, Kouis P,
Ullmann N, Reula A, Rumman N, Mitchison HM, Pinto A, Richardson C, Schmidt A, Thompson J,
Gaupmann R, Dabrowski M, Mill P, Carr SB, Norris DP, Kuehni CE, Goutaki M, Hogg C. Proceedings of
the 4(th) BEAT-PCD Conference and 5(th) PCD Training School. BMC Proc 2020/06/25 ed. 2020; 14:
7.

Goutaki M, Crowley S, Dehlink E, Gaupmann R, Horton KL, Kouis P, Lam YT, Loges NT, Lucas JS,
Roehmel JF, Shoemark A, Collaboration B-PCR. The BEAT-PCD (Better Experimental Approaches to
Treat Primary Ciliary Dyskinesia) Clinical Research Collaboration. Eur Respir J [Internet] 2021/02/06
ed. 2021; 57Available from: https://www.ncbi.nlm.nih.gov/pubmed/33541936.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Kos R, Goutaki M, Kobbernagel HE, Rubbo B, Shoemark A, Aliberti S, Altenburg J, Anagnostopoulou
P, Athanazio RA, Beydon N, Dell SD, Emiralioglu N, Ferkol TW, Loebinger MR, Lorent N, Maitre B,
Marthin J, Morgan LC, Nielsen KG, Ringshausen FC, Shteinberg M, Tiddens HAWM, Zee AHM-V der,
Chalmers JD, Lucas JSA, Haarman EG. A BEAT-PCD consensus statement: a core outcome set for
pulmonary disease interventions in primary ciliary dyskinesia. ERJ Open Res. [Internet] European
Respiratory Society; 2023 [cited 2023 Oct 25]; Available from:
https://openres.ersjournals.com/content/early/2023/09/28/23120541.00115-2023.

Alexandru M, Veil R, Rubbo B, Goutaki M, Kim S, Lam YT, Nevoux J, Lucas JS, Papon J-F. Ear and
upper airway clinical outcome measures for use in primary ciliary dyskinesia research: a scoping
review. Eur. Respir. Rev. 2023; 32: 220200.

Powell P, Williams S, Smyth D. European Lung Foundation: from local to global. Breathe 2016; 12:
236-242.

Wu D, Bleier B, Wei Y. Definition and characteristics of acute exacerbation in adult patients with
chronic rhinosinusitis: a systematic review. J. Otolaryngol. - Head Neck Surg. 2020; 49: 62.

Armbruster CR, Marshall CW, Garber Al, Melvin JA, Zemke AC, Moore J, Zamora PF, Li K, Fritz IL,
Manko CD, Weaver ML, Gaston JR, Morris A, Methé B, DePas WH, Lee SE, Cooper VS, Bomberger
JM. Adaptation and genomic erosion in fragmented Pseudomonas aeruginosa populations in the
sinuses of people with cystic fibrosis. Cell Rep. 2021; 37: 109829.

Orlandi RR, Kingdom TT, Smith TL, Bleier B, DeConde A, Luong AU, Poetker DM, Soler Z, Welch KC,
Wise SK, Adappa N, Alt JA, Anselmo-Lima WT, Bachert C, Baroody FM, Batra PS, Bernal-Sprekelsen
M, Beswick D, Bhattacharyya N, Chandra RK, Chang EH, Chiu A, Chowdhury N, Citardi MJ, Cohen NA,
Conley DB, DelGaudio J, Desrosiers M, Douglas R, Eloy JA, et al. International consensus statement
on allergy and rhinology: rhinosinusitis 2021. Int. Forum Allergy Rhinol. 2021; 11: 213-739.

Bleier BS, Paz-Lansberg M. Acute and Chronic Sinusitis. Med. Clin. North Am. 2021; 105: 859-870.

Makary CA, Behnke J, Peppers B, Ramadan HH. Outcome of Immunoglobulin Replacement Therapy
in Adults With Rhinosinusitis. The Laryngoscope 2022; 132: 732-736.

Orlandi RR, Kingdom TT, Hwang PH, Smith TL, Alt JA, Baroody FM, Batra PS, Bernal-Sprekelsen M,
Bhattacharyya N, Chandra RK, Chiu A, Citardi MJ, Cohen NA, DelGaudio J, Desrosiers M, Dhong H-J,
Douglas R, Ferguson B, Fokkens WJ, Georgalas C, Goldberg A, Gosepath J, Hamilos DL, Han JK,
Harvey R, Hellings P, Hopkins C, Jankowski R, Javer AR, Kern R, et al. International Consensus
Statement on Allergy and Rhinology: Rhinosinusitis. Int. Forum Allergy Rhinol. 2016; 6 Suppl 1: S22-
209.

Philpott C, Ta NH, Hopkins C, Ray J, Ahmed S, Almeyda R, Kara N, Carrie S, Erskine SE, Cathcart R,
Sunkaraneni V, Robertson A, Anari S, Kumar BN, Clark A, CRES Group. Socioeconomic, comorbidity,
lifestyle, and quality of life comparisons between chronic rhinosinusitis phenotypes. The
Laryngoscope 2021; 131:2179-2186.

Wu D, Bleier BS, Wei Y. Current Understanding of the Acute Exacerbation of Chronic Rhinosinusitis.
Front. Cell. Infect. Microbiol. 2019; 9: 415.



32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Yan CH, Tangbumrungtham N, Maul XA, Ma Y, Nayak JV, Hwang PH, Patel ZM. Comparison of
outcomes following culture-directed vs non—culture-directed antibiotics in treatment of acute
exacerbations of chronic rhinosinusitis. Int. Forum Allergy Rhinol. 2018; 8: 1028—-1033.

Barshak MB, Durand ML. The role of infection and antibiotics in chronic rhinosinusitis. Laryngoscope
Investig. Otolaryngol. 2017; 2: 36—42.

Vandelaar LJ, Hanson B, Marino M, Yao WC, Luong AU, Arias CA, Ramakrishnan V, Citardi MJ.
Analysis of Sinonasal Microbiota in Exacerbations of Chronic Rhinosinusitis Subgroups. OTO Open
2019; 3: 2473974X19875100.

Laulajainen-Hongisto A, Turpeinen H, Vento SI, Numminen J, Sahlman J, Kauppi P, Virkkula P,
Hytdnen M, Toppila-Salmi S. High Discontinuation Rates of Peroral ASA Treatment for CRSWNP: A
Real-World Multicenter Study of 171 N-ERD Patients. J. Allergy Clin. Immunol. Pract. 2020; 8: 3565—
3574.

Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, Toppila-Salmi S, Bernal-Sprekelsen
M, Mullol J, Alobid I, Terezinha Anselmo-Lima W, Bachert C, Baroody F, von Buchwald C, Cervin A,
Cohen N, Constantinidis J, De Gabory L, Desrosiers M, Diamant Z, Douglas RG, Gevaert PH, Hafner A,
Harvey RJ, Joos GF, Kalogjera L, Knill A, Kocks JH, Landis BN, Limpens J, et al. European Position
Paper on Rhinosinusitis and Nasal Polyps 2020. Rhinology 2020/02/23 ed. 2020; 58: 1-464.

Yaniv D, Stern D, Vainer |, Ben 2vi H, Yahav D, Soudry E. The bacteriology of recurrent acute
exacerbations of chronic rhinosinusitis: a longitudinal analysis. Eur. Arch. Oto-Rhino-Laryngol. Off. J.
Eur. Fed. Oto-Rhino-Laryngol. Soc. EUFOS Affil. Ger. Soc. Oto-Rhino-Laryngol. - Head Neck Surg.
2020; 277: 3051-3057.

Ghadersohi S, Price CPE, Beaumont JL, Kern RC, Conley DB, Welch KC, Calice AM, Stanton E,
VanderMeeden MK, Jensen SE, Peters AT, Grammer LC, Stevens WW, Schleimer RP, Tan BK.
Responsiveness and Convergent Validity of a New Patient-Reported Outcome Measure for Chronic
Rhinosinusitis (CRS-PRO). J. Allergy Clin. Immunol. Pract. 2020; 8: 2351-2359.e2.

Kuiper JR, Hirsch AG, Bandeen-Roche K, Sundaresan AS, Tan BK, Schleimer RP, Kern RC, Stewart WF,
Schwartz BS. Prevalence, severity, and risk factors for acute exacerbations of nasal and sinus
symptoms by chronic rhinosinusitis status. Allergy 2018; 73: 1244-1253.

Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid |, Baroody F, Cohen N, Cervin A, Douglas R, Gevaert
P, Georgalas C, Goossens H, Harvey R, Hellings P, Hopkins C, Jones N, Joos G, Kalogjera L, Kern B,
Kowalski M, Price D, Riechelmann H, Schlosser R, Senior B, Thomas M, Toskala E, Voegels R, Wang
de Y, Wormald PJ. EPOS 2012: European position paper on rhinosinusitis and nasal polyps 2012. A
summary for otorhinolaryngologists. Rhinology 2012/04/04 ed. 2012; 50: 1-12.

