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A la meva familia

“The good physician treats the disease;
the great physician treats the patient who has the disease”

William Osler
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RESUM

La tos és un mecanisme de defensa que actua com reflex protector per prevenir I’aspiracio i
millorar la neteja de les vies aéries. No obstant, la tos excessiva i perllongada en el temps
pot comportar efectes perjudicials als pacients, tant a nivell fisic com psico-social, i es
converteix en un motiu de consulta freqiient en pneumologia. La tos pot ser classificada en
funci6 de la seva duracid en tos aguda (3 setmanes), subaguda (3-8 setmanes) o cronica (>8
setmanes). La tos cronica (TC) també pot ser classificada en termes clinics com tos cronica
inexplicada (TCI) quan no es troba la causa a pesar del seu estudi exhaustiu, tos cronica
refractaria (TCR) quan persisteix a pesar del seu tractament oOptim o sindrome de
hipersensibilitat tussigena que €s una tos irritativa produida per estimuls que habitualment
no la produeixen (alotusia) o davant nivells baixos d’estimuls térmics, quimics o mecanics

(hipertusia).

El mecanisme d’aparicid de la tos és complex, esta format per un circuit central i un altre
periferic (nervis aferents i eferents). Diferents regions del cortex cerebral formen part del
circuit central, com les arees corticals sensorials. Els nervis sensitius aferents del nervi vague
formen part del circuit periféric, diferenciant-se dos subtipus: 1) Fibres C, responsables
d’activar i inhibir el reflex de la tos, habitualment, per estimuls irritants d’origen inflamatori;
2) Fibres Ad, responsables en la seva majoria d’activar el reflex de la tos per estimuls

mecanics 1 acids.

Entre les causes més freqiients de TC es troba el asma, les afeccions de la via aéria superior,
el reflux gastro-esofagic (RGE) i la iatrogénica (especialment els inhibidors de 1’enzim
conversiu d'angiotensina). Perd a pesar d’un estudi exhaustiu i sistematic per especialistes,
en un 40% dels casos no es troba la seua causa (TCI). Probablement alguns dels casos
classificats com TCI podrien ser deguts a causes no conegudes fins ara o poc freqiients, com
¢s el cas d’algunes malalties neurologiques ja descrites com el sindrome de Holmes-Adie 1
la neuropatia sensorial tipus1B. Recentment també s’esta postulant el cerebellar ataxia with

neuropathy and vestibular areflexia syndrome (CANVAS) com una possible causa de TC.
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El CANVAS és un procés neurodegeneratiu de curs lentament progressiu caracteritzat per
ataxia cerebel-losa tardana, neuropatia sensitiva i arefléxia vestibular bilateral. Es tracta
d’una malaltia rara, amb una prevalenca estimada 1 : 20 000, i t€¢ una heréncia autosomica
recessiva deguda, generalment, a I’expansiéo bial-1¢élica del motiu repetitiu AAGGG
[(AAGGG)exp] en el intré 2 de la subunitat 1 del factor C de replicaci6é (RFCI). Estudis
recents descriuen que la TC podria ser un simptoma preco¢ del CANVAS apareixent
diversos anys, o inclis décades, abans de I’inici de qualsevol dels simptomes neurologics

descrits préviament.

L’objectiu principal d’aquesta tesi va ser coneixer la prevalenca de (AAGGG)exp en RFCI
en pacients amb TC que es trobessin en estudi per una unitat especialitzada, incloent tant
pacients amb TCI, TCR i aquells amb TC resolta després d’un estudi i tractament dirigits. A
més, es va valorar la utilitat del diapasé Rydel-Seiffer com a possible eina de cribratge per
la deteccio precog d’alteracions en la sensibilitat vibratoria periférica. Aquests dos objectius
van ser analitzats en un primer estudi descriptiu transversal on s’ inclogueren pacients que es
trobaven en estudi de TC en la nostra unitat especialitzada, sense simptomes neurologics
sospitosos de CANVAS. En ells es van seguir les recomanacions de la European Respiratory
Society (ERS) per I’estudi etiologic de la TC, es va realitzar I’estudi genetic per CANVAS
mitjancant una mostra de sang periférica, es va realitzar el test del diapasé Rydel-Seiffer en
la primera articulacié metatarso-falangica i es van realitzar quatre qiiestionaris de qualitat de
vida relacionada amb la tos (escala visual analdgica, cough severity diary, Leicester cough
questionnaire, discrete emotions questionnaire, European quality of life-5 dimensions- 5
levels). El segon estudi es va realitzar per coneixer les caracteristiques clinic-funcionals,
possibles causes 1 ’impacte en la qualitat de vida en relacié a la TC en pacients amb
CANVAS. Aquest va ser un estudi transversal descriptiu realitzat en pacients amb CANVAS
confirmat genéticament que havien sigut derivats a la nostra consulta especialitzada per

estudiar la TC.

Els resultats obtinguts van ser:
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- Estudi 1: la prevalenca bial-lelica (AAGGG)exp en RFCI en els pacients amb TC
estudiats va ser major a la esperada en la poblacio general, sent de 2 : 33 enlloc de 1
: 20 000. EI 22.2% dels pacients inclosos mostraren un resultat alterat en el test del
diapaso Rydel-Seiffer, sent el 33.3% d’aquests pacients els que tingueren un resultat
diagnostic de CANVAS precog en el test genctic.

- Estudi 2: la TC va ser de tipus no productiva en tots els pacients inclosos i va tenir
un inici mig de 14.2 anys (£7.9) abans que del primer simptoma neurologic
compatible amb CANVAS. Entre les causes de TC van destacar les alteracions en la
motilitat esofagica i la preséncia de RGE patologic. El qliestionaris mostraren un

empitjorament de la seva qualitat de vida, especialment en I’esfera psico-social.

Les conclusions més rellevants son que I’estudi genetic (AAGGG)exp en RFCI deuria
plantejar-se en les consultes especialitzades de TC, especialment en aquells pacients que
presenten un resultat alterat en el test del diapasé Rydel-Seiffer. Aquesta sembla una bona
eina de cribratge per identificar a quin subgrup de pacients amb TC hi ha més risc de
presentar la mutacio bial-1elica (AAGGG)exp en RFCI i, per tant, de realitzar el diagnostic
de CANVAS. El diagnostic preco¢ d’una malaltia rara, neurodegenerativa i hereditaria és
important per evitar multiples visites i proves mediques innecessaries per a I’estudi de la TC
associada a aquests pacients, a més de permetre 1’assessorament genetic als pacients i als

seus familiars.
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ABSTRACT

Cough is a defense mechanism that acts as a protective reflex to prevent aspiration and
improve the cleaning of the airways. However, excessive and prolonged coughing can have
detrimental effects on patients, both physically and psycho-socially, and it becomes a
frequent reason for consultation in pneumology. Cough can be classified based on its
duration into acute cough (3 weeks), subacute cough (3-8 weeks), or chronic cough (>8
weeks). Chronic cough (CC) can also be clinically classified as unexplained chronic cough
(UCC) when the cause is not found despite exhaustive study, refractory chronic cough
(RCC) when it persists despite optimal treatment, or cough hypersensitivity syndrome,
which is an irritative cough caused by stimuli that usually do not produce it (allotusia) or in

response to low levels of thermal, chemical, or mechanical stimuli (hypertusia).

The mechanism of cough onset is complex, consisting of a central circuit and a peripheral
one (afferent and efferent nerves). Different regions of the cerebral cortex are part of the
central circuit, such as sensory cortical areas. The sensory afferent nerves of the vagus nerve
are part of the peripheral circuit, with two subtypes: 1) C fibers, responsible for activating
and inhibiting the cough reflex, usually due to irritant stimuli of inflammatory origin; 2) Ad

fibers, primarily responsible for activating the cough reflex to mechanical and acidic stimuli.

Among the most common causes of CC are asthma, upper airway conditions,
gastroesophageal reflux disease (GERD), and iatrogenic (especially angiotensin-converting
enzyme inhibitors). However, despite an exhaustive and systematic study by specialists, in
40% of cases, the cause is not found (UCC). Some cases classified as UCC could potentially
be due to previously unknown or rare causes, such as certain neurological diseases like
Holmes-Adie syndrome and type 1B sensory neuropathy. Recently, cerebellar ataxia with
neuropathy and vestibular areflexia syndrome (CANVAS) is also being postulated as a

possible cause of CC.
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CANVAS is a neurodegenerative process with a slowly progressive course characterized by
late-onset cerebellar ataxia, sensory neuropathy, and bilateral vestibular areflexia. It is a rare
disease with an estimated prevalence of 1 : 20 000 and has an autosomal recessive
inheritance generally due to biallelic expansion of the AAGGG repeat motif [(AAGGG)exp]
in intron 2 of the replication factor C subunit 1 (RFCI). Recent studies describe that CC
could be an early symptom of CANVAS, appearing several years or even decades before the

onset of any previously described neurological symptoms.

The main objective of this thesis was to determine the prevalence of (AAGGG)exp in RFCI
in patients with CC who were being studied by a specialized unit, including patients with
UCC, RCC, and those with resolved CC after a targeted study and treatment. Additionally,
the utility of the Rydel-Seiffer tuning fork as a potential screening tool for the early detection
of peripheral vibratory sensitivity alterations was evaluated. These two objectives were
analyzed in an initial cross-sectional descriptive study that included patients being studied
for CC in our specialized unit, without neurological symptoms suspicious of CANVAS. In
these patients, the recommendations of the European Respiratory Society (ERS) for the
etiological study of CC were followed, genetic testing for CANVAS was performed using a
peripheral blood sample, the Rydel-Seiffer tuning fork test was conducted on the first
metatarsophalangeal joint, and four quality of life questionnaires related to cough were
administered (visual analog scale, cough severity diary, Leicester cough questionnaire,
discrete emotions questionnaire, European quality of life-5 dimensions-5 levels). The second
study was conducted to determine the clinical-functional characteristics, possible causes, and
quality of life impact related to CC in patients with CANVAS. This was a cross-sectional
descriptive study performed on genetically confirmed CANVAS patients who had been

referred to our specialized consultation to study CC.

The results obtained were:
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- Study 1: The biallelic prevalence of (AAGGG)exp in RFCI in the studied CC
patients was higher than expected in the general population, being 2 : 33 instead of
1 : 20.000. 22.2% of the included patients showed an altered result in the Rydel-
Seiffer tuning fork test, with 33.3% of these patients having an early diagnostic result
of CANVAS in the genetic test.

- Study 2: The CC was non-productive in all included patients and had an average
onset of 14.2 years (£7.9) before the first neurological symptom compatible with
CANVAS. Among the causes of CC, esophageal motility alterations and the presence
of pathological GERD stood out. The questionnaires showed a deterioration in their

quality of life, especially in the psycho-social sphere.

The most relevant conclusions are that the genetic study of (AAGGG)exp in RFC! should
be considered in specialized CC consultations, especially in those patients who present an
altered result in the Rydel-Seiffer tuning fork test. This seems to be a good screening tool to
identify which subgroup of CC patients is at higher risk of presenting the biallelic
(AAGGG)exp mutation in RFC1 and, therefore, of diagnosing CANVAS. Early diagnosis
of a rare, neurodegenerative, and hereditary disease is important to avoid multiple
unnecessary medical visits and tests for the study of CC associated with these patients, as

well as to allow genetic counseling for the patients and their families.
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1. INTRODUCCIO
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1.1 TOS CRONICA

1.1.1 DEFINICIO I EPIDEMIOLOGIA

La tos és un moviment convulsiu i motor de I’aparell respiratori'. Habitualment es tracta
d’un mecanisme de defensa de I’organisme?, actua com un reflex protector evitant
aspiracions i afavorint la eliminacié de secrecions mucoses de les vies respiratories. No
obstant, la tos excessiva i perllongada en el temps pot perdre la seva funcionalitat i tenir
efectes perjudicials tant a nivell fisic (com sincopes o fractures costals) com psico-social

(com evitar anar al cinema o al teatre).

La tos cronica (TC) es aquella que té una duracié >8 setmanes no relacionada en un procés
agut (3 setmanes) ni subagut (3-8 setmanes)’, afecta al 3-12% de la poblacio general*®
(figura 1) i suposa al voltant d’un 10% del motiu de consulta a pneumologia®. Es més
freqiient en fumadors’, persones exposades a contaminacié ambiental’ i en Europa i América

que en Africa o en Asia®.
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Figura 1: Mapa que mostra la prevalenga agrupada de tos cronica per pais®.
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1.1.2 CLASSFICIACIO I SIGNES D’ALARMA

La TC pot ser classificada en termes clinics com:

Tos cronica inexplicada (TCI): després de realitzar un estudi protocol-litzat i
exhaustiu, no es troba la causa de la TC?°.

Tos cronica refractaria (TCR): a pesar del tractament optim d’una possible causa
subjacent, la TC persisteix’.

Sindrome de hipersensibilitat tussigena®!'?: sindrome clinic on la tos es
desencadena per estimuls que habitualment no la produeixen, com nivells baixos
d’exposici6é térmica, mecanica o quimica'l. Aquest nou concepte manifesta els
avengos que s’estan realitzant en la comprensi6 de la TC per la inflamacio
(neuroinflamacié) de les vies neurals (en les vies respiratories i el cervell) que

condueix a un estat de sensibilitazacio!2.

La classificaci6 de TC idiopatica actualment esta desaconsellada, es recomana utilitzar el

terme TCI per emfatitzar la necessita d’un estudi exhaustiu i complet de les possibles

causes’. Durant la classificacio de la TC es necessari valorar la preséncia de signes d’alarma

que puguin suggerir una causa subjacent potencialment mortal com’:!3:

Hemoptisi.

Fumador >15 anys amb tos d’inici recent, canvis en la tos o canvis coexistents en al
veu i/o ronquera.

Adults de 55-80 anys que tinguin una dosis total acumulada (DTA) de 30 paquets-
any 1 fumadors actius o que ho hagin abandonat en els tltims 15 anys.

Dispnea important, sobretot si esta present en repos o durant la nit.

Produccié important d’esput o pneumonies recurrents.

Simptomes sistémics com febre, perdua de pes i edemes periférics amb augment de
pes.

Malaltia per reflux gastro-esofagic (RGE) amb pérdua de pes, anémia, hematémesi,
disfagia o nul-la resposta al tractament dirigit.

Disfagia de solids i/o liquids, vomits.

Exploracid fisica respiratoria i/o radiografia de torax anormal.
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1.1.3 MECANISME

El mecanisme de la tos és complex, esta format per un circuit central i un altre periféric amb
nervis aferents (sensitius) i eferents (motors). A més, des del seu inici intervenen estimuls

que poden interactuar entre ells (figura 2)’.

@ Aspiracion directa
+

+ @ Aspiracién indirecta
Alergias 1
' —>
Virus ' _ - _ CENTRO
5 ESOFAGO >y @ 165
téxicos 1 —»
Inhalados :
VRS
Neuropatia S R A N
laringea Ve

VRI: Via respiratoria inferior
VRS: Via respiratoria superior
REB: Reflejo esofagico-bronquial
RLF: Reflejo laringo-faringeo
RLE: Reflejo laringo-esofdgico

Figura 2: Interaccions d’estimuls periférics del reflex de la tos’.

La part aferent del circuit periféric esta formada pel nervi vague i té receptors de la tos en el
timpa, canal auditiu, laringe, area supralaringia, traquea, bronquis, esofag, pleura, pericardi
i diafragma. El circuit central esta format per diferents regions de 1’escor¢a cerebral com la
circumvolucio del cingol, insular i orbitofrontal, a més de les arees corticals sensorials!*. El
circuit periféric eferent esta format pels nervis vague, motor espinal i frénic que innerven la

laringe, traquea, bronquis, musculs respiratoris i diafragma.

