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1. UvoD
Na tvod této habilitacni prace (formou komentovaného souboru Sesti Casopiseckych
praci) bych chtél Ctenare uvést v adekvatni teoreticky ramec aktualnich znalosti a klinické

problematiky tykajici se morbidity a rizika mortality pacientii s chronickou obstrukéni plicni

nemoci (CHOPN).

1.1. Definice zakladnich pojmu

CHOPN je dle definice GOLD ,,preventabilni a 1é¢itelna nemoc charakterizovana
ptitomnosti perzistentnich respiracnich symptom, obstrukce dychacich cest a/nebo abnormit
plicnich alveold, ktera vznikla v disledku expozice Skodlivym ¢€asticim a plynim plsobenim
na vnimavého jedince (faktor hostitele). Zavazné komorbidity mohou mit vliv na morbiditu a
mortalitu pacienta® (1).

Oproti starSimu paradigmatu prostého déleni CHOPN na slozky plicniho emfyzému a
chronické bronchitidy je nemoc odbornou a védeckou komunitou v soucasnosti vnimana jako
komplexni a heterogenni syndrom postihujici nejen plice, ale také rtizné dalSi organové
systémy lidského organizmu (2, 3).

Zéakladnim patofyziologickym momentem zlstava inhalace riznych druhti $kodlivého
koufte, par, plynt, pracht ¢i jinych ¢éastic. Na prvnim misté se ale jednd o koufeni tabaku -
aktivni ¢i pasivni formou (4). Dal§imi faktory, které jsou asociovany s vysSim rizikem rozvoje
CHOPN, jsou niz§i porodni vaha (5, 6), astma v détstvi (7, 8), Casté respiraéni infekce
v détstvi (6, 7), prodélana tuberkuléza ¢i HIV infekce (9-11). Uplatiiuji se i genetické a
epigenetické vlivy, nejznaméjsimi jsou deficit ALAT (12) a genetické polymorfizmy pro
glutation S-transferazu (13), matrix-metaloproteinazy (14) a superoxid-dismutazu (15).

Chronické expozice vyse uvedenym noxam vede u vnimavych osob k oxidativnimu

stresu, aktivaci leukocytl, nerovnovaze proteazo-antiproteazového systému a iniciaci non-



infekénich zanétlivych déju (16, 17). Dominantnim typem je neutrofilni typ zanétu, ale u cca
20% pacientl jsou detekovatelné i rysy eozinofilniho zanétu (18). Chronicky zanét vede
k hyperfunkci hlenotvorného aparatu pradusek, ztraté elastickych vlaken v plicnim
parenchymu, destrukci stén drobnych prudusek, mikrovaskulatury a plicnich sklipkd,
remodelaci dychacich cest (19, 20). Tyto mechanizmy pak vedou k dynamické a statické
hyperinflaci plic, air trappingu, rozvoji emfyzému, porucham vymény plynu v alveolech.
Nasledkem pak je snizend tolerance fyzické zatéze, rozvoj ndmahové dusnosti a sekundarni
pokles fyzické aktivity, coz problém dal umocnuje (20, 21). Neustale piibyvaji dikazy o tom,
ze dal§im dileZitym mechanizmem patogeneze CHOPN je senescence, akcelerované starnuti
plic (22, 23). Vyznam tohoto objevu je umocnén tim, Ze proces senescence u pacientll s
CHOPN neni limitovan jen na plice, ale postihuje i jiné organy / orgdnové systémy na zakladé
spole¢ného patofyziologického procesu zprostiedkovaného extracelularnimi partikulemi.
Hypoteticky by tak lécba cilend na mechanizmus senescence (,,senoterapie”) mohla
zprostifedkovat terapeuticky efekt nejen na CHOPN jako takovou, ale i na vyznamné
komorbidity, které nemoc CHOPN provazeji (chronické srde¢ni selhani, akcelerovana
ateroskler6za, osteopordza, sarkopenie, deprese, zvySené riziko rozvoje nadorovych

onemocnéni) (22, 23).

1.2. Epidemiologicka situace ve svété a v Ceské republice
Prevalence CHOPN ve svété je za rok 2010 odhadovana na 11,7% populace starsi 30
let véku (24). Znamena to narust prevalence o 68,9% oproti roku 1990, kdy cinila 10,7%
dospélych osob nad 30 let véku (24). Pfeneseno do absolutnich ¢isel se jednd o cca 328
milionli osob ve svété (25). Lze tak fici, Z2 CHOPN je jedna z nejcastéjSich chronickych
nemoci viibec. Co je vSak alarmujici, je nizké procento diagnostikovanych a lé¢enych osob na

celkové odhadované prevalenci v daném regionu (26). Prediktivni modely pfitom



piedpovidaji dal$i narust prevalence CHOPN vV nasledujicich letech (27) nebo nartst
celkového poctu pacientit s CHOPN pfi stabilni mife prevalence dany celkovym riistem poctu
obyvatel nasi planety (28). Pfiznivy trend poklesu prevalence koufeni zejména v ekonomicky
vyspélych zemich je totiz balancovan starnutim populace (28). Spolu s nardstem poctu
pacienti s CHOPN tak piedpokladame i nartst poctu hospitalizaci a celkovy objem vydaji na
tuto nemoc (28).

Podle posledniho kvalifikovaného odhadu je prevalence CHOPN v Ceské republice
odhadovana na 6,7% celkové populace, tedy na piiblizné¢ 710 tisic osob (29). Pravidelné
1é¢enych a sledovanych je ale v Ceské republice jen kolem 235 tisic pacient s CHOPN, coz
znamen4, e u vétsiny osob nemoc dosud nebyla rozpoznana (29). Casna diagnoza a odvykéni
koufeni je pfitom jedind G¢innd intervence, ktera dokaZe snizit riziko mortality pacientil
s CHOPN na popula¢ni arovni (30).

Umrtnost na CHOPN je velmi zdvaznym celosvétovym problémem. CHOPN je po
ischemické chorobé srde¢ni a cévnim onemocnéni mozku aktudlné tteti nejcastéjsi pricinou
umrti na neinfekéni nemoci (tzv. non-communicable diseases) (30, 31). Ro¢ni pocéet umrti na
CHOPN ve svété¢ prevySuje 3 miliony osob (31). Kvili pokracujici epidemii kouteni
V rozvojovych regionech svéta a starnuti populace v rozvinutych zemich nelze v nejbliz§ich
letech ocekavat zlepSeni trendd v rdmeci této statistiky (30).

Globaln¢ ve statech Evropské unie byl v obdobi mezi lety 1994 a 2010 pozorovan
linearni trend poklesu mortality na CHOPN (32), v nékterych statech ale umrtnost na tuto
nemoc stoupala (33). Podet umrti na CHOPN v Ceské republice klesal do roku 1996, kdy
nariistem mezi 16ty 2012 a 2013 (34). V poslednich letech pocet imrti na CHOPN v Ceské

republice osciluje kolem hodnoty 3500 zemftelych ro¢né (33, 34).



1.3. Klinicky kontext

V Ceské republice je kolem 90% pacienti s CHOPN léeno pneumology, pouze
mensina pacientl je léCena cestou praktickych I¢kaiti nebo alergologl (pacienti s piekryvem
astmatu a CHOPN s dominujici astmatickou slozkou) (3). Tato organizace péce a dobra
dostupnost komplementarnich vySetieni umoziiuje pomérné sofistikovanou diagnostiku,
klasifikaci nemoci i organizaci komplexu terapeutickych opatieni. Zakladnim principem je
snaha o individualizovany pfistup k pacientovi zalozeny na co nejpfesnéjSim popisu nemoci u
kazdého jednotlivce. U kazdého pacienta s CHOPN je popséno stadium nemoci dle GOLD —
v zavislosti na predikované hodnoté¢ FEV1 (1), skupina nemoci dle GOLD - v zavislosti na
mife klinickych symptomt (MMRC a CAT skore) a na poctu exacerbaci v poslednich 12
mésicich (1) a tzv. fenotyp nemoci — vV zavislosti na pfitomnosti klinickych (kasel
s expektoraci, nizké BMI, exacerbace), radiologickych (bronchiektdzie, emfyzém),
laboratornich (eozinofilie) ¢i funkénich (bronchialni hyperreaktivita) patologii (3). Jeden
pacient pfitom mize mit ptitomnych i n€kolik fenotyptu zaroven (3) (blize viz v Kapitole
2.4.). Princip fenotypizace vychazi z konceptu CHOPN jako nehomogenniho syndromu, u
néhoz konkrétni projevy u jednotlivet vykazuji zna¢nou interindividualni variabilitu (35, 36).
Fenotyp CHOPN piedstavuje charakteristicky projev nebo soubor znak, ktery definuje
podskupinu pacientii s timto spoleénym rysem. Pokud je fenotyp podminén konkrétnim
patofyziologickym procesem, mluvime o endotypu (35). Nejznaméj$im endotypem u CHOPN
je geneticky podminény vrozeny deficit ALAT (37). Nékteré fenotypy mohou byt soucasné
tzv. 1éCitelnymi rysy (,,treatable traits*) a miZeme tak pro n€ definovat nékteré druhy cilené,
individualizované terapie (35). Jako ptiklad 1écitelného rysu uvedu opét deficit A1AT —
pacient s CHOPN vzniklou na podkladé jeho vrozeného deficitu mize byt 1é¢en substitucni
lécbou A1AT po splnéni indikacnich kritérii. V tomto piipadé se jednd se o vysoce

specializovanou a pfisn¢ individudlni lécbu (35).



V kazdodenni klinické praxi vykazuje piiblizné 50-70% pacientia s CHOPN stabilitu
své nemoci v Case, a to diky uzivani adekvatni bronchodilata¢ni 1é¢by (38, 39). Tietina az
polovina pacienti je ale z dlouhodobého casového hlediska nestabilni, coZ je zpisobeno
zejména ttemi klicovymi faktory — vyskytem exacerbaci CHOPN, rychlym poklesem plicnich
funkci v Case (tzv. ,.fast decliners®) a piitomnosti komorbidit, pfedev§im kardiovaskularnich
(40). Tyto definované jevy jsou zodpovédné nejen za zvySenou morbiditu a mortalitu pacienti
s CHOPN, ale jsou spojeny i s vysokou ekonomickou zatézi na zdravotnicky systém, zejména
z divodu vyssiho vyskytu exacerbaci a nutnosti hospitalizaci (38, 41). Pochopeni téchto
zékladnich principli a v€asnd identifikace pfitomnosti vySe zminénych jevll u pacienta jsou
kli¢em k zavedeni adekvatnich protiopatieni, kterymi se snazime 0 redukci rizika a zlepSeni
kvality zivota na stran¢ pacienta a o redukci ndkladii na strané zdravotnického systému. Je
znamo, ze dle aktualné platné klasifikace CHOPN dle GOLD (systém skupin A-D), je skupina
B nejvétsi kategorii pacientt (42-45), ktera ale evidentné zahrnuje subpopulaci pacientl s
komorbiditami a castymi exacerbacemi (3, 42, 43) ohrozenych deterioraci do skupiny D
v kratkém case (napf. do roka) a zvySenou mortalitou (38). StéZejnim tkolem klinika u této
skupiny pacientt (GOLD B) je tak peclivost, a to nejen ve vztahu k pfesnému popisu
charakteru CHOPN u daného pacienta, ale také k vyvoji jeho celkového stavu a charakteru
nemoci v prubéhu ¢asu.

Exacerbace CHOPN jsou epizody s akutnim zhorSenim respiracnich symptoma ustici
Vv potiebu zmény medikace (46). Vétsina exacerbaci CHOPN je spusténa virovym ¢i
bakterialnim infektem dolnich cest dychacich, pfipadné znecisténym ovzdusim, smogem (1,
47, 48), ale az tietina je idiopatického ptivodu (1). Exacerbace CHOPN vede k amplifikaci
zanétu v dychacich cestach, zvySené mukoprodukei, dynamické plicni hyperinflaci, air
trappingu, zhorseni jiz existujici ventilaéné-perfuzni nerovnovahy a k respiracnimu selhani (1,

49, 50). Teézké exacerbace s respiracnim selhanim jsou provazeny vysokym rizikem



hospitaliza¢ni (cca 20%) i dlouhodobé post-hospitalizaéni mortality (cca 63% do 3 let od
dimise) (51). Rekonvalescence po exacerbaci CHOPN muze trvat tydny az mésice a u ¢asti
pacienti uz nikdy nedojde k restituci pivodni trovné plicnich funkci (52). Exacerbace se
mohou v kratkém ¢ase kumulovat a vytvaiet klastry (53) a pacient, ktery exacerboval jednou,
je nachylngjsi k dals$im exacerbacim i v budoucnu (54). Opakované epizody zanétlivého
vzplanuti ve sténé pridusek, kortikosteroidni lécebné kura, zvysSend pravdépodobnost
bakterialni kolonizace dolnich cest dychacich vedou ke vzniku bronchiektazii a postupné se
tak vytvaii a fixuje zaCarovany kruh, ktery vede k rychlé deterioraci stavu pacienta (1).
Exacerbace CHOPN je proto potieba vnimat jako velmi neZadouci jev, ktery pacienta
ohrozuje na zivoté aktualné v danou chvili, ale i v budoucnu. Entita frekventniho exacerbatora
jako samostatného fenotypu CHOPN vyzadujiciho pozornost klinika je zakotvena i v recentné
publikovaném Pozi¢nim dokumentu CPFS k 1é¢bé stabilni fize CHOPN — viz téz Kapitola
2.4. této prace (3). Fenotyp frekventniho exacerbatora rozeznédvaji i jiné dokumenty upravujici
narodni doporuceni k 1é¢bé stabilni faze CHOPN, napt. $panélska doporuceni (55), ale také
francouzska, ruska, finska, portugalska ¢i svédska (56).

Klinickym koreldtem rychlého poklesu plicnich funkci v Case je ve vétSiné piipada
vznik plicniho emfyzému (57, 58). Emfyzém znamena ztratu efektivni plochy pro vyménu
plynii mezi organizmem a vné&j$im prostiedim. Obecné je pokles plicnich funkei rychlejsi
zejména v niz§ich stadiich CHOPN (59, 60), existuje ale podskupina pacienttii, u kterych je
deklinace plicnich funkci vyrazné akcelerovana (61-63). Rychly pokles plicnich funkci je
pfitom asociovan s vys§i mirou dlouhodobého rizika zejména kardiovaskularni mortality (61,
64, 65). Emfyzém je asociovan s vysS$im rizikem mortality, obzvlast pokud pacient zaziva

exacerbace (66).
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1.4. Morbidita a mortalita pacienti s CHOPN

Jak je uvedeno v piedchozi kapitole, komorbidity - zejména kardiovaskularni - jsou
vedle Castych exacerbaci a rychlé deteriorace plicnich funkci v ¢ase tietim klicovym faktorem
podilejicim se na vysoké mife nemocnosti, utilizace zdravotni péce, ekonomické zatézi a
mortalitnimu riziku pacientt s CHOPN (67, 68). Nejcastéji u CHOPN pozorujeme
kardiovaskularni komorbidity, dale osteoporozu, malnutrici a sarkopenii nebo obezitu,
metabolicky syndrom a diabetes, anxidzné-depresivni syndrom, zvySené riziko rozvoje
nadorovych onemocnéni (zejména karcinomu plic), anémii, poruchy spanku i soucasnou
fibrozu plic (69, 70). Nekteré komorbidity (napf. plicni hypertenze, bronchiektazie nebo
malnutrice a sarkopenie) jsou vnimany vice jako disledek CHOPN samotné, jiné sdileji stejné
patofyziologické drahy s plicnim postizenim a jsou vétSinou dusledkem systémového zanétu,
dysfunkce cévniho endotelu, aktivace koagulacniho systému a poruch vymeény plynd a
acidobazické rovnovahy (69). Tato skupina komorbidit pak CHOPN spise provazi na principu
zvySené pravdépodobnosti, @ ma tendenci k vyskytu v klastrech (69, 71). Plati i vzajemna
provazanost, a to Zze komorbidity dok4zi zhorSovat pribéh exacerbaci CHOPN a naopak,
exacerbace CHOPN obvykle zhorSuji stav komorbidit (69). Variabilita vyskytu komorbidit
v subpopulacich dle jednotlivych fenotypti CHOPN se jevi byt spiSe mensi (72). Komorbidity
Ize detekovat jiz od ¢asnych stadii CHOPN, a to pomérné s vysokou prevalenci (72), jejich
vyskyt a distribuce pak stoupa s pokrocilejsim stadiem CHOPN dle GOLD (I-IV), pfi¢emz
prevalence kardiovaskularnich komorbidit miZe byt ve stadiu IV paradoxné relativné niZsi,
pravdépodobné dusledkem vysoké mortality tohoto stadia nemoci (73). Distribuce komorbidit
se miZe liSit 1 v zavislosti na pohlavi pacientli — u Zen je Castéj$i CHSS, depresivni syndrom,
u muzu pak arytmie, cor pulmonale a kognitivni a degenerativni poruchy mozku (73).

Fascinujici jsou novéjsi védecké zpravy o spolecné patogenenezi CHOPN a jejich

komorbidit na bazi systémového zanétu a mechanizmu senescence (22, 23, 73). Senescentni
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bunky se vyznaCuji vyraznou sekretorickou aktivitou, ktera udrzuje v chodu chronické
zanétlivé déje, mluvime o tzv. ,,senescence-associated secretory phenotype® (22, 23). Tyto
déje vedou Kk poklesu hladin sirtuind 1 a 6, coz jsou kli¢ové molekuly branici starnuti bun¢k,
tkani a organizmu (22, 23). Teoretické dusledky pochopeni téchto mechanizmi jsem jiz
zminoval vySe — Oteviraji moznost hypotetické spolecné 1¢cby CHOPN 1 komorbidit jednim
univerzalnim typem medikamentozni 1é¢by (,,senoterapie® — napft. latky quercetin, dasatinib,
navitoclax) (23, 75, 76). Soubéh CHOPN s ¢etnymi asociovanymi komorbiditami je
nékterymi autory nazyvan jako komorbidni fenotyp (3, 77).