Phillips KM, Hoehle LP, Caradonna DS, Gray ST, Sedaghat AR. Minimal clinically important difference
for the 22-item Sinonasal Outcome Test in medically managed patients with chronic rhinosinusitis.
Clin. Otolaryngol. Off. J. ENT-UK Off. J. Neth. Soc. Oto-Rhino-Laryngol. Cervico-Facial Surg. 2018; 43:
1328-1334.



42.

43,

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54,

Phillips KM, Hoehle LP, Caradonna DS, Gray ST, Sedaghat AR. Determinants of noticeable symptom
improvement despite sub-MCID change in SNOT-22 score after treatment for chronic rhinosinusitis.
Int. Forum Allergy Rhinol. 2019; 9: 508-513.

Kwah JH, Somani SN, Stevens WW, Kern RC, Smith SS, Welch KC, Conley DB, Tan BK, Grammer LC,
Yang A, Schleimer RP, Peters AT. Clinical factors associated with acute exacerbations of chronic
rhinosinusitis. J. Allergy Clin. Immunol. Elsevier; 2020; 145: 1598-1605.

Denneny JC, Cyr DD, Witsell DL, Brereton J, Schulz K. A pathway to value-based care of chronic
rhinosinusitis using a claims database. Laryngoscope Investig. Otolaryngol. 2019; 4: 193—-206.

Sedaghat AR, Hoehle LP, Gray ST. Chronic rhinosinusitis control from the patient and physician
perspectives. Laryngoscope Investig. Otolaryngol. 2018; 3: 419-433.

Lopatin AS, lvanchenko OA, Soshnikov SS, Mullol J. Cyclamen europaeum improves the effect of oral
antibiotics on exacerbations and recurrences of chronic rhinosinusitis: a real-life observational study
(CHRONOS). Acta Otorhinolaryngol. Ital. Organo Uff. Della Soc. Ital. Otorinolaringol. E Chir. Cerv.-
facc. 2018; 38: 115-123.

Brook I. Microbiology of chronic rhinosinusitis. Eur. J. Clin. Microbiol. Infect. Dis. Off. Publ. Eur. Soc.
Clin. Microbiol. 2016; 35: 1059-1068.

Merkley MA, Bice TC, Grier A, Strohl AM, Man L-X, Gill SR. The effect of antibiotics on the
microbiome in acute exacerbations of chronic rhinosinusitis. Int. Forum Allergy Rhinol. 2015; 5: 884—
893.

Jiang ZY, Kou Y-F, Batra PS. Endoscopic culture-directed antibiotic therapy: Impact on patient
symptoms in chronic rhinosinusitis. Am. J. Otolaryngol. 2015; 36: 642—646.

Rosenfeld RM, Piccirillo JF, Chandrasekhar SS, Brook I, Kumar KA, Kramper M, Orlandi RR, Palmer JN,
Patel ZM, Peters A, Walsh SA, Corrigan MD. Clinical practice guideline (update): Adult Sinusitis
Executive Summary. Otolaryngol.--Head Neck Surg. Off. J. Am. Acad. Otolaryngol.-Head Neck Surg.
2015; 152: 598-609.

Beswick DM, Ayoub NF, Mace JC, Mowery A, Hwang PH, Smith TL. Acute Exacerbations in Recurrent
Acute Rhinosinusitis: Differences in Quality of Life and Endoscopy. The Laryngoscope 2020; 130:
E736-E741.

Zemke AC, Nouraie SM, Moore J, Gaston JR, Rowan NR, Pilewski JM, Bomberger JM, Lee SE. Clinical
predictors of cystic fibrosis chronic rhinosinusitis severity. Int. Forum Allergy Rhinol. 2019; 9: 759—
765.

Divekar RD, Samant S, Rank MA, Hagan J, Lal D, O’Brien EK, Kita H. Immunological profiling in
chronic rhinosinusitis with nasal polyps reveals distinct VEGF and GM-CSF signatures during
symptomatic exacerbations. Clin. Exp. Allergy J. Br. Soc. Allergy Clin. Immunol. 2015; 45: 767-778.

Lam YT, Papon J-F, Alexandru M, Anagiotos A, Armengot M, Boon M, Burgess A, Calmes D, Crowley
S, Dheyauldeen SAD, Emiralioglu N, Eralp EE, Gogh C van, Gokdemir Y, Haarman EG, Harris A, Hayn I,
Ismail-Koch H, Karadag B, Kempeneers C, Kieninger E, Kim S, Lorent N, Ozcelik U, Pioch C, Raidt J,



55.

56.

57.

58.

Reula A, Roehmel J, Kennelly SS, Yiallouros P, et al. Association between upper and lower
respiratory disease among patients with primary ciliary dyskinesia: an international study. ERJ Open
Res. [Internet] European Respiratory Society; 2024 [cited 2024 Feb 22]; Available from:
https://openres.ersjournals.com/content/early/2024/01/04/23120541.00932-2023.

Zawawi F, Shapiro AJ, Dell S, Wolter NE, Marchica CL, Knowles MR, Zariwala MA, Leigh MW, Smith
M, Gajardo P, Daniel SJ. Otolaryngology Manifestations of Primary Ciliary Dyskinesia: A Multicenter
Study. Otolaryngol Head Neck Surg 2021/06/23 ed. 2022; 166: 540-547.

Baird SM, Wong D, Levi E, Robinson P. Otolaryngological burden of disease in children with primary
ciliary dyskinesia in Victoria, Australia. Int. J. Pediatr. Otorhinolaryngol. 2023; 173: 111722.

Lam YT, Papon J-F, Alexandru M, Anagiotos A, Armengot M, Boon M, Burgess A, Caversaccio N,
Crowley S, Dheyauldeen SAD, Emiralioglu N, Erdem E, Gogh C van, Gokdemir Y, Gunaydin O,
Haarman EG, Harris A, Hayn I, Ismail-Koch H, Karadag B, Kempeneers C, Kim S, Lorent N, Ozcelik U,
Pioch C, Poirrier A-LM, Reula A, Roehmel J, Yiallouros P, Goutaki M. Lack of Correlation of Sinonasal
and Otologic Reported Symptoms With Objective Measurements Among Patients With Primary
Ciliary Dyskinesia: An International Study. Clin. Exp. Otorhinolaryngol. 2023; 16: 407—412.

Goutaki M, Lam YT, Alexandru M, Anagiotos A, Armengot M, Bequignon E, Boon M, Burgess A, Coste
A, Emiralioglu N, Erdem E, Haarman EG, Harris A, Hool SL, Karadag B, Kim S, Latzin P, Lorent N,
Ozcelik U, Reula A, Roehmel J, van Gogh C, Yiallouros P, Zappe SM, team E-P, Papon JF. Study
protocol: the ear-nose-throat (ENT) prospective international cohort of patients with primary ciliary
dyskinesia (EPIC-PCD). BMJ Open 2021/10/13 ed. 2021; 11: e051433.



Table 1: Summary of definitions used in literature for sinonasal exacerbation in patients with chronic rhinosinusitis

Definition

References

Acute increase in severity of sinus disease symptoms

Armbruster 2021

Sudden worsening of CRS symptoms with a return to baseline symptoms, often after treatment

Orlandi 2020; Bleier 2021

Acute worsening of pre-existing CRS symptoms with subsequent return to baseline symptoms with
or without endoscopic evidence

Orlandi 2020; Makary 2021

Previous diagnosis of CRS exists, and a sudden worsening of symptoms occurs, with a return to
baseline symptoms following treatment

Orlandi 2016; Philpott 2021; Wu
2019;
Yan 2018; Barshak 2017

Presence of purulence on endoscopy during a symptomatic exacerbation of CRS

Orlandi 2016;
Vandelaar 2019

Sudden worsening of pre-existing CRS symptoms is called a CRS exacerbation

Laulajainen-Honigsto 2020

Diagnosis of chronic rhinosinusitis and acute exacerbation of CRS according to the criteria described in
the “European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS)

Fokkens 2020; Yaniv 2020

Previous diagnosis of CRS but were experiencing acute exacerbation of symptoms

Fokkens 2012; Ghadersohi 2020;
Kuiper 2018

Acute worsening of symptoms with return to baseline, often requiring a transient escalation in
treatment, such as a course of oral antibiotics or corticosteroids

Fokkens 2012; Phillips 2019; Kuiper
2018; Phillips 2018

Acute exacerbation of CRS was defined as having received an antibiotic prescription for worsening
sinus symptoms

Kwah 2020

Acute exacerbations among surgically managed CRS patients were defined as a post-endoscopic sinus
surgery, after 90 days post-op

Denneny 2018

Acute bacterial CRS exacerbations (patient-reported sinus infections and CRS-related antibiotic use)

Sedaghat 2018

Sudden worsening of baseline symptoms (or developing new symptoms) in a patient with an
established CRS diagnosis

Lopatin 2018

Sudden worsening of the baseline CRS with either worsening or new symptoms. Typically, the acute
(not chronic) symptoms resolve completely between exacerbations