El nervi vague t€ els cossos cel-lulars en dos ganglis vagals anatomica i embriologicament
diferents, els ganglis jugular (superiors) i els ganglis nodosos (inferiors), ambdos contenen
poblacions heterogeénies de neurones sensorials que controlen una amplia gamma de

modalitats sensorials, fisiologiques i nocives!®. Esta compost per dos subtipus de fibres:
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- Fibres C: no mielinitzades (de conducci6 lenta), tenen el cos cel-lular en el gangli
jugular, son responsables d’activar i d’inhibir el reflex de la tos. En la seva majoria
son activades per estimuls irritants d’origen inflamatori'®. Son fibres
quimioreceptores (nociceptores) insensibles a I’estirament pulmonar i, per tant,
generalment quiescents en el sistema respiratori sa pero que s’activen en resposta a
la irritacio o inflamacio dels teixits!®. S’activen de forma selectiva amb la capsaicina,
la bradicinina i activadors de receptors de potencial transitori anquirina 1 (TRPA1)!6.

- Fibres Ad: mielinitzades (de conduccio rapida), tenen el cos cel-lular en el gangli
nodoés 1 son responsables en la seva majoria d’activar el reflex de la tos per estimuls

mecanics i acids!”. Son fibres mecanoreceptores de llindar baix.

Les terminacions nervioses de les fibres C i Ad probablement resideixin en la via respiratoria
(laringe, traquea i bronquis), encara que no es pot descartar el parénquima pulmonar!®,
Alguns estimuls nocius, com el liquid gastric i el fum, son detectats a través de receptors i
canals io0nics localitzats en les terminacions nervioses aferents vagals de les vies
respiratories'®. Aquests estimuls formen part de la via d’activaci6 exogena, son
majoritariament estimuls fisics i quimics originats fora del pulm6. També hi ha una via
d’activacié endogena on intervé el trifosfat d’adenosina (ATP), el qual prové del mateix
pulm¢ al ser alliberat per cel-lules epitelials de la via respiratoria. Entre els receptors

involucrats d’aquestes vies d’activacio de la tos destaquen:

- Canals de sodi dependents de potencial (NaV): indispensables per I'excitabilitat
neuronal i la conduccio dels potencials d'accié!. Es diferencien 9 subtipus, sent
NaV1.7, NaV1.8 i NaV1.9 expressats quasi exclusivament en les fibres C i A de les
neurones sensorials?®2!,

- Receptors de potencial transitori (TRP): importants per a la regulacié sensorial en
’excitabilitat nerviosa!®. En biopsies bronquials de pacients amb TC s’ha objectivat
una expressio elevada del receptor de potencial transitori vanil-loide 1 (TRPV1),
suggerint una possible relacié*>23,

- Receptors purinérgics (P2X): intervenen en la modulacié per ATP de les vies
sensorials 1 participen en la desregulacidé que connecta el camp receptor amb el

sistema nervids central®®. El subtipus P2X3 esta present en les vies respiratories de

les terminals nervioses sensitives i a través d’ells ’ATP impulsa la TCR?,
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En el mecanisme d’aparici6 de la TCR sembla que hi ha una interaccié entre les vies
responsables de la tos. Hi ha una major activacié de les neurones aferents de la via exdogena
(on intervenen TRPV1 i TRPAI, entre altres) i endogena (on intervenen els receptors P2X)
i, a més, de la hipersensibilitat tusigena®. La causa d’aquesta hipersensibilitat podria
implicar processos periferics i/o centrals que redueixin el llindar d’activacio del reflex de la

tos en resposta a estimuls aferents (figura 3)°.
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Figura 3: Vies neurals periferiques (a) i centrals (b) en la tos cronica refractaria i sindrome de hipersensibilitat de
la tos?>.

1.1.4 CAUSES, DIAGNOSTICS I TRACTAMENTS
Entre les causes especifiques més freqlients associades a la TC es troben I’asma, la bronquitis

eosinofilica, el RGE, les afeccions de la via acria superior i la iatrogénica.

Es recomana realitzar un estudi sistematic 1 protocol-litzat de la TC, per exemple seguint
les recomanacions de la European Respiratory Society (ERS)!8. En primer lloc, sempre s’ha
de realitzar una anamnesi, exploracié fisica i investigacié de la TC per detectar signes
d’alarma, com I’hemoptisi o canvis en la tos / veu. També¢ és important descartar la preséncia
d’un cos estrany o la presa de medicaments causants de tos com I’inhibidor de I'enzim
conversiu de I’angiotensina (IECA). Com a part de 1’avaluacié inicial es recomana tenir una
espirometria y una radiografia de torax'®. Posteriorment s’han de realitzar les proves
complementaries en funci6é de la sospita de la causa especifica de tos, com es detalla a

continuacio.
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Asma i bronquitis eosinofilica

Es diferencien tres subgrups de tos asmatica:

- Asma classica: ¢és una malaltia inflamatoria cronica de les vies respiratories que
cursa amb una hiperesposta bronquial (HRB) i1 una obstrucci6 variable al flux aeri.
Es diagnostica per tenir, a més d’una clinica compatible (tos, dispnea, sibilants...),
una prova de funci6 pulmonar compatible com una espirometria amb prova
broncodilatadora (PBD) positiva, una prova de broncoconstriccid positiva, una
variabilitat diaria del flux expiratori maxim (FEM) i/o un oxid nitrit exhalat (FENO)
elevat.

- Tos com equivalent asmatic: caracteritzat per tenir com a Unic simptoma la tos. A
més, presenta HRB pero no s’objectiva una variabilitat diaria del FEM.

- Bronquitis eosinofilica: presenta clinica de TC associada a inflamacié bronquial
eosinofilica detectada, per exemple, en un esput induit o una broncoscopia. Les
proves de funcid6 pulmonar no mostren HRB ni variabilitat diaria del FEM.
L’abséncia d’aquests dos trets necessaris en el diagnostic de 1’asma ha suggerit
classificar la bronquitis eosinofilica com una patologia independent, pero en la TC
es recomana mantenir-la en I’espectre asmatic donat la seva bona resposta a la terapia

antiinflamatoria de 1’asma!3.

El tractament en totes elles es centra en la terapia antiinflamatoria, com glucocorticoides
sistémics o inhalats, i/o antileucotriens. Els antileucotriens semblen més efectius en els casos

de tos com equivalent asmatic?S.

Reflux gastro-esofagic
La malaltia per RGE ha sigut associada a una gran variabilitat de manifestacions extra
esofagiques, sent la TC una d’elles?’-?. La seva prevalenga estimada és controvertida ja que

varia del 0% a quasi el 100% en diferents estudis'®.

Una vegada hi ha la sospita clinica de RGE (com cremor retroesternal, regurgitacio i TC,
especialment si és de predomini nocturn) s’utilitza, habitualment, la pHmetria esofagica de
24h per verificar el seu diagnostic. També es pot utilitzar la manometria esofagica per

objectivar alteracions en la motilitat esofagica, com la motilitat esofagica ineficag.
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En el tractament es recomanen mesures higiénic dietétiques, inhibidors de la bomba de
protons (IBP) (com omeprazole), inhibidor dels receptors H» de la histamina (com
famotidina), procinétics (com domperidona) i, en determinats casos, la cirurgia antireflux.
Diverses revisions sistematiques no han mostrat evidéncia suficient per utilitzar els IBP en
pacients amb TC associada a RGE, pero si sembla haver una bona resposta en els pacients
que hi ha una relacié temporal entre el RGE 1 la tos i en aquells on s’ha objectivat RGE

patologic?®.

Afeccions de la via aéria superior

El sindrome de degoteig postnasal ha sigut substituit pel terme sindrome de la via aéria
superior. Aquest canvi va ser proposat per la American College of Chest Physicians (ACCP)
en el 2006 per emfatitzar que no esta clar el seu mecanisme d’aparici6?, sembla que podria
ser per irritacid directa o indirecta per inflamaci6 dels receptors de la tos de la via acria

superior!8

. El tractament recomanat son els antihistaminics i els descongestionants.

Altres afeccions de la via a¢ria superior serien la obstrucci6 laringia induible (OLI) i la apnea
obstructiva de la son (AOS). En la OLI es recomana la realitzacié d’una laringoscopia o
broncoscopia, i el tractament es centra en exercicis de logopedia. En el AOS s’ha de realitzar
un estudi de la son dirigit, com una poligrafia respiratoria o polisomnografia, i el tractament

es centra habitualment amb la CPAP.

Iatrogénica
Diversos medicaments s’han relacionat amb la TC, com IECA, bifosfonats, antagonistes del
calci i prostanoides. Sempre s’ha d’investigar sobre el seu Us i, quan sigui possible,

substituir-los.

Altres causes especifiques

La TC pot estar relacionada a la preséncia d’altres patologies respiratories, com les malalties
pulmonars intersticials, les bronquiéctasis, la fibrosi quistica... Altres factors també poden
ser la causa de la TC, com I’habit tabaquic, la preséncia d’un cos estrany i sutures
endobronquials, entre altres. A més, pot estar relacionada amb malalties neurologiques com
el sindrome de Holmes-Adie®, la neuropatia sensorial tipus 1B*° i el CANVAS (veure

apartat 1.2).
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Tos cronica refractaria o inexplicada
En alguns casos, a pesar del tractament dirigit a la causa subjacent detectada la TC persisteix
(TCR) i en altres no s’arriba a identificar la causa (TCI). Al voltant del 40% dels casos son

classificats com TCI a pesar d’un estudi exhaustiu i sistematic®-!.

El tractament de la TCR 1 TCI estava centrat en la via central de la tos, com el tractament

32,33

conductual realitzat per fisioterapeutes i logopedes especialitzats’=->, els medicaments

34-36 37-39

antiepileptics com la pregabalina i la gabapentina’’~”, i els antidepressius com
I’amitriptilina*® i la morfina*'*?, Recentment s’estan desenvolupant nous medicaments
centrats en la via aferent, concretament en el receptor P2X3. D’aquests nous tractaments el
gefapixant®# ha sigut el primer en ser aprovat per la Agéncia Europea del Medicament

(EMA) en juliol del 2023.

1.1.5 AVALUACIO
La TC es pot avaluar de forma subjectiva, mitjancant qiiestionaris, i de forma objectiva,

mitjancant monitors de la tos.

Forma subjectiva
L’avaluaci6 subjectiva de la tos es basa en qiiestionaris dirigits a I’avaluacio dels simptomes,

com Son:

- Escala visual analogica (EVA)*7: el pacient puntua la gravetat de la seva tos
mitjancant una linia de 100mm, Omm ¢&s abséncia de tos i 100mm la pitjor tos
imaginable (figura 4). El pacient ha de marcar amb una creu el punt que representi la
seva gravetat de la tos. Una reducci6 de la puntuacio en la gravetat del EVA > 30mm

pot discriminar canvis clinicament significatius en la gravetat de la TC en estudis

clinics®’.
Worst Possible
No Cough | 3% | Cough (100
(0 mm) I I mm)

Figura 4: Escala visual analogica (EVA) representativa de 100mm per mesurar la gravetat de la
tos*.
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Cough severity diary (CSD)**: diari elaborat per quantificar la gravetat de la tos
en les ultimes 24h. Esta format per 7 preguntes centrades en tres dimensions:
freqiiencia (3 preguntes), intensitat (2 preguntes) i interrupcions en activitats diaries
(2 preguntes). Les respostes son tipus Likert amb una escala del 0 al 10, 0 és 1a millor
puntuacié possible i 10 la pitjor possible. La puntuacio total es calcula realitzant la
mitja de totes les puntuacions, sent 10 el maxim possible i 0 el minim possible. Una
reduccié de > 1.3 punts en les puntuacions totals i en les subescales es tradueix amb

una millora clinicament significativa®.

En I’avaluaci6 subjectiva de la tos també hi ha qiiestionaris centrats en la qualitat de vida

relacionada amb la salut, com son:

Leicester cough questionnaire (LCQ)°>%: qliestionari dissenyat per avaluar
I’impacte de la tos durant les ultimes 2 setmanes. Consta de 19 preguntes en les
s’estudia els dominis fisic (8 preguntes), psicologic (7 preguntes) i social (4
preguntes). Les respostes son tipus Likert, 7 €s la millor puntuaci6 possible i 1 la
pitjor possible. Els punts totals es calculen sumant la puntuacié de cada pregunta,
sent 21 la maxima possible i 3 la minima possible. Una milloria en la mitja > 1.3
punts en la puntuacio total del LCQ i una milloria en la mitja de >0.8,>0.91> 0.8
punts en els dominis fisic, psicologic i social respectivament semblen predir una
milloria en la tos>2.

Discrete emotions questionnaire (DEQ)>*: qiiestionari elaborat per conéixer
I’impacte emocional de la tos. Esta integrat per 32 emocions que s’engloben en 8
estats emocionals diferents, cada estat emocional esta compost per 4 emocions. Els
estats emocionals son enuig, fastic, por, ansietat, tristesa, desig, relaxacio i felicitat.
Cada item s’avalua amb una escala Likert, 1 és en absolut i 7 una quantitat extrema.
La puntuacio final es calcula realitzant la mitja de la suma total, sent 7 la major
puntuacié possible (tenir la maxima quantitat d’aquella emocid) i 1 la menor
quantitat possible (no tenir aquella emocio).

European Quality of Life —5 Dimensions —5 Levels (EQ-5D-5L)%5%: aquest test

avalua la qualitat de vida relacionada amb la salut. T¢ dos parts:
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o Part 1: 5 preguntes amb 5 opcions de resposta amb nivells de gravetat
diferents, els quals resten un valor especific segons la poblaci6 a la que va
dirigida, sent en el nostre cas la poblacid espanyola®™. Les puntuacions de
I’index de I’estat de salut oscil-len entre < 0 fins el 1, sent <0 un estat de salut
pitjor a la mort, 0 igual a la mort i 1 un estat de salut plena.

o Part 2: formada per una EVA, on 100 es el millor estat de salut imaginable 1

0 el pitjor imaginable.

Forma objectiva

Hi ha diverses técniques de provocacid amb inhalants que permeten mesurar de forma

objectiva la sensibilitat i sensacid d’urgeéncia de la tos. Entre aquests inhalats es troben:

Capsaicina: estimul directe dels receptors de la tos que va ser descrit per primera
vegada en 1984°7. La capsaicina és un acid extret dels pimentons vermells, actua
principalment sobre el TRPV1 que estan presents en les fibres C i algunes A3°%. Al
associar-se augmenten la concentracio intracel-lular de Ca*', provocant la
despolaritzaci6 de les neurones i I’alliberacid de neurotransmissors>. Es tracta d’un
métode reproduible i segur per avaluar la sensibilitat del reflex de la tos®%!,

Acid citric: estimul directe que modifica el pH de la capa aquosa dels receptors de
la tos localitzats, generalment, en la laringe®?. Va ser descrit per primera vegada a
meitat del 19509364, Es un métode reproduible i dosi depenent5.

Solucions aquoses amb baixes concentracions de clor: estimul indirecte dels
receptors de la tos.

Mannitol: estimul indirecte dels receptors de la tos. Es un estimul hiperosmolar

probablement mediat per fibres A 'y C%6.

Una altra forma d’avaluar de forma objectiva la tos és mitjancant monitors de tos, que

permeten conéixer la seva freqliencia. Els primers estudis on es manifesta la necessitat de

mesurar de forma objectiva la tos, i que descriuen sistemes rudimentaris per mesurar-la,

daten del 1950%7. Aquests monitors de tos han anat evolucionant al llarg del temps gracies

als avencos de la tecnologia. Aixi, una década més tard d’aquests monitors inicials, es va

incorporar per primera vegada un microfon al capcal del 1lit i una gravadora per enregistrar

la tos®. Pero no va ser fins finals del 1980 quan es va realitzar el primer intent de
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automatitzar aquests monitors® i no van ser portatils fins el 19907°. Actualment continuen
els avencos tecnologics d’una forma frenética i ja hi ha diversos dispositius en procés de
validacié per incorporar la intel-ligéncia artificial (IA), la qual faria possible una

automatitzacié completa del registre de la tos.
Entre els monitors de tos disponibles actualment destaquen:
- Hull Automatic Cough Counter (HACC): programa desenvolupat per I’analisi de

gravacions digitals d’audio mitjangant processament digital de senyals per calcular

els coeficients espectrals caracteristics dels sons, que posteriorment son classificats

com a tos 0 no per una xarxa neuronal probabilistica’!.

Figura 5: imatge del monitor HACC’?.