Védeckych dikazi pro to, ze komorbidity maji u CHOPN vyznamny vliv na mortalitu
pacientt, je dostatek. Mezi tfi nejcastéjsi pri¢iny tmrti pacientdi s CHOPN patii malignity,
kardiovaskularni pfi¢iny a respiraéni selhani (78, 79). I jiné prace poukazuji na
kardiovaskularni udalosti a respirac¢ni selhdni jako na hlavni pficiny umrtnosti pacientl s
CHOPN (80, 81). Jasna souvislost mezi pfitomnosti CHSS a zvySenym rizikem hospitalizaci i
mortality pacient s CHOPN byla prokazana i v nedavno publikované metaanalyze britskych
autoru (82).

Dosud nepublikovand data z ceského Registru CHOPN (popis registru blize viz
Kapitola 1.7.) z data exportu ze druhé poloviny roku 2020 uvedena na obrazku nize (Graf X)
prokazuji, Ze velkd Cast pacientl (cca 42%) v této prospektivné sledované kohorté zemiela z
respiracnich pficin (respiracni selhdni, pneumonie, exacerbace CHOPN), ale za podstatnou
¢ast umrti jsou zodpovédné komorbidity (kardiovaskularni pficiny 20%, karcinom plic 12%,

extrapulmonalni malignity 6%, cévni mozkové piihody cca 5%).
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Pro zhodnoceni efektu pfitomnosti komorbidit na riziko mortality byl zkonstruovan i
index COTE, ktery je specificky pro CHOPN pacienty a ktery pracuje s deseti

nejfrekventnéj§imi polozkami komorbidit u pacienti s CHOPN (83).

1.5. Odhad prognézy pacienta s CHOPN

Prognézu pacienti s CHOPN ve vztahu k riziku mortality lze stanovit na zakladé
pfitomnosti rdznych znakt nebo hodnot nékterych parametri (84). Tradiéné pouzivanym
parametrem je % nalezit¢ hodnoty postbronchodilatacniho FEV1 (84-86), ktery byl a je
pouzivan vramci klasifikace CHOPN do stadii GOLD I-IV (87). Plicni funkce
reprezentované % nalezité hodnoty postbronchodilatacniho FEV1 u pacienti s CHOPN v
ramci evoluce nemoci klesaji a dosahuji postupné hodnot, pti kterych se objevi prvni klinické
symptomy, posléze znacné omezeni zékladnich zivotnich funkci a na zavér dosdhnou
letalnich hranic (FEV1 kolem 15% nalezité hodnoty) (59, 60, 88). Stoupajici riziko mortality u
pacienti s CHOPN je piimo umémé poklesu FEV:i v case (85), néktefi autofi ale

prognostickou roli FEV1 zpochybiuji (89).
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Dal$imi znamymi faktory asociovanymi se zvySenym rizikem mortality pacientl s
CHOPN jsou chronicka hypoxémie (90) (viz téz Kapitola 2.1. této prace), vzdalenost usla
béhem 6-MWT (91), nizké BMI (86, 92) a vysoka mira dusnosti (89). Ponékud slozit&jsi jsou
vztahy mezi rizikem mortality a hyperkapnii. N¢které prace chronickou hyperkapnii jako
jasny rizikovy faktor mortality prokazuji (93), jiné vzajemnou asociaci Vylucuji (94). Ani
nov¢jsi verze Kklasifikace GOLD nepiinesly zlepseni prognostickych vlastnosti oproti
klasisifikaci GOLD zalozené na hodnoté postbronchodilata¢niho FEV; (95-97). V nasi praci
jsme zjistili, Ze se zvySenym rizikem mortality jsou asociovany prisluSnost pacienta do
skupiny D dle GOLD nebo pfitomnost hypoxémie (PaO2 <7.3 kPa) u pacienta s CHOPN
skupiny B dle GOLD. Blize viz piivodni prace v Kapitole 2.1.

Jednotlivé vySe zminéné parametry ale z prognostického hlediska neposkytuji
dostate¢né Siroky pohled na komplexnost nemoci CHOPN a jejich komorbidit. Pro stratifikaci
rizika u pacientii s CHOPN proto byly vytvoteny kompozitni prognostické nastroje. Ve svéteé
je pro odhad rizika dlouhodobé mortality v klinické praxi nejcastéji pouzivan prognosticky
index BODE (84). Tento nastroj ma ¢tyii komponenty: BMI, hodnotu postbronchodilataéniho
FEV1, zhodnoceni dusnosti pomoci mMRC skoére a vysledek 6-MWT (pocet uslych metrti).
Tento nastroj tak inkorporuje fadu charakteristik s prokdzanym vztahem k riziku mortality.
Slabsim mistem indexu je parametr 6-MWT. Vzdalenost usla béhem 6-MWT muze byt
ovlivnéna celou ftadou faktori, které mohou vysledek testu zkreslovat. Zejména
problematické jsou artr6za kolennich ¢i kycelnich kloubt, polyneuropatie dolnich koncetin a
samoziejmé stavy po amputaci dolni koncetiny nebo imobilita jiného pivodu. I drobny rozdil
v uslé vzdalenosti mize vést k horSimu bodovému skore (napt. 150 vs 149 metrt) (84).
Dalsim problémem u 6-MWT je potieba adekvatnich prostor k jeho provedeni (napt. chodba
délky 20 az 30 metrlt), coz mize byt v fad¢ 1ékaiskych ordinaci problém. V roce 2009 byla

provedena reevaluace BODE indexu, pii které autofi zjistili jeho subidealni funk¢nost na dvou
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nezavislych pacientskych kohortach (98). Autofi této prace navrhli aktualizaci verze BODE
indexu s rozsifenim jeho bodové $kaly na 15 bodu (98). Tato uprava indexu ale jen dale
zvysuje potencidlni dopad problému se 6-MWT (napi. pii uSlych vzdalenostech 350 vs 349
metri ma pacient piifazeno 0 vs 4 body) (98). Zajimavé vysledky ve vztahu k predikci
mortality u pacientti s CHOPN publikoval autorsky kolektiv kolem de Torrese, ktery
zkombinoval pouziti indextt BODE a COTE, ¢imz se zvysil prediktivni potencial obou téchto
indexti s finalni hodnotu AUC 0,81 (99). Nevyhodou tohoto pfistupu je potfeba vypracovat 2
indexy zaroven.

Vysledkem prace Spanélskych autord byla konstrukce ADO indexu jakozto
jednoduchého prognostického néstroje navrhovaného pro pouzivani mimo pneumologické
ordinace (napf. pro ordinace praktickych lékaii) (98). Index ADO se sklada ze trech
parametrid: véku, hodnoty postbronchodilataéniho FEV: a mMRC skore (98). Znacnou
nevyhodou tohoto indexu je faktor v€ku, kterému je alokovano az 50% bodové hodnoty. Vek
neni specifickym znakem ve vztahu k CHOPN, ale ma vlastni a velmi uzky vztah Kk riziku
umrti, tzv. Gompertz-Makehamtiv zakon mortality (100). Ani mMRC skoére neni zcela
specifické pro CHOPN, jelikoz jeho vysledek mize byt ovlivnén celou fadou mimoplicnich
pficin dusnosti.

Z indexu BODE byly jesté vyvinuty jeho dalsi modifikace: indexy BODEX (prvky
BODE indexu, kde 6-MWT je nahrazen téZkymi exacerbacemi) (101), BODEXS90 (index
BODEX s hodnotou saturace hemoglobinu kyslikem) (102). Pro uplnost jesté¢ uvedeme index
CODEX, ktery je uréen k predikci rizika rehospitalizace, ale také 12-mési¢niho rizika
mortality (103). Vsechny tyto novéjsi nastroje bud’ nedosahly vétsiho rozsiteni mezi kliniky
nebo maji své specifické nedostatky. V nedavno publikované baskické praci autofi v zavéru
prace konstatuji, ze komorbidity by mély byt zvazovany jako prognosticky ukazatel, nejlépe v

kombinaci s jiz existujicimi kompozitnimi indexy / skoérovacimi systémy (104).
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fadu let. V prvnich tfech kapitolach komentované casti této habilitacni prace prezentuji
originalni préace, které¢ se zabyvaji stanovenim rizika dlouhodobé mortality u pacienta s
CHOPN. Za vyznamnou povazuji konstrukci prognostického nastroje / indexu CADOT, ktery
ptedchazi nékterym nevyhodnym vlastnostem indexi ADO a BODE (viz vyse) a ktery
inkorporuje diilezitou komorbiditu (CHSS) jako integralni soucast skorovaciho systému (blize
viz Kapitola 2.3. této prace). Index CADOT je diky snadné dostupnosti vySetieni difuzni
kapacity plic dobfe uzptsoben k pouziti v podminkach zdravotnického systému Ceské
republiky a jako takovy byl doporucen k rutinnimu pouzivani i v rdmei Pozi¢niho dokumentu

CPFS k 1é¢bé stabilni faze CHOPN — viz Kapitola 2.4. této préce.

1.6. Terapeutické cile farmakologické a nefarmakologické 1é¢by

Zakladnimi cili farmakologickych i nefarmakologickych modalit 1é¢by CHOPN jsou
snizeni trovné symptomu a prevence vVzniku ¢i snizeni poétu exacerbaci nemoci. Dal§imi cili
jsou obecné zlepSeni kvality zivota pacientll, zlepSeni tolerance fyzické zatéze a zpomaleni
poklesu plicnich funkci (= zpomaleni progrese nemoci v ¢ase) (1). ,,Svatym gralem* terapie
CHOPN ziistava ovlivnéni mortality pacienti. Tohoto cile — s nékolika malo vyjimkami u
specifickych podskupin pacientli — nebylo dosud plosné dosazeno prakticky u Zadného typu
1écby.

Existuje cela fada 1écebnych pfistupi, farmakologickych i nefarmakologickych, které
sleduji rizné cile. Tyto cile jsou navic definovany rizné pro jednotlivé narodni zdravotnické
systémy. Ceské doporuceni bylo formulovano v nedavno publikovaném Poziénim dokumentu
CPFS k 16¢bé stabilni fize CHOPN. Zakladnim vychodiskem tohoto dokumentu je snaha o
individualizovanou 1écbu CHOPN dle aktualnich potieb a prezentace znakii nemoci u dané¢ho

pacienta. Lécba je stratifikovana do péti zékladnich okruhti / krokl, které zahrnuji: 1/
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eliminaci (nebo omezeni vlivu) rizik, 2/ zékladni 1écbu, 3/ fenotypicky-vazanou 1écbu, 4/
paliativni 1écbu a terapii respiratniho selhani a 5/ 1é¢bu pfitomnych komorbidit. VEtsi
podrobnosti na toto téma jsou prezentovany v Kapitola 2.4. této prace. Zde bych chtél zminit
pouze ty 1éCebné postupy nebo opatieni, u kterych je zdokumentovan efekt na snizeni rizika
mortality.

NejzasadnéjSim opatfenim v ramci snahy o sniZeni rizika mortality pacienti s CHOPN
se jevi Casna diagndza nemoci a ¢asné¢ odvykani koufeni. Koufeni je zodpovédné az za cca
90% umrti pacienti s CHOPN, tedy jakéakoli intervence snizujici tabdkovou néloz se projevi
jako sniZeni dlouhodobého rizika umrti (105). Ve velké americké longitudinalni prospektivni
studii (Lung Health Study) bylo prokazano, ze zanechani koufeni vede ke zlepSeni plicnich
funkci a nasledné k vyraznému zpomaleni jejich poklesu v ¢ase ve srovnani s aktivnimi
kuradky (60, 88, 106). Zarovenl byl pozorovan signifikantni vliv odvykani koufeni na snizeni
mortality pacientii (107). Efekt bronchodilatacni 1é¢by na mortalitu zatim nebyl jednoznacné
prokazan, byt je intenzivné diskutovan (108).

Dalsi specifickou podskupinou pacientl jsou pacienti S plicnim emfyzémem na
podkladé deficitu A1AT. U téchto pacientil je prokdzano, Ze ¢im niZsi je denzita jejich plicni
tkané na CT snimcich, tim vyssi je riziko mortality (109). Do procesu akcelerovaného poklesu
plicnich funkci a ztraty denzity plicni tkdn€ u téchto pacientil 1ze aktivné vstoupit zahajenim
substituéni 1écby ALAT (109). Z analyzy dat z velkého amerického registru pacientl
s deficitem A1AT jasné vyplyva, ze pacienti 1é¢eni substituci AIAT méli signifikantné nizsi
riziko mortality (110). Tato data nicméné nepochdzeji z randomizované studie, proto je
potieba brat s jistou rezervou (110).

U pacientd s velmi pokrocilym stadiem CHOPN (s hodnotami FEV: blizicimi se
k letalnim limitdm = cca 15% predikované hodnoty) (88), je velmi pravdépodobné, ze na

jejich preziti bude mit pozitivni efekt transplantace plic (111). Pii vyssich hodnotach FEV1 se
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tento benefit mlize vytracet, coz je jasnym imperativem ke zptfesnéni indikac¢nich kritérii pro
transplantaci plic u pacientt s CHOPN (111, 112). Jini autofi zduraznuji, Ze pro defitinivni
prikaz efektu transplantace plic na sniZenou mortalitu je potieba dalsich praci a jasnéjsi
veédecké dukazy (113).

Dalsi chirurgickou metodou, kterda muze snizit riziko mortality, je chirurgicka
volumredukce (lung volume reduction surgery — LVRS). LVRS je ale u¢inna pouze u
pacientll s emfyzémem dominujicim v hornich lalocich a musi byt soucasné¢ pfitomna snizena
perfuze (dle perfuzni scintigrafie) v téchto partiich plic (114). Jini autofi zdtraziuji, ze LVRS
je zatizena vysokym rizikem mortality v ¢asném poopera¢nim obdobi a méla by byt proto
indikovana s velkou opatrnosti a po dostate¢né tvaze (115).

Ziejmée poslednim typem 1é¢by, u které byl prokazan vliv na sniZeni rizika mortality
pacienti s CHOPN, je DDOT. Efekt dlouhodobé kontinudlni kyslikové terapie na sniZeni
mortality u pacientd stéZkou CHOPN a té€zkou chronickou hypoxemickou respiracni
insuficienci prokazaly dvé studie provedené zacatkem osmdesatych let 20. stoleti (90, 116).
Naproti tomu, u pacientil s mirng€j$i hypoxémii efekt oxygenoterapie na mortalitu nebyl
prokazan (117).

Co se ty¢e medikamentozni 1écby, efekt nékterych lékid na sniZzeni mortality je
diskutovan, zejména inhalac¢nich kortikosteroidii, nicméné dosud Zadna prace neprokéazala
jednoznacny a neoddiskutovatelny efekt (118).

Z vyse uvedeného vyplyva, Ze provedeni kvalifikovaného odhadu rizika mortality
pacienta s CHOPN ma velky klinicky vyznam.

V ¢asné fazi nemoci mize pomoct identifikovat rizikovéjsi pacienty a zavést komplex
opatfeni, pomoci kterych by se nemoc dala zpomalit. V¢asné odvykani kouteni mize kiivku
poklesu plicnich funkci v Case navratit bliZze k normalni kiivce zdravého ¢lovéka (59). Kromé

zanechani koufeni 1ze provést celou fadu opatfeni za Gcelem zabranéni deteriorace stavu a
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zamezeni exacerbacim nemoci, napi. edukaci a zahdjeni dispenzarni péCe o pacienta,
eliminaci inhalacnich rizik, zahajeni bronchodilatacni (a dopliikové farmakologické) 1éCby
(pokud je indikovana), pe€livou 1é¢bu piipadnych komorbidit, cilenou fyzioterapii, o¢kovani
proti zavaznym respira¢nim patogenim, pravidelné monitorovani vyvoje plicnich a
respiracnich funkci v ¢ase a pravidelné prehodnoceni stavu nemoci a rizika u daného
nemocného (3). Nutnym pfedpokladem k Casné intervenci je také Casna diagnéza CHOPN.
Autor této prace je ¢lenem pracovni skupiny a sam aktivné pracuje v ramci projektu UZIS
,Casny zachyt chronické obstrukéni plicni nemoci® (3). Pribézné je zachyt CHOPN u
screenovanych osob s identifikovanymi rizikovymi faktory az na urovni kolem 25%, coz je
mimoifadna mira vykonu screeningového programu.

U pacientil se stfedné zavaznymi formami nemoci (zajména stadia GOLD II nebo
skupiny GOLD B) pomaha zhodnoceni rizika dlouhodobé mortality identifikovat ty pacienty,
kteti jsou ohrozZeni rychlou deterioraci stavu a vyskytem exacerbaci. Toto je dilezité zejména
z divodu, Ze GOLD stadium II a skupina B jsou nejpocetnéjsi kategorie pacientl a
identifikace rizikovych pacientli nemusi byt jednoducha. U rizikovych pacientil je potifeba
maximalizovat léCebnou a preventivni snahu celého oSetfujiciho tymu a zamezit exacerbacim
a rychlé deterioraci plicnich funkci, kterd je nejrychlejsi predevsim ve stadiich II a III dle
GOLD (1, 59).

Pacienti v pokrocilych stadiich CHOPN (GOLD stadia III-IV a skupina D) jsou
obecné ohrozeni vysokym rizikem mortality, identifikace jedincl s vy$§im rizikem V ramci
téchto subpopulaci mé ale vyznam zejména z divodu moznosti zavedeni DDOT (u
indikovanych jedincti) (90, 116) a adekvatni pfipravy pacienta k transplantaci plic (u
indikovanych jedincll) po strance psychologické, celkové vykonnosti, stavu vyZivy a imunity

a optimalizaci lécby (111).
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Snaha o snizeni rizika mortality patii mezi zédkladni tikoly pneumologa v ramci péce o
pacienta s CHOPN, byt’ jsou realné moznosti takovych intervenci omezené jen na nékteré
konkrétni podskupiny pacientii a za pomoci velmi specifickych 1écebnych opatieni
(diskutovano vyse). Jen dusledna identifikace rizikovych pacienti ale umozni optimalizovat
veskeré 1éCebné, diagnostické 1 preventivni kroky a piipadné zavést ta opatieni, kterd maji na
mortalitu vliv.