Brook 2016

Worsening, with subsequent resolution, of symptoms in a patient carrying the diagnosis of CRS

Merkley 2015

Defined by minimum SNOT-20 score of 1.0 on scale of 0to 5

Jiang 2015

Worsening of symptoms: facial pain or pressure, nasal obstruction, nasal discharge

Rosenfeld 2015; Beswick 2020

Presence of increased nasal congestion, and facial pain; increased sinonasal discharge; usually
presence of an unscheduled sick visit

Zemke 2019, Wu 2020




Acute exacerbation of CRS was defined in a patient in whom a previous diagnosis of CRS exists, and a
sudden worsening of symptoms occurs, with a return to baseline symptoms following treatment

Orlandi 2016, Wu 2020

Natural exacerbation was defined as patient-reported worsening of sinonasal symptoms (i.e. runny
nose, nasal congestion, and nasal obstruction)

Divekar 2015, Wu 2020

History of sudden worsening of preexisting symptoms suggests an acute exacerbation of CRS, which
should be diagnosed by similar criteria and treated in a similar way to acute rhinosinusitis

Fokkens 2012, Wu 2020

Self-reported medication use (antibiotics and oral corticosteroids) for worsened nasal and sinus
symptoms; self-reported worsened purulence in the past 4 weeks

Kuiper 2018, Wu 2020

Systemic antibiotics; systemic corticosteroid; plans for a semi-urgent surgical intervention;
emergency department or urgent care visit, or a hospitalization for CRS

Wu 2020

Worse nasal symptoms

Wu 2020

CRS: chronic rhinosinusitis, SNOT-20: Sino-Nasal Outcome Test




Table 2: Process of reaching consensus for the items included in the definition of a sinonasal exacerbation.

% of agreement Included in the definition
(% of agreement)

Survey 2 Survey 3 Survey 4

Patient-reported acute increase in nasal discharge or change in discharge colour 100 - - major criterion (100)

Patient-reported acute pain or sensitivity in the sinus region (i.e. around the nose, eyes, on 85 - - major criterion (83)
the cheeks or forehead)

Patient-reported acute blocked nose or worsening in chronic feeling of blocked nose 92 - - minor criterion (78)
Patient-reported acute decreased sense of smell 69 58 74 minor criterion (74)
Reduced quality of life evaluated by any sinonasal specific quality of life questionnaire 73 50 61 not included

Mucopurulent nasal discharge at examination 100 - - major criterion (87)
Increased mucus production or postnasal drip at examination 92 - - minor criterion (70)
Signs of acute complication (e.g. orbital infection or abscess, meningitis, cerebral infection, 72 52 83 minor criterion (83)

cranial nerve palsy) at examination
Acute frontonasal or maxillary tenderness at examination - - 65 not included

Doctor’s decision to treat, not necessarily with antibiotics but also with increased upper 81 - minor criterion (91)
airway clearance or other medication

Important improvement in symptoms reported by the patient or parent or in clinical - 80 - minor criterion (74)

findings in case further examination is possible, after a period of at least 14 days

Items that reached 280% were automatically included in the definition. Items that achieved 60-79% agreement in Survey 2 were discussed again in Survey 3. Itel
that achieved 50-79% agreement in Survey 3 and newly suggested items by several members were discussed in Survey 4.

At Survey 4, members voted whether items should be considered as major or minor criterion or be included at all. We considered reaching consensus at >80%
agreement for major criteria and >74% for minor criteria; items with <74% agreement were not included at all.




Table 3: Process of reaching consensus for the items included in the definition of an otologic exacerbation

% of agreement Included in the definition
(% of agreement)

Survey 2 Survey 3 Survey 4

Patient-reported acute ear sensitivity or pain 92 - - major criterion (91)
Patient-reported acute ear discharge 92 - _ major criterion (91)
Patient-reported acute hearing problems or worsening in preexisting hearing problems 85 - - minor criterion (74)
Reported feeling of fullness in the ears 77 58 57 not included

Ear discharge at examination 92 - major criterion (83)
Signs of otitis media in otoscopy (i.e. erythema, collection) 92 - major criterion (87)
Signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other 69 46 78 minor criterion (78)

cranial nerve palsy) at examination

Impaired hearing tested by pure-tone audiometry 69 62 70 not included
Perforated eardrum at examination 62 54 43 not included
Horizontal nystagmus at examination 35 ) 14 not included
Doctor’s decision to treat, not necessarily with antibiotics but also with other medication - 88 78 minor criterion (78)
Important improvement in symptoms reported by the patient or parent or in clinical - 72 70 not included

findings in case further examination is possible, after a period of 14 days

Items that reached 280% were automatically included in the definition. Items that achieved 60-79% agreement in Survey 2 were discussed again in Survey 3.
Items that achieved 50-79% agreement in Survey 3 and newly suggested items by several members were discussed in Survey 4.

At Survey 4, members voted whether items should be considered as major or minor criterion or be included at all. We considered reaching consensus at >80%
agreement for major criteria and 274% for minor criteria; items with <74% agreement were not included at all.



Table 4: Definitions of a sinonasal and an otologic exacerbation for children and adults with primary ciliary dyskinesia (PCD) participating in
clinical research

I Sinonasal exacerbation

All 3 of the following major criteria or 2 major and at least 2 minor criteria are needed to define a sinonasal exacerbation for
children and adults with PCD in clinical research settings.

Major criteria (included based on at least 80% consensus):

e Patient-reported acute increase in nasal discharge or change in discharge colour
e Patient-reported acute pain or sensitivity in the sinus region (i.e. around the nose, eyes, on the cheeks or forehead)
e Mucopurulent nasal discharge at examination

Minor criteria (included based on at least 74% consensus):

Patient-reported acute blocked nose or worsening in chronic feeling of blocked nose

Patient-reported acute decreased sense of smell

Increased mucus production or postnasal drip at examination

Signs of acute complication (e.g. orbital infection or abscess, meningitis, cerebral infection, cranial nerve palsy) at
examination

Doctor’s decision to treat, not necessarily with antibiotics but also with increased upper airway clearance or other
medication

Importantimprovementin symptomsreported by the patient or parentorin clinical findings in case further examination is
possible, after a period of at least 14 days

Il Otologic exacerbation

3 of the following major criteria or 2 major and at least 2 minor criteria are needed to define an otologic exacerbation for
children and adults with PCD in clinical research settings.

Major criteria (included based on at least 80% consensus):

e Patient-reported acute ear sensitivity or pain




Patient-reported acute ear discharge
Ear discharge at examination
Signs of otitis media in otoscopy (i.e. erythema, collection)

Minor criteria (included based on at least 74% consensus):

Patient-reported acute hearing problems/worsening in preexisting hearing problems
Signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other cranial nerve palsy) at examination
Doctor’s decision to treat, not necessarily with antibiotics but also with other medication

These definitions are aimed to be used in research settings, especially in clinical trials, to define a sinonasal or otologic
exacerbation in patients with PCD. No individual criterion is considered an absolutely requirement.




Definition of ENT exacerbations in PCD Consensus eDelphi Survey 1

Please read before completing the survey:

The aim of this project is to reach a consensus for defining exacerbations from the upper airways in
people with PCD at the end of this eDelphi survey process.

This definition is meant to be used for clinical trials and other research and for clinical practice. At
the first panel meeting, we concluded this standardised definition was missing and we decided
unanimously to produce two separate definitions: one for sinonasal exacerbations (from the nose
and sinuses) and one for otologic exacerbations (from the ears).

At the second panel meeting, we presented: 1) a summary of first opinions from the ENT experts
about these definitions (anonymously) and 2) the results of the literature review we performed
separately for nose/ sinuses (including the EPOS definition for non-PCD rhinosinusitis which was
highlighted by several members) and ears. Based on both experts’ first opinions and existing
literature, we have identified the following 4 main points as important components for both
definitions:

1) new symptoms/ worsening of baseline symptoms or quality of life
2) clinical signs/changes in clinical examinations

3) physician’s decision to treat/change management

4) complete resolution of changes/return to baseline

In this first eDelphi survey we include questions about these main components so we can reach a
consensus which should be included in each definition. As the eDelphi surveys go on, we will go into
more detail about the chosen components to decide e.g. which symptoms or which signs (if
symptoms or signs are selected respectively).

Your replies will remain anonymous to the panel and only the moderating team will have access to
your identifying information.

Please make sure you reply all questions.

l. Few questions about your background and your relationship to PCD
e Your name



(text box)
e Country you work/live in
(text box)
e Are you (please select one of the following categories):
ENT specialist
Pulmonologist (paediatric or adult)
Nurse
Physiotherapist
Epidemiologist
Person with PCD or parent of child with PCD

e How many years do you have experience with PCD?

e If youare an ENT specialist do you manage?
children with PCD
adults with PCD
both children and adults
not an ENT specialist

e If you are ENT specialist, do you perform?
ear surgery
sinonasal surgery

1. Sinonasal exacerbation in people with PCD (linked to the nose and sinuses)
e What is your opinion about each of the following statements?