- Leicester Cough Monitor (LCM): monitor d’automatitzacio parcial ja que requereix
de la intervencid de I’operador pel calibratge i el control de coheréncia per millorar
Iespecificitat del dispositiu’. El primer LCM disposava de bateria per realitzar un
registre de sols 6h, posteriorment va ser possible el desenvolupament del dispositiu

amb un registre de 24h™,

[}
Figura 6: imatge del Leicester Cough Monitor™75.
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VitaloJAK Cough Monitor: actualment és el monitor de tos més ampliament
utilitzat en els assajos clinics, disposa de I’aprovacio de I’administraci6 d'aliments i
farmacs (FDA) i conformitat europea (CE). Es un dispositiu semiautomatic que
utilitza un algoritme per reduir les hores de gravacio, habitualment de 24h a 1.5h7°,
Posteriorment aquesta gravacio ¢€s escoltada per un operador per tal de identificar els

sons corresponents a la tos i poder calcular la freqiiéncia de la tos.

(a) (b)

‘ WA
ti‘ s

m@ [?} $

-

Figura 7: imatges del monitor de tos VitaloJAK i de la seva col-locacio’”.

CoughPro (Hyfe): aplicacio per al telefon mobil o rellotge intel-ligent que utilitza
la IA per recon¢ixer els sons corresponents a la tos del pacient i realitzar un registre
de la seva freqiiéncia. Aquest dispositiu suposa una major comoditat per al pacient,
major privacitat i no requereix supervisio técnica. A més, com permet tenir registres
de periodes >24h s’estan realitzant estudis on recomanen la monitoritzacio
longitudinal de la freqiiencia de tos durant al menys una setmana per evitar la
variabilitat diaria’®. Actualment es troba en procés de validacio.

RESP® Biosensor (Strados Labs): dispositiu capag de diferenciar mitjangant la IA
diversos sons respiratoris com la tos, els crepitants, els sibilants i els roncus.
Actualment ha sigut aprovat per la FDA i CE.

C-mo (C-mo Medical Solutions): dispositiu que mitjangant un microfon i les
contraccions abdominals detecta la tos del pacient. La informaci6 és processada per

la TA per generar informes de la freqiiéncia i patr6 de la tos.
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1.2 CANVAS

1.2.1 DEFINICIO I CLINICA

Cerebellar Ataxia with Neuropathy and bilateral Vestibular Areflexia Syndrome
(CANVAYS) ¢és un sindrome hereditari, neurodegeneratiu i de curs lentament progressiu. Es
caracteritza per la combinacio clinica d’ataxia cerebel-losa tardana (ataxia de la marxa i de
les extremitats, nistagme i disartria), neuropatia sensitiva i arefléxia vestibular bilateral
(reflex vestibuloocular anormal)’®-#, També s’han descrit altres simptomes com la
disautonomia (hipotensid postural, disfuncié urinaria, disfuncid eréctil i estrenyiment) i la

TC (veure apartat 1.2.4).

Els simptomes s’inicien, a excepcié de la TC, al voltant dels 50-60 anys d’una forma
progressiva, habitualment amb inestabilitat i simptomes sensorials®. S’estima que la meitat
dels pacients requereixen d’alguna ajuda o suport per desplacar-se als 10 anys d’evoluci6 de

la malaltia®, i que un ter¢ acaba sent depenent d’una cadira de rodes al 15 anys®*.

Chronic cough

CANVAS

& . S

Vestibular areflexia
Cerebellar ataxia

Autonomic symptoms

Sensory neuronopathy 1

Figura 8: Caracteristiques cliniques dels pacients amb CANVAS®3,
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1.2.2 EPIDEMIOLOGIA

La prevalenca exacta de CANVAS ¢és desconeguda pero s’estima que en la poblacio general
és <1 : 1 000 000%2. No obstant, es creu que esta infradiagnosticada ja que la freqiiéncia de
I’expansié bial-lelica del motiu repetitiu AAGGG [(AAGGG)exp] es creu del 0.7% en la
poblaci6 sana®’, el que permetria estimar una prevalenga al naixer de portadors bial-1¢lics

d’aproximadament 1 : 20 000%°,

1.2.3 HERENCIA

La seva heréncia és autosomica recessiva deguda, en la majoria dels casos, a la preséncia
bial-1¢lica (AAGGG)exp en el intrd 2 de la subunitat 1 del factor C de replicacio (RFCI).
Aquesta alteracio genética va ser descrita per primera vegada en 2019 per Cortese et al® i,
recentment, s’han descrit altres alteracions que, de forma excepcional, podrien ser també
causants del CANVAS. Entre aquestes es troben la preséncia de (AAGGG)exp 1 una variant
truncada (nonsense o frameshift)®***® o (AAAGG)exp quan presenta >500 repeticions®’, i

també s’han identificat nous al-lels implicats (AGGGC, AAGGGC i AGAGG)®.

L’estudi genetic es realitza a partir d’una mostra de sang periférica del pacient. D’aquesta

s’obté el seu ADN, que és processat per dos técniques d’amplificacié diferents:

- Amplificacié mitjangant PCR estandard amb primers flanquejants de I’intr6 2 del
gen RFC1 (Flanking-PCR). Aquesta técnica permet amplificar sols els al-lels de
mida normal, perd no els que contenen grans expansions, independentment de la seva
composicio.

- Amplificacié mitjan¢ant Repeated Primed PCR en 3 reaccions independents: RP-
PCRI dirigida a la detecci6 dels al-lels (AAAG)I1 i (AAAAG)exp, RP-PCR2
dirigida a la detecci6 de I’al-lel (AAAGG)exp i RP-PCR3 dirigida a la deteccio6 de
1’al-lel patologic (AAGGG)exp.
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1.2.4 CANVAS I TOS CRONICA

A més dels simptomes neurologics ja mencionats, estudis recents també han descrit la
preséncia de TC en una elevada prevalenca de pacients amb CANVAS (30-97%)8+8590-93,
La prevalenga de la tos descrita en els estudis ha anat augmentant amb el temps,
probablement perqué esta sent documentada de forma més sistematica en les ultimes

90.93-95 1 a més, sembla

cohorts®?, La tos ha sigut descrita com a seca i espasmodica
caracteristic que empitjori amb estimuls que habitualment no la produeixen com parlar 1

Pestrés”?¢. Aquests trets son comuns al sindrome de hipersensibilitat tussigena.

A més, la TC en el CANVAS sembla ser un simptoma precog¢ que precedeix diversos anys,
o incls décades, a I’inici de qualsevol dels seus simptomes neurologics®®7. Alguns estudis
proposen la TC com simptoma associat al CANVAS que deuria orientar al seu diagnostic si
s’associa, al menys, a dos dels simptomes de la triada principal (ataxia cerebel-losa,
neuropatia o arefléxia vestibular)’!!%°, Algun estudi inclis proposa la TC com simptoma

integrant del propi sindrome®®.

El mecanisme d’aparici6 de la TC en el CANVAS ¢és desconegut, al igual que ho és en altres
malalties neurologiques també relacionades amb la tos com el sindrome de Holmes-Adie® i
la neuropatia sensorial tipus 1B*°. Actualment, una de les hipotesis més acceptades per al
seu mecanisme d’aparici6 es que podria ser degut a 1’alteracio de la innervaci6 sensorial de
les fibres C, tant de les vies respiratories superiors com de 1’esofag, provocant la seva
hipersensibilitat i afavorint ’aparicio de la tos”!?%%°, Diversos estudis també descriuen la
preséncia de RGE en pacients amb CANVAS?1:93:9698.100 "] que aniria a favor d’una alteracio
preco¢ en la motilitat esofagica com possible causa d’aparicié de RGE i, ser aquest. el

responsable de la TC.
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2.1 HIPOTESIS

En base als coneixements actuals de la TC i el CANVAS, les hipotesis plantejades en aquesta

tesi son les segiients:

1. Alguns pacients de la consulta de TC podrien tenir la mutacié bial-l¢lica
(AAGGG)exp en RFCI. La seva presencia permetria el diagnostic de CANVAS
precog, evitant exploracions innecessaries i permeten el consell genétic. A més,
permetria identificar una causa de TC no inclosa en les guies actuals.

2. El test del diapasé Rydel-Seiffer podria permetre diferenciar un subgrup de pacients
amb TC candidats a aquest estudi genctic.

3. La TC present en pacients amb CANVAS podria tenir algun tret clinic-funcional

caracteristic que ens permeti avancar en el coneixement de la seva relacio.

2.2 JUSTIFICACIO

Des del 2019, quan es va descriure per primera vegada la mutacio responsable del CANVAS,
(AAGGG)exp bial-lelica en RFCI, hi ha un creixent interés en aquest sindrome. En els
ultims anys s’han descobert noves mutacions genetiques responsables, perd actualment
aquestes han sigut descrites en casos excepcionals 1 d’algunes no s’ha descrit cap cas en
Espana, com son els motius AGGGC, AAGGC y AGAGG. També ha augmentat la
investigacio sobre els seus aspectes clinics, objectivant-se simptomes no relacionats amb el

CANVAS previament, com la TC.

En el CANVAS, la TC cobra especial importancia ja que podria ser un senyal d’alarma en
apareixer diversos anys, o inclis deécades, abans que els simptomes neurologics classics
(ataxia, neuropatia i arefléxia vestibular). Poder diagnosticar de forma preco¢ una malaltia
neurologica amb simptomes invalidants progressius i hereditaria és important per evitar
exploracions innecessaries als individus de risc i poder realitzar consell genétic sobre el risc

de sofrir o transmetre la malaltia a la descendéncia.
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A més, cal recordar que fins un 40% dels casos en els que s’estudia de forma exhaustiva la
TC no s’arriba a identificar la causa subjacent. Probablement, dins d’aquest elevat
percentatge de TCI hi hagin causes no relacionades amb la tos fins ara, com seria el cas del
CANVAS. Per tant, realitzar el diagnostic genetic de CANVAS en pacients amb TC

permetria donar un motiu i una explicacié a la causa de la tos.

Tanmateix, I’estudi genétic de CANVAS ¢és un procediment complex, car i que no esta
disponible en tots els centres hospitalaris. Es per aixd que cobra especial importancia
determinar a quin subgrup de pacients amb TC s’hauria de realitzar I’estudi genétic i valorar
si hi ha un test facil i economic de realitzar que ens ajudi a aconseguir-ho, com seria 1’us del
diapas6 de Rydel-Seiffer. Aquest diapasé permet estudiar de forma rapida i senzilla la
sensibilitat vibratoria de les extremitats distals. Per utilitzar-lo s’ha de colpejar i col-locar
primera articulacié metatars-falangica, a mesura que passa el temps la vibraci6 es torna més
debil i la numeracid dels triangles superiors va augmentat. Quan el pacient deixi de percebre
la vibracio, s’ha d’anotar la numeracié aconseguida. Si aquesta esta disminuida, hi ha una
alteracié en la innervacid sensitiva periférica i podria suggerir un CANVAS en aquests

pacients amb TC.

La tos esta sent descrita progressivament en més cohorts de pacients amb CANVAS, pero
fins ara no hi ha cap estudi protocol-litzat de la TC en aquests pacients, pel que es
desconeixen les seves caracteristiques clinic-funcionals. També és desconegut el mecanisme
d’aparici6 de la tos en el CANVAS, sent la hipotesi més acceptada la relacionada amb la
presencia de RGE. Es desconeix si la TC afecta a la qualitat de vida dels pacients amb

CANVAS ja que, fins ara, no hi ha cap estudi que ho analitzi.
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4. OBJECTIUS
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3.1 OBJECTIU PRINCIPAL

L’objectiu principal d’aquesta tesi fou concixer la prevalenca de la mutacid bial-l¢lica
(AAGGG)exp en RFCI en pacients amb TC que estaven en estudi en una consulta

especialitzada de tos.

3.2 OBJECTIUS SECUNDARIS

Els objectius secundaris d’aquesta tesi foren el segiients:

- Valorar la utilitat del diapasé de Rydel-Seiffer (test de sensibilitat vibratoria
periférica) com a metode de deteccié precog¢ de CANVAS en pacients en una
consulta de TC.

- Congixer les caracteristiques fenotipiques, funcionals i inflamatories dels pacients
amb CANVAS i TC.

- Congixer la qualitat de vida en els pacients amb TC sense i amb CANVAS.

- Coneixer la possible relacio entre el RGE i la TC en pacients amb CANVAS.
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ABSTRACT

Introduction: A common complaint in patients is chronic cough (CC), which may be refractory (RCC) or
unexplained (UCC). Recent studies point, as a possible cause of CC, to the hereditary cerebellar ataxia with
neuropathy and bilateral vestibular areflexia syndrome (CANVAS), with an estimated carrier prevalence
of 1in 20 000.
Aim: In patients with CC, determine the prevalence of the biallelic (AAGGG )exp mutation in replication
factor € subunit 1 (RFC1) responsible for CANVAS, test the usefulness of the Rydel-Seiffer fork test, and
evaluate patient quality of life (QoL).
Methods: Clinical and functional data were collected for the 33 included patients undergoing CC studies
in our specialized unit. Performed were an etiological study of CC following European Respiratory Society
recommendations, a genetic study of RFCT mutations, and Rydel-Seiffer fork testing to detect possible
peripheral vibratory sensitivity impairment. Administered to evaluate QoL were 4 questionnaires.
Results: Prevalence of biallelic (AAGGG)exp in RFC1 was 6.1% (n=2) overall, increasing to 7.1% in the
RCC subgroup, and to 33.3% in the Rydel-Seiffer fork altered results subgroup. Prevalence of monoallelic
(AAGGG)exp in RFCI was 18.2% (n=6) overall, rising to 50.0% (n=2) in the UCC subgroup.
Conclusion: Genetic screening for (AAGGG)exp in RFCI, and also use of the Rydel-Seiffer fork test, should
be considered in specialized CC consultations for patients with RCC and UCC. Detecting possible CANVAS
symptoms in CC studies would identify candidates for early genetic screening, of interest in reducing the
disease burden for patients and health systems alike,

© 2024 The Authors, Published by Elsevier Espaiia, S.L.U. on behalf of SEPAR. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

tory Society (ERS) Task Force proposed a new term to encompass
both CC types, namely, cough hypersensitivity syndrome,”® clini-

Chronic cough (CC), defined as cough lasting >8 weeks,' affects
3-12% of the general population”” and accounts for around 10% of
pulmonology consultations.’ When the cause is not identified after
atargeted study, it is classified as unexplained CC (UCC), and when
the CC not respond to treatment of possible underlying cause, it is
classified as refractory CC (RCC).” Recently, the European Respira-

* Corresponding author.
E-mail address: esther palones@autonoma.cat (E. Palones),

https://doiorgf 10.1016/j.arbres,2024,04.028

cally reflecting CC as an irritative cough that is frequently triggered
by stimuli that do not normally produce cough.

A number of neurological diseases have been associated with
CC, including Holmes-Adie syndrome’ and sensory neuropathy
type 1B,° although the underlying mechanism is still unknown.
Recently, a rare disease called cerebellar ataxia with neuropathy
and bilateral vestibular areflexia syndrome (CANVAS) has been
postulated as a possible cause of CC, given that CC is highly
prevalent (30-97%) in patients with CANVAS.” '“ The most widely
accepted hypothesis regarding the underlying mechanism of CC

0300-2896/© 2024 The Authors, Published by Elsevier Espaiia, S.L.U. on behalfof SEPAR. This is an open access article under the CC BY-NC-ND license (hitp://creativecommons

org/licenses/by-nc-nd/4.0/).
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is an alteration of the sensory innervation of the C fibres in
both the upper respiratory tract and oesophagus, leading to the
hypersensitivity that favours the development of CC.%''¥ Vari-
ous studies of patients with CANVAS also report gastroesophageal
reflux (GER),”'*'"~'7 suggesting that early alteration of esophageal
motility may be the possible cause of GER and, in turn, of CC.