V ramci této habilitatni prace prezentuji a komentuji Sest Casopiseckych praci, které
ziskanymi poznatky pomahaji identifikovat vysoce rizikové pacienty za pomoci krevnich
plynl a pulzni oxymetrie ve skupiné GOLD B (kapitola 2.1.), v celé populaci pacientl
S CHOPN za pomoci nového prognostického nastroje (kapitola 2.3.). V jedné praci
poukazujeme na nedokonalost a neintuitivnost klasifikaéniho systtmu GOLD A-D ve vztahu
k riziku mortality (kapitola 2.2.). Pozi¢ni dokument CPFS k 16¢bé stabilni faze CHOPN
(kapitola 2.4.) je velmi modernim dilem s novym konceptem managementu stavu a 1écby
pacienta s CHOPN; v dokumentu je vénovan prostor i stanoveni prognozy pacienta s CHOPN
Vv ramci samostatné kapitoly. DalSi dvé prace pojedndvaji o ndmi vyvinutych metodach
optimalizace inhala¢ni resp. aplikacni techniky inhalacnich preparati (kapitola 2.6.) a o
navrhu randomizované studie k posouzeni nejeefektivnéj$Si metody posileni inspiraéniho
svalstva pacienti s CHOPN, kterou zahajime v kvétnu 2021 s podporou vyzkumného grantu
AZV MZ CR & NU21J-09-00004 s nazvem ,,Srovndni novych a tradicnich metod tréninku

inspiracniho svalstva u pacientit s CHOPN zalozenych na vzdaleném monitorovani*.

1.7. Registr CHOPN v Ceské republice
Nekolik praci z tohoto komentovaného souboru vzniklo na platformé multicentrické
spoluprace pneumologickych pracovist v Ceské republice v ramci Registru CHOPN. Registr

CHOPN byl zaloZen v roce 2013, participuje na ném 14 pneumologickych center terciarniho
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nebo univerzitniho typu v Ceské republice a je administrovan Institutem Biostatistiky a
Analyz, s.r.o. Cilem tohoto unikatniho neintervencniho projektu je prospektivni sledovani
pacienti s CHOPN po dobu 5 let od zafazeni, sledovani pfirozené i 1é¢bou modifikované
evoluce jejich nemoci, vyskytu exacerbaci, prub&hu 1é¢by, morbidity a mortality. Do registru
byli zafazovani pouze pacienti s jistou diagnézou CHOPN, s FEV1 pod 60% predikované
hodnoty, stabilni po dobu poslednich 2 mésict a ktefi souhlasili se zafazenim do projektu.
Vyfazeni byli pacienti s pfedpokladanou délkou Zivota méné nez 6 mésicu a S dominujicim
jinym zdravotnim problémem nez CHOPN (napf. karcinom plic, viceCetné bronchicktazie)
(119). Hlavnimi sledovanymi parametry jsou: demograficka a anamnesticka data, Groven
symptomi (mMRC skore, CAT skore), kvalita zivota (SGRQ skore), farmakologicka i
nefarmakologicka 1é¢ba, plicni funkce (spirometrie, bodypletyzmografie, difuzni kapacita plic
pro oxid uhelnaty, FeNO) a jiné klinické udaje (CT plic, EKG, krevni plyny) (119). Nabor
celkem 784 pacientii byl ukoncen v prosinci 2016 a sledovani pacienti bude pokracovat do
konce roku 2021.

Z technickych parametrii: projekt Registru CHOPN byl registrovan na UZIS pod

identifikaénim &islem 1301100001 a na ClinicalTrials.qgov s identifikdtorem NCT01923051.

Projekt probiha v souladu s pravnim ramcem Ceské republiky i Evropské Unie a s etickym
ramcem vymezenym Helsinskou deklaraci. Projekt Registru CHOPN (v¢etné jeho protokolu)
byl schvalen Multicentrickou etickou komisi Masarykovy univerzity dne 16.1.2013 (kod
schvaleni: CHOPN) a regionalnimi etickymi komisemi jednotlivych participujicich center
(119).

Autor této habilitacni prace je Clenem steering committee Registru CHOPN, také
zadaval data do registru, je jednim z publikacné nejaktivnéjSich ¢lenli pracovni skupiny a
pfednostou Kliniky nemoci plicnich a tuberkulézy LF MU a FN Brno, kterda je jednim

Z nejvéetsich prispévatelti dat do Registru CHOPN.
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2. KOMENTOVANE PRACE

2.1. Respiratory parameters predict poor outcome in COPD patients, category GOLD
2017 B.

Citace: Brat K, Plutinsky M, Hejduk K, Svoboda M, Popelkova P, Zatloukal J, Volakova E,

Fecaninova M, Heribanova L, Koblizek V. Respiratory parameters predict poor outcome in

COPD patients, category GOLD 2017 B. Int J Chron Obstruct Pulmon Dis. 2018;13:1037-52.

Komentar:

V této prospektivni multicentrické praci jsme analyzovali prognostickou hodnotu
arterialnich krevnich plynti a dalSich respira¢nich parametri u pacienti s CHOPN skupin
GOLD A-D ve vztahu k dlouhodobé mortalité. Krevni plyny a 6-MWT s méfenim periferni
saturace hemoglobinu kyslikem patii mezi jednoduché a snadno dostupné metody posouzeni
aktualni respiracni funkce plic.

Racionalnim zdkladem pro tuto praci byla zmeéna klasifikace CHOPN, kterd byla
ustanovena novym dokumentem GOLD na konci roku 2016 a ktera vedla k velkym pfesuniim
pacientil z jedné kategorie do jiné. Touto zménou doslo k velkému pfesunu pacientii zejména
ze skupiny D do skupiny B, coz mélo dv€ zasadni konsekvence: 1/ skupina B se stala
nejpocetnéjsi kategorii CHOPN C¢itajici dle rtiznych autort az 50% poctu pacientl v riznych
kohortach (42, 44, 45) a 2/ pacienti pieklasifikovani ze skupiny D na B teoreticky méli
podstoupit redukci 1é¢by, zejména o inhala¢ni kortikosteroidy, které v 16€bé pacientti skupiny
B nebyly doporucovany (97). Kategorie B je pfitom skupina pacientll s vy$§im vyskytem
komorbidit, u kterych Ize redln¢ oc¢ekavat deterioraci CHOPN, vyskyt exacerbaci a zvySenou

mortalitu (3, 42, 43).
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Pacienti stézkou plicni arterialni hypertenzi (>60mm Hg) a/nebo se syndromem
spankové apnoe byli z této analyzy vytazeni. Ze zbyvajiciho poctu 725 pacientli spliiovalo
kritéria potfebna K provedeni mortalitnich analyz 391 pacienti pro krevni plyny a 552
pacientti pro periferni saturaci hemoglobinu kyslikem. Ostatni pacienti v kohorté Registru
CHOPN nemé¢li provedeny odbéry krevnich plyni nebo 6-MWT (tyto polozky nejsou
v Registru CHOPN mandatorni).

V ramci popisu zakladnich charakteristik souboru byly kategorialni parametry
prezentovany jako absolutni hodnoty a relativni cetnosti z celkového n, kontinudlni proménné
jako primér (£ SD) nebo median (5. a 95. percentil). Byly konstruovany Kaplan-Meierovy
kiivky 3-letého pteziti pro skupiny GOLD A-D dle star$i i novéjsi GOLD klasifikace, a to pro
tyto respirac¢ni parametry: PaO,, PaCO., pH krve, bazalni SpO2, minimalni SpO pii 6-MWT,
desaturace béhem 6-MWT. Pro kontinualni proménné (napi. PaO2) byly pomoci ROC analyzy
identifikovany idealni cut-off hodnoty, v pfipadé PaCO2 byly pouzity klinicky relevantni
kategorie. V piipad¢ signifikantnich rozdild v riziku mortality byly pro dané parametry
doplnény uni- a multivariantni regresni analyzy k identifikaci faktorti asociovanych s rizikem
mortality.

Kohorta byla slozena pfevazné z muzli primérného véku 66,7 let, témét 90%
aktivnich ¢i byvalych kufakd, s primémou hodnotou FEV1 na trovni 44,9% predikované
hodnoty a primérnou vzdalenosti 335 metrii usSlou béhem 6-MWT. Dle starsi klasifikace
GOLD platné v letech 2011-2016 (96) patfila vétsina pacientd do skupiny D (69.6%), dle
nov¢jsi verze GOLD (97) s preklasifikovanim stadia nemoci byla nejpocetnéjsi skupina B s
53%.

Co se tyce predikéni schopnosti respiracnich parametrti, v ramci ROC analyzy mély
vSechny studované parametry podobnou hodnotu AUC (0,59 — 0,631). Pozorovali jsme

vyznamnou korelaci mezi hodnotami PaO2 a bazélni i minimalni SpO2. Signifikantni rozdily
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v pravdépodobnosti mortality byly pro PaO, <7,3 kPa pozorovany zejména ve skupin¢ GOLD
B (p=0,001), ale i v celé kohorté (p<0,001), pro rizné kategorie hodnoty kapnémie (PaCO> <5
kPa, 5-7 kPa a >7 kPa) ve skupiné GOLD B (p<0,001) a pro desaturaci béhem 6-MWT ve
skupiné¢ GOLD B (p=0,022) a v celé kohorté (p=0,004). V logistickych regresnich modelech
byla testovana asociace zminénych parametrd s rizikem mortality, pfi¢emz jedinym
relevantnim faktorem nezavisle asociovanym s mortalitou byla hodnota arterialni oxémie
(Pa0Oy) <7,3 kPa.

Nejvyznamnéj$im vysledkem nasi prace bylo, ze jsme v ramci nejvétsi skupiny GOLD
B pacientt s CHOPN identifikovali podskupinu s vysokym rizikem dlouhodobé mortality —
pacienty s hypoxémii <7,3 kPa (HR 2,398; 95% CI 1,245-4,63; p=0,009). Ptitomnost
chronické hypoxémie byla identifikovana jako rizikovy faktor mortality pacientd s CHOPN i
v jinych pracich, kde ale nebyl zkouman vztah ke stadiu ¢i skupiné nemoci (120, 121). Je
dilezité zminit, ze dlouhodob4d doméci oxygenoterapie nema vliv na mortalitu pacientl
Slehkou az stfedné tézkou chronickou hypoxémii (116, 122). V ramci doporuceni pro
klinickou praxi tedy spiSe navrhujeme soustfedit se na snahu o optimalizaci terapie pro tyto
vysoce rizikové pacienty, nejen ve smyslu medikamentozni 1éCby, ale i ostatnich modalit,
jakymi jsou odvykéni koufeni (pokud do té doby neprob&hlo), fyzioterapie, ptipadné doplnéna
o nutriéni podporu (u pacienti srozvijejici se kachexii), vakcinace proti Streptococcus
pneumoniae, virim chiipky a SARS-CoV-2, indikace domaci oxygenoterapie, asertivngjsi
management akutnich exacerbaci (3). Cilem takovych opatfeni je snaha o zmirnéni
symptomil, minimalizaci po¢tu a dopadu exacerbaci, zpomaleni deteriorace stavu pacienta
v delsim ¢asovém horizontu a zachovani co nejlepsiho celkového stavu pacienta pied indikaci
pfipadné transplantace plic.

V nasi praci jsme neprokazali, ze by kapnémie >7 kPa byla nezavislym rizikovym

faktorem dlouhodobé mortality u pacientl s CHOPN. Tento vysledek potvrzuje predchozi
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veédecké poznatky, Ze vztah chronické hyperkapnémie a rizika mortality neni tak jednoznacny
jako u hypoxémie (93, 94). Mechanizmy vzniku hypoxémie a hyperkapnémie u pacienti
s CHOPN nejsou zcela totozné. Hyperkapnémie u CHOPN je spiSe vyjadienim alveolarni
hypoventilace zptisobené bronchialni obstrukci a hyperinflaci, ale i metabolickych dusledki
respirani acidozy na funkci respiracnich svalti (indukci mitochondrialni dysfunkce) (123).
Naproti tomu, hlavnimi mechanizmy vzniku hypoxémie jsou ventilatné-perfuzni
nerovnovaha, pravolevy zkrat, snizena difuze a alveolarni hypoventilace (124). Hypoxémie
pak zvysuje ventilacni drive, regionalné klesa PaCO., coz indukuje plicni vazokonstrikci a
periferni vazodilataci, stimuluje erytropoézu, zvySuje se viskozita krve. Dusledkem je
naro¢né&jsi ventilace, zvySeni srde¢ni frekvence, srde¢niho vydeje a srdeéni prace (125).
Z vySe uvedeného - zejména Sohledem na rozvoj sekundarniho srde¢niho postizeni -
vyplyvaji 1 rozdily vriziku mortality, které je u chronické hypoxémie vyrazngjsi i
konzistentnéjsi napfic literaturou.

Vysetieni arteridlnich krevnych plynt je jednoduché a objektivni vySetfeni, které
snadno odhali vysoce rizikové pacienty v ramci nejvétsi skupiny GOLD B. Jistym problémem
mize byt dostupnost tohoto vySetfeni, avSak v naSi praci jsme také prokazali vyznamnou
pozitivni korelaci mezi PaO> a klidovou SpO», kterou timto navrhujeme pouzivat jako
jednoduchou screeningovou metodu. Pfi zjisténi SpO2 <90% je vhodné pacienta nasmérovat
na vysetieni krevnich plynt (126).

Zavérecné shrnuti jednou vétou: V této praci jsme prokazali, Ze pfitomnost hypoxémie <7,3
kPa u pacientti s CHOPN skupiny B je asociovadna s vysokym rizikem dlouhodobé mortality a

1ze ji tak pouzit pro identifikaci pacientli vyzadujicich asertivnéjsi terapeuticky pfistup.

Poznamka: Prace ziskala ocenéni ,,1. cena CPFS za nejlepSi ¢asopiseckou praci v ¢asopise

s impakt faktorem za rok 2018 v kategorii autoru pod 35 let*.
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Background: Respiratory parameters are important predictors of prognosis in the COPD
population. Global Initiative for Obstructive Lung Disease (GOLD) 2017 Update resulted in
a vertical shift of patients across COPD categories, with category B being the most populous
and clinically heterogeneous. The aim of our study was to investigate whether respiratory
parameters might be associated with increased all-cause mortality within GOLD category B
patients.

Methods: The data were extracted from the Czech Multicentre Research Database, a prospec-
tive, noninterventional multicenter study of COPD patients. Kaplan—Meier survival analyses
were performed at different levels of respiratory parameters (partial pressure of oxygen in
arterial blood [Pa0,], partial pressure of arterial carbon dioxide [PaCO,] and greatest decrease
of basal peripheral capillary oxygen saturation during 6-minute walking test [6-MWT]).
Univariate analyses using the Cox proportional hazard model and multivariate analyses
were used to identify risk factors for mortality in hypoxemic and hypercapnic individuals
with COPD.

Results: All-cause mortality in the cohort at 3 years of prospective follow-up reached 18.4%.
Chronic hypoxemia (PaO, <7.3 kPa), hypercapnia (PaCO, >7.0 kPa) and oxygen desatura-
tion during the 6-MWT were predictors of long-term mortality in COPD patients with forced
expiratory volume in 1 second =60% for the overall cohort and for GOLD B category patients.
Univariate analyses confirmed the association among decreased oxemia (<<7.3 kPa), increased
capnemia (>7.0 kPa), oxygen desaturation during 6-MWT and mortality in the studied groups
of COPD subjects. Multivariate analysis identified PaO, <7.3 kPa as a strong independent risk
factor for mortality.

Conclusion: Survival analyses showed significantly increased all-cause mortality in hypoxemic
and hypercapnic GOLD B subjects. More important, PaO, <7.3 kPa was the strongest risk factor,
especially in category B patients. In contrast, the majority of the tested respiratory parameters
did not show a difference in mortality in the GOLD category D cohort.

Keywords: mortality, hypoxemia, hypercapnia, COPD, GOLD 2017 update

Introduction

COPD is a major health problem affecting 11.7% of the global population and caus-
ing the death of about 3 million persons annually.! Currently, the Global Initiative
for Obstructive Lung Disease (GOLD) introduced a new approach in COPD clas-
sification by using separate evaluations of spirometric values (stages 1-4) and the
presence of symptoms and exacerbations (categories A—D).! Application of the new
GOLD 2017 recommendations profoundly affected the distribution of patients in the
A-D groups. An obvious consequence of the new classification is a vertical shift of
a large portion of COPD patients from the C to the A group and from the D to the
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B group. Thus, more than half of the real-life COPD popula-
tion represents substantially heterogeneous B category.”

Several risk factors predictive of poor outcome have
been identified for stratification of stable COPD patients.
Lung function, represented by forced expiratory volume in
1 second (FEV ), has been the most widely used prognostic
factor and still has an important role in the assessment of
COPD patients."** Other prognostic factors associated
with an increased risk of death include low exercise toler-
ance, a high degree of functional breathlessness and a low
body mass index (BMI).> In 2004, Celli et al published an
integrative, multidimensional prognostic model for COPD
patients named the BODE index (BMI, Obstruction, Dyspnea
and Exercise).” Subsequently, the COTE (COPD-specific
comorbidity test) index, involving the BODE index and
comorbidities assessment, has been introduced.* Other
scoring instruments may also be predictive of poor out-
comes. In a Swedish multicenter study, a Clinical COPD
Questionnaire score higher than 2 was associated with a
prognosis of higher mortality.” Since 2011, GOLD recom-
mends stratification of COPD patients into A—D categories;*
however, prognostic values of BODE and COTE indices have
been found superior to GOLD 2011 A-D categories.* Two
important studies revealed the shortcomings of GOLD 2011
classification. In the Evaluation of COPD Longitudinally to
Identify Predictive Surrogate Endpoints (ECLIPSE) study as
well as in the Copenhagen City Heart Study, no advantages
over GOLD 1-4 classification were demonstrated with the
introduction of GOLD A-D categories in better predicting
long-term mortality.”"