(choose of the following: strongly disagree, disagree, neither disagree nor agree, agree, strongly
agree)

Exacerbations from the nose and sinuses are an important problem for adults with PCD.
Exacerbations from the nose and sinuses are an important problem for children with PCD.
Exacerbations from the nose and sinuses impact the quality of life of people with PCD.

Exacerbations from the nose and sinuses always occur together with exacerbations from the ears in
people with PCD.

Exacerbations from the nose and sinuses always occur together with exacerbations from the lungs in
people with PCD.

Exacerbations from the nose and sinuses are not always dependent on upper airway disease
baseline severity in people with PCD.

Exacerbations from the nose and sinuses can be an important outcome measure for ENT clinical
trials in PCD.



e Do you have any other relevant comments on the importance of sinonasal exacerbations?
(text box)

e Inyour opinion which of the following components can provide the best definition for an
exacerbation from the nose and sinuses:
(choose of the following: strongly disagree, disagree, neither disagree nor agree, agree,
strongly agree)

New symptoms/ worsening of baseline symptoms from the nose and sinuses, in isolation

Clinical signs/changes in clinical examinations of the nose and sinuses (e.g. nasal endoscopy), in
isolation

Changes in imaging (CT or other) of the nose and sinuses in isolation

Decision of ENT specialist to treat, in isolation

Combination of symptoms and changes in clinical examination

Combination of symptoms and decision of ENT specialist to treat

Combination of symptoms and changes in imaging

Combination of changes in clinical examinations and decision of ENT specialist to treat
Combination of changes in clinical examinations and changes in imaging

Changes in imaging and decision of ENT specialist to treat

Combination of symptoms and changes in clinical examinations and decision of ENT specialist to
treat

Combination of symptoms and changes in clinical examinations and imaging
Combination of symptoms and changes in imaging and decision of ENT specialist to treat

Combination of symptoms, changes in clinical examinations and imaging and decision of ENT
specialist to treat

e What is your opinion about the following statement:
(choose of the following: strongly disagree, disagree, neither disagree nor agree, agree,
strongly agree)

Complete resolution of any changes/return to baseline is an important element for the definition of
exacerbations from the nose and sinuses in PCD

e Do you have anything to add regarding the general components for the definition of
sinonasal exacerbations (remember, we will go into detail in the next surveys) or do you
have any comment explaining your replies?

(text box)



1l. Otologic exacerbation in people with PCD (linked to the ears)

e What is your opinion about each of the following statements?
(choose of the following: strongly disagree, disagree, neither disagree nor agree, agree,
strongly agree)

Exacerbations from the ears are an important problem for adults with PCD.
Exacerbations from the ears are an important problem for children with PCD.
Exacerbations from the ears impact the quality of life of people with PCD.

Exacerbations from the ears always occur together with exacerbations from the nose and sinuses in
people with PCD.

Exacerbations from the ears always occur together with exacerbations from the lungs in people with
PCD.

Exacerbations from the ears are not always dependent on upper airway disease baseline severity in
people with PCD.

Exacerbations from the ears can be an important outcome measure for ENT clinical trials in PCD.

e Do you have any other relevant comments on the importance of otologic exacerbations?
(text box)

e Inyour opinion which of the following components can provide the best definition for an
exacerbation from the ears:
(choose of the following: strongly disagree, disagree, neither disagree nor agree, agree,
strongly agree)

New symptoms/ worsening of baseline symptoms from the ears, in isolation

Clinical signs/changes in clinical examinations of the ears (e.g. otoscopy, audiometry), in isolation
Decision of ENT specialist to treat, in isolation

Combination of symptoms and changes in clinical examinations

Combination of symptoms and decision of ENT specialist to treat

Combination of changes in clinical examinations and decision of ENT specialist to treat

Combination of symptoms and changes in clinical examinations and decision of ENT specialist to
treat

e What is your opinion about the following statement:
(choose of the following: strongly disagree, disagree, neither disagree nor agree, agree,

strongly agree)



Complete resolution of any changes/return to baseline is an important element for the definition of
exacerbations from the ears in PCD.

e Do you have anything to add regarding the general components for the definition of otologic
exacerbations (remember, we will go into detail in the next surveys) or do you have any
comment explaining your replies?

(text box)

Thank you for completing this survey, please contact myrofora.goutaki@unibe.ch if you
have any questions.

Definition of ENT exacerbations in PCD Consensus eDelphi Survey 2

Please read before completing the survey:

We would like to remind you that the aim of this project is to reach a consensus for defining
exacerbations from the upper airways in people with PCD at the end of this eDelphi survey process.

This definition is meant to be used for clinical trials and other research and for clinical practice. We
decided unanimously to produce two separate definitions: one for sinonasal exacerbations and one
for otologic exacerbations.


mailto:myrofora.goutaki@unibe.ch

With the first survey, we assessed opinions about the importance of sinonasal and otologic
exacerbations for people with PCD and about the components that should be included in the
exacerbation definitions. We achieved 100% participation of panel and patient advisory group
members in the first survey.

After evaluating all responses and comments, we have now developed this second survey that
includes questions to help us get closer to a consensus for the definition of sinonasal and otologic
exacerbations. This second survey is longer as it is going into more details about the components
highlighted in the first survey and will help decide on all included elements. A next survey based on
these results will help to clarify open questions.

Your replies will remain anonymous to the panel and only the moderating team will have access to
your identifying information.

V. Few questions about your background and your relationship to PCD
e Name
(text box)
e Country you work/live in
(text box)
V. Sinonasal exacerbation in people with PCD (linked to the nose and sinuses)

In the first survey, we reached consensus (more than 80% agreed or strongly agreed) on the
following statements about the importance of sinonasal exacerbations:

Exacerbations from the nose and sinuses are an important problem for adults with PCD.
Exacerbations from the nose and sinuses are an important problem for children with PCD.
Exacerbations from the nose and sinuses impact the quality of life of people with PCD.
Exacerbations from the nose and sinuses can be an important outcome measure for ENT
clinical trials in PCD.

A

We also reached consensus about sinonasal exacerbations occurring also separately from
pulmonary or otologic exacerbations.

e Do you have any additional comments about the importance of sinonasal exacerbations?
(text box)

In the first survey, the respondents said that the combination of new symptoms/ worsening of
baseline symptoms and of clinical signs/ changes in clinical examination is the best combination of
components to define sinonasal exacerbations.

Change in symptoms

e Should changes in the following symptoms be included as an indication of a sinonasal
exacerbation?

(5 level system: strongly disagree, disagree, neither disagree nor agree, agree, strongly agree)



Fever/Temperature above 38°C

Blocked nose

Increase in nasal discharge or change in discharge colour
Decreased sense of smell

Pain/sensitivity in the sinus region (i.e. around the nose, eyes, on the cheeks or forehead)
Headache

Malaise, fatigue, tiredness

Increased cough

Sore throat

Bad breath

Bad sleep

Reduced quality of life (QoL) evaluated by any sinonasal specific QoL questionnaire

e Are there any other symptoms, which should be included as an indication of a sinonasal
exacerbation? Please explain (text box)

e Please rank the 3 most important symptoms (from the list above or any additional) for
inclusion in the definition

Changes in clinical examinations

e Should the following clinical signs/changes in examinations be included as an indication of a
sinonasal exacerbation? (Note: this would mean that the agreed upon examinations should
be performed in all people with PCD to diagnose a sinonasal exacerbation) (yes or no)

Erythema or oedema of nasal mucosa

Mucopurulent nasal discharge

Increased mucus production or postnasal drip

Swelling of inferior turbinates

Appearance or swelling of nasal polyps

Positive microbiology culture from nasal or sinus discharge
Reduced sense of smell measured by any olfactory test (smell test)

Signs of acute complication (e.g. orbital infection/abscess, meningitis, cerebral infection, cranial
nerve palsy)



Negative allergy tests (to exclude allergic causes)

Blood tests for indications of infection (e.g. neutrophils)

Are there any other findings of clinical examinations, which should be included as an
indication of a sinonasal exacerbation? Please explain (text box)

Please rank the 3 most important examination findings (from the list above or any
additional) for inclusion in the definition

In the first round of the survey, there was no consensus that changes in imaging should be a
requirement for the definition of a sinonasal exacerbation. However, a majority indicated that it
might contribute in combination with changes in symptoms and clinical examinations.

Should a change in sinus imaging be an absolute requirement for the definition of a
sinonasal exacerbation and therefore should it be performed in all people with PCD to
diagnose a sinonasal exacerbation?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)

In the first round of the survey, there was no consensus that decision of ENT specialist to treat
should be a requirement for the definition of a sinonasal exacerbation. However, a majority
indicated that it might contribute in combination with changes in symptoms and clinical
examinations.