The relevance of CC for patients with CANVAS is that CC seems
to precede the onset of neurological symptoms by years, and even
decades.!*151% Therefore, given the possibility of early diagno-
sis of a progressively disabling neurological syndrome, genetic
screening and counselling is important. The genetic cause of
CANVAS, an hereditary autosomal recessive disease is, in most
cases, the presence of biallelic expansion of the AAGGG repeat
motif (AAGGG)exp in intron 2 of replication factor C subunit 1
(RFC1).'" It has also been reported that CANVAS may exception-
ally be due to (AAGGG)exp and a truncating variant (nonsense or
frameshift),'”~?' or (AAAGG )exp when repeats are >500.%% Further
alleles involved have also recently been identified (AGGGC, AAGGC
and AGAGG).”? Early diagnosis is clearly important in terms of
improving quality of life {(QoL) for the patient and reducing the CC
burden for the health system.?”?*

While the precise prevalence of CANVAS is unknown, allelic fre-
quency in (AAGGG)exp in RFCI is estimated at 0.7% of the healthy
population.'” Prevalence of biallelic carriers is therefore estimated
as approximately 1 in 20000 births,'” and, since CC is a common
symptom of CANVAS, a higher prevalence would be expected in
those patients, In fact, that was what was observed in the study by
Guilleminault et al.,”” which is, to our knowledge, the only study
to date that has analyzed repeat expansion in RFCI in patients
with RCC; those authors found that 16.2% and 8.8% of patients had
biallelic and monoallelic expansion, respectively. Subsequent pub-
lications raise the possibility of including genetic screening as part
of RCC and UCC studies’”“*; however, more research is needed to
replicate and expand on available results, including, for example,
for patients with respiratory pathologies”® and patients with CC
undergoing a protocolized study.

This study is one of the first screens for RFC1 mutations in
patients with CC describing patient clinical and functional char-
acteristics and evaluate their Qol. Furthermore, it is the first to
evaluate use of the Rydel-Seiffer fork in patients with CC to detect
possible peripheral vibratory sensitivity impairment, which could
be a warning sign to suspect CANVAS.

Methods
Study design and population

Cross-sectional descriptive study that included consecutively
recruited patients of both sexes aged 40-90, and undergoing CC
studies in a specialized hospital unit in Spain. CC was defined as
cough lasting >8 weeks. Excluded were active smokers and patients
who had given up smoking in the previous 12 months, patients tak-
ing angiotensin-converting enzyme inhibitors, and patients with
a confirmed CANVAS diagnosis or with neurological symptoms
indicative of CANVAS.

Methodology

Genetic study of biallelic (AAGGG)exp in RFC1

A peripheral blood sample was obtained from all patients for a
genetic study of RFCI mutations, differentiating between maonoal-
lelic and biallelic repeat motifs of (AAAAG)exp, (AAAGG Jexp, and
(AAGGG)exp. DNA underwent two amplification procedures: (1)
amplification by standard polymerase chain reaction (PCR) with
primers flanking the intron 2 fragment of the RFCI gene (flanking

Archivos de Bronconeumologia xxx {xxxx ) Xxx-xxx

PCR), and (2) amplification by repeat-primed (RP) PCR in 3 inde-
pendent reactions, namely, RP-PCR1 to detect the (AAAAG)11 and
(AAAAG )exp alleles, RP-PCR2 to detect the (AAAGG )exp allele, and
RP-PCR3 to detect the pathological (AAGGG )exp allele. Note that
flanking PCR can only amplify alleles of normal size, not alleles
that contain large expansions, regardless of their composition. The
reference sequence used was NM_002913.4.

Rydel-Seiffer fork

Vibratory sensitivity has traditionally been studied using the
standard tuning fork, which was adapted by Rydel and Seiffer
in 1903 as an 8-point quantitative scale.”’ In our study, patients
were tested by placing the Rydel-Seiffer fork on the first metatar-
sophalangeal joint. Patients with a result of 6 or less - considered
impairment (the patient has less peripheral vibration sensitivity
than expected) - were referred to neurology.

Aetiology study

The aetiology study was carried out following ERS
recommendations.”® All patients underwent thoracic imag-
ing, radiography or computed tomography (CT). Spirometry
was performed (Datapir-600 device; Sibelmed SA, Barcelona,
Spain) following American Thoracic Society [(ATS)/ERS
recommendations.””*? Bronchodilator tests were considered
positive at >10% of predicted forced expiratory volume in the
first second (FEV,) or forced vital capacity (FVC) value 15min
after administration of 4 x 100-p.g doses of salbutamol.” Frac-
tion of exhaled nitric oxide (FENO) was measured (N-6008
chemiluminescence sensor; SIR, Madrid, Spain) following
ATS/ERS recommendations.”’ A pneumoallergens prick test,
performed with standardized extracts, was considered positive for
papules >3 mm. Peripheral eosinophils were measured by auto-
matic cell counting (Coulter Max-M), and immunoglobulin E (IgE)
was determined by enzyme immunoassay (UNICAP, Pharmacia,
Uppsala, Sweden).

Esophageal 24-h pH was measured (Digitrapper Recorder sys-
tem; Medtronic, Minneapolis, USA) from a pH-impedance probe or
a 1-electrode probe placed at adistance of 5 cm from the upper mar-
gin of the lower esophageal sphincter, and analyzed results (Reflux
software V.6.1; Medtronic, Minneapolis, USA) were interpreted
following Lyon Consensus recommendations.’” High-resolution
esophageal manometry data (ManoScan system; Medtronic, Min-
neapolis, USA) were analyzed (ManoView ESO software V.3.3;
Medtronic, Minneapolis, USA) for interpretation following the
Chicago Classification V.4.0.”*

QoL impact

To determine the QoL impact of CC, patients were admin-
istered the Discrete Emotions Questionnaire (DEQ),*! Leicester
Cough Questionnaire (LCQ),"5*° Cough Severity Diary (CSD),”” and
European Quality of Life-5 Dimensions-5 Levels (EQ-5D-5L). %

(1) DEQ consists of 32 questions regarding emotions grouped into 8
states (anger, disgust, fear, anxiety, sadness, desire, relaxation,
and happiness), scored on a 7-point Likert scale (1=lowest
intensity to 7=highest intensity).

(2) LCQ consists of 19 questions on cough impact in the previ-
ous 2 weeks grouped into 3 domains (physical, psychological,
and social), scored on a 7-point Likert scale (1 =least impact to
7 =greatest impact), with the overall score obtained by sum-
ming the domain scores.

(3) CSD consists of 7 questions on cough severity in the previous
24 h grouped according to 3 dimensions (frequency, inten-
sity, and disruptiveness), scored on an 11-point Likert scale
(0=lowest severity to 10 = greatest severity).
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(4) EQ-5D-5L part 1 consists of 5 questions on 5 QoL domains
(mobility, self-care, usual activities, pain/discomfort, and anxi-
ety/depression) with 5 response options, from no problems to
extreme problems (variable depending on the reference popu-
lation, in our case Spanish®®), resulting in a health state index
(where 0is equivalent todeath) scored between <0 (worse than
death and 1 (full health). EQ-5D-5L part 2 is a visual analogue
scale (VAS)which the patient uses to rate their perceived health
(0 =worst imaginable health to 100 =best imaginable health).

Ethical and legal aspects

The study complies with the principles of the Declaration of
Helsinki (18th World Medical Assembly, 1964) and was approved
by the Ethics Committee of our hospital (IIBSP-T0S-2020-143) and
has been registered with clinicaltrials.gov (NCT04703595).

Statistical analysis

Descriptive reference values are reported as frequencies and
percentages for qualitative data, and as means and standard devi-
ation (SD) for quantitative data. For the qualitative variables,
independent proportions were compared using Pearson’s Chi-
square or Fisher's exact test; for quantitative variables, given that
one of the groups included <10 patients, means were compared
using the non-parametric Mann-Whitney U test.

Statistical significance was set to 5% (& =0.05), and statistical
analyses were performed with SPSS version 25 (SPSS Inc., Chicago,
1L, USA).

Results
Patient clinical and functional characteristics

Included were 33 patients (Table 1), 30.3% (n=10) men, with
a mean age of 66 (+12) years; 57.7% (n=19) were ex-smokers
since an average of 25.3 (£12.9) years previously. The most fre-
quent comorbidities were symptoms compatible with GER (60.6%;
n=20) and arterial hypertension (AHT) (48.5%; n=16). CC was dry
in69.7% (n=23)of the patients. Overall, mean CC duration was 11.2
(£11.6) years and mean age at CC onset was 54.8 (=13.9) years. In
the biallelic (AAGGG Jexp subgroup, mean CC duration was longer
and mean age at CC onset was lower, at 25.0 (+7.1) years and 42.0
(+£16.9) years, respectively. No statistically significant differences
were found between patients with and without (AAGGG )exp in
RFC1 (Table 1),

Genetic and Rydel-Seiffer fork studies

Of the 33 included patients, 2 (6.1%) had biallelic (AAGGG )exp
in RFC1, indicating early-stage CANVAS, i.e., although their only
symptom currently is CC, in the future they will develop other
neurological symptoms. Another 6 (18.2%) were heterozygous
carriers of (AAGGG)exp, the significance of which is as yet
unknown; however, 1 heterozygous carrier had the combination
(AAAGG )Jexp/(AAGGG Jexp, which has recently been described as
potentially causing CANVAS if the (AAAGG )exp motif is very large
(>500 repeats).??

The Rydel-Seiffer fork test result was altered in 22.2% (n=6) of
the patients, and of those, 33.3% (n = 2) were the patients with early-
stage CANVAS (Table 2).

Aetiology study

No chest X-ray alterations were evident in most patients (96.7%,
n=29); detected in 1 patient were known and oncologically mon-
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itored pulmonary nodules diagnosed as tumourlets. Chest CT was
normal in 46.9% (n=15) of the patients, and in the remaining
patients, the most frequent alterations were chronic bronchopathy
(18.8%; n=6), air trapping (15.6%; n=5), and emphysema (12.5%;
n=4),Mean spirometry values were within the normal range; when
studied case by case, only 1 patient (3.0%) showed obstruction,
which was moderate (FEV,[FVC, 61; FEV,, 67%; FVC, 79%). Mean
FENO was 25.5 (+31)ppb, and was only significantly elevated in
1 patient (133 ppb). The prick test was positive in 25.8% (n=8)
of patients. High-resolution esophageal manometry, performed in
20 of 33 patients, revealed motility impairment in 75% (n=15),
most frequently, ineffective esophageal motility (40%; n=8) and
=50% ineffective waves (20%; n=4). Esophageal 24-h pH moni-
toring revealed pathological GER in 45% (n=9) of the patients.
Statistically significant differences were only found in the chest CT
results on comparing the groups with and without (AAGGG)exp in
RFC1 (p=0.03)(Table 3).

The most frequent causes of CC were GER (36.4%; n=12), asthma
(15.2%; n=5), and tracheomalacia (12.1%; n=4). While CC resolved
after study and with appropriate treatment in 15.2% (n=5) of
the included patients, it persisted in the remaining 84.8% (n=28)
patients, 72.7%(n=24)and 12.1% (n=4) with RCC and UCC, respec-
tively. Prevalence of biallelic (AAGGG )exp in RFCI was 7.1%(n=2)in
the RCC subgroup, 0% (n =0) in the UCC subgroup, and 33.3% (n=2)
in the subgroup with altered Rydel-Seiffer fork results (see Table 2).
Note that the 2 cases of early-stage CANVAS had RCC secondary to
GER.

QoL study

QoL questionnaire were administered to 27 patients. Mean DEQ
scores signalled anxiety 3.8 (+1.8) and anger 3.5 (+1.9), followed by
fear 2.8(+1.9), disgust 2.7 (+1.7), and sadness 2.6 (+1.8). The mean
LCQ overall score was 12,4 (+4.8), with the social 4.1 (+1.6) and
psychological 4.2 (+1.8) dimensions showing the highest scores.
The mean overall CSD score was 5.6 (=11.1), with frequency having
the greatest impact, at 4.1 (+2.4). Finally, the mean EQ-5D-5L part
1 score was 0.9 (+0.1), and the mean part 2 (VAS) score was 62.5
(£24.9). Patients with biallelic (AAGGG)exp scored worst in all 4
QoL studies, while heterozygous (AAGGG Jexp carriers had similar
score to the patients without that mutation in RFC1 (Table 4).

Discussion

Ours is one of the first studies that screens for RFCI mutations
in patients undergoing CC studies. The fact that we did not dif-
ferentiate at study outset between patients with RCC, UCC, or CC
resolved after treatment has made it possible to identify which
patients should undergo genetic screening, namely, those in the
RCC and UCC subgroups. Our study is also the first to demonstrate
the usefulness of Rydel-Seiffer fork results for patient selection for
genetic screening, suggesting that this test could be used as cri-
terion for onward referral when genetic screening is not available
in all specialized CC consultations (and specially for patients with
an altered Rydel-Seiffer fort test), whether in the centre itself or
through a referral circuit.

Detecting RFCI mutations as a means of early diagnosis of CAN-
VAS is important to determine a possible underlying cause of CC
that have been classified as UCC. As for future treatments for CAN-
VAS, while there is as yet no cure, some of the symptoms can
be treated, using for instance, gabapentin. Genetic diagnosis is
important to avoid unnecessary examinations in individuals at risk.
Identifying the genetic cause in a family's index case makes it pos-
sible to identify other family members at risk of developing or
transmitting the disease to their offspring. Furthermore, in the case
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Table 1
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Clinical and functional characteristics of patients with chronic cough (CC) without and with biallelic or monoallelic (AAGGG Jexp in RFCI.

Total (n=33) (AAGGG)exp in RFCI
Without {n=25) Manoallelic (n =6) Biallelic (n=2)
Clinical and functional characteristics
Men, n (%) 10(30.3) 8(32.0) 1(16.7) 1(50.0)
Age, years (SD} 66(£12.0) 652 (£11.7) 69 (2152} 67 (+9.9)
BMI, kg/m? (SD) 27.6(+4.8) 279(+5.3) 69.7 (=13.0) 71.0(+169)
Ex-smokers, n (%) 19(57.7) 16(64.0) 2(33.3) 1(50.0)
Comorbidities
GER symptoms, n (%) 20(60.6) 15 (60.,0) 4(66.7) 1(50.0)
AHT, n (%) 16(485) 12(48.0) 3(50.0) 1(50.0)
Dyslipidemia, n (%) 16(48.5) 10(40.0) 5(83.3) 1(50.0)
Rhinitis, n (%) 14(42.4) 10(40.0) 2(333) 2(100)
Depression, n (%) 9(27.3) 7(28.0) 0(0.0) 2(100)
Obstructive sleep apnea, n (%) 7(212) 5(20.0) 2(333) 0(0.0)
Tracheomalacia, n (%) 4(12.1) 2(8.0) 2(333) 0(0.0)
Diabetes mellitus, n (%) 3(9.) 2(8.0) 1(16.7) 0(0.0)
Asthma, n (%) 3(9.1) 3(12.5) 0(0.0) 0(0.0)
L0, n (%) 3(9.1) 1(4.0) 1(16.7) 1(50.0)
COPD, n (%) 2(6.1) 2(8.0) 0(0.0) 0(0.0)
Bronchiectasis, n (%) 2(6.1) 1(4.0) 1(16.7) 0(0.0)
Fibromyalgia. n (%) 2(6.1) 2(8.0) 0(0.0) 0(0.0)
Cough characteristics
Dry. n(%) 23(69.7) 17(68.0) 5(83.3) 1(50.0)
Onset age, mean (SD) years 54.8(£13.9) 555 (£14.1) 55.8(£129) 420 (£169)
Duration, mean (SD) years 11.2(%11.6) 96 (=+10.9) 13.7(=139) 250(+7.1)
Triggers
Supine position, i (%) 13(39.5) 8(32.0) 4(66.7) 1(50.0)
Eating, n (%) 11(34.4) 9(36.0) 1(16.7) 1(50.0)
Speech, n (%) 8(242) 5(200) 3(50.0) 0(0.0)
Strong odours, 1 (%) 8(24.2) 5(20.0) 1(16.7) 2(100)
Stress, n{X) 8(24.2) 7(28,0) 0(0.0) 1(50.0)
Physical effort, n (%) 7(21.2) 6(24.0) 1(16.7) 0(0.0)
Temperature changes, n (%} 5(15.2) 5(20.0) 0(0.0) 0(0.0)
Associations
Nausea, n (%) 12(37.5) 7(28.0) 3(50.0) 2(100)
Urinary incontinence, n (%) 10(31.3) 7(28.0) 2(33.3) 1{50.0)
Dyspnoea, n (%) 9(27.3) 65(24.0) 2(333) 1(50.0)
Dizziness, n (%) 8(24.2) 5(20.0) 1(16.7) 2(100)
Night awakenings, n (%) 7(212) 4(16.0) 1{16.7) 2(100)
Vomiting, n (%) 6(18.2) 5(20.0) 1(16.7) 0(0.0)
Syncope, n (%) 3(9.1) 1(4.0) 1{16.7) 2 (100)
sibilance, 1 (%) 3(9.1) 2(8.0) 1(16.7) 0(0.0)

Abbreviations: AHT: arterial hypertension; BMI: body mass index; COPD: chronic obstructive pulmonary disease; GER: g

obstruction; SD, standard deviation,

phageal reflux; 1LO: inducible laryngeal

* Bold signals when the 2 patients with biallelic (AAGGG)exp have the indicated clinical or functional characteristic.