The latest GOLD 2017 Update does not recommend
the use of elementary respiratory parameters for disease
classification or for mortality risk assessment or treatment
strategy improvement.' However, chronic respiratory failure
is a frequent feature (or rather consequence) of the disease,
and the presence of chronic hypoxemia and/or hypercapnia is
associated with remarkably higher mortality and morbidity.’
Hypoxemia is a state in which partial pressure of oxygen in
arterial blood (Pa0,) is decreased below the reference values
adjusted for age. Limits between normal and abnormal PaO,
decrease with age. Hypercapnia is defined by partial pressure
of arterial carbon dioxide (PaCO,) >6 kPa.'"'?

Various respiratory parameters have been assessed as
potential risk factors for mortality by a large number of
studies. However, there is limited evidence of how respiratory
parameters affect outcome in specific subgroups of COPD
subjects. The general purpose of the Czech Multicentre
Research Database (CMRD) of the COPD project was

to analyze the association among respiratory parameters,
clinical phenotypes, GOLD categories and all-cause mortality
in COPD individuals. The primary aim of the presented study
was to assess selected respiratory parameters as potential
predictors of death in COPD patients, classified according
to the new GOLD 2017 strategy with emphasis on the larg-
est population of COPD individuals: GOLD 2017 category
B patients.

Methods

Study design

All patients for the study were recruited from the CMRD
of COPD. This project (registered by the State Institute
for Drug Control under the identifier 1301100001 and at
ClinicalTrials.gov as NCT01923051) was initiated in August
2013." The prospective CMRD study is being conducted
in full accordance with Czech and European Union laws.
The CMRD study and its protocol were approved by The
Multicentre Ethical Committee of Masaryk University, Brno,
Czech Republic (approval date: JAN-16-2013, protocol code:
CHOPN) as well as ethics and regional review boards of all
individual participating centers."> All COPD participants
signed a written consent form before study enrolment.

Basic criteria for patient enrolment were respiratory
physician’s diagnosis of COPD at least 12 months before
enrolment, post-bronchodilator FEV, =60%, exacerbation-
free period for at least 8 weeks and patient’s written consent.
We used the GOLD definition of COPD case, that is, a patient
with confirmed post-bronchodilator airflow limitation (FEV /
forced vital capacity <<0.70). Patient recruitment finished in
December 2016. Longitudinal and prospective follow-up
(in regular 6-month periods) of patients is planned for
5 consecutive years and will be finished in 2021." At each
control, the patients completed pulmonary function tests, an
elementary physical examination, measurement of respira-
tory and nonrespiratory symptoms and systematic assessment
of the patient’s history. Completing a 6-minute walking test
(6-MWT) and/or an arterial blood gas (ABG) analysis was
optional (not mandatory).” If done, ABG analysis and/or
a 6-MWT were performed without oxygen supplementa-
tion in all cases. Any changes in medication, onset of new
comorbidities or number of exacerbations were recorded.
The prospective nature of the project enabled assessment
of various outcomes, including long-term mortality and
exacerbation rates, to follow the development of multiple
comorbidities as well as to understand the natural evolution
of the disease and its manifestations (represented by various
clinical phenotypes and GOLD categories).'
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In this particular study, the following respiratory
parameters were selected for mortality analyses: PaO,,
PaCO,, arterial potential of hydrogen (pH), basal peripheral
capillary oxygen saturation (SpO,), minimal SpO, during a
6-MWT, greatest decrease in SpO, during a 6-MWT and the
presence of desaturation (ie, at least 4% drop and/or decrease
of Sp0, <90% during 6-MWT).

Study population

Inclusion criteria for our analyses were regular follow-up
in the CMRD. Exclusion criteria were the presence of sleep
apnea syndrome or systolic pulmonary arterial hyperten-
sion (PAH) >60 mmHg (in patient history and/or echocar-
diographic finding of PAH >60 mmHg during the study
enrolment).

Statistical analyses

For a basic description of the study population, categorical
parameters are presented as absolute (relative) frequencies.
Relative frequencies are calculated from valid N. Continuous
variables are described by valid N, using mean with SD and
median supplemented by 5th and 95th percentiles.

Kaplan-Meier curves illustrating 3-year survival were
calculated for survival analysis of patients in the complete
cohort along with groups A-D according to the GOLD
2016 and GOLD 2017 guidelines for these parameters:
PaO, (oxemia), PaCO, (capnemia), arterial pH, basal SpO,,
minimal SpO, during (after) 6-MWT, greatest decrease of
SpO, during 6-MWT and the presence of desaturation during
6-MWT. The figures are supplemented by numerical data
showing proportion of survival at 6, 12, 24 and 36 months
of follow-up. Differences in survival between groups were
tested by log-rank test.

Correlations of blood gases (PaO,, PaCO,, basal SpO,,
minimal SpO, during (after) 6-MWT and greatest decrease
of SpO, during 6-MWT) were analyzed by Spearman’s
coefficient of correlation. In addition, the best calculated
cutoff values of oxemia, capnemia, blood pH, basal SpO,,
minimal SpO, during (after) 6-MWT and greatest decrease
of SpO, during 6-MWT were calculated for prediction for
mortality.

A Cox proportional hazard model was used to assess risk
factors for mortality. Multivariate models analyzed other
potential predictors of all-cause mortality for patient groups
with hypoxemia, three levels of capnemia and desaturation
during a 6-MWT.

Analyses were performed using SPSS Statistics 24.0 soft-
ware with the level of significance at 0:=0.05.

Results

Of the 784 patients included in the CMRD (by December
2016), 53 patients were excluded because of the presence
of sleep apnea syndrome and six patients because of severe
PAH (Figure 1). Of the remaining 725 patients, the inclusion
criteria for the proposed analyses of ABGs were met in 391
patients and for SpO, in 552 patients.

Patients’ characteristics

Basic demographic characteristics included sex, age at
inclusion, age at COPD diagnosis, BMI and smoking status
(Table 1). Seventy-two percent of the study population were
men, 89% were past or current smokers, median age was
67.1 years and median BMI was 26.5. The most frequently
reported symptoms were cough (72%), expectoration (58%)
and fatigue (47%). Mean exacerbation rate was 1.2 events
per year, one-third (0.4 event per year) of these requiring
hospitalization. Lung function tests showed that the median
FEV, was46% of predicted value (pred), and median transfer
factor for carbon monoxide was 51% pred, whereas median
distance covered during a 6-MWT was 359.5 m (Table 1).

Respiratory parameters

Table 2 summarizes the results of ABG analyses and the
results of pulse oximetry performed at rest and during a
6-MWT. Correlation analyses of respiratory parameters
showed significant and strong correlation between PaO, and
basal and minimal SpO, and a significant negative correlation
between PaO, and PaCO, for the complete study cohort and
for GOLD 2017 group B (Table 3).

Total number of patients
enrolled into the CMRD study
N=784

Sleep apnea*
N=53
Pulmonary
hypertension**
N=6

Number of patients included
into basic analysis
N=725

Figure | Flow chart of patients.

Notes: *Self-reported history of sleep apnea. **Self-reported history of pulmonary
hypertension.

Abbreviation: CMRD, Czech Multicentre Research Database.
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Table | Basic characteristics of the study cohort - COPD  Table | (Continued)

patients (n=725) GOLD 2017 (A-D)

Demography A 60 (8.3%)

Sex — men 520 (71.7%) B 383 (53.0%)
Age at inclusion n=725; 66.7 (9.4) C 14 (1.9%)

BMI n=725;26.9 (5.8) D 265 (36.7%)

Smoking status
Ex-smoker
Nonsmoker
Current smoker

Symptoms

Dyspnea - mMRC
0
|

ESH™AS)

CAT

Fatigue
Cough
Expectoration
Atopy
Asthma

Exacerbations in the last 12 months

Treated at home

Requiring hospitalization

Total

Lung functions
FEV, (% pred)
FVC (% pred)
FEV /FVC (%)
RV (% pred)
TLC (% pred)
IC/TLC (%)
Tl (% pred)
FeNO (ppb)
6-MWD (m)
Phenotypes

491 (67.7%)
79 (10.9%)
155 (21.4%)

36 (5.0%)
141 (19.4%)
289 (39.9%)
150 (20.7%)
109 (15.0%)
n=715; 160 (7.8)
331 (46.8%)
521 (71.9%)
423 (58.3%)
86 (11.9%)
75 (10.3%)

n=725; 0.8 (1.3)
n=725; 0.4 (0.8)
n=725; 1.2 (1.6)

n=725; 44.9 (11.6)
n=725; 69.2 (17.7)
n=725; 0.5 (0.1)
n=587; 189.0 (58.7)
n=583; 112.1 (25.8)
n=422; 42.1 (24.6)
n=473; 52.5 (22.1)
n=267; 18.6 (194)
n=552; 334.9 (131.7)

Czech approach (one COPD subject = one or more “phenotypical

labels — treatable traits”)

Bronchitic 423 (58.3%)
Emphysematous 263 (78.0%)
BCOS 105 (31.9%)
ACOS* 23 (4.1%)
Frequent exacerbators 225 (31.0%)
Cachexia 111 (15.3%)
Spanish approach (one COPD subject = one “clinical phenotype™)
ACOS** 85 (11.7%)
Non-AE 451 (62.2%)
AE CB 126 (17.4%)
AE non-CB 63 (8.7%)
GOLD
GOLD 2016 (A-D)
A 34 (4.9%)
B 140 (20.2%)
c 37 (5.3%)
D 483 (69.6%)
(Continued)

Notes: Categorical parameters are described by absolute (relative) frequencies.
Relative frequencies are calculated from valid data. Continuous parameters are
described by valid N, mean (SD). *Czech approach has used more restrictive
criteria' than simplified. **Spanish approach.'

Abbreviations: 6-MWD, 6 minute walking distance; ACOS (ACO), asthma COPD
overlap syndrome; AE CB, frequent exacerbators with chronic bronchitis; AE
non-CB, frequent exacerbators without chronic bronchitis; BCOS, bronchiectases
COPD overlap syndrome; BMI, body mass index; CAT, COPD Assessment Test;
FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in | second;
FVC, forced vital capacity; GOLD, Global Initiative for Obstructive Lung Disease;
IC/TLC, inspiratory capacity to total lung capacity ratio; mMRC, modified Medical
Research Council dyspnea scale; ppb, part per billion; pred, predicted value; RV, resi-
dual volume; TLC, total lung capacity; TL, transfer factor for carbon monoxide.

Survival analyses

Of the tested respiratory parameters, minimal SpO, during
the 6-MWT yielded the highest ability to predict mortality
(area under curve 0.631; p<<0.001; Table 4). Survival
analyses showed significant differences in long-term
all-cause mortality in relation to the selected respiratory
parameters (PaO,, PaCO, and desaturation during a 6-MWT;
Figures 2A—C, 3A—C and 4A-C).

PaO

2
Significant association has been found between severe

hypoxemia (PaO, <7.3 kPa) and all-cause mortality in the
complete COPD cohort (p<<0.001; Figure 2A) as well as in
the GOLD 2017 B category (p=0.001; Figure 2B). In con-
trast, severe hypoxemia (PaO, <7.3 kPa) did not result in
a significant difference in all-cause mortality in the COPD
2017 D category (p=0.061; Figure 2C).

PaCO,
In GOLD 2017 category B patients, the highest survival
rate was observed if the level of PaCO, was 5-7 kPa.

Table 2 Respiratory parameters (n=725)

Respiratory parameters

PaO, (kPa) n=391; 8.8 (1.6)
PaCO, (kPa) n=391; 5.2 (0.9)
pH n=391; 7.42 (0.43)

Basal SpO, (%)
Minimal SpO, during (after) 6-MWT (%)
Greatest decrease of SpO, during 6-MWT (%)

n=552; 94.5 (3.6)
n=552; 89.6 (7.0)
n=552; 4.8 (4.7)
Note: Continuous parameters are described by valid N, mean (SD).
Abbreviations: 6-MWT, é-minute walking test; PaCO,, partial pressure of arterial
carbon dioxide; PaO,, partial pressure of arterial oxygen; pH, arterial potential of
hydrogen; SpO,, peripheral capillary oxygen saturation.
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Table 3 Correlation of respiratory parameters (all patients and GOLD 2017 B patients)

All patients PaO, (kPa) PaCO, (kPa) Basal SpO, (%) Minimal SpO, (%) Greatest decrease of SpO, (%)
PaO, (kPa) - n=391 n=351 n=35I n=351

—0.306 (<0.001) 0.552 (<0.001)  0.535 (<0.001) ~0.367 (<0.001)
PaCO, (kPa) n=391 = n=351 n=35I n=351

-0.306 (<<0.001)
Basal SpO, (%) n=35| n=35|
0.552 (<0.001) -0.274 (<0.001)

~0.274 (<0.001) —0.298 (<0.001)

0.219 (<0.001)
=552 n=552
0.742 (<0.001) ~0.350 (<0.001)

Minimal SpO, (%) n=351 n=351 n=552 = n=552

0.535 (<0.001)

-0.298 (<<0.001) 0.742 (<0.001)

~0.860 (<0.001)

Greatest decrease of SpO, (%) n=35I n=351 n=552 n=552 =
—0.367 (<0.001) 0.219 (<0.001) -0.350 (<<0.001) -0.860 (</0.001)

GOLD 2017 B patients

PaO, (kPa) - n=18l n=168 n=168 n=168

—0.345 (<0.001) 0.462 (<0.001)
n=181 - n=168 n=168 n=168
~0.303 (<0.001) —0.279 (<0.001)

PaCO, (kPa)
—0.345 (<0.001)
Basal SpO, (%) n=168
0.462 (<0.001)

n=168 -
-0.303 (<0.001)

0477 (<0.001) -0.338 (<0.001)
0.167 (0.030)
n=287 n=287

0.738 (<0.001) -0.351 (<0.001)

Minimal SpO, (%) n=168 n=168 n=287 - n=287

0.477 (<0.001)

~0.279 (<0.001) 0.738 (<0.001)

—0.853 (<0.001)

Greatest decrease of SpO, (%) n=168 n=168 n=287 n=287 -

—0.338 (<0.001) 0.167 (0.030)

-0.351 (<0.001) -0.853 (<0.001)

Notes: Spearman’s coefficient of correlation. Significant differences are indicated in bold.
Abbreviations: PaCO,, partial pressure of arterial carbon dioxide; PaO,, partial pressure of arterial oxygen; SpO,, peripheral capillary oxygen saturation.

The presence of hypercapnia (PaCO, >7 kPa) significantly
increased (p<<0.001) the mortality rate in this group. Interest-
ingly, there was no effect of capnemia on all-cause mortal-
ity in the complete cohort (p=0.290) or in the GOLD 2017
category D group (p=0.409) (Figure 3A—C).

pH
pH was not found to be associated with increased risk for
mortality in any of the tested patient groups.

Desaturation during 6-MWT
Desaturation was present in 46.4% of the study cohort
(Table S1). The presence of desaturation was associated

Table 4 Prediction of all-cause mortality by respiratory
parameters

Respiratory parameters
PaO, (kPa)

PaCO, (kPa)

Basal SpO, (%)

Minimal SpO, during 6-MWT (%)
Greatest decrease of SpO, (%)

AUC (95% CI) p-value

0.590 (0.507; 0.673) 0.020
0.600 (0.521; 0.679) 0.010
0.607 (0.537; 0.676) 0.002
0.631 (0.569; 0.693) <0.001
0.610 (0.548; 0.671) 0.001
Notes: Receiver operating characteristic analysis was used to determine parameter
ability to predict mortality of COPD patients. AUC with p-value illustrated the
power of this ability. Significant differences are indicated in bold.

Abbreviations: 6-MWT, 6-minute walking test; AUC, area under curve; PaCO,,
partial pressure of arterial carbon dioxide; PaO,, partial pressure of arterial oxygen;
SpO,, peripheral capillary oxygen saturation.

with increased mortality in the complete cohort (p=0.004)
and in the GOLD 2017 B category (p=0.022). Desaturation
was not associated with higher mortality in the GOLD 2017
D category (p=0.175; Figure 4A-C).

Univariate analyses

Univariate analyses using the Cox model of proportional risk
showed that different levels of oxemia and capnemia along
with desaturation during a 6-MWT were risk factors for mor-
tality in the complete cohort (Table SA) as well as in the GOLD
2017 group B (Table 5B). In contrast, we found no relationship
between the tested parameters and mortality risk in the GOLD
2017 D category. Severe hypoxemia (PaO, <7.3 kPa) has been
identified as a strong predictor of all-cause mortality in the
complete cohort (hazard ratio [HR] 3.064; p<<0.001) as well
as in the GOLD 2017 B category (HR 3.532; p=0.001). Simi-
larly, severe hypercapnia (PaCO, >7 kPa) has been identified
as a strong predictor of all-cause mortality in the GOLD B
category (HR 10.185; p=0.001). Blood pH was not associated
with increased risk of death in any of the tested patient groups.

Multivariate analyses

A multivariate analysis containing patients with PaO, =7.3
kPa identified PaO, =7.3 kPa as a single and very strong
independent risk factor for all-cause, long-term mortality
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Figure 2 (A) Long-term survival according to PaO, (all patients); (B) long-term survival according to PaO, (GOLD 2017 group B COPD subjects); (C) long-term survival
according to PaO, (GOLD 2017 group D COPD subjects).