Should the decision of ENT specialist to treat be an absolute requirement for the definition
of a sinonasal exacerbation?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)

If the decision of an ENT specialist to treat is considered for the definition, which of the
following treatments should be considered (one choice only possible):

Prescription of antibiotics

Changes in non-antibiotic management (e.g. upper airways clearance or other medication)
Any of the two

None, it should not be part of the definition

In the first round of the survey, there was no consensus that complete resolution of any
changes/return to baseline should be a component for the definition of sinonasal exacerbation. A
majority indicated that it might be important to include. Others stated that complete resolution is
not possible in many cases so it cannot be an absolute requirement for the definition.

Should complete resolution and return to baseline be an absolute requirement for the
definition of a sinonasal exacerbation?

(2 choices: Agree, Disagree)

Should an important improvement in symptoms/clinical findings after a period of time be an
absolute requirement for the definition of a sinonasal exacerbation?



(2 choices: Agree, Disagree)
e Please explain your votes above (text box)

e Do you have any further comments about the definition of sinonasal exacerbations? (text
box)

VI. Otologic exacerbation in people with PCD (linked to the ears)

In the first survey, we reached consensus (more than 80% agreed or strongly agreed) on the
following statements about the importance of otologic exacerbations:

1. Exacerbations from the ears are an important problem for children with PCD.

2. Exacerbations from the ears impact the quality of life of people with PCD.

3. Exacerbations from the ears can be an important outcome measure for ENT clinical trials in
PCD.

Respondents did not reach a consensus that otologic exacerbations are an important problem for
adults with PCD but a majority voted that it is.

e Inyour opinion, are exacerbations from the ears an important problem for adults with PCD?
(2 choices: Agree, Disagree)
e Please explain your vote above, especially if you disagree with the statement (text box)

We also reached consensus about otologic exacerbations occurring also separately from
pulmonary or sinonasal exacerbations.

e Do you have any additional comments about the importance of otologic exacerbations?
(text box)

In the first survey, the respondents said that the combination of new symptoms/ worsening of
baseline symptoms and of clinical signs/ changes in clinical examination is the best combination of
components to define otologic exacerbations. Decision of an ENT specialist to treat in addition to
this combination, was the second most popular choice (also reached consensus).

Change in symptoms

e Should changes in the following symptoms be included as an indication of an otologic
exacerbation?

(5 level system: strongly disagree, disagree, neither disagree nor agree, agree, strongly agree)
Fever/Temperature above 38°C

Ear/sensitivity pain

Ear discharge

Tinnitus or ringing in the ears

A feeling of fullness in the ears



Hearing problems

Difficulty for communication
Malaise, fatigue, tiredness
Headache

Dizziness, vertigo

e Are there any other symptoms, which should be included as an indication of an otologic
exacerbation? Please explain (text box)

e Please rank the 3 most important symptoms (from the list above or any additional) for
inclusion in the definition

Changes in clinical examinations

e Should the following clinical signs/changes in examinations be included as an indication of
an otologic exacerbation? (yes or no)

Perforated eardrum

Ear discharge

Nystagmus

Signs of otitis media in otoscopy (i.e. erythema, collection)
Pathologic tympanometry findings

Signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other cranial nerve
palsy...)

Impaired hearing tested by pure-tone audiometry (air and bone-conduction)
Positive microbiology culture from ear discharge
Blood tests for indications of infection (e.g. neutrophils)

e Are there any other findings of clinical examinations, which should be included as an
indication of an otologic exacerbation? Please explain (text box)

e Please rank the 3 most important examination findings (from the list above or any
additional) for inclusion in the definition

Decision of ENT specialist to treat

e Should the decision of ENT specialist to treat be an absolute requirement for the definition
of an otologic exacerbation?

(5 level system: strongly disagree, disagree, neither disagree nor agree, agree, strongly agree)

e If the decision of an ENT specialist to treat is considered for the definition, which of the
following treatments should be considered (one choice only possible):



Prescription of antibiotics (either local or systemic)

Changes in non-antibiotic management (e.g. ear antiseptic or other medication)
Any of the two

None, it should not be part of the definition

In the first round of the survey, there was no consensus that complete resolution of any
changes/return to baseline should be a component for the definition of otologic exacerbation. A
majority indicated that it might be important to include. Others stated that complete resolution is
not possible in many cases so it cannot be an absolute requirement for the definition.

Should complete resolution and return to baseline be an absolute requirement for the
definition of an otologic exacerbation?

(2 choices: Agree, Disagree)

Should an important improvement in symptoms/clinical findings after a period of time be an
absolute requirement for the definition of an otologic exacerbation?

(2 choices: Agree, Disagree)

Please explain your votes above (text box)

Do you have any further comments about the definition of otologic exacerbations? (text
box)

Thank you for completing this survey, please contact myrofora.goutaki@unibe.ch if you
have any questions.
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Definition of ENT exacerbations in PCD Consensus eDelphi Survey 3

Please read before completing the survey:

We would like to remind you that the aim of this project is to reach a consensus for defining
exacerbations from the upper airways in people with PCD at the end of this eDelphi survey process.

This definition is meant to be used for clinical trials and other research and for clinical practice.

With the first survey, we assessed opinions about the importance of sinonasal and otologic
exacerbations for people with PCD and about the components that should be included in the
exacerbation definitions and with the second we went into the specific elements for the relevant
components where we reached consensus. We achieved 100% participation of the panel and a very
good participation from the patient advisory group members in both surveys.

After evaluating all responses and comments, we have now developed this third survey that clarifies
opinions on the elements that were voted on in the previous one and aims to finalise all components
and elements for the two definitions. This third survey is also long but allow us to decide on all the
elements included in the two definitions.

A next last survey based on these results will help to clarify all remaining open questions. We aim to
organise a group meeting after analysing the 3™ survey results and before drafting the 4t survey to
make sure we discuss all important points that needs to be included in survey 4.

Your replies will remain anonymous to the panel and only the moderating team will have access to
your identifying information.

VIL. Few questions about your background and your relationship to PCD
e Name

(text box)
e Country you work/live in

(text box)

VIIl.  Sinonasal exacerbation in people with PCD (linked to the nose and sinuses)

Change in symptoms




In the second survey, we reached consensus (more than 80% agreed or strongly agreed) that
the following 3 symptoms (or worsening in them) should be included as an indication of a
sinonasal exacerbation. These 3 symptoms were also ranked as the 3 most important by the
majority of participants with great difference in votes from all others.

e Increase in nasal discharge or change in discharge colour
e Pain/sensitivity in the sinus region (i.e. around the nose, eyes, on the cheeks or forehead)
e Blocked nose

1. What is your opinion about the inclusion of changes in clinical symptoms in the definition
(choose one):

e A patient should have ALL symptoms that we will include in the definition to be considered
as having a sinonasal exacerbation.

e We should include a list of relevant important symptoms of which a patient should have a
combination but NOT ALL, to be considered as having a sinonasal exacerbation.

In the second round of the survey, there was no consensus about the inclusion of the following
symptoms in the definition as an indication of a sinonasal exacerbation. However, they were
voted as important by 55-75% of participants and were ranked among the 3 most important
symptoms by few.

2. Should reduced quality of life evaluated by any sinonasal specific quality of life (Qol)
guestionnaire be included in the definition as an indication of a sinonasal exacerbation?

(2 choices: Agree, Disagree)

3. Please explain your vote above (text box)
4. Should decreased sense of smell be included in the definition as an indication of a sinonasal
exacerbation?

(2 choices: Agree, Disagree)

5. Please explain your vote above (text box)
6. Should headaches be included in the definition as an indication of a sinonasal exacerbation?

(2 choices: Agree, Disagree)

7. Please explain your vote above (text box)
8. Should bad sleep be included in the definition as an indication of a sinonasal exacerbation?

(2 choices: Agree, Disagree)

9. Please explain your vote above (text box)
10. Should cough be included in the definition as an indication of a sinonasal exacerbation?

(3 choices: Agree for all, Agree only for children, Disagree)

11. Please explain your vote above (text box)



12. Are there any other symptoms not mentioned so far in this survey, which you find very
important for a sinonasal exacerbation and you would like to discuss/put up for voting
again?

(Text box)

Changes in clinical examinations

In the second survey, we reached consensus (more than 80% agreed or strongly agreed) that the
following 2 clinical signs/changes in examinations be included as an indication of a sinonasal
exacerbation. These 2 clinical signs/changes in examinations were also ranked as the 2 most
important by the majority of participants with great difference in votes from all others.

e Mucopurulent nasal discharge
e Increased mucus production or postnasal drip

13. What is your opinion about the inclusion of clinical signs/changes in examinations in the
definition (choose one):

e A patient should have ALL clinical signs/changes in examinations that we will include in the
definition to be considered as having a sinonasal exacerbation.

e We should include a list of relevant important clinical signs/changes in examinations of
which a patient should have a combination but NOT ALL, to be considered as having a
sinonasal exacerbation.