Table 2

Alleles identified in patients with chronic cough, refractory chronic cough, and unexplained chronic cough, and altered peripheral vibratory sensitivity results for the

Rydel-Seiffer fork test.

Genetic study cc RSF test, n (%) (n=6)
Identified alleles Interpretation Total CC RCC ucc
n(%)(n=33) n{%)(n=29) n{%)(n=4)

(AAAAG)exp/(AAAAG Jexp CANVAS ruled out 22 (66.7) 20(689) 2(50.0) 4(66.7)

(AAAAG Jexp/(AAAGGJexp Unknown 2(6.1) 2(71) 0(0.0) 0(0.0)

(AAAAG Jexp/(AAGGG Jexp Heterozygous carrier 5(152) 3(103) 2(50.0) 0(0.0)
(AAAGG)exp/(AAAGG Jexp Unknown 1(3.0) 1(36) 0{0,0) 0(0.0)

(AAAGG Jexp/(AAGGG Jexp Heterozygous carrier 1(3.0] 1(3.6) 0(0.0} 0(0.0)
(AAGGG)exp/(AAGGG)exp CANVAS confirmed 2(6.1) 2(7.1) 0(0.0) 2(333)

Abbreviations: CC: chronic cough; RCC: refractory chronic cough; RSF: Rydel-Seiffer fork; UCC: unexplained chronic cough. “In bold, genetic results compatible with early

CANVAS.

of CANVAS, the high frequency of carriers in the general population
(0.7%)'"Y would indicate that genetic study is especially important
in order to provide genetic and reproductive counselling to family
members.

We report prevalence rates for biallelic and monoallelic
(AAGGG)exp in RFCI of 6.1% and 18.2%, respectively, higher than
estimated for the general population. Our values are largely in
agreement with those reported by Guilleminault et al.>> with
the difference that their biallelic expansion rate was lower, and

monoallelic expansion rate was higher, than our rates. Interest-
ingly, that same study described only female heterozygous carriers
of (AAGGG)exp in RFCI, whereas one of the monoallelic muta-
tion carriers in our study was a man; a possible explanation is
that we studied a broader sample of patients, including a sub-
group of patients whose CC resolved after treatment, to which this
male patient belonged. Regarding candidates for genetic screen-
ing, mutation prevalence was greater in patients with RCC, and
was also greater in patients with UCC, but only those with monoal-
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Table 3
Chronic cough: etiological study results for complementary tests.
Complementary tests Total (AAGGG)exp in RFCI
Without Monoallelic Biallelic
Chest X-ray n=30 n=23 n=6 n=1
No fmpairment, n (%) 29(96.7) 22(957) 6(100) 1(100)
Lung tumorlets, n (%) 1(3.3) 1(43) 0(0) 0(0)
Chest CT n=32 n=24 n=6 n=2
No impairment, n (%) 15(46.9) 12(59) 1(16.7) 2(100)
Chronic bronchopathy signs, n (%) 7(21.9) 4(16.7) 3(50.0) 0(0)
Air trapping, n (%) 5(15.6) 4(167) 1(16.7) 0(0)
Lung emphysema, n (%) 4(125) 4(16.7) 0(0) 0(0)
Ground-glass lesions, n () 2(6.3) 2(83) 0(0) 0(0)
Cell bronchiolitis signs, n (%) 1{3.1) 1{42) 0(0) 0(0)
Lung tumorlets, n (%) 1(3.1) 1{42) 0(0) 0(0)
Bronchiectasis, n (%) 1(3.1) 1(42) 0(0) 0(0)
Tracheal diverticulum, n (%) 1(3.1) 0(0) 1(16.7) 0(0)
Lung function tests
Spirometry n=32 n=24 n=6 n=2
FEV1/FVC. % (SD) 74.9(7.5) 737(27.8) 78.3(254) 79.8(25.5)
FEV1, % (SD) 1024(£19.4) 1020(£195) 107.2 (£20.8) 920(£19.8)
FVC. % (SD) 107.7(%21.5) 1083 (+22.2) 105.5(x18.2) 90.5(+27.6)
Bronchodilator test n=27 n=21 n=4 n=2
Positive, i (%) 5(18.5) 4(19.0) 0(0) 1(50.0)
Methacholine test n=5 n=3 n=2 n=0
Positive, n (%) 1{20.0) 1(333) 0(0)
FENO, ppb (SD) 25.5(431) 285(£359) 12.5(£3.5) 22.1(£9.8)
Prick test aeroallergens n=32 n=24 n=6 n=2
Negative, n (%) 23(74.2) 17 (708) 5(833) 2(100)
Dust mites', n (%) 7{(225) 6(250) 1(167) 0(0)
Planetree, n (%) 2(6.5) 2(83) 0(0) 0(0)
Grasses, n (%) 1(3.2) 1(42) 0(0) 0(0)
Blood workup n=33 n=25 n=6 n=2
Total IgE, kUI/L (SD) 62.3(493.8) 63.6(£964) 74.5(£1029) 11.3(24.8)
Eosinophils, »10°/L(SD) 027(£0.22) 027(+022) 280(+240.9) 260(+282.8)
Fibreoptic bronchoscopy n=9 n=8 n=1 n=0
No impairment, n (%) 2(222) 2(25.0) 0(0]
Tracheomalacia, n (%) 5(55.6) 4(500) 1(100)
1L0, n (%) 1{11.1) 1(125) 0(0)
Lipophages > 15% or UAO, n (%} 2(222) 2(250) 0(0)
Gastroscopy n=13 n=10 n=2 n=1
No impairment, n (%) 5(385) 3(300) 1(50) 1(100)
Gastritis, n (%) 5(38.5) 4(400) 1(50) 0(0)
Esophagitis, n (%) 1(7.7) 1(10.0) 0(0) 00
Gastric fold atrophy, n (%) 1(7.7) 1(10.0) 0(0) 0(0)
Hiatal hernia, n (%) 1(7.7) 1(100) 0(0) 0(0)
High s Loy v
Motility alterations n=20 n=15 n=3 n=2
No impairment, n (%) 5(25.0) 3(200) 2(66.7) 0(0)
Hypercontractility tendency, n (%) 2(10,0) 2(133) 0(0) 0(0)
Tertiary waves, n (%) 1(5.0) 0{0.0) 1(333) 0(0)
>50% ineffective waves, n (%) 4{20.0) 3(200) 0(0) 1(50)
Ineffective motility, n (%) 8(40.0) 7(46.7) 0(0) 1(50)
Sphincter/GE/ alterations
No impairment, n (%) 17(85.0) 12 (80.0) 3{100) 2(100)
Atypical LES dysfunction, n (%) 1(5.0) 1{6.7) 0(0) o(o)
GEJ abstruction, n (%) 2(100) 2(133) 0(0) 0(0)
Hiatal hernia, n (%) 2(100) 2{133) 0(0) 0(0)
Esophageal 24-h pH n=20 n=15 n=3 n=2
Pathological GER. n (%) 9(45.0) 7(46.7) 1(33.3) 1(50.0)

Abbreviations: AHT: arterial hypertension; CT, computed tomography; FENO: exhaled fraction of nitric oxide; FEV;: forced expiratory volume in the first second; FVC: forced
vital capacity: GEJ: gastroesophageal junction; GER: gastroesophageal reflux: ILO: inducible laryngeal obstruction: IgE: immunoglobulin E; k1U/L: kilo international units per
litre; LES: lower esophageal sphincter; ppb: parts per billion: SD, standard deviation; UAO: upper airway obstruction.

3 Derm h

and D, Farinae,

lelic expansion (50%; n=2). The higher than expected prevalence
of heterozygous (AAGGG Jexp carriers is somewhat suggestive of a
relationship with CC, although a more robust conclusions would
require further studies.

Further evaluation of use of the Rydel-Seiffer fork for early
detection of altered peripheral vibratory sensitivity seems appro-

priate, since 2 of the 6 patients with altered Rydel-Seiffer fork
results had a positive result for early-stage CANVAS (biallelic
(AAGGG)exp in RFCI, without neurological symptoms). The result
of this simple and rapid test could serve as an early sign of CANVAS
and enable patient selection for genetic screening, or, where a
genetic study was not available, for referral to neurology.
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Table4
Chronic cough impact on quality of life: questionnaire results,
Domain Total {n=27) (AAGGG Jexp in RFC1
Without {n=20) Monoallelic (n=5) Biallelic (n=2)

Discrete Emotions Questionnaire (DEQ)
Anger, mean (SD) 3.5(+£1.9) 3.4(4£20) 3.1(£16) 55(£1.1)
Disgust, mean (SD) 2.7(+1.7) 26(+186) 25(£1.8) 43(+1.8)
Fear, mean (SD) 2.8(+1.9) 28(=1.7) 21(£17) 43(439)
Anxiety, mean (SD) 3.8(+1.8) 4.1{+1.7) 26{+19) 44(42.7)
Sadness, mean (SD) 26(+1.8) 2.7(+18) 22(£22) 30(+18)
Desire, mean (SD) 1.7(£0.8) 1.6 (£0.8) 1.7(x10) 20(41.0)
Relaxation, mean {SD) 1.9(£1.4) 1.6(+1.1) 34(+18) 19(+1.2)
Happiness, mean (SD) 1.3(£1.0) 1.3 {£11) 1.4(£05) 1.1(£02)

Leicester Cough Questionnaire (LCQ)
Physical, mean (SD) 52(+3.1) 55(+36 50(+1.1) 4.0(+07)
Psychological, mean (SD) 42(£1.8) 4.1(£18) 49(£286) 25(+19)
Social, mean (SD) 4.1(=1.6) 39(x1.7) 49(=11) 35(40.7)
Total, mean (SD) 12.4(+4.8) 12.1(£53) 14.8(+238) 10.0 (£0.5)

Cough Severity Diary (CSD)
Frequency, mean (SD) 4.1(24) 44(:24) 2.8(+20) 40(£3.0)
Intensity, mean (SD) 39(£2.5) 40(£27) 33(x17) 48(3.24)
Disruptiveness, mean (SD) 1.9(+2.4) 2.2(+26) 0.8(£1.2) 23(+25)
Total, mean (SD) 5.6(£11.1) 6.6(+1238) 23{*15) 40(+3.0)

EQ-5D-51.
Total, mean (SD) 0.9(+0.1) 1.0{+1.3) 0.9(+0.1) 0.6(402)
VAS, mean (SD) 62.5(+24.9) 59.5 (+27.9) 76{+11.4) 57.5(+3.5)

Better-to-worse scores:

DEQ=1-7; EQ-5D-5L health state = 1 to <0; EQ-5D-5L VAS = 100-0; LCQ=7-1 (total = 21-3); CSD=1-10.

Abbreviations: EQ-5D-5L: European Quality of Life-5 Dimensions-5 Levels; VAS: visual analogue scale.

Because no statistically significant differences were found in the
clinical or functional characteristics of patients with and without
(AAGGG)exp in RFC1, we could not define in further detail which
specific patients should undergo genetic testing. In the complemen-
tary tests, we only detected a statistically significant difference in
relation to chest CT results: patients with no alteration more fre-
quently presented with at least one (AAGGG)exp in RFCI (p = 0.03),
Although differences in the GER tests were not statistically sig-
nificant, the 2 patients with biallelic {AAGGG)exp had impaired
esophageal motility, suggesting that further study is needed in this
regard to understand the mechanisms underlaying CC.

The questionnaires, which confirmed a poorer Qol. that espe-
cially affected the psychosocial sphere, corroborate the results of
previously published studies.*’

The main strength of our study is that it was supported by a
multidisciplinary team of neurologists, geneticists, gastroenterolo-
gists, and pulmonologists. Limitations include the small sample size
- due to the high cost associated with complementary testing and
especially genetic studies of patients with CC - and the fact that the
study was conducted in a single centre. Another limitation was not
having access to long-read sequencing to determine if the heterozy-
gous carrier of (AAGGG Jexp/(AAAGG)exp had >500 repeats in the
(AAAGG Jexp allele. Likewise, we were unable to analyze the possi-
ble presence of recently described exceptionally pathogenic motifs
associated with CANVAS (AGGGC, AAGGC y AGAGG), although no
case has been described to date in Spain. Furthermore, patients with
CCshowing neurological symptoms compatible with CANVAS were
not analyzed because this was a reason for exclusion, and a more
exhaustive neurological study would possibly have identified other
neurological causes of CC,

Conclusion

Genetic screening for (AAGGG )exp in RFCI should be considered
in specialized CC consultations, especially of patients with RCC and
UCC. Also meriting consideration in these consultations is use of the
Rydel-Seiffer fork, as a low-cost, rapid, and simple complementary

test that could identify which patients with CC should be referred
for neurological and/or genetic studies. Finally, all CC studies it is
important to alert to possible symptoms indicative of CANVAS, in
the interest of early diagnosis and of benefit for both the patient
and the health system.
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Abstract

Cerebellar ataxia with neuropathy and bilateral vestibular areflexia syndrome (CANVAS) is an hereditary autosomal recessive
disease. Recent studies propose including chronic cough (CC) as a symptom of CANVAS. For 10 patients with CANVAS
as genetically confirmed by biallelic expansion of the AAGG repeat motif (AAGGGexp) in intron 2 of replication factor C
subunit 1 (RFCJ), our aim was, as a multidisciplinary team, to describe clinical and functional characteristics and possible
causes of CC following European Respiratory Society (ERS) recommendations, and to evaluate CC impact on quality of
life (QoL) using self-administered questionnaires (Cough Severity Diary, Leicester Cough Questionnaire, Discrete Emo-
tions Questionnaire, and EQ-5D-5L). In all 10 patients, the CC was a dry cough that developed several years prior to the
neurological symptoms (mean 14.2 years); 7 patients had symptoms compatible with gastroesophageal reflux (GER), 5 with
pathological GER diagnosed by 24-h esophageal pH testing, and 6 patients had impaired esophageal motility diagnosed
by high-resolution esophageal manometry, most frequently ineffective peristalsis. Although further studies are required for
confirmation, we conclude that CC may be a characteristic prodrome of CANVAS and may be related to GER and esophageal
disorders. Furthermore, CC affects patients’ QoL, especially in the psychosocial sphere.

Keywords Cerebellar ataxia - CANVAS - Gastroesophageal reflux - RFC/ - Chronic cough

Introduction

Cerebellar ataxia with neuropathy and bilateral vestibular
areflexia syndrome (CANVAS) is a rare neurological dis-
order of autosomal recessive inheritance. In 2019, for the
first time, the underlying genetic basis of this syndrome was
described as biallelic expansion of the AAGG repeat motif
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(AAGGGexp) in intron 2 of replication factor C subunit |
(RFCI) [1]. It has recently been reported that, exceptionally,
CANVAS may also be due to AAGGGexp expansion and a
truncating variant in compound heterozygosity in the RFC1
gene [2-4].