Notes: *Number of patients with known follow-up. p-values <0.001, 0.001 respectively in bold represent significant survival difference between presence of severe
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Abbreviations: GOLD, Global Initiative for Obstructive Lung Disease; PaCO,, partial pressure of arterial carbon dioxide.
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(HR 2.398; 95% CI: 1.245-4.630) (Table 6). In an analysis
containing three P;:lCOz categories (<5, 5-7 and >7 kPa), none
of the tested parameters showed as a significant, independent
predictor of death (Table S2A). In a multivariate analysis con-
taining desaturation during 6-MWT, only the BODE index
was identified as an independent risk factor for all-cause mor-
tality with HR 1.310 (95% CI: 1.168-1.470) (Table S2B).
Additional note: When ideal cutoff values for each of
the studied parameter were calculated, PaO, level <7.1 kPa
yielded the highest sensitivity and specificity. By using the

PaO, level <7.1 kPa for a multivariate analysis, the HR of
this independent risk factor was as high as 5.135 (95% CI:
2.415-10.917) (Table S2C and D). However, oxemia levels
of 7.3 and 8.0 kPa are more relevant for clinicians; therefore,
only these are further discussed in the paper.

Additional analyses: assessment of the

role of comorbidities
The relationships between comorbidities and respira-
tory parameters in the CMRD study were also assessed
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Note: p-value <<0.001 in bold represents significant survival difference between hypocapnic, normocapnic, and hypercapnic patients in GOLD 2017 B category only.
Abbreviations: GOLD, Global Initiative for Obstructive Lung Disease; PaCO,, partial pressure of arterial carbon dioxide.

(ascomplementary analyses). The self-reported history of heart
failure, tumor and depression was associated with a greater
probability of death during 3 years of follow-up (Table S3A).
The presence of atopy was associated with higher levels
of PaO, (Table S3B). Personal history of heart failure,
coronary artery disease and diabetes was associated with
significantly lower PaO, levels. Finally, levels of PaCO, >
or <5-7 kPa were associated with atopy and/or bronchial
asthma, heart failure and/or diabetes (Table S3C).

Discussion

The most important finding of our study was that chronic
hypoxemia (PaO, <7.3 kPa) was a distinctive and very strong
prognosis-modifying pattern associated with increased risk of
long-term mortality in COPD group B patients. We observed
significant differences in all-cause long-term mortality
supported by results from univariate and multivariate
analyses in the complete cohort and in groups B and D
(GOLD 2017). However, the association was the strongest for
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Figure 4 (A) Long-term survival according to desaturation (all patients); (B) long-term survival according to desaturation (GOLD 2017 group B COPD subjects); (C) long-

term survival according to desaturation (GOLD 2017 group D COPD subjects).

Notes: *Number of patients with known follow-up. p-values 0.004, 0.022 respectively in bold represent significant survival difference between presence of desaturation and

absence of desaturation in total COPD cohort, and in GOLD 2017 B category.
Abbreviation: GOLD, Global Initiative for Obstructive Lung Disease.

COPD group B. This finding is very important for clinicians
because group B currently represents the largest portion of
COPD patients in real-life studies.” For this group, novel and
easy-to-obtain parameters predictive of poor outcome are
warranted. In our study, oxemia <7.3 kPa was the strongest
independent predictor of mortality in COPD group B patients
(using the GOLD 2017 Update). Where arterial blood gasom-
etry is not available, desaturation during a 6-MWT — as an
easier-to-obtain parameter (or a simple screening method) —
may be used instead of ABG analysis, according to our
results. This finding might be important in emergency cases
or within areas where ABG analyzers are unavailable.

Our study cohort comprised 71.7% men; median age was
67.1 years, median FEVl was 46% pred and median PaOl was
8.8 kPa. Compared to other large cohorts (ECLIPSE, POPE,
COPDGene, COCOMICS), the main differences were lower
FEV, and lower proportion of group A patients in favor of
groups B and D."*'"" Moreover, a greater proportion of men
were enrolled in our study cohort. The differences in rates
of COPD groups A-D along with lower median FEV  are
consequences of different inclusion criteria for enrolment
in the CMRD study; only patients with FEV, =60% pred
were included.” The CMRD study is focused on all-cause
long-term mortality of COPD patients. Patients with a more
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Table 5A Prediction of all-cause mortality by respiratory
parameters — all patients

Table 6 Prediction of all-cause mortality — multivariate analysis
containing PaO, (kPa) =7.3

Respiratory Cox model of proportional risk Prognostic Cox model of proportional risk
parameter HR (95% CI) p-value  parameter HR (95% CI) p-value
PaO, (kPa) 6-MWD (m)* 0.996 (0.993-0.999) 0.003
Continuously* 1.304 (1.108-1.534) 0.001 PaO, (kPa) =7.3 2.398 (1.245-4.630) 0.009
<73 3.064 (1.840-5.103) <0.001 Notes: “HR represents change of risk of mortality, if parameter increases by unit. p-values
<8.0 1.700 (1.040-2.779) 0.034 in bold represent significant change of mortality risk (expressed as hazard ratio).
Abbreviations: 6-MWD, 6-minute walking distance; HR, hazard ratio; PaO,, partial
PaCO, (kPa) : 2
pressure of arterial oxygen.
Continuously** 1.484 (1.177-1.870) 0.001
5.0-7.0 Reference category , g o e . ~
ko 0.805 (0.482-1.345) B0 allowed U§ to dnaly?e also a substantial pOlTlOI? of GOLD
~70 1.813 (0.648-5.071) 0.257 stage 2 patients, not just GOLD stage 3 and 4 subjects. Thus,
Desaturation we believe that the CMRD study cohort (including GOLD
Yes 1883 (1.217-2911) 0.004 stage 2—4 individuals) is representative of a real-life setting.

Notes: *HR represents change of risk of mortality, if parameter decreases by unit
(lower values are risk). **HR represents change of risk of mortality, if parameter
increasesbyunit (highervaluesarerisk). Desaturation, greatest decrease of SpO, during
6-MWT (%) 4% and/or minimal SpO, during (after) 6-MWT (%) <<90%. p-values in
bold represent significant change of mortality risk (expressed as hazard ratio).
Abbreviations: 6-MWT, é-minute walking test; HR, hazard ratio; PaCO,, partial
pressure of arterial carbon dioxide; PaO,, partial pressure of arterial oxygen; SpO,,
peripheral capillary oxygen saturation.

pronounced impairment of lung function (FEV, =60% pred)
are at higher risk of death compared to patients with mild
COPD. All 14 centers of the CMRD project represent
university or tertiary-type hospitals taking care of nonmild
COPD patients." In addition, the absence of COPD patients
with FEV| >60% reduces the chance of mistaken enrol-
ment of patients with transient, mild bronchial obstruction
(eg, smoking asthmatics who can normalize lung function
within a few months). Moreover, globally, milder COPD
patients are often underdiagnosed.>"> On the other hand,
the FEV, threshold in the CMRD study set at 60% pred

Table 5B Prediction of all-cause mortality by respiratory
parameters — GOLD 2017 B patients

Cox model of proportional risk

HR (95% Cl) p-value

PaO, (kPa)

Continuously* 1.282 (0.997-1.647) 0.052

<73 3.532 (1.628-7.662) 0.001

<8.0 1.462 (0.675-3.169) 0.336
PaCO, (kPa)

Continuously** 1.723 (1.085-2.734) 0.021

5.0-7.0 Reference category

<5.0 1.564 (0.712-3.438) 0.265

>7.0 10.185 (2.719-38.158) 0.001
Desaturation

Yes 2.001 (1.090-3.672) 0.025

Notes: *HR represents change of risk of mortality, if parameter decreases by unit
(lower values are risk). **HR represents change of risk of mortality, if parameter
increasesbyunit (highervaluesarerisk). Desaturation, greatest decrease of SpO, during
6-MWT (%) =>4% and/or minimal SpO, during (after) 6-MWT (%) </90%. p-values in
bold represent significant change of mortality risk (expressed as hazard ratio).
Abbreviations: 6-MWT, 6-minute walking test; HR, hazard ratio; PzCOl, partial
pressure of arterial carbon dioxide; PaO,, partial pressure of arterial oxygen; SpO,,
peripheral capillary oxygen saturation.

The low number of patients and of deaths in groups A and C
(resulting from the abovementioned facts) did not allow us
to perform mortality analyses for these groups.

The proportions of GOLD categories (groups) in our
study cohort were represented as follows: groups A+C 10.2%,
group B 20.2% and group D 69.6% when GOLD 2016 clas-
sification was used. Application of the GOLD 2017 Update
resulted in major shifts in the distribution of patients across
A-D groups, that is, groups A+C 10.2% and group D 36.7%,
whereas group B, at 53.0%, represented the most numerous
disease category in our cohort. Similar results were published
recently by Tudoric et al and Koblizek et al, who demonstrated
the consequences of application of the GOLD 2017 Update
on the POPE study population, comprising 3,361 COPD
patients.>'* The authors observed major shifts in the distri-
bution of COPD groups A-D, resulting in making group B
the most abundant. According to the GOLD 2016 guideline,
group B was represented in 30.5% and group D in 57.3%.%"
When applying the classification approach presented in the
GOLD 2017 Update, 50.8% of patients were classified in B
and 36.9% in group D.>" Importantly, the authors pointed
out that 71.5% of the patients who shifted from group D to B
used inhaled corticosteroids (ICS), and 18.4% of these group
D-to-B shifters had severe airflow limitation (GOLD 4).
In consequence, the shift to stage B in these patients may
result in discontinuation of ICS treatment and/or in reduction
of dual bronchodilator therapy to single bronchodilator use
with potentially harmful consequences (ie, unstable COPD
and risk of disease progression).? The authors concluded that
the GOLD 2017 Update is relatively closer to the phenotypic
approach in the disease management.> However, the above-
mentioned shortcomings of the GOLD 2017 Update stress
the need for identifying group B patients at higher risk of
rapid disease progression and poor outcome.

Our data showed that a negative correlation exists among
PaO,, basal SpO, and minimal SpO, on the one hand and
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PaCO, on the other hand. This finding is in accordance
with the differences in pathophysiology of both types of
respiratory failure. Interestingly, some patients with the same
disease develop only hypoxemia, whereas others also develop
hypercapnia. Hypercapnia alone is rather a rare condition
in the COPD population. Although both types of respira-
tory failure may coexist in a single patient (with increased
probability in certain diseases, eg, in COPD patients), the
underlying mechanisms of development of hypoxemia and
hypercapnia exhibit differences. Hypercapnia is the respira-
tory expression of alveolar hypoventilation, and in COPD,
it results dominantly from severe airflow limitation and
hyperinflation.'® Hypercapnia and respiratory acidosis may
augment the decrease in respiratory muscle function because
of the deleterious effect on mitochondrial function.'® The
most important mechanisms underlying the development of
chronic hypoxemia include ventilatory/respiratory mismatch,
right-to-left shunt, decreased/impaired diffusion, alveolar
hypoventilation and hypoxia due to low oxygen intake.""!”
Hypoxemia increases ventilatory drive to increase PaO, (thus
decreasing PaCO,), induces regional pulmonary vasoconstric-
tion and peripheral vasodilation (thus increasing heart rate
and cardiac output) and stimulates erythropoiesis, resulting in
enhanced oxygen-transporting capacity, although the hema-
tologic viscosity rises.' In consequence, breathing becomes
more difficult, and the cardiac workload increases.'®

In COPD patients, by far the most important determinant
of hypoxemia is ventilatory/respiratory mismatch (V/Q
mismatch).'"® V/Q mismatch is the consequence of hypoxic
pulmonary vasoconstriction that develops in areas with
reduced ventilation (eg, emphysema).'' In the COPDGene
study, female sex, higher BMI and reduced FEV were
associated with the development of chronic hypoxemia in
COPD patients.'®

As demonstrated in our study, chronic hypoxemia is a
major risk factor for mortality in COPD patients. Several
other studies showed similar results. The severity of
chronic hypoxemia is strengthened by the fact that long-

20-22

term oxygen treatment (LTOT) may not decrease mortality
in mild-to-moderate hypoxemic COPD patients.**** In the
CMRD study, almost 11% of the included COPD individu-
als (78 out of 725) were treated with LTOT. The evidence
for indication of LTOT is traditionally based on the results
of three studies conducted in the 1970s.> %" Recent research
confirms that LTOT in stable COPD patients with moderate
desaturation (ie, with mild-to-moderate chronic respiratory
failure) does not provide any substantial benefit in relation to
mortality, time to first hospitalization or any other followed

endpoint.** However, for COPD patients with severe chronic
hypoxemia, LTOT significantly reduces long-term mortality
and remains one of the most important treatment options.?”
In a systematic review of randomized trials, no mortality
benefit was observed if hypoxemia was present because of
cause other than COPD or cardiogenic pulmonary edema.?
Our results showed positive correlation between basal SpO,,
minimal SpO, and hypoxemia. The relationships between
Pa0, and SpO, were assessed in a Spanish study published in
2015.% The authors demonstrated that in patients with acute
exacerbation of COPD (AE-COPD), SpO, had a high cor-
relation coefficient with PaO, (0.89), and the optimal cutoff
value for the detection of hypoxemia was SpO, 90%.*

In our study, hypercapnia >7 kPa was predictive of poor
outcome in Kaplan—Meier survival analyses and in univariate
analyses. However, in multivariate analyses, PaCO, failed to
be an independent risk factor. These findings are in accor-
dance with previous research. The prognostic value of carbon
dioxide in the blood and hypercapnia were much weaker than
that of hypoxemia in relation to mortality. Jones et al reported
PaCO, to be a significant predictor of long-term mortality
in COPD patients.* Foucher et al reported 30%—40% two-
year mortality of COPD patients with chronic hypercapnia.*!
Chailleux et al found hypercapnia associated with higher
mortality in COPD patients receiving LTOT at the 3-year
follow-up.*> Ahmadi et al referred to the U-shaped association
between capnemia and mortality, with values >7.0 and <5.0
kPa at increased risk of death.”” However, Aida et al found
no association between capnemia and mortality.*

Research data supporting the prognostic value of capne-
mia are more consistent for acute hypercapnia.'>** 3¢ Lun et al
reported association between hypercapnia and respiratory
acidosis during AE-COPD with higher risk of future life-
threatening events and mortality.'> Acute hypercapnia during
AE-COPD has been found as a significant prognostic factor
of long-term mortality in a number of studies.**=¢

In COPD patients with chronic respiratory failure, acute
respiratory failure is the most common cause of death, fol-
lowed by cardiovascular causes, respiratory infection and
cancer.**7* Acute respiratory failure is frequently associated
with exacerbations (and vice versa).*® In-hospital mortality
of patients with AE-COPD and acute respiratory failure was
only 2.5% in a cohort examined by Patil et al,** but 20.3%
in a study by Breen et al.*’ In the same study, postdischarge
mortality at 3 years was 63.5%.% In-hospital mortality of
mechanically ventilated patients with acute respiratory
failure ranges between 21% and 82%, according to the
results of various studies.* The association between acute/
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chronic respiratory failure and mortality applies despite the
discovery of several prognosis-modifying treatments and
strategies for COPD in the last decades, including ICS,*
their combination with long-acting bronchodilators* or
noninvasive ventilation.* Considering the data obtained from
the ECLAIR study, extracorporeal carbon dioxide removal
for acute hypercapnic respiratory failure has been found to
be neither an effective nor a safe procedure.*’

Our study has several limitations. The first one is the
preselection bias caused by inclusion of patients with post-
bronchodilator FEV, =60% only. Seventy-two percent of the
study population were men, which might introduce another
bias (gender). In the study cohort, only a minimum (ca.
10% in total) of group A and group C patients were present.
In consequence, the number of deaths for these groups was
so low that it did not allow us to perform mortality analyses.
Another important limitation is related to relatively lower
availability of ABG (54% of patients) and 6-MWT data
(76% of patients) from the CMRD study cohort. The primary
aim of the CMRD study was to observe the rate of all-cause
mortality in a real-life COPD population. Monitoring of
respiratory parameters (ABG and SpO, during 6-MWT) was
considered an additional and a nonmandatory component
only. This might bias the composition of the current study
cohort because more expressed impairment of lung func-
tion and more frequent hospitalization because of COPD
exacerbation (before enrolment) might slightly increase
the patient’s chance of having ABG analysis. In contrast,
better lung functions were associated with a gently higher
frequency of 6-MWT being performed. According to our
ex-post analysis, the differences between these groups were
minimal (Table S4). Moreover, of the 725 enrolled subjects,
SpO, was measured during a mandatory physical exam and
the results strongly correlated with SpO, assessed during a
6-MWT (Table S5A and B).

Despite these limitations, we believe that we demon-
strated the importance and the prognostic role of respiratory
parameters, particularly of PaO, <7.3 kPa in COPD category
B patients (GOLD 2017 Update).

Conclusion

Our results show that certain respiratory parameters are
associated with increased risk of death among patients in
different COPD categories. Of the tested parameters, severe
hypoxemia (PaO, <7.3 kPa) was identified as the strongest
risk factor for long-term, all-cause mortality in the complete
cohort as well as in group B (using the GOLD 2017 Update).
The importance of this finding is underlined by the fact that

group B seems to be the largest group of COPD individuals in
real practice.” In emergency cases, SpO, may be used to deter-
mine the presence of hypoxemia. Undoubtedly, for exact PaO,
measures, arterial blood gasometry should be performed.

Another important observation is that COPD category D
(GOLD 2017 Update) now seems to be a well-defined group
with the highest rate of long-term mortality and a minimum
of risk-modifying signs and factors.
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Supplementary materials

Table S| Frequency of desaturation (n=552)

Desaturation

n=552

No
Yes

296 (53.6%)
256 (46.4%)

Note: Desaturation means greatest decrease of SpO, during 6-MWT (%) 4%
and/or minimal SpO, during (after) 6-MWT (%) <90%.
Abbreviations: 6-MWT, é-minute walking test; SpO,, basal peripheral capillary

oxygen saturation.