In the second round of the survey, there was no consensus about the inclusion of the following
clinical signs/changes in examinations in the definition as an indication of a sinonasal
exacerbation. However, they were voted as important by 55-75% of participants and were ranked
among the 3 most important clinical signs/changes in examinations by few.

14. Should signs of acute complication (e.g. orbital infection/abscess, meningitis, cerebral
infection, cranial nerve palsy) be included in the definition as an indication of a sinonasal
exacerbation?

(2 choices: Agree, Disagree)

15. Please explain your vote above (text box)
16. Should appearance or swelling of nasal polyps be included in the definition as an indication
of a sinonasal exacerbation?

(2 choices: Agree, Disagree)

17. Please explain your vote above (text box)
18. Should erythema or oedema of nasal mucosa be included in the definition as an indication of
a sinonasal exacerbation?

(2 choices: Agree, Disagree)

19. Please explain your vote above (text box)



20. Are there any other clinical signs/changes in examinations not mentioned so far in this
survey, which you find very important for a sinonasal exacerbation and you would like to
discuss/put up for voting again?

(Text box)

In the second round of the survey, we reached consensus (more than 80% agreed or strongly
agreed) that changes in imaging should not be a requirement for the definition of a sinonasal
exacerbation.

Decision to treat and resolution of changes

In the second round of the survey, there was no consensus about including or not including
decision of ENT specialist to treat as a requirement for the definition of a sinonasal exacerbation.
However, a majority indicated that it might contribute in combination with changes in symptoms
and clinical examinations.

21. What is your opinion on the following statements related to sinonasal exacerbations
(2 choices for all: Agree, Disagree)

e Decision to treat might be subjective and should not be included especially for the use of the
definition in clinical trials.

e Decision to treat is based on the changes of symptoms and clinical examinations and does
not need to be included in the definition in addition to those.

e Decision to treat is more relevant for the use of the definition in clinical practice, however
we should include other physicians e.g. paediatrician, general practitioner as in reality, not
all patients need to visit an ENT to diagnose a sinonasal exacerbation.

e Decision to treat not necessarily with antibiotics but also with increased upper airways
clearance or other medication, could be included in the definition as a less important point
(e.g. possibly a minor criterion).

22. Do you have any comments about these statements?
(text box)

In the second round of the survey, we reached consensus that complete resolution of any changes
and return to baseline should not an absolute requirement for the definition of sinonasal
exacerbation. However, a majority of participants voted that an important improvement in
symptoms/clinical findings after a period of time should be an absolute requirement for the
definition of a sinonasal exacerbation.

23. What is your opinion on the following statements:

e Animportant improvement in symptoms/clinical findings after a period of time should be
included in the definition of a sinonasal exacerbation as a less important point (e.g. possibly
a minor criterion).

e The absence of improvement in symptoms/clinical findings does not eliminate the diagnosis
of acute sinonasal exacerbation.

(2 choices: Agree, Disagree)



24. Please explain your vote above (text box)

25. Do you have any further comments about the definition of sinonasal exacerbations? (text
box)
IX. Otologic exacerbation in people with PCD (linked to the ears)

In the second survey, we did not reach a consensus that otologic exacerbations are an important
problem for adults, however many participants commented that they only disagreed because
otologic exacerbations are less common in adults.

26. What is your opinion on the following statement:

e Exacerbations from the ears are less common than chronic problems in adults with PCD,
however when they occur, they can be an important problem.
(2 choices: Agree, Disagree)

27. Please explain your vote above (text box)

Change in symptoms

In the second survey, we reached consensus (more than 80% agreed or strongly agreed) that the
following 3 symptoms (or worsening in them) should be included as an indication of an otologic
exacerbation. These 3 symptoms were also ranked as the 3 most important by the majority of
participants with great difference in votes from all others.

e Ear sensitivity/pain
e Eardischarge
e Hearing problems

28.What is your opinion about the inclusion of changes in clinical symptoms in the definition (choose
one):
e A patient should have ALL symptoms that we will include in the definition to be considered as
having an otologic exacerbation.
e We should include a list of relevant important symptoms of which a patient should have a
combination but NOT ALL, to be considered as having an otologic exacerbation.

In the second round of the survey, there was no consensus about the inclusion of the following
symptom in the definition as an indication of an otologic exacerbation. However, it was voted as
important by 77% of participants and was ranked among the 3 most important symptoms by
many.

29. Should a feeling of fullness in the ears be included in the definition as an indication of an
otologic exacerbation?

(2 choices: Agree, Disagree)

30. Please explain your vote above (text box)

31. Are there any other symptoms not mentioned so far in this survey, which you find very
important for an otologic exacerbation and you would like to discuss/put up for voting
again?



(Text box)

Changes in clinical examinations

In the second survey, we reached consensus (more than 80% agreed or strongly agreed) that the
following two clinical sighs/changes in examinations be included as an indication of an otologic
exacerbation. These 2 clinical signs/changes in examinations were also ranked as the 2 most
important by the majority of participants with great difference in votes from all others.

32.

Ear discharge
Signs of otitis media in otoscopy (i.e. erythema, collection)

What is your opinion about the inclusion of clinical signs/changes in examinations in the
definition (choose one?):

A patient should have ALL clinical signs/changes in examinations that we will include in the
definition to be considered as having an otologic exacerbation.

We should include a list of relevant important clinical sighs/changes in examinations of
which a patient should have a combination but NOT ALL, to be considered as having an
otologic exacerbation.

In the second round of the survey, there was no consensus about the inclusion of the following
clinical signs/changes in examinations in the definition as an indication of an otologic

exacerbation. However, they were voted as important by 50-75% of participants and were ranked
among the 3most important clinical signs/changes in examinations by few.

33.

34,
35.

36.
37.

38.
39.

40.
41.

42.

Should signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other
cranial nerve palsy) be included in the definition as an indication of an otologic
exacerbation?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)

Should impaired hearing tested by pure-tone audiometry be included in the definition as an
indication of an otologic exacerbation?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)

Should a perforated eardrum be included in the definition as an indication of an otologic
exacerbation?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)

Should pathologic tympanometry be included in the definition as an indication of an otologic
exacerbation?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)

Should pathologic pneumatic otoscopy be included in the definition as anindication of an
otologic exacerbation, particularly when tympanometry is not available?

(2 choices: Agree, Disagree)

Please explain your vote above (text box)



43,

Are there any other clinical signs/changes in examinations not mentioned so far in this
survey, which you find very important for an otologic exacerbation and you would like to
discuss/put up for voting again?

(Text box)

Decision to treat and resolution of changes

In the second round of the survey, there was no consensus about including or not including
decision of ENT specialist to treat as a requirement for the definition of an otologic exacerbation.
However, a majority indicated that it might contribute in combination with changes in symptoms

and clinical examinations.

44, What is your opinion on the following statements related to otologic exacerbations?

45,

(2 choices for all: Agree, Disagree)

Decision to treat might be subjective and should not be included especially for the use of the
definition in clinical trials.

Decision to treat is based on the changes of symptoms and clinical examinations and does
not need to be included in the definition in addition to those.

Decision to treat is more relevant for the use of the definition in clinical practice, however
we should include other physicians e.g. paediatrician, general practitioner as in reality, not
all patients need to visit an ENT to diagnose an otologic exacerbation.

Decision to treat not necessarily with antibiotics but also with other medication, could be
included in the definition as a less important point (e.g. possibly a minor criterion).

Do you have any comments about these statements?
(text box)

In the second round of the survey, we reached consensus that complete resolution of any changes
and return to baseline should not an absolute requirement for the definition of otologic
exacerbation. However, a majority of participants voted that an important improvement in
symptoms/clinical findings after a period of time should be an absolute requirement for the
definition of an otologic exacerbation.

46.

What is your opinion on the following statements:

An important improvement in symptoms/clinical findings after a period of time should be
included in the definition as a less important point (e.g. possibly a minor criterion), as it s
not always possible (e.g. in case of a perforated eardrum)

The absence of improvement in symptoms/clinical findings does not eliminate the diagnosis
of acute otologic exacerbation.

(2 choices: Agree, Disagree)

47.
48.

X.

Please explain your vote above (text box)
Do you have any further comments about the definition of otologic exacerbations? (text
box)

These last questions relates to BOTH definitions (sinonasal and otologic):



49. Do you agree with the idea of introducing major and minor criteria to the definition (to
decide which belong to major or minor category in the last survey)?

(2 choices: Agree, Disagree)

In the second round of the survey, several participants highlighted the need to assess all clinical
examinations findings in comparison to previous (baseline) evaluations.

50. Should we include the following statement as comment to our definitions related to clinical
signs and changes in examinations?

All clinical signs/changes to clinical examinations should be assessed in relation to previous
examinations.

(2 choices: Agree, Disagree)

51. Please explain your vote above (text box)

Thank you for completing this survey and for participating to this project, please contact
myrofora.goutaki@unibe.ch if you have any questions.

Definition of ENT exacerbations in PCD Consensus eDelphi Survey 4

Please read carefully before completing the survey:

This is the 4™ and final survey.
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We would like to remind you that the aim of this project is to reach a consensus for defining
exacerbations of the upper airways in people with PCD at the end of this eDelphi survey process.

