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Genetika - gén NOS - dlhé rameno 12. chromozému

Definicia

FENO definicia a patofyziologia

NO vo vydychovanom vzduchu je marker zapalu dychacich ciest
Lipofilny plyn odvodeny endogénne z aminokyseliny L-argininu
Lahko sa Siri cez bunkové membrany

Hra rozhodujucu ulohu vo fyziolégii roznych organov

o regulacnd molekula - Ucast pri obrannom zapale, imunitnych odpovediach, regulacii KVS a NS
o plica

Mediator v patofyzioldgii roznych ochoreni

o biomarker eozinofilného zapalu dychacich ciest — astma typ 2

Baraldi E., ARS/ERS Statement Measurement of exhaled nitric oxide in
children, 2001; ERJ, 2002
ATS/ERS recommendations for nitric oxide. Am J Respir Crit Care Med. 2005



EXHALED NO IN
ALLERGIC AIRWAY INFLAMMATION

Mechanizmus biosyntézy NO

pri alergickom
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ERS monograph, Exhaled biomarkers No. 49, 2010 Journal of Asthma allergy 2019




Klucové
patofyziologicke
mechanizmy astmy
a z nich vyplyvajuce
komponenty
ochorenia a klinické
priznaky

Porsbjerg C., Seminar Asthma; Lancet 2023

History

Factors increasing pre- Factors reducing pre-
test probability of test probability of
asthma asthma

Variable symptoms of Constant symptoms:

« Wheezing « No variation

= Breathlessness « Monosymptomatic

« Cough and phlegm cough

» Triggered by external « No effect of asthma

factors (eg, cold, virus, medications
and exercise)
= History of atopy

« Family history ‘

Asthma control

Asthma symptom control:

- Symptoms more than twice a week
(eg, GINA, ACQ, ACT)

» Lung function less than 80%

- Exacerbations

Risk factors for adverse future outcomes:
(ie, exacerbations, loss of lung function,
side-effects of asthma medications)

» Uncontrolled symptoms

- Tendency to exacerbations

« Low lung function
|. High T2 biomarkers
* EXposures (eg, tobacco

« Comorbidities
» High SABA use

Determines need for treatment and treatment
intensity

Diagnostic tests
Demonstration of variable airflow obstruction:

- Spirometry with reversibility testing (improvement
in FEV, of 12% and at least 200 mL)

« Peak flow diary (20% variation between the
minimum and maximum, 2 weeks)

« Bronchial challenge testing (exercise: 10%, mannitol
test: 15%, methacholine test: 20%)

Inflammatory biomarkers and
clinical phenotyping

Allergic asthma:

« Allergic sensitisation to aeroallergens (skin prick test
or specific IgE)

« Symptoms of allergic rhinoconjuctivitis

T2 biomarkers:
» FeNO more than 25 ppb
« Blood eosinophils equal to or more than
300 cells per pL
» Sputum eosinophils equal to or more than 3%

Predicts effect of treatment: guides individualised
management

Figure 2: Diagnostic assessment of asthma: history taking, diagnostic tests, assessment of asthma control
and phenotyping




Klinicky benefit vydychovaného oxidu dusnatého (NO) pri
lieCbe alergickeho zapalu dychacich ciest a astmy

* Tazkd astma — relevantny biomarker — alergicka, T2 fenotyp
e Astma a CHOCHP overlap
CHOCHP - fenotyp s eozinofiliou

Eozinofilna bronchitida

Alergicka rinitida, rinosinusitida

Obstrukéné spankové apnoe, CHOCHP (alveolarne FENO)
* Vyskum

* Predikcia a kontrola odpovede na inhalacné kortikoidy, ALTR

Clinical Utility of The Exhaled Nitric Oxide (NO) Measurement With Portable Devices
In The management Of Allergic Airway Inflammation And Asthma, Journal of Asthma and Allergy 2019;12 331-341