Table S2 (A) Prediction of all-cause mortality — multivariate analysis containing PaCO, (kPa) — categories (<:5; 5-7 — reference; >7).
(B) Prediction of all-cause mortality — multivariate analysis containing desaturation. (C) Prediction of mortality by parameters of blood
gases — ideal cutoff values. (D) Prediction of mortality — multivariate analysis containing PaO, (kPa) =7.1.

Prognostic parameter

Cox model of proportional risk

HR (95% ClI) p-value
A
TLeo (%)* 0.979 (0.961-0.998) 0.032
6-MWD (m)* 0.996 (0.993-0.998) 0.001
PaCO, (kPa) - =
B
BODE* 1.310 (1.168—1.470) <0.001
TLC (%)* 0.985 (0.975-0.995) 0.004
Desaturation - -

AUC (95% CI) p-value Cutoff Sensitivity Specificity

Cc
PaO, (kPa) 0.590 (0.507; 0.673) 0.020 =71 0.313 0.914
PaCO, (kPa) 0.600 (0.521; 0.679) 0.010 =0.54 0.537 0.654
Basal SpO, (%) 0.607 (0.537; 0.676) 0.002 =95.5 0.701 0473
Minimal SpO, during 6-MWT (%) 0.631 (0.569; 0.693) <0.001 =935 0.851 0.366
Greatest decrease in SpO, (%) 0.610 (0.548; 0.671) 0.001 =45 0.552 0.626

Cox model of proportional risk

HR (95% CI) p-value
D
BMI* 0.921 (0.865-0.982) 0.012
RV (%)* 0.993 (0.987—1.000) 0.038
6-MWD* 0.994 (0.991-0.998) <0.001
PaO, (kPa) =7.1 5.135 (2.415-10.917) <0.001

Notes: *HR represents change of risk of mortality, if parameter increases by unit. Desaturation, greatest decrease of SpO, during 6-MWT (%) >4% and/or minimal SpO,
during (after) 6-MWT (%) <<90%. Bold p-values represent statistically significant differences in mortality between tested end-points.
Abbreviations: AUC, area under curve; 6-MWT, é6-minute walking test; BMI, body mass index; BODE, body-mass index, airflow obstruction, dyspnea, and exercise;
HR, hazard ratio; TLC, total lung capacity; SpO,, basal peripheral capillary oxygen saturation; PaO,, partial pressure of oxygen in arterial blood; PaCO,, partial pressure of
arterial carbon dioxide; TLCO, transfer factor for carbon monoxide; RV, residual volume.

1050 submit your manuscript

Dove

International Journal of COPD 2018:13

39



International Journal of Chronic Obstructive Pulmonary Disease downloaded from htips://www.dovepress.com/ by 83.240.61.1 on 27-Mar-2018
For personal use only.

Dove:

Respiratory parameters predict poor outcome in COPD patients

Table S3 Relationship between comorbidities and all-cause mortality (A); relationship between comorbidity and PaO, (B); relationship

between comorbidity and PaCO, (C)

Comorbidity Death p-value
No Yes
A
Atopy 75 (12.4%) 11 (92%) 0.357
Asthma 66 (10.9%) 9 (7.5%) 0.325
Coronary artery disease 149 (24.6%) 39 (32.5%) 0.087
Heart failure 88 (14.5%) 27 (22.5%) 0.039
Atrial fibrillation 74 (12.2%) 16 (13.3%) 0.762
Hypertension 341 (56.4%) 72 (60.0%) 0481
Syncope 29 (4.8%) 7 (5.8%) 0.645
Tumor 79 (13.1%) 27 (22.5%) 0.011
Osteoporosis 85 (14.0%) 15 (12.6%) 0.772
Diabetes mellitus 129 (21.3%) 26 (21.7%) 0.904
Anemia 68 (11.2%) 21 (17.5%) 0.067
Depression 109 (18.0%) 35 (29.2%) 0.008
Ulcer disease 118 (19.5%) 22 (18.3%) 0.899
Comorbidity p-value
No Yes
B
Atopy 8.8 (1.6); 8.7 (6.3-11.7) 94 (1.7); 94 (7.1-11.8) 0.020
Asthma 8.8 (1.6); 8.8 (6.3-11.8) 9.1 (1.5); 9.3 (6.3-11.7) 0.262
Coronary artery disease 8.9 (1.6); 8.9 (6.3-11.8) 8.6 (1.7);84 (6.1-11.2) 0.036
Heart failure 9.0 (1.6); 8.9 (6.6-11.8) 8.0 (1.7); 7.8 (5.3-10.9) <0.001
Atrial fibrillation 8.8 (1.6); 8.8 (6.3-11.8) 8.9 (1.6);8.9 (6.1-11.2) 0.644
Hypertension 8.9 (1.6); 9.0 (64-11.3) 8.8 (1.7);8.7 (6.1-11.9) 0339
Syncope 8.8 (1.6); 8.8 (6.3-11.7) 9.4 (1.9); 9.0 (6.5-12.5) 0.201
Tumor 8.8 (1.6); 8.8 (6.4-11.7) 8.9 (1.8); 9.0 (5.9-12.2) 0.708
Osteoporosis 8.8 (1.6); 8.9 (64-11.7) 8.8 (1.9); 8.6 (6.0-12.0) 0.808
Diabetes mellitus 8.9 (1.7); 8.9 (6.3-11.9) 8.6 (1.5); 8.6 (6.4-11.3) 0.038
Anemia 8.9 (1.6); 8.9 (6.4-11.7) 8.6 (1.9); 84 (5.5-12.2) 0.307
Depression 8.8 (1.6); 8.8 (6.3-11.7) 9.1 (1.8); 9.1 (6.4-12.2) 0.197
Ulcer disease 8.8 (1.6); 8.7 (6.4-11.7) 9.1 (1.7); 9.3 (6.0-11.9) 0.067
[
Atopy 5.3 (0.9); 5.2 (4.0-6.8) 5.0 (0.6); 5.0 (4.1-6.2) 0.046
Asthma 5.3 (0.9); 5.2 (4.0-6.8) 5.0 (0.8); 4.9 (3.8-5.7) 0.025
Coronary artery disease 5.2 (0.9); 5.2 (4.0-6.8) 5.3(0.9); 5.2 (4.2-6.8) 0918
Heart failure 5.2 (0.8); 5.1 (3.9-6.4) 5.6 (0.9); 5.4 (4.4-7.2) <0.001
Atrial fibrillation 5.2 (0.9); 5.1 (4.0-6.8) 5.3 (0.8); 5.2 (3.9-6.7) 0.089
Hypertension 5.2 (0.8); 5.2 (3.9-6.8) 52(0.9); 5.2 (4.2-6.7) 0.871
Syncope 52 (0.9); 5.2 (4.0-6.8) 52 (0.9); 5.1 (3.9-6.9) 0614
Presyncope 52 (0.9); 5.2 (4.0-6.8) 52 (0.7); 5.2 (3.9-62) 0.974
Tumor 53 (08); 5.2 (4.2-6.8) 5.1 (1.0); 5.2 (3.9-6.8) 0538
Osteoporosis 53 (08); 5.2 (4.2-6.8) 5.1 (0.9); 5.1 (3.7-6.8) 0.153
Diabetes mellitus 5.2 (0.9); 5.1 (3.9-6.8) 54 (0.8); 5.3 (4.3-6.8) 0.010
Anemia 5.2 (0.8); 5.1 (4.0-6.8) 54 (0.9); 54 (3.9-6.9) 0.122
Depression 5.2 (0.8); 5.2 (4.0-6.7) 54 (1.1); 5.2 (3.9-7.0) 0.302
Ulcer disease 5.3 (0.8); 5.2 (4.1-6.8) 5.2 (1.1); 5.0 (3.9-6.8) 0.102

Notes: Parameters are described by absolute (relative) frequencies and tested by Fisher's exact test (A). Parameters are described by mean (SD); median (5th and 95th
percentiles) and tested by Mann-Whitney test (B, C). Bold p-values represent statistically significant differences in mortality between tested end-points.
Abbreviation: PaCO,, partial pressure of arterial carbon dioxide.
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Table S4 Comparison of parameters between groups according to valid data (n=725)

Tested parameter Without 6-MWT Only with Only with With 6-MWT p-value
and ABG (n=133) 6-MWT (n=201) ABG (n=40) and ABG (n=351)

Demography

Sex — men 97 (72.9%) 146 (72.6%) 25 (62.5%) 252 (71.8%) 0.597

Age at inclusion 67.4(10.3) 65.3 (10.0) 69.4 (9.3) 67.0 (8.5) 0.078

BMI 26.7 (5.6) 27.1 (5.4) 259 (4.7) 26.9 (6.1) 0.553

Symptoms

mMRC 20 (I.1) 2.3(0.9) 25 (1.1) 22(1.2) 0.007

CAT 17.3 8.2) 155 (7.2) 17.5 (8.0) 15.5 (7.9) 0.067

Exacerbations

Treated at home (moderate) 0.6 (1.1) 0.8 (1.2) 0.9 (1.1) 0.9 (1.5) 0.223

Requiring hospitalization (severe) 0.2 (0.6) 0.2 (0.5) 0.7 (0.8) 0.5(0.9) <0.001

Total 08 (1.4 1.0 (1.4) 1.6 (1.4) 1.4 (1.9) <0.001

Lung function

FEV, (%) 453(11.2) 477 (11.6) 4458 (12.9) 432 (11.4) <0.001

FVC (%) 71.8(16.8) 69.1 (15.2) 71.3 (15.5) 68.0 (19.5) 0.057

TL, (% pred) 52.1 (21.9) 62.1 (24.1) 48.6 (16.2) 494 (21.0) <0.001

Notes: Categorical parameters are described by absolute (relative) frequency. Differences are tested by Fisher's exact test. Continuous parameters are described by mean
(SD). Differences are tested by Kruskal-Wallis test. Significant differences are indicated in bold.
Abbreviations: 6-MWT, é-minute walking test; ABG, arterial blood gas; BMI, body mass index; CAT, COPD Assessment Test; FEV, forced expiratory volume in | second;
FVC, forced vital capacity: mMRC, modified Medical Research Council dyspnea scale; pred, predicted value; TL_, transfer factor for carbon monoxide.

Table S5 SpO, according to physical examination (n=725) (A), correlation between SpO, (physical examination*) and SpO, (6-MWT®)

(n=552) (B)

Valid N, mean (SD), median (5th and 95th percentile)

A
SpO, (physical examination®)
SpO, (6-MWT®)

n=725; 93.8 (4.6); 95.0 (87.0; 98.0)
n=552; 94.5 (3.6); 95.0 (88.0; 98.0)

Spearman’s coefficient of correlation (p-value)

B
SpO

2

n=552; 0.779 (<0.001)

Note: *Mandatory parameter available in all COPD subjects, “optional (nonmandatory) parameter used in our analysis.
Abbreviations: 6-MWT, é-minute walking test; SpO,, peripheral capillary oxygen saturation.
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2.2. Prognostic Accuracy of Three COPD Classification Systems in Relation to Long-

Term Mortality of COPD Patients: A Prospective Multicenter Study.

Citace: Plutinsky M, Brat K, Svoboda M, Zatloukal J, Popelkova P, Koblizek V. Prognostic
Accuracy of Three COPD Classification Systems in Relation to Long-Term Mortality of

COPD Patients: A Prospective Multicenter Study. Lung. 2019;197(2):173-9.

Komentar:

V této multicentrické praci se zaméfujeme na srovnani prognostickych vlastnosti 3
klasifika¢nich systémi GOLD ve vztahu k riziku mortality a k dob& do akutni exacerbace.
Racionalnim podkladem pro tuto praci byly dvé zmény klasifikacniho syst¢tmu CHOPN
definované dokumenty GOLD, ktera byly uvedeny do praxe v letech 2011 a pak 2017. Do
roku 2011 byla CHOPN klasifikovana do 4 stadii (I-IV) dle miry bronchialni obstrukce (FEV1
% predikované hodnoty) (87). Stadia GOLD I-1V jsou asociovana s progresivné narustajicim
obdobné jako je tomu u Klasifikace NYHA u CHSS (127) nebo u 8. verze TNM Kklasifikace
karcinomu plic (128). Nékteré prace prokazaly, ze novejsi verze GOLD Kklasifikace tuto
jednoduchou intuitivnost postradaji (129, 130), coz u kliniki muze vést kjisté mife
nepochopeni ¢i dezinterpretace ve vztahu k o¢ekavanym vystuptim. Dostupna data ale byla
pomérné omezend co do rozsahu, proto jsme se rozhodli vyuzit moZnosti analyzy
prospektivnich multicentrickych dat z Registru CHOPN a srovnat prognosticky vyznam
poslednich 3 klasifikaci GOLD, tedy: verze 2007-2011 (stadia I-1V), verze 2011-2016
(skupiny A-D), verze 2017- (skupiny A-D s pieklasifikovanim pacientt po vyjmuti
spirometrické hodntoty FEV1) ve vztahu kriziku dlouhodobé mortality a doby do prvni

exacerbace.
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Ze 784 pacienti Registru CHOPN (119) bylo 64 vyfazeno pro nekompletnost dat a
dale byla analyzovana data zbylych 720 pacientii. Pro analyzu mortality byly zkonstruovany
Kaplan-Meierovy kiivky 4-letého preziti pro vSechny 3 klasifika¢ni systémy GOLD. Rozdily
Vv riziku mortality jednotlivych CHOPN stadii/skupin byly testovany pomoci log-rank testu.
Jelikoz posledni 2 verze klasifikace GOLD nebyly primarné koncipovany pro odhad rizika
mortality, ale charakterizuji uroven symptomu a pocet exacerbaci, srovnali jsme také dobu do
prvni exacerbace ve vztahu ke v§em 3 klasifikacim CHOPN dle GOLD.

Z demografického pohledu tvofilo kohortu 73% muzii primérného véku 58,7 let,
s primérmou BMI 27,1, soucasnych nebo byvalych kurdki bylo 90%. Primérna hodnota
FEV1 byla 45,6% naleZité hodnoty a pacienti m¢li primérné 1,2 exacerbace za rok. V ramci
klasifikace nemoci bylo 50% pacientii ve stadiu III (dle GOLD 2007-2011), 69% pacienti
skupiny D (dle GOLD 2011-2016) a 53% skupiny B po pieklasifikovani nemoci (dle GOLD
2017). Co se tyce mortality, klasifikace GOLD 2007-2011 vykazovala logickou stupnovitost —
¢im vysS$i stadium, tim vys§i bylo riziko mortality. Rozdily byly statisticky vyznamné
(p=0,001). U dalsich 2 systémi (2011-2016 a 2017-) byla stupiiovitost poruSena — riziko
mortality bylo vys$si ve skupiné B nez C (GOLD 2011-2016; p=0,009) a dle posledni verze
(2017-) ve skupiné C nez D (p=0,05). Dle ROC analyzy se pfitom hodnoty AUC vyraznéji
nelisily (0,727 pro GOLD 2007-2011; 0,728 pro GOLD 2011-2016 a 0,747 pro GOLD 2017),
vysledek je ale ovlivnén absenci pacientti nejleh¢ich stadii CHOPN. Doba do exacerbace byla
nejintuitivngji predpovidatelna pomoci systému GOLD 2007-2011 (nejkrat$i doba ve stadiu
IV, nejdelsi ve stadiu II), u obou verzi klasifikace A-D byla doba do exacerbace kratsi ve
skupiné C nez B (vSe p<0,001).

Vysledky naSi prace poukazuji na pomérné¢ zmate¢ny charakter novéjsich verzi
klasifikace nemoci CHOPN. Od téchto verzi nelze ocekavat adekvatni prognostické

vlastnosti, proto by k tomuto ucelu ani nemély byt pouzivany. Prognéza pacienta s CHOPN
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by tak méla byt stanovena adekvatnimi a k tomu ucelu ur¢enymi nastroji, nejlépe pomoci
kompozitnich skorovacich systémua (indexti), které jsou vystavény na nékolika nezavislych
ukazatelich s prognostickou hodnotou (83, 98). Viz také kapitolu 2.3. této prace, kde
pojednéavame o konstrukci nového prognostického nastroje CADOT.

Zavéretné shrnuti jednou vétou: Klasifikace GOLD z let 2007-2011 (stadia I-IV) ma
nejlepsi prediktivni schopnosti pro ramcovy odhad rizika dlouhodobé mortality pacientl s
CHOPN; naproti tomu, klasifika¢ni systémy A-D by Kk Gcelu stanoveni prognozy pacienta

nem¢ély byt pouzivany.
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2.3. Introducing a new prognostic instrument for long-term mortality prediction in

COPD patients: the CADOT index.

Citace: Brat K, Svoboda M, Hejduk K, Plutinsky M, Zatloukal J, Volakova E, Popelkova P,
Novotna B, Engova D, Franssen FME, Vanfleteren LEGW, Spruit MA, Koblizek
V. Introducing a new prognostic instrument for long-term mortality prediction in COPD
patients: the CADOT index. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub.

2021; in press. DOI: 10.5507/bp.2020.035

Komentar:

V této praci jsme zkonstruovali novy prediktivni nastroj ke stanoveni dlouhodobé
progndzy pacienta s CHOPN. Novy prognosticky index byl nazvan CADOT a dle pfimého
srovnani s jinymi indexy vykazoval vyssi prognostickou silu. Jeho dalsi vyhodou je moznost
pouziti v situacich, kdy hodnotu jiného prognostického indexu nelze kalkulovat.