With the previous surveys, we assessed opinions about the importance of sinonasal and otologic
exacerbations for people with PCD. We selected the components that should be included in the

exacerbation definitions as well as the specific elements for the relevant components where we

reached consensus.

In the third survey, 100% of participants agreed to introduce major and minor criteria to the
definitions. In this fourth and last survey, we will decide which specific elements will be
considered as major and which as minor for each definition and will clarify any remaining
important points.

Your replies will remain anonymous to the panel and only the moderating team will have access to
your identifying information.

Xl. Few questions about your background and your relationship to PCD
e Name

(text box)
e Country you work/live in

(text box)

Xil. Sinonasal exacerbation in people with PCD (linked to the nose and sinuses)

Change in symptoms: In the previous surveys, we reached consensus (96% agreed) that the
definition should include a list of relevant important symptoms of which a patient should have

a combination but NOT ALL, to be considered as having a sinonasal exacerbation. We also
reached consensus (more than 80% agreed or strongly agreed) that the following 3 symptoms (or
worsening in them) should be included as an indication of a sinonasal exacerbation: i) increase in
nasal discharge or change in discharge colour, ii) pain/sensitivity in the sinus region (i.e. around
the nose, eyes, on the cheeks or forehead) or iii) blocked nose.

Changes in clinical examinations: In the previous surveys, we reached consensus (96% agreed)
that the definition should include a list of relevant important clinical signs/changes in
examinations of which a patient should have a combination but NOT ALL, to be considered as
having a sinonasal exacerbation. We also reached consensus (more than 80% agreed or strongly
agreed) that the following 2 clinical signs/changes in examinations should be included as an
indication of a sinonasal exacerbation: i) mucopurulent nasal discharge or ii) increased mucus
production or postnasal drip.

Decision to treat and resolution of changes: In the last survey we reached consensus (more than
80% agreed) that decision to treat not necessarily with antibiotics but also with increased upper
airway clearance or other medication, could be included in the definition as a less important
point (e.g. possibly a minor criterion). Regarding the resolution of changes, we reached

consensus that an important improvement in symptoms/clinical findings after a period of time
should be included in the definition of a sinonasal exacerbation as a less important point (e.g.
possibly a minor criterion). We also reached consensus that absence of improvement in
symptoms/clinical findings does not eliminate the diagnosis of acute sinonasal exacerbation



and we will add this as a clarification to the definition. Based on some comments, the wording
was not clear enough to be useful in a clinical trial and the period of time should be further
defined.

1. Using the major and minor criteria approach, we will include some criteria which are most
important for the definition (major) and some which are less important (minor). A combination of
major or minor criteria is needed to reach the definition of sinonasal exacerbation.

Our suggestion is to include all criteria where we already reached a consensus as major unless
we already reached consensus to include them as minor. Please state if you agree using the
following criteria as major or minor. (Agree, include as major/ Disagree, include as minor)

e Reported increase in nasal discharge or change in discharge colour (Agree, include as major/
Disagree, include as minor)

e Reported pain/sensitivity in the sinus region (i.e. around the nose, eyes, on the cheeks or
forehead) (Agree, include as major/ Disagree, include as minor)

e Reported blocked nose (Agree, include as major/ Disagree, include as minor)

e  Mucopurulent nasal discharge at examination (Agree, include as major/ Disagree, include as
minor)

e Increased mucus production or postnasal drip at examination (Agree, include as major/
Disagree, include as minor)

e Decision to treat, not necessarily with antibiotics but also with increased upper airway
clearance or other medication (Agree, include as minor/ Disagree, do not include)

e Important improvement in symptoms reported by the patient or parent or in clinical findings
in case further examination is possible, after a period of 14 days (Agree, include as minor/
Disagree, do not include)

2. Would you like to include any of the following criteria (symptoms or signs/changes in
examination), which reached more than 50% but less than 80% consensus or were suggested to
discuss again, as minor criteria in the definition?

Please state from the list below which you think should be minor criterion and which should not
be included (Agree, include as minor/ Disagree, do not include)

e Reduced quality of life evaluated by any sinonasal specific quality of life questionnaire

e Reported decreased sense of smell

e Signs of acute complication (e.g. orbital infection/abscess, meningitis, cerebral infection,
cranial nerve palsy) at examination

e Acute frontonasal / maxillary tenderness at examination

3. We previously listed 5 potential major criteria and 6 potential minor. Our suggestion is that
the definition for sinonasal exacerbation should include a) 3 major or b) 2 major and at least 2
minor criteria.

Do you agree? Yes/ No

4. If youdo not agree, please explain your opinion and make an alternative suggestion (text)
5. Do you have any further comments for the sinonasal definition? (text)

Xlll. Otologic exacerbation in people with PCD (linked to the ears)



In the third survey, we reached consensus (95% agreed) that exacerbations from the ears are less
common than chronic problems in adults with PCD, however when they occur, they can be an
important problem.

Change in symptoms: In the previous surveys, we reached consensus (100% agreed) that the
definition should include a list of relevant important symptoms of which a patient should have
a combination but NOT ALL, to be considered as having an otologic exacerbation. We also
reached consensus (more than 80% agreed or strongly agreed) that the following 3 symptoms (or
worsening in them) should be included as an indication of an otologic exacerbation: i) ear
sensitivity/pain, ii) ear discharge or iii) hearing problems.

Changes in clinical examinations: In the previous surveys, we reached consensus (92% agreed)
that the definition should include a list of relevant important clinical signs/changes in
examinations of which a patient should have a combination but NOT ALL, to be considered as
having an otologic exacerbation. We also reached consensus (more than 80% agreed or strongly
agreed) that the following 2 clinical signs/changes in examinations be included as an indication of
an otologic exacerbation: i) ear discharge or ii) signs of otitis media in otoscopy (i.e. erythema,
collection).

Decision to treat and resolution of changes: In the last survey we reached consensus (more than
80% agreed) that decision to treat not necessarily with antibiotics but also with other medication,
could be included in the definition as a less important point (e.g. possibly a minor criterion).
Regarding the resolution of changes, we did not reach consensus that an important
improvement in symptoms/clinical findings after a period of time should be included in the
definition as a less important point (e.g. possibly a minor criterion), as it is not always possible
(e.g. in case of a perforated eardrum). However 77% of participants agreed with the sentence
above. We reached consensus that absence of improvement in symptoms/clinical findings does
not eliminate the diagnosis of acute otologic exacerbation and we will add this as a clarification
to the definition. Based on some comments, the wording was not clear enough to be useful ina
clinical trial and the period of time should be further defined.

6. Using the major and minor criteria approach, we will include some criteria which are most
important for the definition (major) and some which are less important (minor). A
combination of major or minor criteria is needed to reach the definition of otologic
exacerbation.

Our suggestion is to include all criteria where we already reached a consensus as major unless
we already reached consensus to include them as minor. Please state if you agree using the
following criteria as major or minor (Agree, include as major/ Disagree, include as minor)

e Reported ear sensitivity/pain (Agree, include as major/ Disagree, include as minor)

e Reported ear discharge (Agree, include as major/ Disagree, include as minor)

e Reported hearing problems (Agree, include as major/ Disagree, include as minor)

e Eardischarge at examination (Agree, include as major/ Disagree, include as minor)

e Signs of otitis media in otoscopy (i.e. erythema, collection) (Agree, include as major/
Disagree, include as minor)

e Decision to treat, not necessarily with antibiotics but also with other medication (Agree,
include as minor/ Disagree, do not include)



7. Would you like to include any of the following criteria, which reached more than 50% but
less than 80% consensus or were suggested to discuss again, as minor criteria in the
definition? Please state from the list below which you think should be minor criterion and
which should not be included. (Agree, include as minor/ Disagree, do not include)

e Reported feeling of fullness in the ears

e Signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other
cranial nerve palsy) at examination

e Impaired hearing tested by pure-tone audiometry

e Perforated eardrum at examination

e Horizontal nystagmus at examination

e Important improvement in symptoms reported by the patient or parent or in clinical
findings in case further examination is possible, after a period of 14 days

8. We previously listed 5 potential major criteria and 7 potential minor. Our suggestion is that
the definition for otologic exacerbation should include a) 3 major or b) 2 major and at least 2
minor criteria.

Do you agree? Yes/ No

9. If youdo not agree, please explain your opinion and make an alternative suggestion (text)
10. Do you have any further comments for the otologic definition? (text)

XIV. These last points relate to BOTH definitions (sinonasal and otologic):

In the last round of the survey we reached consensus (85% agreed) that all clinical signs/changes
to clinical examinations should be assessed in relation to previous examinations. This was
highlighted as particularly important for research settings and will be added as a clarification to
the definitions.

11. We also received comments highlighting that realistically clinical practice may differ
substantially than research practices, especially for patients residing far from the ENT specialist
who follows them for PCD. For this reason, we suggest to include the following clarification for
both definitions:

“These definitions are aimed to be used in research settings, especially in clinical trials, to define
a sinonasal or otologic exacerbation in patients with PCD”.