Analyza NO vo vydychovanom vzduchu_literarne zdroje

1993

1997

1999

2005

2011

2015

2021

Increased amount of nitric oxide in exhaled air of asthmatics
Alving K, Weitzberg E, Lundberg JM, ERJ 1993,;6:1368-1370

ERS TASK FORCE REPORT: Exhaled and nasal nitric oxide measurements: recommendations
Kharitonov SA, Alving K, Barnes PJ, ERJ 1997;10, 1683-1693

ATS. Recommendations for standardized procedures for the on-line and off-line measurement of exhaled
lower respiratory nitric oxide and nasal nitric oxide in adults and children. AJRCCM 1999;160, 2104-2117

ATS/ERS recommendations for standardized procedures for the online and off- line measurement of
exhaled lower respiratory nitric oxide and nasal nitric oxide. AJRCCM 2005;171, s. 912-930

An official ATS clinical practice guideline: interpretation of exhaled nitric oxide levels (FENO) for clinical
applications, Dweik RA, AJRCCM 2011,;184:602-615

Contribution of exhaled nitric oxide measurement in airway inflammation assessment in asthma. A
position paper from the French Speaking Respiratory Society, Rev Mal Respir. 2015 Feb;32(2):193-2

Use of Fractional Exhaled Nitric Oxide to Guide the Treatment of Asthma: An Official American Thoracic
Society Clinical Practice Guideline, Khatri SB, AJRCCM 2021,204(10):e97-e109



Interpretacia FENO pri hodnoteni u pacientov s podozrenim na
astmu alebo s diagnostikovanou astmou

Hodnoty FeNO a zdvaznost zdpalu dychacich ciest

FeNO (ppb) nizke stredne vysoké

Dospeli <25 25-50
Deti <20 20-35
Typ 2 zapalu nepravdepodobny mozny

Dweik RA; AJRCCM 2011



Interpretacia FENO pri hodnoteni u pacientov s podozrenim na astmu alebo

Nediagnostikovana

s diagnostikovanou astmou

Diagnostika u IKS nelie€enych pacientov s podozrenim na astmu

(symptomaticki poslednych 6+ tyzdriov)

Zvaz alternativne diagnozy Opatrne interpretujte
Vyhodnotte klinicky
Ne-eozinofilna astma kontext
Rinosinusitida
CHOCHP
Bronchiektazie
CF, PCD
Postinfekéna BHR (virusy)
VCD (ILO/EILO)
Uzkost/hyperventilacia
GERD
Kardialne ochorenie

PlUcny hypertenzie/PE

Uvahy o manaZmente

Nepravdepodobna odpoved na MozZe reagovat na IKS
IKS Monitoruj zmeny FeNO

Dweik RA; AJRCCM 2011



Interpretacia FENO pri hodnoteni u pacientov s podozrenim na
astmu alebo s diagnostikovanou astmou - symptomaticki

Monitoring u pacientov lieCenych IKS s potvrdenou diagnézou astmy

Symptomaticki

Pretrvavajuca expozicia

Mozna alternativna alergénom
diagndéza Slaba adherencia
Uvahy o Nepravdepodobny Nedostatocna davka IKS
manazmente benefit zo zvysenia IKS Rezistencia na steroidy

Zvazte monitorovanie Zvazte monitorovanie zmeny
zmeny FeNO FeNO

Vyznamny narast alebo Vyznamny narast alebo pokles
pokles +/- 10 ppb +/- 10 ppb

Dweik RA; AJRCCM 2011



Interpretacia FENO pri hodnoteni u pacientov s podozrenim na
astmu alebo s diagnostikovanou astmou - asymptomaticki

Monitoring u pacientov lieCenych IKS s potvrdenou diagndzou astmy

Asymptomaticki
Adekvatna davka IKS
Dobra adherencia Adekvatna davka IKS
Uvahy o manaZmente Zniz IKS Dobra adherencia