O dilezitosti stanoveni prognézy pacienta s CHOPN jiz bylo pojednano vyse. Ke
stanoveni prognozy lze pouzit jednoduchych parametri (napi. FEV1, vzdalenost usld béhem
6-MWT, mMRC, hypoxémie ¢&i hyperkapnie, BMI) (83), ale mnohem ptesnéjSich
prediktivnich vlastnosti dosahuji kompozitni prognostické néstroje / indexy. Ve svété jsou
nejvice pouzivany 2 indexy — BODE a ADO (83, 98). Tyto nastroje vSak maji nékteré
nevyhody, které ¢ini jejich pouziti v klinické praxi méné vyhodnymi. Index ADO je aZ z 50%
bodového skore vystavén na bodech za vek, coz je faktor, ktery pro CHOPN neni nijak
specificky. Mezi vékem a rizikem mortality existuje silnd zavislost, tzv. Gompertz-
Makehamiv zakon mortality (100). V pfipad¢ indexu BODE je jeho limitaci 6-MWT, ktery
vyzaduje jak prostorovou kapacitu pracovisté k jeho provedeni (30-metrova chodba), tak

pacientovu spolupraci a schopnost 6-MWT podstoupit, coz je problém u pacientd s
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neurologickymi nemocemi, artrézou kolen ¢i kyc¢li, po amputacich ¢i tézkych trazech dolni
koncetiny a podobné. Subidedlni vysSetfitelnost z objektivnich divodi ¢i z divodu nizsi
spoluprace totiz mize byt vyznamnym zdrojem falesné horSich vysledkti 6-MWT, kterému je
v ramci BODE indexu pfisuzovan nezanedbatelny pocet bodu (83). V novéjsi verzi BODE
indexu je vysledku 6-MWT pfifazen jest¢ vyznamnéjsi podil na bodovém skore a jen mala
zména v uslé vzdalenosti béhem 6-MWT muze zpusobit velky rozdil v celkovém bodovém
skore pacienta (98). Cilem nasi prace bylo identifikovat nezavislé faktory se vztahem k riziku
mortality u pacienti s CHOPN a zkonstruovat novy prognosticky nastroj, ktery by byl méné
zavisly na faktoru v€ku a ktery by byl pouZitelny i v situacich, kdy nelze 6-MWT validné
provest.

Pro samotnou konstrukci a prvni testovani prognostické sily nového predikéniho
nastroje CADOT jsme pouzili data 699 pacientli z Registru CHOPN (deriva¢ni kohorta). Pro
ovéteni prognostické sily nového néstroje jsme pouzili data 187 pacienti s CHOPN z externi,
nezavislé kohorty pacientit CIROCO+ z Nizozemi (71).

Pro ucely identifikace faktorti se vztahem k riziku mortality jsme derivaéni kohortu
rozdélili na Zivé a mrtvé pacienty. Ke srovnani rozdilli mezi obéma skupinami jsme pouzili
Mann-Whitneylv U test a Fishertiv exaktni test. Diskrimina¢ni sila identifikovanych faktort
byla testovana pomoci ROC analyzy, a to na bazi jednotlivych faktort i pfidanim faktort k jiz
existyjicim platformdm indexii BODE a ADO. Plocha pod ROC kiivkou byla testovana
pomoci c-statistiky a rozdily mezi ROC kiivkami pomoci DeLongova testu (131).
Nasledovaly reklasifikaéni analyzy, které identifikovaly ty parametry, které signifikantné
zvySovaly hodnotu c-statistiky (132, 133). Ziskané parametry byly zakomponovany do
findlniho predikéniho nastroje. Bodové ohodnoceni novych faktori bylo provedeno na
zakladé hodnot odds ratio ziskanych z vysledkt logistické regresni analyzy. Byly

konstruovany kiivky pteziti pro 4 vytvorené kategorie nového indexu s pouzitim dat derivacni
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i valida¢ni kohorty. Na zavér bylo provedeno piimé srovnani prognostické hodnoty indexu
CADOT s indexy ADO a BODE na datech obou kohort separatné.

Derivacni kohorta zahrnovala 616 Zijicich a 83 zemfelych pacientd. Ve skupiné
zemielych byly signifikantné nizsi hodnoty FEV1, FVC, TLco, Kco, BMI, vyssi vék, kratsi
vzdalenost usla béhem 6-MWT a Castéjsi vyskyt CHSS. Z uvedeného vyplynulo, Ze se jednalo
o parametry konstituujici indexy ADO a BODE a navic o faktory difuzni kapacity plic pro CO
a CHSS. V dalsi praci jsme tedy novy prognosticky nastroj budovali na bazi platformy indexua
ADO a BODE scilem vylepsit jejich prognostické vlastnosti. Jako idealni faktory pro
vylepSeni prediktivnich vlastnosti se ukazaly TLco a CHSS, a to na bazi indexu ADO.
Vysledny index CADOT tedy zahrnuje: CHSS, vék, mMRC skoére, hodnotu FEV: (%
predikované hodnoty) a TLco. Na zaklad¢ vysledku regresni analyzy bylo absenci nebo
ptitomnosti CHSS pfifazeno 0 resp. 3 body, bodové skore za TLco bylo ohodnoceno 0, 1 a 2
body za >45%, 30-44% a <30% predikované hodnoty. Vysledné skére CADOT indexu tedy
muze dosahovat hodnot 0-15 bod®, hodnoty skore s podobnou prediktivni hodnotou byly
zaclenény do spolecné kategorie, ¢imz vznikaji 4 kategorie rizika (nizké, stfedni, vysoké a
velmi vysoké riziko) s hodnotami bodového skore 0-2, 3-5, 6-9 a 10-15. P¥imé srovnani
prognostické sily CADOT indexu s indexy ADO a BODE (pomoci ROC analyzy) ukazalo
nejvyssi hodnoty c-statistiky CADOT indexu ze vSech 3 srovnavanych indexd, a to jak pro
deriva¢ni kohortu (0,701 vs 0,644 vs 0,677; p<0,001), tak i pro nezavislou valida¢ni kohortu
(0,842 vs 0,825 vs 0,799; p<0,001). CADOT jsme jesté jedenkrat revalidovali s odstupem 22
meésicli — na stejné kohorté, ale s delsi periodou follow-up — a index potvrdil svou vysokou
prediktivni hodnotu (hodnota c-statistiky: 0,685).

Hlavnim pfinosem této prace je konstrukce nového prognostického indexu CADOT,
ktery nejenze vykazuje vys$S§i miru prognostické piesnosti, ale také odstraiiuje nebo

minimalizuje nevyhody indexit BODE a ADO. Oproti indexu BODE odpada potieba provadét
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6-MWT, oproti indexu ADO je celkové skore CADOT mén¢ ovlivnéno faktorem véku a opira
se 0 dva nové parametry s izkym vztahem k riziku mortality, tedy ptfitomnost CHSS a
pii¢in umrti u pacienti s CHOPN (123, 134). Snizena hodnota TLco je vyrazem/projevem
plicniho emfyzému (= efektivni ztraty plicniho parenchymu), plicni hypertenze a/nebo CHSS,
coz jsou vSechno faktory asociované s rizikem mortality pacienti s CHOPN (123, 134).
Diilezitym aspektem naSich vysledkt je také to, ze CADOT prokazal vynikajici predikéni
schopnost (hodnota c-statistiky: 0,842) na kohorté pacientti s primérné ,,leh¢i CHOPN, tedy
s mirngj$i trovni obstrukce dychacich cest a niz8i mirou vyskytu komorbidit. Na zakladé
tohoto poznatku Ize CADOT s tspéchem pouzivat v klinické praxi i pro zhodnoceni prognozy
pacientt s CHOPN lehkych stadii (GOLD I-1I, GOLD A-C), ¢imz umozni zachytit rizikové
pacienty zavcas.

Jistou limitaci CADOT indexu muze byt dostupnost vySetfeni TLco (vySetfeni difuzni
kapacity plic). Podle dotaznikovych Setfeni v minulosti ale cca 80% pneumologti v Ceské
republice udavé snadnou dostupnost vysetieni difuzni kapacity plic do nékolika dnti. Dal§imi
limitacemi prace je mensi pocet pacientil s lehkou bronchialni obstrukci a mozné problémy
s dostupnosti echokardiografie.

CADOT index byl zapracovan i do Poziéniho dokumentu CPFS — Diagnoza a
management stabilni fize CHOPN (viz kapitola 2.4.).

Zavérecny souhrn jednou vétou: Zkonstruovali jsme novy kompozitni prognosticky index
nazvany CADOT, ktery ma lepsi prediktivni schopnosti nez indexy BODE a ADO, zaroven

minimalizuje ¢i zcela obchdzi jejich objektivni nevyhody.
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Objectives. The BODE (BMI, Obstruction - FEV,, Dyspnoea - mMRC, Exercise - 6-MWT) and the ADO (Age, Dyspnoea
- mMRC, Obstruction - FEV,) indices are widely used prognosis assessment tools for long-term mortality prediction
in COPD patients but subject to limitations for use in daily clinical practice. The aim of this research was to construct
a prognostic instrument that prevents these limitations and which would serve as a complementary prognostic tool
for clinical use in these patients.

Methods and Participants. The data of 699 COPD subjects were extracted from the Czech Multicentre Research
Database (CMRD) of COPD patients (the derivation cohort) and analysed to identify factors associated with the long-
term risk of mortality. These were entered into the ROC analysis and reclassification analysis. Those with the strongest
discriminative power were used to construct the new index (CADOT). The new index was validated on 187 patients of
the CIROCO+ cohort (Netherlands; the validation cohort).

Results. The CADOT was constructed by adding two newly identified prognosis-determining factors, chronic heart
failure (CHF) and TL_, tothe ADO index. In a head-to-head comparison, the CADOT index showed highest c-statistic
values compared to the BODE and ADO indices (0.701 vs 0.677 vs 0.644, respectively). The prognostic power was more
definitive when applied to the Dutch validation (CIROCO+) cohort (0.842 vs 0.799 vs 0.825, respectively).
Conclusions. The CADOT index has comparable prognostic power to the BODE and ADO indices. The CADOT is comple-
mentary/an alternative to the BODE (if 6-MWT is not feasible) and ADO (with less dependence on the age factor) indices.
Trial registration: ClinicalTrials.gov (NCT01923051).
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INTRODUCTION

According to the latest World Health Organization
data, chronic obstructive pulmonary disease (COPD) was
the third leading cause of death worldwide, claiming ap-
proximately 3 million lives in 2016 (ref.!). In the Czech
Republic, the annual COPD-related death rate is around
3,500 events per 10.6 million population®. According to
an epidemiological prediction model, COPD prevalence
is expected to rise in the coming years®.

COPD is considered a heterogeneous syndrome with
inter-individual differences in disease manifestation, co-
morbidity and long-term mortality risk*’. For this reason,
accurate tools for estimating the life expectancy of COPD
patients are warranted®’. The BODE (Body mass index,
airflow Obstruction, Dyspnoea and Exercise) and the
ADO (Age, Dyspnoea and Obstruction) indices are glob-
ally the most widely used instruments for long-term mor-
tality assessment®’. A number of other prediction tools
have been constructed, e.g. the e-BODE, BODEx and
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COTE (ref.!*!"). Use of the BODE (and derived indices)
may be difficult in some patients (e.g. with a disability)
or in some outpatient settings where the 6-minute walk
test (6-MWT) cannot be performed (e.g. lack of a ~30-me-
ter corridor). Two of the 3 parameters determining the
ADO score may be associated with other confounders -
the specificity of the mMRC score (alternative causes of
dyspnoea - pulmonary “other-than-COPD”, cardiogenic,
extrathoracic, neuromuscular, systemic, etc.) and the age
factor (mortality risk/rate is strongly determined by age
- the “Gompertz-Makeham Law of Mortality”) (ref.*'>!%).

The Czech Multicenter Research Database of COPD
(CMRD) comprises a large number of regularly moni-
tored COPD patients*. Based on an analysis of all-cause
mortality in CMRD COPD subjects, the aim of the pres-
ent research was to construct an alternative long-term
prognostic instrument for use in situations where the
BODE score cannot be calculated and that would improve
the ADO index by augmenting the role of COPD-specific
conditions predictive of poorer prognosis.

METHODS

The derivation cohort (Czech Republic)

The data for development of the new scale were ex-
tracted from the CMRD Registry', an observational
prospective study with a primary objective to monitor
and assess morbidity and all-cause mortality in patients
with moderate to very severe COPD (Global Initiative
for Obstructive Lung Disease (GOLD) grades II to V)
in the Czech Republic (ClinicalTrials.gov Identifier:
NCT01923051). Patients were recruited in 14 centers
providing specialised respiratory care between February
2013 and December 2016. Follow-up of patients within
the CMRD Registry is still ongoing. Detailed description
was published elsewhere'*.

At the time of the new prognostic instrument construc-
tion (July 2016), the registry included 699 COPD patients.
Parameters assessed at enrolment included demograph-
ics, patient history data [general practitioners’ (GPs’)
and specialists’ records], symptoms [dyspnoea - mMRC
score”, COPD Assessment Test (CAT) (ref.'®)], quality
of life measures [St George's Respiratory Questionnaire
(SGRQ) (ref."")], treatment, pulmonary functions and
other clinical examinations (chest CT, ECG, blood gases,
echocardiography etc.). GPs” and specialists’ records were
also used to identify chronic heart failure (CHF).

The validation cohort (Netherlands)

To validate the new prognostic index, data from the
CIROCO+ cohort, an observational single-center study,
were used'®. Patients with moderate to very severe COPD
(GOLD grades II to TV) (ref."), aged 40 to 80 years and
in a clinically stable condition were prospectively recruit-
ed between November 2007 and November 2010 during
initial evaluation of a comprehensive pulmonary reha-
bilitation program at CIRO+ (ref.??). CHF was identified
from patient history (Charlson comorbidity index); FEV,
and TL_, values were measured at inclusion™.

Development of the new index

The steps to develop the new index included identi-
fication of parameters discriminating between patients
who died and those who were alive (Step 1), testing of
the discriminatory power of these parameters (Step 2)
and refinement with a reclassification analysis (Step 3).

The derivation cohort was separated into patients who
died and those who were alive at the time of analysis.
Clinical characteristics of these two subgroups were com-
pared using the Mann-Whitney U-test and the Fisher exact
test to identify parameters discriminating between the two
subgroups (Step 1).

The discriminatory power of the identified parameters
(Step 2) was tested with the receiver operating charac-
teristic (ROC) analysis. The ROC analysis included the
existing ADO and BODE indices alone and ADO and
BODE indices with addition of the risk parameters identi-
fied during Step 1. The quality of fit was assessed with the
c-statistic that equals the area under the ROC curve. The
significance of the differences between the ROC curves
was tested with the DeLong test?'.

Reclassification analyses (Step 3), namely the NRI
and IDI methods®**, were used for parameters that sig-
nificantly increased the c-statistics (the ROC analysis)
of the ADO/BODE to further refine selection of compo-
nents for the new prognostic index; only the parameters
with significant results in the reclassification analysis were
included in the final index.

Logistic regression was used to calculate the risk of
death for the newly added parameters and, based on this,
patients were divided into risk groups. Each group was as-
signed risk points that these parameters added to the new
scale. The risk points were determined by rounding the
ORs from the logistic regression. The new index was then
divided into risk categories with similar prognostic power.

To validate the new scale, we calculated long-term
survival estimates for the derivation (July 2016) and
validation (April 2017) cohorts to assess differences in
mortality risk between subgroups assigned to the risk cat-
egories. The CMRD Registry is still an ongoing project
and the prospective nature of the study enabled us to re-
assess the prognostic utility of the CADOT twice more
in March 2018 and in January 2020, in order to confirm
its unique prognostic properties.

All presented analyses were performed using the IBM
SPSS Statistics 24.0 (ref.?*) and R-studio software (ref.”).
All statistical tests used o=0.05 as the level of significance.

RESULTS

Step 1: The derivation cohort (median follow-up 18.5
months) was split into subgroups of 616 alive and 83 dead
patients. The two subgroups differed in the total ADO and
BODE scores as well as the individual parameters within
the two indices. Concurrently, we observed lower values
of pulmonary function tests (FEV /FVC, TL, K ) in
the subgroup of dead vs living patients (£<0.001 for all).
CHF was significantly more frequent in the dead vs alive
subgroup (33.7% vs 15.0%). Detailed characteristics of
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Table 1. Descriptive statistics of the derivation (CZ) cohort (n=699).

Death
Total B
No Yes

Sex - men (n, %) 517 (74.0%) 454 (73.7%) 63 (75.9%) 0.790
Age at inclusion 67.0 (51.4; 81.1) 66.7 (50.2; 79.8) 68.9 (60.9; 85.0) <0.001
(median, 5'; 95" percentile)

Age at diagnosis 58.9 (38.7: 74.4) 58.4(37.7:73.2) 63.9 (50.5; 80.7) <0.001
(median, 5"; 95" percentile)

BMI 26.8 (18.6; 38.0) 27.2 (18.8; 38.1) 23.9 (17.5; 37.0) <0.001
(median, 5"; 95" percentile)

Atopy (n, %) 90 (12.9%) 77 (12.5%) 13 (15.7%) 0.388
Asthma (n, %) 71 (10.2%) 66 (10.7%) 5(6.0%) 0.245
Heart failure (n, %) 120 (17.2%) 92 (15.0%) 28 (33.7%) <0.001
Atrial fibrillation (n, %) 89 (12.8%) 73 (11.9%) 16 (19.3%) 0.078
Diabetes mellitus (n, %) 162 (23.2%) 143 (23.3%) 19 (22.9%) 0.999
Depression (n, %) 136 (19.5%) 109 (17.7%) 27 (32.5%) 0.003
Apnoea (n, %) 51 (7.3%) 47 (7.6%) 4 (4.8%) 0.500
FEV, (%) (median, 5"; 95" percentile) 45.6 (25.1: 60.4) 46.7 (25.2; 60.6) 39.5 (18.5; 58.6) <0.001
FVC (%) (median, 5"; 95" percentile) 67.7 (39.7; 99.0) 68.5 (41.6; 99.0) 62.6 (33.2;93.3) 0.057
FEV /FVC (median, 5"; 95" percentile) ~ 0.53 (0.33; 0.73) 0.53 (0.34; 0.72) 0.48 (0.31; 0.73) 0.014
TL,, (%) (median, 5; 95" percentile) 50.0 (22.0; 96.0) 52.0(22.0; 97.0) 37.0 (18.0; 61.0) <0.001
K, (%) (median, 5th: 95t percentile) 67.0 (31.0; 115.0) 68.0 (32.0; 116.0) 55.0 (24.0; 93.0) <0.001

6-MWD (m) (median, 5%; 95" percentile)

350.5 (110.0; 528.0)

360.0 (120.0; 530.0) 243.0 (60.0; 460.0) <0.001

BODE index (median, 5*; 95" percentile, 4.0 (1.0; 8.0) 4.0 (1.0; 8.0) 5.0 (2.0:9.0) <0.001
mean, SD) 4.2(2.1) 4.0 (2.1) 5.3(2.0)
ADO index (median, 5"; 95" percentile, 5.0 (2.0; 7.0) 5.0 (2.0; 7.0) 5.0 (3.0; 8.0) <0.001
mean, SD) 4.8 (1.6) 4.6 (1.5) 5.5 (1.6)

6-MWD = Six Minute Walking Distance; ADO = Age, Dyspnoea and airflow Obstruction; BMI = Body Mass Index; BODE = Body-mass index,
airflow Obstruction, Dyspnoea, and Exercise; FEV, = Forced Expiratory Volume in 1 Second; FVC = Forced Vital Capacity; K, = Transfer
Coefficient for Carbon Monoxide; TL ., = diffusing capacity (Transfer Factor) for Carbon Monoxide

Table 2. Assignment of points for the CADOT index.