We will also add a section in the manuscript discussion, explaining that the definitions could also
be useful in clinical practice, discussing specific points that might differ, such as a different
number of major or minor criteria.

Do you agree? Yes/ No

12. If you do not agree, please explain and suggest a different wording (text)
13. Would you like us to organise a zoom call to discuss further the final definitions? Yes/No
14. Is there anything else you would like to add in this last survey? (text)



Thank you for completing this survey and for participating in this project! Please contact
myrofora.goutaki@unibe.ch if you have any questions.
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Table S1: Composition of the consensus panel and the patient volunteer group and participation to the electronic Delphi surveys

Members of consensus panel Responded to Survey 1 Responded to Survey 2 Responded to Survey 3 Responded to Survey 4
(N=24) (N=24) (N=23) (N=23) (N=21)

ENT specialist 17 17 16 16 15

Paediatric pulmonologist 1 1 1 1 0

Adult pulmonologist 1 1 1 1 1

Physiotherapist 2 2 2 2 2

Clinical epidemiologist 1 1 1 1 1

Nurse specialist 1 1 1 1 1

Patient representatives 2 2 2 2 2

100% 96% 96% 88%

Patient volunteers - 5 3 3 2

ENT: Ear-Nose-Throat
Patient volunteers were not members of the consensus panel; they were encouraged to participate to the surveys but there was no required minimum
number to proceed to the next survey.



Table S2: Responses to key questions of eDelphi survey 1

Strongly Disagree Neither disagree Agree Strongly Mean % of
disagree nor agree agree agreement
1) Sinonasal exacerbation definition
Which of the following components can provide the best definition
for an exacerbation from the nose and sinuses:
New symptoms or worsening of baseline symptoms from the nose 2 3 7 10 7 3.59 59
and sinuses, in isolation
Clinical signs or changes in clinical examinations of the nose and 3 6 7 9 5 3.34 48
sinuses (e.g. nasal endoscopy), in isolation
Changes in imaging (CT or other) of the nose and sinuses in isolation 5 5 9 7 3 2.93 34
Decision of ENT specialist to treat, in isolation 3 7 11 6 1 2.72 24
Combination of symptoms and changes in clinical examination 0 0 2 14 13 4.66 93
Combination of symptoms and decision of ENT specialist to treat 1 1 10 11 7 3.86 62
Combination of symptoms and changes in imaging 3 2 5 15 4 3.52 66
Combination of changes in clinical examinations and decision of ENT 1 1 14 8 5 3.24 45
specialist to treat
Combination of changes in clinical examinations and changes in 2 3 10 11 3 3.45 48
imaging
Changes in imaging and decision of ENT specialist to treat 2 7 12 5 3 3.00 28
Combination of symptoms and changes in clinical examinations and 0 1 6 5 17 431 76
decision of ENT specialist to treat
Combination of symptoms and changes in clinical examinations and 2 1 5 12 9 3.86 72
imaging
Combination of symptoms and changes in imaging and decision of 2 2 10 10 5 3.48 52

ENT specialist to treat



Combination of symptoms, changes in clinical examinations and 2 2 6 5 14 3.93 66

imaging and decision of ENT specialist to treat

Complete resolution of any changes or return to baseline is an

important element for the definition of exacerbations from the nose

and sinuses in PCD 0 2 7 13 7 3.86 69
2) Otologic exacerbation definition

Which of the following components can provide the best definition

for an exacerbation from the ears:

New symptoms or worsening of baseline symptoms from the ears, in 1 2 8 12 5 3.52 59

isolation

Clinical signs or changes in clinical examinations of the ears (e.g. 1 5 6 12 5 3.64 59

otoscopy, audiometry), in isolation

Decision of ENT specialist to treat, in isolation 3 7 12 4 3 3.17 24

Combination of symptoms and changes in clinical examination 0 0 1 16 12 4.38 97

Combination of symptoms and decision of ENT specialist to treat 1 1 10 11 6 3.69 62

Combination of changes in clinical examinations and decision of ENT 1 1 13 9 5 3.55 48

specialist to treat

Combination of symptoms and changes in clinical examinations and 1 1 3 9 16 4.41 86

decision of ENT specialist to treat

Complete resolution of any changes or return to baseline is an

important element for the definition of exacerbations from the ears

in PCD 1 2 4 19 3 3.72 76

ENT: Ear-Nose-Throat, CT: computed tomography, PCD: primary ciliary dyskinesia



Table S3: Responses to key questions of eDelphi survey 2 regarding clinical symptoms

Strongly Disagree  Neither disagree  Agree Strongly Mean % of
disagree nor agree agree agreement
1) Should changes in the following symptoms be included as an indication of a sinonasal exacerbation?

Fever/Temperature above 38°C 2 6 1 4 3 3.31 27
Blocked nose 0 1 1 14 10 4.27 92
Increase in nasal discharge or change in discharge colour 0 0 0 8 18 4.69 100
Decreased sense of smell 0 2 6 12 6 3.85 69
Pain or sensitivity in the sinus region (i.e. around the nose, 0 2 2 8 14 4.31 85
eyes, on the cheeks or forehead)
Headache 0 2 9 13 2 3.58 58
Malaise/fatigue ! 6 9 6 4 3.23 38

0 6 6 11 3 3.42 54
Increased cough
Sore throat 5 6 9 3 1 2.54 15
Bad breath 1 8 8 6 2 3.00 31
Bad sleep 2 5 5 13 1 3.23 54
Reduced Qol evaluated by any sinonasal specific QoL 1 0 6 10 9 4.00 73
questionnaire

2) Should changes in the following symptoms be included as an indication of an otologic exacerbation?

Fever/Temperature above 38°C 3 3 10 8 2 3.12 38
Ear sensitivity or pain 0 1 1 13 11 431 92
Ear discharge 0 1 1 9 15 4.46 92
Tinnitus or ringing in the ears 1 4 12 9 0 3.12 35
A feeling of fullness in the ears 1 2 3 15 5 3.81 77



Hearing problems

Difficulty in communication
Malaise/fatigue

Headache

Dizziness/vertigo

1
0
2
2

0

0
5
6
7

3

12
12
10
12

o U1 U o

w N =B, W

4.08
3.27
2.88
2.92
3.42

85
35
23
27
42

Qol: quality of life. Symptoms in red were ranked as the most important in their category.



Table S4: Responses to key questions of eDelphi survey 2 regarding clinical signs and examinations

% of agreement

1) Should the following clinical signs/changes in examinations be included as an indication of a sinonasal exacerbation?

Erythema or oedema of nasal mucosa 54
Mucopurulent nasal discharge 100
Increased mucus production or postnasal drip 92
Swelling of inferior turbinates 42
Appearance or swelling of nasal polyps 58
Positive microbiology culture from nasal or sinus discharge 35
Reduced sense of smell measured by any olfactory test 27
Signs of acute complication (e.g. orbital infection or abscess, meningitis, cerebral infection, cranial nerve palsy) 72
Negative allergy tests (to exclude allergic causes) 27
Blood tests for indications of infection (e.g. neutrophils) 38

2) Should the following clinical sighs/changes in examinations be included as an indication of an otologic exacerbation?

Perforated eardrum 62
Ear discharge 92
Nystagmus 35
Signs of otitis media in otoscopy (i.e. erythema, collection) 92
Pathologic tympanometry findings 50
Signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other cranial nerve palsy) 69
Impaired hearing tested by pure-tone audiometry (air and bone-conduction) 69
Positive microbiology culture from ear discharge 46
Blood tests for indications of infection (e.g. neutrophils) 23

Clinical signs/examinations in red were ranked as the most important in their category.



Table S5: Responses to key questions of eDelphi survey 3 regarding highly voted items that have not reached consensus on previous rounds

% of agreement

1) Should changes in the following symptoms be included as an indication of a sinonasal exacerbation?
Reduced Qol evaluated by any sinonasal specific QoL questionnaire
Decreased sense of smell
Headache
Bad sleep
Cough
2) Should the following clinical signs/changes in examinations be included as an indication of a sinonasal exacerbation?
Erythema or oedema of nasal mucosa
Appearance or swelling of nasal polyps
Signs of acute complication (e.g. orbital infection or abscess, meningitis, cerebral infection, cranial nerve palsy)
3) Should changes in the following symptoms be included as an indication of an otologic exacerbation?
A feeling of fullness in the ears
4) Should the following clinical signs/changes in examinations be included as an indication of an otologic exacerbation?
Perforated eardrum
Pathologic tympanometry findings
Signs of acute complication (mastoiditis, meningitis, cerebral abscess, facial or other cranial nerve palsy)
Impaired hearing tested by pure-tone audiometry (air and bone-conduction)

Pathologic pneumatic otoscopy

50
58
42
15
15

46
46
52

58

54
38
46
62
35

QolL: quality of life.