CANVAS is clinically characterized by combined adult-
onset progressive ataxia, sensory neuropathy, and bilateral
vestibular areflexia [5-7]. Also reported is a high prevalence
(30-97%) of chronic cough (CC) [1, 8~11], which appears
to precede the onset of neurological symptoms by decades
(12-30 years) [12-14], In fact, recent studies suggest that
CC is a CANVAS-associated symptom that should guide
CANVAS diagnosis if associated with at least 2 components
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of the main triad (cerebellar ataxia, neuronopathy, and ves-
tibular areflexia) [10, 15]. and also that CC should even be
included as a symptom of CANVAS itself [13]. Tt has been
recommended that patients with CANVAS be followed up
by a multidisciplinary team that includes not only a neu-
rologist, but also a pulmonologist and a gastroenterologist
[14]. However, to our knowledge, no pathological studies on
respiratory tissue in CANVAS cases.

As is the case for other neurological diseases such as
Holmes-Adie syndrome [16] and type 1B sensory neuropa-
thy [17], the mechanism underlying CC in CANVAS is cur-
rently unknown. CC is hypothesized to possibly be caused
by impaired sensory innervation of upper respiratory tract or
esophageal C fibres, resulting in their hypersensitivity [10,
13, 18]. The complex neurological mechanism behind CC
involves a reflex arc made up of a peripheral and a central
circuit.

The peripheral circuit is made up of afferent nerves,
which activate or inhibit the cough mechanism through
polymodal receptors, and efferent nerves, which activate
the muscles involved in coughing. Subtypes of the afferent
sensory nerves, part of the vagus nerve (10th cranial nerve),
are the C fibres and A-delta fibres. C fibres are unmyeli-
nated, have their cell bodies in the jugular ganglion, and are
responsible for activating and inhibiting the cough reflex,
while A-delta fibres are myelinated, have their cell bod-
ies in the nodose ganglion, and are mostly responsible for
activating the cough reflex [10, 19-21]. While peripheral
terminations are believed to reside predominantly in the
major airways (larynx, trachea, and large bronchi), termina-
tions in the lung parenchyma cannot be ruled out, as several
parenchymal lung diseases present with chronic cough [22].
Noxious stimuli, e.g., gastric fluid and cigarette smoke, are
detected via receptors and ion channels (e.g., TRPVI and
P2X3) located in airway vagal afferent nerve endings [23].
Most C fibres are activated by irritant stimuli of inflamma-
tory origin, while A-delta fibres are typically activated by
mechanical and acidic stimuli [24]. As for the central circuit,
this is made up of different regions such as the sensory corti-
cal areas and the cingulate, insular, and orbitofrontal cortex
[22]. Cough hypersensitivity, i.e., a coughing response to
stimuli that do not usually produce cough, may be due to
both peripheral and central mechanisms.

In the case of CANVAS, it is thought that AAGGGexp
in intron 2 of RFCJ may cause CC by damaging vulnerable
tissues like the C and A-delta fibres [21]. This nerve fibre
damage may provoke an early change in esophageal motility
that may lead to gastroesophageal reflux (GER) and conse-
quently may cause CC—a hypothesis that may be supported
by several studies that document GER in patients with CAN-
VAS [10, 13, 14, 25).

Bearing in mind the possible link between CC and CAN-
VAS, to our knowledge no protocolized study applying
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European Respiratory Society (ERS) recommendations has
been conducted by a multidisciplinary team that includes
pulmonologists specializing in CC that has evaluated possi-
ble alterations and causes associated with CC and the impact
on quality of life (QoL) in patients with CANVAS. Regard-
ing a possible relationship between CT and CANVAS, Guil-
leminault et al. [26], in a recent study of the prevalence of
repeat expansions of RFC in patients with refractory CT,
found that 16.2% (n=11) and 8.8% (n=6) of their patients
had a biallelic mutation and a monoallelic mutation in
RFCI, respectively.

Our aim was, as a multidisciplinary team composed of
neurologists, pulmonologists, gastroenterologists, and genet-
icists, to identify clinical and functional characteristics of
CC and its impact on QoL in patients with CANVAS.

Materials and methods
Study design and population

Our cross-sectional descriptive study included 10 male
and female patients with CANVAS and experiencing CC,
defined as a cough lasting > 8 weeks. The patients were
referred to a specialist CC clinic from the neuromuscular
disease unit of a Spanish tertiary hospital where they were
being followed up for CANVAS, defined as the presence of
the classical triad of cerebellar ataxia, neuronopathy, and
vestibular areflexia, genetically confirmed by the biallelic
expansion of AAGGG in RFCI. Exclusion criteria were
age <30 years and > 90 years, tobacco use, and angiotensin-
converting enzyme inhibitor (ACEI) use, except when smok-
ing was given up or ACEI use was withdrawn, respectively,
and provided CC persisted.

Methodology

Sociodemographic, clinical, and functional variables were
collected for the 10 patients included in our CC study, which
applied the ERS [23] protocol: chest X-ray and/or chest com-
puted tomography (CT), spirometry with bronchodilator test
(BDT), fraction of exhaled nitric oxide (FENO), prick test,
total blood immunoglobulin E (IgE) count, absolute periph-
eral eosinophil count, 24-h esophageal pH test (24-h pH),
and high-resolution esophageal manometry (HREM). CC
impact was assessed using the following instruments: Cough
Severity Diary (CSD) [27], Leicester Cough Questionnaire
(LCQ) 28, 29], Discrete Emotions Questionnaire (DEQ)
[30], and European Quality of Life-5 Dimensions-35 Levels
(EQ-5D-5L) [31-33].

Spirometry with BDT was performed using the Dato-
spir-600 device (Sibelmed SA, Barcelona, Spain) by an
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experienced technician and following American Thoracic
Society/ERS (ATS/ERS) recommendations [34]. FENO
was measured, applying ATS/ERS recommendations [35]
and reference values from the literature [36], using elec-
trochemical equipment (N-6008® SIR chemiluminescence
sensor, Madrid, Spain) with precision+ 1%, a reading range
0f 0-500 parts per billion (ppb), and automatic results analy-
sis. The prick test, based on the most prevalent standardized
allergen extracts for our setting [37], was considered posi-
tive when the resulting papule was >3 mm. Total blood IgE,
determined using the enzyme-linked immunosorbent assay
(ELISA) (UNICAP, Pharmacia, Uppsala, Sweden), was
considered elevated for values> 160 [U/mL. 24-h pH was
measured with a Digitrapper™ Recorder (Medtronic, Min-
neapolis, USA), using a 1-electrode probe placed 5 ¢m from
the upper margin of the lower esophageal sphincter (LES)
or a pH-impedance testing probe (pH-Z); the data were
analysed using Reflux Software™ version 6.1 (Medtronic,
Minneapolis, USA), and results were interpreted following
Lyon Consensus recommendations [38]. Data for HREM,
performed with the ManoScan™ system (Medtronic, Min-
neapolis, USA), were analysed using ManoView™ ESO
version 3.3 software (Medtronic, Minneapolis, USA), and
the findings were interpreted according to the Chicago Clas-
sification version 4.0 [39].

Genetic study of biallelic AAGGG expansion
in replication factor C subunit 1 (RFCT)

The patients’ DNA samples were analysed using 2 genetic
techniques: (1) amplification by standard polymerase chain
reaction (PCR) with primers flanking the intron 2 fragment
of the RFC1 gene (flanking-PCR)—a technique that only
allows alleles of normal size to be amplified (i.e., not those
containing large expansions, irrespective of their com-
position); and (2) amplification by triplet repeat primed
PCR in 3 independent reactions: RP-PCRI to detect the
(AAAAG) 11 and (AAAAG)exp alleles; RP-PCR2 to detect
the (AAAGG)exp allele; and RP-PCR3 to detect the patho-
logical (AAGGG)exp allele. The reference sequence used
was NM_002913.4.

Chronic cough-related quality of life in patients
with CANVAS

CC-related QoL was investigated via responses to 3 hard-
copy self-administered questionnaires, as follows:

1. CSD [27], designed to quantify cough severity in the
previous 24 h, consists of 7 questions assessing fre-
quency, intensity, and disruption, responded to on a
Likert scale (0=best possible score, 10=worst pos-
sible score). The total score is obtained by summing

and averaging the scores for the 3 domains, resulting in
maximum and minimum possible scores of 10 and 0,
respectively.

2. LCQ[28, 29], designed to assess the impact of coughing
in the physical, psychological, and social domains in the
previous 2 weeks, consists of 19 questions, responded
to on a Likert scale (1 =worst possible score, 7=best
possible score). The total score is obtained by summing
the scores for the 3 domains, resulting in maximum and
minimum possible scores of 3 and 21, respectively,

3. DEQ [30], created to determine the impact of coughing
on 32 emotions classified in 8 different emotional states
(anger, disgust, fear, anxiety, sadness, desire, relaxa-
tion, and happiness). Each item is scored separately on
a Likert scale (1 =worst possible score, 7=best possible
score).

In addition to these cough-specific questionnaires, health-
related QoL was assessed using the EQ-5D-5L, which con-
sists of 2 parts. For the first part, containing 5 health sta-
tus questions with 5 responses reflecting different levels of
severity, a specific reference value is subtracted depending
on the target population (in our case, the Spanish population)
[32]. Scores range from <0 to 1, where 0 is equivalent to
death, negative values reflect a status perceived to be worse
than death, and 1 reflects full health [33]. The second part
consists of a visual analogue scale (VAS), where 0 and 100
reflect the worst and best imaginable health states, respec-
tively [31].

Ethical and legal aspects

The study complied with the principles of the Declaration
of Helsinki (18th World Medical Assembly, 1964) and was
approved by the Hospital Santa Creu i Sant Pau Clinical
Research Ethics Committee (Barcelona). Patients provided
their informed written consent prior to participation in the
study and all study data were anonymized. The clinicaltrials.
gov identifier is NCT04703595.

Results
Patient clinical and functional characteristics

The CC study was performed in 10 patients with CANVAS
(5 men and 5 women) who met all the inclusion criteria and
none of the exclusion criteria. Mean age was 64.8 + 8.6 years
and mean body mass index (BMI) was 24.4+ 3.2 kg/m”. The
most frequent comorbidities were clinical GER (70%, n=7),
rhinitis (50%, n=35), depression (50%, n=35), and nocturnal
sleep apnea (confirmed and undergoing study due to clini-
cal suspicion in 40% (n=4) and 30% (n=3), respectively).
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All patients reported dry-type CC (100%), with a mean
duration of 30.4 +8.7 years, a mean onset of 34.4+9.9 years
previously, and a mean of 14.2 +7.9 years before the onset of
neurological symptoms consistent with CANVAS. Coughing
tended to worsen with strong odours (60%, n=6), speech
(60%, n=6), eating (50%, n=5), and stress (50%, n=5).
Dyspnea (50%, n=5) and urinary incontinence (40%, n=4)
were also frequently associated with coughing attacks.

In most patients (70%, n=7), CC had been studied prior
to the CANVAS diagnosis by pulmonologists (40%, n=4),
otorhinolaryngologists (30%, n=3), or gastroenterologists
(30%, n=3). However, no cause was identified for 4 of the
patients, and treatment failed for 3 patients for whom a
possible cause was identified. Follow-up was lost in 71.4%
(n=>5) of those CC cases.

Possible causes of chronic cough

Table 1 reports the full CC study results for the 10 patients
with CANVAS. A single patient (#10) presented signifi-
cant radiological and spirometry abnormalities, leading to
a diagnosis of pleuro-parenchymal fibroelastosis. Notable at
the lung function level was that 2 patients (#2 and #3) with
spirometry in the normal range had a positive BDT. Only
patient #3 showed partial improvement in response (o the
BDT, and this same patient also had associated peripheral
cosinophilia and a positive prick test for dust mites and pol-
lens, all compatible with a diagnosis of asthma.

Over half the patients (#2, #3, #4, #5, #7, and #9) showed
some degree of esophageal motility impairment, ranging
from>50% of ineffective sequences (patient #7) to failed
sequences (patient #4). The most frequent alteration was
ineffective esophageal motility without contraction reserve
(patients #2, #3, and #9). In patients #2, #4, and #8, 24-h
pH testing indicated pathological GER., although none of
these patients indicated that the GER was related to cough-
ing symptoms during testing.

Chronic cough impact on quality of life

Table 2 reports results for CC impact on QoL in the 10
patients with CANVAS. The mean total CSD score was
3.3+ 1.9, and the impact was greater for the frequency
(3.47+2.2) and intensity (2.85+ 1.9) domains than for
the disruption domain. The mean total LCQ score was
13.1+0.2, with a greater impact in the psychological domain
(3.6 1.1), followed by the social domain (4.4 + 1.5) and
the physical domain (5.1 £ 1.3). The DEQ domains most
affected by CC were anxiety (3.2 £ 1.6) and anger (2.9 +1.8).
As for the EQ-5D-5L., the mean health-related score was
0.8+0.1 and the mean VAS score was 62+ 12.5.

£ Springer

Discussion

The main characteristics of CC in our patients with geneti-
cally confirmed CANVAS were that the cough was dry,
appeared several years before the neurological symptoms
of CANVAS, especially affected psychosocial QoL, and
was mainly associated with pathological GER and esopha-
geal motility abnormalities.

The fact that the CC was dry 1s a finding consistent with
previous studies reporting dry spasmodic cough in a high
percentage (50-60%) of patients with CANVAS (8, 12, 14,
39]. It has also been documented that coughing worsens in
response to stimuli that do not normally produce cough,
such as speech and stress [12, 13]. This worsening of the
cough in response to stimuli that should not provoke cough
may be compatible with cough hypersensitivity syndrome,
a hypothesized cause of CC in patients with CANVAS
that results from impaired nervous regulation of the cough
reflex arc caused by innocuous irritants [10, 13, [8].

The questionnaires pointed to a negative impact of CC
on the QoL of our patients with CANVAS, corroborating
previous studies reporting an association between CC and
impaired QoL [41-47]; note, however, that to date, the
specific impact on patients with CANVAS has not been
documented. The fact that the psychosocial domain was
most affected by CC (4.4 +1.5 and 5.1+ 1.3 for the LCQ
psychological and social domains, respectively) corrobo-
rates a prospective study by French et al. [41] performed
on 39 patients with CC of any etiology. Anxiety and anger
were the most prevalent emotions (3.2+1.6 and 2.9+ 1.8
for DEQ anxiety and anger, respectively), corroborating a
study by Ueda et al. [44] of 21 patients with refractory or
unexplained CC. The fact that health-related QoL in our
patients was also diminished by CC (EQ-5D-5L 0.8 +0.1)
largely corroborates the cross-sectional studies by Won
et al. [45], based on analysis of the Korean National Health
and Nutrition Examination Survey 2010-2016 database,
and by Kubo et al. [46], based on surveys of 1136 patients,
half with CC and the other half without CC.

Regarding the complementary tests, notable were the
findings of compatibility with asthma (20%) and GER
(50%), corroborating results for other series of patients
[10, 11, 13, 14]. However, treatment did not completely
resolve coughing in our patients, while pathological GER
episodes detected by 24-h pH testing were not related to
cough but to episodes of heartburn. The fact that the CC
remained unresolved despite suitable study and targeted
treatment would suggest that refractory CC is a charac-
teristic and persistent pneumological symptom in patients
with CANVAS. For this reason. it is important to study CC
in all patients with CANVAS, since targeted treatment may
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Table 2 Patients with

CANVAS: questionnaire results Cough severity diary (CSD)

Discrete Emotions Questionnaire

for CC impact on quality of life (DEQ)
Domain Score Domain Score
Frequency 347(£22) Anger 29(x18)
Intensity 285(£19) Disgust 1.7 (x1.0)
Disruption 1.85(+1.6) Fear 25(x1.7)
Total 33(1.9) Anxiety 3.2(x16)
Leicester Cough Questi ire (LCQ) Sadness 22(x17)
Domain Score Desire L7 (£0.7)
Physical 5.1(x£13) Relaxation 2(+L.1)
Psychological 36(x1.1) Happiness 1.7(x£1.9)
Social 44 (1.5 EQ-5D-5L
Toral 13.1 (%.2) VAS 62 (£12.5)
Health status 0.8 (£0.1)

Better-to-worse scores: CSD= 1-10; LCQ=7-1 (total=21-3); DEQ=1-7; EQ-3D-5L VAS = 100-0 and

EQ-3D-5L health status = 1-<0

CANVAS, cerebellar ataxia with neuropathy and bilateral vestibular areflexia syndrome; CC, chronic
cough: EQ-5D-5L. European Quality of Life-5 Dimensions-5 Levels: VAS, visual analogue scale

reduce intensity and frequency, and may even throw light
on future targeted treatments for refractory CC.