Zvazte monitorovanie zmeny  Zvazite monitorovanie

FeNO zmeny FeNO
Vyznamny narast alebo Vyznamny narast alebo
pokles +/- 10 ppb pokles +/- 10 ppb

Dweik RA; AJRCCM 2011



Clinical utility of fractional exhaled nitric
oxide in severe asthma management

TABLE 1 Fractional exhaled nitric oxide [F.no) cut-offs in different guidelines

Guidelines F.no cut-offs

Justification

NICE [28] Adults
Positive: >40 ppb

Children [5-16é years)

Positive: >35 ppb
Scottish consensus ICS-naive patients
statement [45] >40 ppb
Patients taking ICS
»25 ppb
GINA [15] Adults
=20 ppb
ATS/ERS [40] Adults
High: =50 ppb
Intermediate:
25-50 ppb
Low: <2b ppb
ATS/ERS [40] Children
High: >35 ppb
Intermediate:
20-35 ppb
Low: <20 ppb

Associated with eosinophilic inflammation [in
non-smokers)

Eosinophilic inflammation and, in symptomatic patients,
responsiveness to corticosteroids likely

Cautious interpretation required

Eosinophilic inflammation and responsiveness to
corticosteroids less likely

Eosinophilic inflammation and, 1n symptomatic patients,
responsiveness to corticosteroids likely

Cautious interpretation required

Eosinophilic inflammation and responsiveness to
corticosteroids less likely

ATS: American Thoracic Society; ERS: European Respiratory Society; GINA: Global Initiative for Asthma;

ICS: inhaled corticosteroid; NICE: National Institute for Health and Care Excellence.

Review Asthma, Eur Respir J 2020;



Clinical utility of fractional exhaled nitric
oxide in severe asthma management

Andrew Menzies-Gow', Adel H. Mansur ©*° and Christopher E. Brightling®
Review Asthma, Eur Respir J 2020;

Prediktor terapeutickej odpovede na inhalacné kortikoidy
Diagnostika astmy a monitorovanie adherencie u steroid naivnych pacientov s astmou
NICE - inicidlna diagnostika u pacientov so suspektnou astmou

ATS guidelines — sucast inicidlnej diagnostiky astmy, monitorovanie zdpalu dychacich
ciest

Prediktivny faktor exacerbacie astmy

VyssSie hodnoty FENO — asociacia s poklesom plucnych funkcii, vyraznejsia reverzibilita,
zavaznejSia obstrukcia, vyssie riziko exacerbacii

Biomarker — hodnotenie a menezment tazkej astmy, prediktor odpovede na niektoré

biologika , , _
Loewenthal L., Menzies-GOW A., FeNO in Asthma, Semin RCCM 2022;



Absencia kontroly astmy
versus absencia adherencie k liecbe u tazkej astmy
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FIGURE 2 Fractional exhaled nitric
oxide [Fonol levels in adherent and @
non-adherent patients on inhaled a0+ ‘}

corticosteroids [ICS) therapy after
directly observed ICS (DOICS]
treatment. Non-adherent [n=9:
circles] and adherent patients

[n=13; squares). Reproduced from 25[] ..'IE fl. é é
[43] with permission from the
publisher. Day of DOICS

McNicholl DM, The utility of fractional exhaled nitric oxide suppression in the identification
of nonadherence in difficult asthma. AJRCCM 2012; 186: 1102-1108
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Editorial Ojanguren et al. Arch Bronconeumol 2021
FeNO for Asthma Diagnosis in Adults: More Lights Than Shadows N

Utilidad del FeNO para el diagndstico de asma en el adulto: mas luces que
sombras

Diagnostika astmy je ¢asto narocCna
= BDT je Casto negativny (lahka astma)
o Horsia dostupnost BKT

FeNO - casovo nenarocCné vysetrenie
Financne menej narocné v porovnani s bronchoprovokacnym testom