As a possible cause of CC, another pulmonary disease,
namely, pleuro-parenchymal fibroelastosis, was detected
by radiology in a single patient (10% of the included
patients) and required specific respiratory monitoring.
This finding would suggest that patients with CANVAS
require a multidisciplinary approach that includes a proto-
colized CC study based on assessment by a CC specialist
from within the pulmonology discipline.

The fact that CC developed, on average, 14.2 +7.9 years
before the onset of any CANVAS symptom in our patients
highlights the importance of early diagnosis of this pro-
gressive and disabling neurological disease, suggesting
that CANVAS, as an hereditary autosomal recessive dis-
ease, would benefit from early genetic counselling, CC
should also be properly included as a symptom of CAN-
VAS [13], rather than only be taken into account when
associated with 2 of the triad of symptoms (cerebellar
ataxia, neuronopathy, and vestibular areflexia) [10, 15].

A study strength is, as far as we are aware, that this is
the first multidisciplinary study of patients with CANVAS
that has involved neurologists, geneticists, and gastroenter-
ologists, as well as pulmonologists and CC specialists. An
additional strength is that the study applied current ERS
recommendations. The main limitation is the small sample
of just 10 patients, explained by both the low prevalence
of CANVAS and the lack of neurological tests to deter-
mine CC pathophysiology in patients with CANVAS and
to study the cough reflex arc. Precise data on CANVAS
prevalence are unavailable, although prevalence is esti-
mated to be < 1/1,000,000 in the general population [48].

Conclusion

Although further studies are required for confirmation, CC
onset up to decades before the development of neurologi-
cal symptoms points to CC as a key early diagnostic clue
for CANVAS. The importance of a multidisciplinary CC
study of patients with genetically confirmed CANVAS is
underlined by the fact that these patients present with a dry
cough several years before the emergence of neurological
symptoms, and that, in most patients, this cough, which
especially affects psychosocial QoL, appears to be related
to pathological GER and impaired esophageal motility. A
multidisciplinary team of specialists is also necessary to
confirm or rule out possible alternative causes of CC (such
as asthma, GER, or pulmonary fibrosis) and to develop and
provide targeted treatment for CC.
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5.1 RESUM DELS RESULTATS DE L’ESTUDI 1

En el primer estudi es van incloure a 33 pacients amb TC que es trobaven en estudi en la
nostra unitat especialitzada de tos. En tots ells es va realitzar I’estudi genétic per conéixer la
preséncia, o no, de mutacions en RFC/. Concretament es va diferenciar entre la preséncia

dels al-lels:

- (AAAAG)exp / (AAAAG)exp: CANVAS descartat, preséncia bial-lelica d’al-lels
normals.

- (AAAAG)exp / (AAAGG)exp: significat incert, preséncia d’un al-lel normal i un
motiu de patologia no establerta, ni descartada, fins I’actualitat.

- (AAAAG)exp / (AAGGG)exp: portador heterozigot, preseéncia d’un al-lel normal 1
un al-lel patologic del CANVAS.

- (AAAGG)exp / (AAAGG)exp: significat incert, preséncia de dos al-lels amb motius
de patologia no establerta, ni descartada, fins 1’actualitat.

- (AAAGG)exp / (AAGGG)exp: portador heterozigot, preséncia d’un al-lel de
significat incert i un al-lel patologic del CANVAS.

- (AAGGG)exp / (AAGGG)exp: CANVAS preco¢ confirmat per la preseéncia
bial-1¢lica de 1’al-lel patologic.

En el 6.1% (n=2) de la mostra estudiada es va detectar la mutacié bial-lelica (AAGGG)exp
i en el 18.2% (n=6) la mutacié6 monoal-l¢lica (AAGGGG)exp. La resta dels resultats

obtinguts es mostren en la Taula 1.

Taula 1: Resultats de I’estudi genétic de mutacions en RFCI.

Allels identificats T((i;:;;f’)
(AAAAG)exp / (AAAAG)exp 22 (66.7)
(AAAAG)exp / (AAAGG)exp 2 (6.1)
(AAAAG)exp / (AAGGG)exp 5(15.2)
(AAAGG)exp / (AAAGG)exp 1(3.0)
(AAAGG)exp / (AAGGG)exp 1(3.0)
(AAGGG)exp / (AAGGG)exp 2 (6.1)
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El test de sensibilitat periférica amb el diapasé Rydel-Seiffer va mostrar un resultat alterat
en el 22.2% (n=6) dels pacients analitzats. Entre aquests es troben els dos pacients amb la

mutacio bial-lelica (AAGGG)exp en RFCI.

Les caracteristiques clinic-funcionals dels pacients amb TC es mostren en la taula 2. No es
van trobar diferéncies estadisticament significatives entre els pacients amb i sense preséncia

de la mutacio (AAGGG)exp en RFCI.

Taula 2: Caracteristiques clinic-funcionals i caracteristiques de la tos en els pacients amb TC en funcié de la
preséncia o no de (AAGGG)exp en RFCI, tant bial-1¢lica com monoal-l¢lica.

Total Sense (AAGGG)exp | Amb (AAGGG)exp !
(n=33) en RFCI (n=25) en RFCI (n=8) | PY*°"
Caracteristiques clinic-funcionals
Homes, n (%) 10 (30.3) 8 (32.0) 2 (25.0) .54
Edat, anys (DE) 66 (£12.0) 65.2 (£11.7) 68.5 (£13.4) 35
Index de massa corporal, | 27.6 (£4.8) 27.9 (£5.3) 26.7 (£2.9) .61
Kg/m2 (DE)
Exfumadors, n (%) 19 (57.7) 16 (64.0) 3 (37.5%) 18
Comorbiditats
- Simptomes de RGE, n (%) 20 (60.6) 15 (60.0) 5(62.5) .62
- Hipertensio arterial, n (%) 16 (48.5) 12 (48.0) 4 (50.0) .62
- Dislipé¢mia, n (%) 16 (48.5) 10 (40.0) 6 (75.0) .09
- Rinitis, n (%) 14 (42.4) 10 (40.0) 4 (50.0) 46
- Depressio, n (%) 9(27.3) 7 (28.0) 2 (25.0) 24
- AOS, n (%) 7(21.2) 5(20.0) 2 (25.0) 14
- Traqueomalacia, n (%) 4(12.1) 2 (8.0) 6 (75.0) .63
- Diabetis mellitus, n (%) 309.1) 2 (8.0) 1(12.5) 58
- Asma, n (%) 3(09.1) 3 (12.5) 0 (0.0) 41
- OLI, n (%) 309.1) 1 (4.0) 2 (25.0) .56
- MPOC, n (%) 2(6.1) 2 (8.0) 0 (0.0) 57
- Bronquiéctasis, n (%) 2(6.1) 1 (4.0) 1(12.5) 43
- Fibromialgia, n (%) 2 (6.1) 2 (8.0) 0 (0.0) 57
Caracteristiques de la tos
Seca, n (%) 23 (69.7) 17 (68.0) 6 (75.0) 54
Edat d’inici tos, anys (DE) 54.8 (£13.9) 55.5 (x14.1) 52.4 (x14.2) 15
Duracio6 mitja, anys (DE) 11.2 (£11.6) 9.6 (£10.9) 16.1 (£13.5) 47
Empitjora en / amb
- Decubit supi, n (%) 13 (39.5) 8(32.0) 5(62.5) 13
- Ingestes, n (%) 11 (34.4) 9 (36.0) 2 (25.0) 43
- Parla, n (%) 8(24.2) 5(20.0) 3(37.5) 29
- Olores fortes, n (%) 8(24.2) 5(20.0) 3(37.5) .29
- Canvis temperatura, n (%) 8(24.2) 7 (28.0) 1(12.5) .36
- Esforg fisic, n (%) 7(21.2) 6 (24.0) 1(12.5) 44
- Estrés, n (%) 5(15.2) 5(20.0) 0 (0.0) 22
Associa
- Nausees, n (%) 12 (37.5) 7 (28.0) 5(62.5) .09
- Incontinéncia orina, n (%) 10 (31.3) 7 (28.0) 3(37.5) 46
- Dispnea, n (%) 9(27.3) 6 (24.0) 3(37.5) 37
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- Marejos, n (%) 8(24.2) 5(20.0) 3(37.5) 29
- Despertar nocturn, n (%) 7(21.2) 4 (16.0) 3(37.5) 21
- Vomits, n (%) 6 (18.2) 5(20.0) 1(12.5) 54
- Sincopes, n (%) 309.D) 1 (4.0) 2 (25.0) .14
- Sibilants, n (%) 309.1) 2 (8.0) 1(12.5) 58

La qualitat de vida es va mostrar afectada en tots els qiiestionaris realitzats. El DEQ va
mostrar una major afectacio dels dominis d’ansietat 3.8 (+1.8) 1 enuig 3.5 (£1.9), seguit per
la por 2.8 (£1.9), fastic 2.7 (£1.7) y tristesa 2.6 (£1.8). La puntuacid total mitja del LCQ fou
de 12.4 (£4.8), sent les esferes més afectades la social 4.1 (£1.6) i psicologica 4.2 (£1.8). El
CSD va tenir una puntuacid total mitja de 5.6 (£11.1), sent la freqiiencia la seva major
afectacio 4.1 (£2.4). E1 EQ-5D-5L va mostrar una puntuacio6 total mitja de 0.9 (+0.1) i el seu
VAS de 62.5 (£24.9). Els pacients amb la mutacid bial-1¢lica (AAGGG)exp tingueren una
pitjor puntuacié que els portadors heterozigots (AAGGG)exp i els no portadors de dita

mutacid en RFCI.

5.2 RESUM DELS RESULTATS ESTUDI 2

En el segon estudi es van incloure 10 pacients amb CANVAS confirmat gencticament y TC.
El 50% (n=5) foren homes i I’edat mitja fou de 64.8 (£8.6) anys. Les comorbiditats més
freqiients foren la clinica de RGE (70%, n=7), la rinitis (50%, n=5) i la depressio6 (50%, n=5).

En tots els casos, la TC fou de tipus no productiva (100%, n=10). La seva duraci6 mitja fou
de 30.4 (£8.7) anys, d’inici als 34.4 (£9.9) anys i d’aparicié una mitja de 14.2 (£7.9) anys
abans de I’inici dels simptomes neurologics compatibles amb CANVAS. En la majoria de
casos la tos empitjorava amb olors forts (60%, n=6), la parla (60%, n=6), les ingestes (50%,
n=5) i les situacions d’estres (50%, n=5). També fou freqiient associar amb els atacs de tos

dispnea (50%, n=5) i incontinéncia d’orina (40%, n=4).

L’estudi de la TC es va realitzar seguint les recomanacions de la ERS. Els resultats es

mostren en la Taula 3.
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Taula 3: Resultats de les proves complementaries realitzades per 1’estudi etiologic de la tos.

Proves complementaries CANVAS Proves complementaries CANVAS
Radiografia de torax n=8 pHmetria esofagica 24h n=7
- Sense alteracions, n (%) 5(62.5) - Sense RGE patologic 1(14.3)
- Calcificacions apicals, n (%) 1(12.5) - RGE patologic acid 3 (42.9)
- Signes hiperinsuflacio, n (%) 1(12.5) - RGE patologic no acid 3 (42.9)
- Granulomes calcificats, n (%) 1(12.5)
TAC toracic n=10 Manometria esofagica d’alta resolucio n=9
- Sense alteracions, n (%) 4 (40) - Alteracions motilitat, n (%)
- Emfisema, n (%) 1(10) - Sense alteracions, n (%) 3(33.3)
- Pneumonia organitzada, n (%) 1(10) - 50% o més d’ones ineficaces, n (%) 1(11.1)
- Vidre desllustrat, n (%) 1(10) - Motilitat esofagica ineficag, n (%) 3(33.3)
- Atrapament aeri, n (%) 1(10) - Abséncia motilitat esofagica, n (%) 2(22.2)
- Fibroelastosis pleuro- - Alteracions esfinters
parenquimatosa, n (%) 1(10) - Sense alteracions, n (%) 5(55.6)
- Distensio esofagica, n (%) 1(10) - Hipotonia, n (%) 1(11.1)
- Hipertonia, n (%) 2(22.2)
- Obstruccio, n (%) 1(11.1)
- Hernia de hiatus, n (%) 2(22.2)
Proves funcionals n=10 Test cutani aeroal-lérgens n=10
- Espirometria - Negatiu, n (%) 7 (70)
- FEVI/FVC, % (DS) 75.1 (£6.5) - Acars de la pols, n (%) 3(30)
-FEV1, % (DS) 94.2 (+14.5) - Pol-len, n (%) 1(10)
-FVC, % (DS) 97.1 (£12.9) | Analitica sanguinia
- Prova broncodilatadora n=10 - Eosinofils, x10°/L (DS) 0.21 (£0.27)
- Positiva, % (DS) 2 (20) - IgE, KIU/L (DS) 57.2 (£34.8)
- FeNO, ppb (DS) 27.0 (+34.8)

La qualitat de vida va mostrar un resultat alterat en els qliestionaris realitzats. La puntuacio

total mitja del LCQ foude 13.1 (£1.9), amb major impacte en el domini psicologic 3.6 (x1.1).

El CSD total de 3.3 (= 1.9), on la freqiiéncia 3.47 (+ 2.2) fou el parametre més afectat. El
EQ-5D-5L va mostrar una puntuacio total mitja de 0.8 (£0.1) i el seu VAS de 62 (+12.5). El

DEQ va mostrar una major afectacié dels dominis d’ansietat 3.2 (£1.6) i enuig 2.9 (£1.8).
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6.1 RESUM DE LA DISCUSSIO DE L’ESTUDI 1

El primer estudi és un treball pioner centrat en concixer la prevalenca de la mutacio
(AAGGG)exp RFCI en pacients amb TC. En la mostra estudiada es va detectar el 6.1%
(n=2) de mutacions bial-leliques (AAGGG)exp 1 el 18.2% (n=6) de mutacions
monoal-leliques (AAGGGG)exp. Per tant:

- Laprevalenca observada de la mutacio bial-1¢lica (AAGGG)exp en RFCI (2 :33) va
ser superior a I’esperada en la poblacié general (1 : 20 000).

- Enel 6.1% dels pacients estudiats es va realitzar el diagnostic de CANVAS precog,
¢s a dir, pacients que actualment sols presentaven TC perd que en el futur
desenvoluparan, inevitablement, la resta de simptomes neurologics propis del

sindrome.

En aquests pacients amb CANVAS preco¢ s’han evitat exploracions i visites meédiques
innecessaries en un futur i, encara que fins ara no hi ha un tractament curatiu, si hi ha opcions
de tractament simptomatic com la gabapentina. A més, el CANVAS té una elevada
freqiiéncia de portadors poblacid general (0.7%)% i, per tant, és especialment important
realitzar I’estudi genetic per identificar altres familiars a risc de sofrir o transmetre la malaltia
a la descendéncia. Addicionalment, en aquests pacients el CANVAS podria ser I’explicacio

a la seva causa subjacent de tos.

Durant la realitzacio d’aquesta tesi doctoral es va publicar el treball de Guilleminault et a/'°!
titulat “Repeat Expansions of RFCI in Refractory Chronic Cough A Missing Piece of the
Puzzle?”. Aquest és I’tnic estudi fins el moment que també analitza les mutacions
(AAGGG)exp en RFCI en pacients amb TC. Els seus resultats van en concordanga amb els
obtinguts en el nostre estudi, mostren un 16.2% i un 8.8% de mutacions bial-l¢liques 1
monoal-leliques de (AAGGG)exp respectivament. No obstant, el seu estudi es centra sols en
pacients amb TCR sense patologies respiratories, a excepcié de 1’asma. Es per aixd que
Turner et al'® comenten la necessitat de disposar de més estudis que reprodueixin i ampliin
les troballes obtingudes per Guilleminaut ef al sobre la prevalenca de RFCI. El nostre estudi

ha inclos a pacients amb TCR, TCI i TC resolta amb el tractament dirigit adequat. Al
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analitzar la prevalenca bial-1¢lica de (AAGGG)exp en aquests diferents subgrups, la més alta
es troba en la TCR (7.1%) pel que sembla adequat realitzar 1’estudi genétic sols en aquest

subgrup de pacients.