Mnozstvo klinickych studii zaoberajucich sa FeNO

= Dostatocné QUADAS kritéria

= \ysoka Specificita = 90% ak FeNO >50 ppb—> astma

"  Priznaky podobné astme + vysoké FeNO = vysoko pravdepodobne astma



EUROPEAN RESPIRATORY JOURNAL
ERS OFFICIAL DOCUMENTS

R. LOUIS ET AL.

European Respiratory Society guidelines for the diagnosis of
asthma in adults

Standardy diagnostiky astmy

TABLE 1 Operating definition of asthma

Typical symptoms including breathlessness, wheezing, cough, chest tightness and objective demonstration of excessive airway calibre fluctuation
with at least one of the following define asthma both in primary and secondary care:

1)  Peak flow variability 220% or spontaneous variation in FEV, 212% and 200 mL

2)  Reversibility after bronchodilator inhalation with improvement in FEV, of 212% and 200 mL

3]  Airway hyperresponsiveness: PCypy (or PCygy) <8 mg*mL'l (or 16 rﬂlg'mL'l in ICS-treated patients), PD,s mannitol <635 mg or FEV, fall 210%

after exercise
4)  Improvement in FEV; 212% and 200 mL after a 2-week course of OCS or a 4-6-week course of ICS

FEV,: forced expiratory volume in 1s; PC,,,,: provocative concentration causing 20% fall in FEV, with methacholine; PC,,: provocative concentration
causing 20% fall in FEV, with histamine; ICS: inhaled corticosteroid; PD,.: provocative dose causing a 15% fall in FEV,; OCS: oral corticosteroid.

Guidelines for the Diagnosis of Asthma in Adults. Eur Respir J 2022;



EUROPEAN RESPIRATORY JOURNAL
ERS OFFICIAL DOCUMENTS

R. LOUIS ET AL.

European Respiratory Society guidelines for the diagnosis of
asthma in adults

TABLE 4 Recommendations on Population, Index (Test), Comparison and Outcome (PICO) questions

Recommendation Remarks
PICO 3: Can measuring Fey help The taskforce suggests measuring F.yo as partof A cut-off of 40 ppb offers the best compromise
diagnose asthma in adults with the diagnostic work-up of adults aged 18 years  between sensitivity and specificity, while a
episodic/chronic suggestive symptoms? with suspected asthma (conditional cut-off of 50 ppb has a high specificity close to
recommendation for the test, moderate quality of ~ 90% and is therefore supportive of an asthma
evidence) diagnosis

A Foyo Value <40 ppb does not rule out asthma
Fno Values are markedly reduced by smoking
and treatment with ICS and dupilumab

Guidelines for the Diagnosis of Asthma in Adults. Eur Respir J 2022;



Limitacie FeNO v diagnostike astmy

Uzitocné pre
dg. astmy

Limitacie

AN

Zapal nie je u astmy vzdy pritomny
v" GINA 2021: “obvykle charakterizovana

zapalom dychacich ciest”
Rychlo dostupny &
nenarocény
v T2 zapal nie je u astmy konstantny
Ve,'a §tljd, 7 7 14 ’ V4 7 ]
: v" Nemusi ist o T2 zapal dychacich ciest
Specificita Sy . . e g
209 v Odporucania pre klinickd prax
0
v" Nizke FeNO nevylucuje astmu
v" FeNO > 40-50 ppb + priznaky astmy:

specificita = 90%, astma je velmi
pravdepodobna

f FENO REHIERIEINSNIR
atopia, rinitida ’



Take home message ©

Definitivna diagndza astmy je Casto v klinickej praxi narocna
Absencia “perfektného” zlatého standardu
BDT, BKT X falosna pozitivita a falosna negativita
Mnozstvo dokazov v literature analyzujuce prinos FeNO v diagnostike astmy
Zaver vdcsiny klinickych studii: FeNO > 40-50 ppb + priznaky astmy:
specifickta =~ 90%, velmi pravdepodobne astma

Kontrola astmy



Dakujem za pozoruost’
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