Actualment I’estudi genétic del CANVAS no esta disponible en tots els centres i, a més, €s
un procés complex amb un elevat cost economic. Per tal de discriminar millor a quins
pacients amb TC realitzar aquest costos test genetic, el nostre estudi ha sigut el primer en
avaluar la utilitat del diapas6é de Rydel-Seiffer. Es tracta d’un procediment facil, rapid,
senzill 1 economic que es pot realitzar en la propia consulta meédica i que permet detectar
alteracions en la sensibilitat vibratoria periférica. El 22.2% (n=6) dels pacients estudiats
mostraren un resultat alterat, i dins d’aquets pacients el 33.3% (n=2) mostraren la mutacio6
bial-1¢lica (AAGGG)exp en RFCI. Per tant, sembla apropiat utilitzar el diapasé de Rydel-
Seiffer com a metode de cribratge en els pacients amb TC i el seu resultat alterat motiu
suficient per realitzar I’estudi genéctica del CANVAS o, de no disposar del mateix en el

centre, derivar al servei de neurologia per completar I’estudi.

No es detectaren diferéncies estadisticament significatives entre les caracteristiques clinic-
funcionals dels pacients amb i sense (AAGGG)exp en RFCI, pel que no ha sigut possible
delimitar encara més a quin subgrup de pacients amb TC es deuria realitzar 1’estudi genétic.
Tanmateix, en els pacients amb mutaci6 bial-1¢lica (AAGGG)exp sembla que la TC s’inicii

abans (42.0 vs 54.8 anys) i, per tant, tingui una duracié major (25.0 vs 11.2 anys).

Els qiiestionaris confirmaren una pitjor qualitat de vida deguda a la TC, especialment en
I’esfera psicosocial. Aquest resultats van en concordanga amb altres estudis publicats
préviament!%+195, Objectivar que els pacients amb la mutacié bial-lélica (AAGGG)exp en
RFC1 tenien unes puntuacions pitjors en tots els qiiestionaris realitzats (LCQ, CSD, EQ-5D-
5L i1 DEQ) refor¢a la importancia d’estudiar la relacié entre la TC i el CANVAS. Es possible
que I’'impacte de la TC en la qualitat de vida dels pacients amb CANVAS precog sigui degut

a una major duraci6 de la tos i a la seva aparicido més precog.
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6.2 RESUM DE LA DISCUSSIO DE L’ESTUDI 2

El segon estudi és el primer en investigar de forma protocol-litzada i multidisciplinar la TC
en pacients amb CANVAS confirmat geneticament. En tots els pacients estudiats la TC fou
de tipus no productiva, resultat que va en concordanga amb la tos descrita en estudis
previs®®?393 A més, la seva aparicid mitja de 14.2 (+7.9) anys abans del primer simptoma
neurologic compatible amb CANVAS reforga els estudis que la descriuen com un prodrom®*
7. També compleix caracteristiques suggestives del sindrome de hipersensibilitat tussigena
ja que presenta un empitjorament de la tos en situacions que habitualment no la produeixen

(olors fortes, estres...).

Fins ara cap estudi havia estudiat possible causes subjacents de la TC en pacients amb
CANVAS, sols s’havia descrit la seva preséncia i alguna caracteristica puntual (com ser de
tipus espasmodica i la seva aparici6 diversos anys abans que els simptomes neurologics). En
el nostre estudi s’han detectat dos casos compatibles amb asma (espirometria en rang de
normalitat amb PBD positiva, eosinofilia periférica i test cutani positiu per aeroal-lérgens).
Aquests van mostrar milloria amb ’inici de tractament dirigit amb corticoides inhalats pero
la TC no va resoldre completament, aquest fet podria ser degut a que els dos presentaven a
més motilitat esofagica ineficag. Aquesta troballa és compatible amb la hipotesi de que la
TC en el CANVAS esta relacionat amb el RGE?!93:9698100° A més, el 33.3% dels pacients
estudiats mostraren algun grau d’alteraci6 en la motilitat esofagica i/o RGE patologic (acid
o no acid). Tanmateix, els episodis de RGE no es correlacionaren amb els episodis de tos,

sols de pirosi.
Un dels pacients va mostrar resultats radiologics i1 espirometrics compatibles amb
fibroelastosi pleuroparenquimatosa. Actualment esta seguint uns controls especifics a nivell

respiratori que no hagués tingut de no ser per 1’estudi protocol-litzat de la TC.

La qualitat de vida en aquests pacients estava afectada per la TC en tots els qiiestionaris

realitzats, sent la primera vegada que s’analitza en pacients amb CANVAS.
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6.3 LIMITACIONS

Les limitacions principals dels estudis presentats son que es tracten d’estudis unicéntrics i
amb mostres petites de pacients. El primer estudi té la mostra limitada degut a ’elevat cost
associat a les proves complementaries realitzades, especialment el test genetic. El segon
estudi esta limitada per la baixa freqiiencia de la malaltia, que esta classificada dins de les
malalties rares. No obstant aquesta mida mostral, es tracten de dos estudis pioners en
analitzar la relacid entre la TC i el CANVAS. Fins ara son pocs els estudis que hi ha en
aquesta linia de investigacid, i menys els que ho han realitzat centrant-se en la TC de forma

multidisciplinar i protocol-litzada.

Una altra limitacié del primer estudi fou no disposar de la técnica Long Read Sequencing
per congixer si el pacient portador heterozigot (AAGGG)exp / (AAAGG)exp tenia ’al-lel
(AAAGG)exp >500 repeticions. Aixi mateix, no es va poder analitzar la preséncia dels
excepcionals motius patogenics recentment associats amb CANVAS (AGGGC, AAGGC 1

AGAGQG), encara que fins el moment no s’ha descrit ningun cas en Espanya.

El segon estudi presenta com a limitacio la falta de més estudis neurologics per aprofundir

la patofisiologia de la TC en el CANVAS i estudiar I’arc reflex de la tos en aquests pacients.
Es requereixen més estudis en aquestes linies d’investigacid per reproduir els resultats

obtinguts i per disposar d’un estudi més exhaustiu a nivell neurologic per poder identificar

altres causes de la relacid entre la TC 1 el CANVAS.
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7.

CONCLUSIONS
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CONCLUSIONS

Les conclusions de la tesi doctoral presentada son:

- L’estudi genetic de (AAGGG)exp en RFCI deuria plantejar-se en les consultes
especialitzades de TC, especialment en els pacients amb TCR, ja que a més de poder
ser una causa subjacent de la tos permetria realitzar el diagnostic preco¢ d’una
malaltia neurologica progressiva i hereditaria.

- L’0s del diapas6 de Rydel-Seiffer també deuria plantejar-se en les consultes
especialitzades de TC com a métode de cribratge en el CANVAS. Es tracta d’un test
facil 1 econdmic que podria ajudar a sospitar del CANVAS en pacients amb TC ja
que de mostrar una sensibilitat vibratoria periférica disminuida augmenta la
possibilitat del sindrome neurologic.

- La TC té un impacte negatiu en la qualitat de vida dels pacients, especialment en
aquells amb CANVAS.

- El mecanisme d’aparici6 de la TC en el CANVAS podria estar relacionat en

alteracions de la motilitat esofagica i preséncia de RGE (acid i no acid).
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8.

LINIES DE FUTUR
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LINIES DE FUTUR

Aquesta tesi doctoral ha augmentat el coneixement actual sobre la TC i el CANVAS,
especialment en la importancia de realitzar un estudi genétic per coneixer la preséncia, o no,
de mutacions (AAGGG)exp en RFCI. No obstant, es requereixen més estudis per continuar
investigant aquesta relacio per valorar incloure 1’estudi genétic de mutacions (AAGGG)exp
en RFCI i I’Gs del diapasé de Rydel-Seiffer en les guies i protocols de TC. De fer-ho,
permetria disminuir el percentatge de TCI actual i diagnosticar de forma preco¢ una malaltia
hereditaria progressiva en la que esta recomanat estudiar els familiars per diagnosticar

possibles afectats i riscs de transmissio a la descendéncia.

També es requereix continuar estudiant el mecanisme d’aparicié de TC en el CANVAS per
tal d’entendre millor la seva patofisiologia i poder, més endavant, disposar d’un tractament
dirigit en aquests pacients. Actualment alguns dels nostres pacients amb CANVAS i TC
estan participant en un assaig clinic d’un nou medicament dirigit especificament a la tos.
Con¢ixer si presenten bona resposta a dit tractament també ajudara a concixer el seu
mecanisme d’aparici6 i possibles dianes de tractament. A més, permetria milloraria de forma
significativa la seva qualitat de vida que, com hem vist en els estudis previs, esta afectada

per la preséncia de TC.
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10.1 COMUNICACIO ORAL

Comunicaci6 oral en la ERS International Congress en la sessio “Inflammatory endotyping:

the macrophage across disease areas”:

Genetic screening for cerebellar ataxia with neuropathy and bilateral
vestibular syndrome (CANVAS) in patients with chronic cough.

Preliminary analysis

Esther Palones-Femenia! Elena Curto-Sanchez!, Lidia Gonzalez-Quereda?, Pia Gallano-
Petit?, Luis Querol-Gutiérrez®, Federico Bertoletti*, Maria José Rodriguez-Fernandez?, Alba

Segarra-Casas?, Astrid Crespo-Lessmann'

"Pneumology and Allergy Service. Hospital de la Santa Creu i Sant Pau, Barcelona, Spain

Genetics Service. Hospital de la Santa Creu i Sant Pau. IIB Sant Pau. CIBERER., Barcelona, Spain
*Neuromuscular Diseases Unit, Neurology Service. Hospital de la Santa Creu i Sant Pau., Barcelona, Spain
“Digestive Pathology Service. Hospital de la Santa Creu i Sant Pau., Barcelona, Spain

European Respiratory Journal 2023; 62: Suppl. 67, OA3144
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Factor d’impacte: 16.6
Quartil: Q1
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Genetic screening for cerebellar ataxia with neuropathy and bilateral vestibular areflexia
syndrome (CANVAS) in patients with chronic cough. Preliminary analysis
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Abstract

Introduction: Cerebellar ataxia with neuropathy and bilateral vestibular areflexia syndrome
(CANVAS) is a hereditary neurological disease that seems to have chronic cough (CC) as a

prodrome many years before the development of this disease.

Objective: To find out the presence of CANVAS genetic mutations in patients under study for CC,

regardless of the presence of neurological symptoms.

Methods: Descriptive cross-sectional study of patients under study for CC in a specialized
pulmonology practice. All patients were non-smokers and underwent the pertinent studies for the
diagnosis of CC according to the recommendations of the European Respiratory Society. A blood
sample was obtained for genetic analysis using two techniques: amplification by standard
polymerase chain reaction (PCR) with flanking primers of the replication factor complex subunit 1

(RFC1) gene and amplification by repeated primed PCR in 3 independent reactions.

Results: This study included 21 patients, 14 were female (66.7%) and the mean age was 69.7 +
10.3. The most frequent comorbidities were gastroesophageal reflux (61.9%) and rhinitis (47.6%).
The genetic analysis showed a positive result for CANVAS with AAGGG biallelic expansion in RFC1
in 2 patients (11.8%), one of them without neurological symptoms and one with possible

symptoms but not yet studied.

Conclusions: The detection of the AAGGG biallelic expansion in RFC1 in patients with CC is not
negligible. Its detection may allow the diagnosis of a neurological disease before the onset of
disabling symptoms and its use as screening could be considered in the routine clinical practice of

these patients.
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10.2 TREBALL DE DIVULGACIO

1. Finalista del concurs “Presenta la teva tesi en 4 minuts” de la UAB Barcelona del

2024.

2. Ponencia “Tos cronica y CANVAS” en el Barcelona International Cough

Conference Barcelona International Cough Conference (BICC) del 2024.

3. Presentaci6 en format posters dels resultats preliminars de la tesi doctoral en el 56°
Congreso Nacional de la Sociedad Espafiola de Neumologia y Cirugia Toracica
(SEPAR), els quals han sigut publicats en la revista indexada Open Respiratory

Archives:

Palones E, Curto-Sanchez E, Gonzalez-Quereda L, Gallano-Petit P, Querol-Gutiérrez L,
Bertoletti F, Rodriguez-Fernandez MJ, Segarra Casas A, Crespo-Lessmann A. Tos cronica
en pacientes con CANVAS (cerebellar ataxia with neuropathy and bilateral vestibular

syndrome). Resultados preliminares. Open Respiratory Archives 5 (2023) S1-S659

Palones E, Curto-Sanchez E, Gonzalez-Quereda L, Gallano-Petit P, Querol-Gutiérrez L,
Bertoletti F, Rodriguez-Fernandez MJ, Segarra Casas A, Crespo-Lessmann A. Tos cronica
y CANVAS (cerebellar ataxia with neuropathy and bilateral vestibular syndrome).
Screening de mutaciones en la subunidad 1 del complejo del factor de replicacion (RFC1)

en pacientes con tos cronica. Resultados preliminares. Open Respiratory Archives 5 (2023)

S1-S659

4. Presentacio en format posters dels resultats preliminars de la tesi doctoral en la XL
Diada pneumologica de la Societat Catalana de Pneumologia de 1’Académia de
Ciéncies mediques i de la Salut de Catalunya i Balears (SOCAP), els quals han sigut

publicats en la revista indexada Annals de Medicina:
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Palones E, Curto-Sanchez E, Gonzalez-Quereda L, Gallano-Petit P, Querol-Gutiérrez L,
Bertoletti F, Rodriguez-Fernandez MJ, Segarra Casas A, Crespo-Lessmann A. Tos conica
en pacients amb CANVAS (cerebellar ataxia with neuropathy and bilateral vestibular
syndrome). RESULTATS PRELIMINARS. Suplements dels Annals de Medicina/ Vol. 106,
supl. 1, maig 2023

Palones E, Curto-Sanchez E, Gonzalez-Quereda L, Gallano-Petit P, Querol-Gutiérrez L,
Bertoletti F, Rodriguez-Fernandez MJ, Segarra Casas A, Crespo-Lessmann A. Tos cronica
1 CANVAS (cerebellar ataxia with neuropathy and bilateral vestibular syndrome). Screening
de mutacions en la subunitat 1 del complex factor de replicaciéo (RFC1) en pacients amb tos
cronica. RESULTATS PRELIMINARS. Suplements dels Annals de Medicina / Vol. 106,
supl. 1, maig 2023

10.3 TREBALLS RELACIONATS

A més de la divulgaci6 del treball d’aquest tesi doctoral, també s’estan realitzant altres

projectes relacionats amb la TC:

- Creaci6 d’un qiiestionari per estratificar la gravetat de la TC mitjangant consens per
metodologia Delphi i validaciéo amb monitors de la tos. Projecte presentat durant la
Jornada de tos cronica del Barcelona Research Network del 2023 i que actualment

s’esta desenvolupant.

- Ponéncia de “;Cémo medimos la tos en la practica clinica habitual?” en la Jornada

de tos cronica del Barcelona Research Network del 2023.

- Ponéncia de “Evolucidon en la monitorizacion de la tos” en la sessio trimestral del

area de tos cronica de la SOCAP de marg 2023.
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10.4 FINANCIACIO

Beca becari de la SOCAP del 2022 pel projecte “Tos cronica y CANVAS (Cerebellar
Ataxia with Neuropathy and bilateral Vestibular Areflexia Syndrome). Screening de
mutaciones en la subunidad 1 del complejo del factor de replicacion (RFC1). Estudio piloto

inicial”. Becari: Esther Palones. Tutor: Astrid Crespo Lessmann.

Beca d’investigacié de la SEPAR en 2022 del projecte “Titulo del proyecto: Tos cronica y
CANVAS (Cerebellar Ataxia with Neuropathy and bilateral Vestibular Areflexia
Syndrome). Screening de mutaciones en la subunidad 1 del complejo del factor de

replicacion (RFC1).” IP: Astrid Crespo Lessmann.
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