0 points 1 point 2 points 3 points 4 points 5 points
CHF No Yes
Age 40-49 50-59 60-69 70-79 80-89 >90
mMRC 0-1 2 4 - -
FEV, > 65 64-36 <35 - - -
TL., > 45 30-44 <30 - - -

CHF = Chronic Heart Failure; FEV, = Forced Expiratory Volume in 1 Second; mMRC = modified Medical Research Council dyspnoea scale;

TL,, = diffusing capacity (Transfer Factor) for Carbon Monoxide

the derivation cohort and its subgroups are presented in
Table 1.

Step 2: Since total ADO/BODE and their individual
items discriminated between the two subgroups, the ADO
and BODE indices were used as platforms for the develop-
ment of a new index.

The potential of the newly identified parameters, i.e.
CHEF, FEVl/FVC, TLCD and KCO to increase the discrimi-
native power for all-cause mortality prediction of the exist-
ing risk indices (ADO/BODE) is presented in the Table

Al The DeLong test showed that adding CHF, TL ., and
K., to the ADO platform provided statistically significant
differences in mortality prediction. No significant result
was identified for any combination of the new parameters
and the BODE.

Consequently, CHF, TLC0 and KC0 were entered in the
reclassification analysis (Step 3) using the ADO platform
as the cornerstone. The reclassification analysis showed
CHF and TL , to be appropriate for definitive use as ad-
ditional factors for mortality prediction (Table A2).
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Table 3. Prediction of 2-year mortality (95% CI) according to the CADOT total score.

Category Score Derivation cohort Validation cohort
CADOT 1 0-2 0.0% 0.0%

CADOT 2 3-5 7.9% (3.2% - 12.5%) 4.3% (0.2% - 8.5%)
CADOT 3 6-9 15.2% (9.0% - 21.5%) 20.5% (6.9% - 34.1%)
CADOT 4 10-15 45.4% (21.0% - 69.9%) -

CADOT = Chronic heart failure, Age, Dyspnoea, airflow Obstruction, TL , - diffusion capacity (Transfer factor) for Carbon Monoxide; CI =

Confidence Interval

Therefore, the development process resulted in a
new prognostic index with 5 components, i.e. CHF, Age,
Dyspnoea (mMRC score), Obstruction (FEV, - % of pre-
dicted value) and TL , (% of predicted value) (CADOT).
CHF was assigned 0 points (absent) and 3 points (pres-
ent; rounded OR = 3). TL  values were categorized into
three categories and assigned 0 points (>45%), 1 point
(30-44%) and 2 points (<30%). The rating of the indi-
vidual items of the CADOT index is described in Table 2.
The CADOT scores can range between 0 and 15 points.
Detailed characteristics of the CMRD cohort with com-
plete CADOT data are presented in Table A3. Like the
BODE index, the individual scores were split into 4 prog-
nostic categories (low risk, intermediate risk, high risk,
very high risk of death) with similar prognostic power
(Table A3 and Table 3).

Validation

Characteristics of the validation cohort (median
follow-up 26.2 months) are presented in Table A4. The
outcomes of the validation are presented in Table 3 (the
CADOT index performance), Table 4 (prognostic power
of the BODE, ADO and CADOT) and in Fig. 1 (long-
term survival estimates).

Estimated two-year survival rates for the low, interme-
diate, high and very high risk groups were 100%, 92.1%,
84.8% and 54.6%, respectively (P<0.001) in the deriva-
tion cohort, 100%, 95.7%, 79.5% and N/A, respectively
(P<0.001) in the validation cohort.

Confirmation of prognostic utility of the CADOT from a
long-term perspective

The c-statistic of the CADOT in the March 2018 re-
assessment was 0.685 (P<0.001). In the last reassessment
in January 2020, estimated five-year survival rates for the
low, intermediate, high and very high risk groups were
88.9%, 66.7%, 42.6% and 22.9%, respectively (P<0.001).
(Fig. Al).

DISCUSSION

The BODE index is the most widely used and globally
accepted instrument for COPD prognosis assessment. We
present a complementary/ alternative prognostic tool, the
CADOT index. Having comparable prognostic power to
the BODE and ADO indices, the CADOT has features
that may be of special benefit in selected settings, in par-

Table 4. ROC analysis - index capacity to separate patients
according to mortality.

Index Cohort C-statistics (95% CI) P
BODE  Derivation cohort 0.677 (0.610-0.744) <0.001

Validation cohort - NL  0.799 (0.681-0.917) <0.001
0.644 (0.581-0.706) <0.001
Validation cohort - NL 0.825 (0.735-0.914) <0.001
CADOT Derivation cohort 0.701 (0.625-0.776) <0.001
Validation cohort - NL  0.842 (0.755-0.930) <0.001

ADO Derivation cohort

ADO = Age, Dyspnoea and airflow Obstruction; BODE = Body-
mass index, airflow Obstruction, Dyspnoea, and Exercise; CADOT =
Chronic heart failure, Age, Dyspnoea, airflow Obstruction, TL - dif-
fusion capacity (Transfer factor) for Carbon Monoxide

ticular, if the 6-MWT is not practicable. The CADOT
index also functioned well in subjects with milder airway
obstruction (Table 4) and its properties were confirmed
on an independent validation cohort.

The CADOT addresses some specific weaknesses of
the ADO and BODE, such as 6-MWT in BODE or the
impact of age on ADO.

Disabled or unfit COPD patients (e.g. severe arthrosis,
polyneuropathy, lower limb amputees) may be unable (or
unwilling) to undergo the 6-MWT or complete a shorter
distance and fall into a BODE poorer prognosis. In addi-
tion, not all medical offices are equipped to perform the
6-MWT (e.g. lack of a ~30-meter corridor). Consequently,
the BODE may be of limited use in COPD populations
with disability/immobility. In 2009, Puhan et al. attempt-
ed to increase the prognostic accuracy of the BODE and
ADO indices’. For BODE (“updated BODE index”), the
main difference was the 6-MWT scoring where the differ-
ent walking distances were assigned 0 (>350 m), 4 (250-
349 m), 7 (150-249 m) or 9 points (<150 m), respectively’.
However, this modification reinforced the reliance of the
BODE on the 6-MWT, since a single one meter difference
in walking distance (e.g. 350 vs 349 m) may result in a
total score change of up to 4 points’. Since the CADOT
does not include the 6-MWT, the issues associated with
the 6-MWT are completely avoided.

The ADO index is based on age, FEV] and mMRC
score assessments’. Up to 50% of the total score is de-
termined by age alone (5 points of the 10-point scale as-
signed to age >90 years) (ref.’). The 2012 ADO update
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Fig. 1. Long-term survival according to the CADOT index
(comparison of the derivation - CZ (A) and validation - NL
(B) cohorts). CZ - Czech Republic; NL - Netherlands

maintains the prominence of the age factor (up to 7 of 14
points assigned for age >80 years) (ref.?°).

Addition of CHF and TL ; to the ADO index enabled
us to develop a prognostic tool based on a well-established
platform but reducing its dependence on age.

Evidence shows that CHF is a frequent comorbidity
and one of the most important causes of death among
COPD patients?™. Our derivation cohort included 17.2%
of patients with concurrent CHF and this comorbidity
was shown to be one of the main drivers of mortality in
our cohort. CHF was also frequent in other cohorts, e.g.
in the POPE study, the prevalence of CHF ranged be-
tween 10.8% and 19.4% according to disease phenotype;
for the frequent-exacerbator phenotypes (with obviously
higher mortality risk) it was 16.6% and 19.4%, respec-
tively®.

In COPD patients, reduced "l"LC0 usually reflects the
presence of emphysema, pulmonary arterial hypertension
or CHF that are all associated with increased risk of long-
term mortality”*'*. In Central Europe, COPD patients
are cared for mainly by pulmonary physicians, unlike
Western Europe, where GPs are the prevailing caregiv-

ers®. In the Czech Republic, around 80% of outpatient
non-hospital respiratory practices are equipped with (or
have access to) a diffusion capacity assessment device.
The situation is similar in Germany (personal communi-
cation with the Lemon Medical GmBH). Recent analysis
of the POPE cohort illustrated that TLco vs 6-MWT data
were available in 90% vs 11% of Croatians and 63% vs 20%
of Czechs with COPD (ref.**3¥). This means that in some
regions or countries, TLco assessment may be more acces-
sible than a ~30-meter corridor, i.e. the 6-MWT.

The CADOT index performed equally well in various
populations of patients (CMRD and CIROCO). CMRD
represents a population of moderate-to-very severe COPD
subjects with higher (> 17%) prevalence of CHF, while
the CIROCO cohort included more patients with milder
airway obstruction (mean FEV, was 50%). In addition,
the CIROCO patients were younger, had higher mean
TL_, (56%) and CHF was less prevalent (3%). This was
consequent to the CIROCO study exclusion criteria (un-
stable COPD, myocardial infarction in the previous 6
months, asthma history, alpha-1 antitrypsine deficiency,
previous lung surgery, malignancy in the previous 5 years)
(ref.'®). Importantly, the prognostic power (c-value) of the
CADOT was higher in the “milder” COPD population of
the CIROCO cohort. Since the long-term mortality risk
among GOLD I subjects is very low, a large cohort of
these subjects and a year-long follow-up would be needed
to learn the prognostic properties of CADOT in this cat-
egory of patients. An easy way for assessing risk among
GOLD I patients using CADOT is a periodical (e.g., an-
nual) calculation of the CADOT score where the disease
progression/deterioration can be captured.

Our study has limitations. First, the derivation cohort
included patients from tertiary and university hospital-
based centers and thus, further external validation on larg-
er cohorts with higher proportions of mild COPD patients
are desirable. Second, the TL ., test may be less available
in primary care settings. However, this is strongly region/
country-dependent and the availability of TL ., in some
regions or countries may exceed that of 6MWT. For ex-
ample, in Czechia, the availability of TL ., for respiratory
physicians is more than 80%. Third, the presence of CHF
has not been re-assessed at patient inclusion. However, of
the 120 CMRD subjects with a history of CHF, 29 had
an echocardiographic (ECHO) examination of the heart
within the CMRD study protocol (ECHO was a non-man-
datory test). Of these, 26 patients (93%) had ECHO signs
compatible with left- or right-sided CHF. Of the remaining
94 subjects with a CHF history, 87 (93%) were treated
with 1 or more CHF treatments (ACE inhibitors, angio-
tensin II receptor antagonists, betablockers, diuretics).
These data suggest reliability of the patient history data
from the CMRD database. Fourth, our cohorts included
a lower portion of patients with COPD, GOLD grade I.
Though the CADOT performed well on a cohort with
milder airway obstruction, further studies are needed to
assess the utility of the CADOT in GOLD grade I sub-
jects. Finally, the majority of both cohorts was composed
of men (74% of the derivation cohort and 58% of the
validation cohort, respectively) and the applicability to
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women may be somewhat limited. However, in the the
BODE and ADO construction studies, the proportion of
men and women was unequal as well - in the 2012 study
of Puhan et al, the proportion of men was 60%, while in
the Puhan study of 2009, men accounted for a 60% (Swiss
cohort) and 93% (Spanish cohort) (ref.*'?).

CONCLUSIONS AND IMPLICATIONS

We constructed and validated a new prognostic index
(CADOT) that has slightly higher prognostic power than
the BODE and ADO indices. The CADOT is comple-
mentary (or alternative) to the BODE in situations where
6-MWT is not feasible. The CADOT index improves the
ability of respiratory physicians to determine risk for pa-
tients with COPD and severe comorbidities.
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Komentar:

Pozi¢ni dokument CPFS “Chronickad obstrukéni plicni nemoc — diagnéza a
management stabilni faze nemoci — personalizovany 1écebny pfistup s pouzitim léc¢itelnych
rystt zalozenych na klinickych fenotypech.” je aktualizovanou, pfepracovanou a doplnénou
verzi ptivodniho dokumentu z roku 2013. Dokument upravuje a vymezuje obecna i konkrétni
doporuceni pro diagnostiku, management péce a 1é€bu CHOPN. Aktualni dokument stavi
nejen na bazi posledni verze z roku 2013 (135), ale také dokumentu GOLD 2020 (136) a
cerpa inspiraci 1 v jinych narodnich doporucenich pro 1é€bu CHOPN (napt. ve Spanélském
GesEPOC) (55). Pro formulaci jednotlivych 1é¢ebnych doporuceni nebyly pouzity jen literarni
zdroje z velkych randomizovanych studii, ale i data ziskand ze studii z realné klinické praxe
(real-life studies). Dokument a doporuceni v ném obsazena se tak snazi o maximalni miru
pfiblizeni k realité klinické praxe v kontextu a ramci zdravotnického systému Ceské

republiky. Systém klasifikace i 1écby CHOPN pouzity v tomto dokumentu je ve svété unikatni

64



a je zaloZen na stratifikovaném principu popisu diagnozy i vedeni 1é¢by. Pozi¢ni dokument je
vysledkem nékolikaleté systematické prace expertniho tymu CPFS.

V Gvodnich kapitolach pozi¢niho dokumentu pojednavame o zakladnim ramci jeho
platnosti, o jeho cilech a zamérech autorti prezentovat nejnovéjsi vedecké poznatky formou,
ktera je redln¢ pouzitelna v kazdodenni klinické praxi v intencich zdravotnického systému
Ceské republiky. Je prezentovana aktualné platna definice nemoci, zakladni epidemiologicky
piehled a je pojednano o znamych i novéjsich patofyziologickych principech a rizikovych
faktorech vzniku CHOPN. Zde zminim, Ze koufeni tabaku nadale zdstava hlavnim rizikovym
faktorem, mohou se uplatnit ale i jiné mechanizmy (frekventni infekce dolnich cest dychacich
v détském veku, nizkd porodni vaha, détské astma, zneCisténi ovzdusi, nizsi socialni status),
které v budoucnu - s ohledem na ocekdvany pokles prevalence tabdkizmu - zfejmé& budou
nabyvat na vyznamu. Z patofyziologickych procest je pro budoucnost velmi slibny zejména
mechanizmus senescence, ktery se dle védeckych poznatki z poslednich letech jevi hrat
klicovou roli v patogenezi CHOPN a jejich komorbidit (22, 23). Potencial spole¢né¢ho
ovlivnéni pribéhu CHOPN i ptidruzenych zavaznych komorbidit jednim Iékem (mono- nebo
multi-komponentnim) ¢ini z mechanizmli senescence atraktivni terapeuticky cil pro
vyzkumniky, 1ékate i farmaceuticky primysl (23).

Novou kapitolou v dokumentu je stanoveni prognézy pacienta s CHOPN. Pro
stratifikaci rizika doporuc¢ujeme pouziti indexu BODE (83), ktery je ve svété pouzivan jiz 15
let. Pokud neni BODE kalkulovatelny (nejcastéji z diivodu nemozZnosti provést 6-MWT pii
nedostatku prostorovych kapacit nebo pohybovém omezeni na stran€ pacienta), navrhujeme
jako alternativu pouzit index CADOT (ptivodni prace viz kapitola 2.3.). Hrubou informaci o
vyS$$im riziku u pacienta mize pii nedostupnosti kalkulace zminénych indext pfinést i nizka
hodnota FEV1 (83), klasifikace pacienta do skupiny D dle GOLD nebo ptitomnost hypoxémie

(PaO2 <7.3 kPa) u pacienta s CHOPN skupiny B dle GOLD (viz pivodni prace kapitola 2.1.).
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V ramci patrani po ptipadné hypoxémii lze (screeningove) vysetieni krevnich plyna nahradit
meétenim SpOz2; hodnoty pod 90% jsou imperativem k naslednému vySetteni krevnich plynd.
Diagnézu CHOPN doporucujeme stanovit na zakladé klasickych kritérii — pfitomnosti
symptomu (dusSnost, kasel, expektorace), ireverzibilni (nebo jen casteCné reverzibilni)
bronchiadlni obstrukce pomoci spirometrie a vylouceni alternativnich diagnéz. Dilezitym
aspektem, kterému v pozi¢nim dokumentu vénujeme velky prostor, je inicialni klasifikace
nemoci. Od spravné klasifikace ptfipadu CHOPN se totiz odviji i komplex 1éCebného
doporuceni s vizi maximalni miry jeho individualizace pro kazdého pacienta. Doporucujeme
vicevrstevnou klasifikaci nemoci. Za prvé, dle hodnoty postbronchodilata¢ni FEVi
stanovujeme stadium CHOPN dle GOLD (I-1V) a ziskavame zakladni obraz o mite limitace
plicnich funkci (1). Za druhé, stanovujeme skupinu CHOPN dle GOLD (A-D), ktera odrazi
urovenl symptomi pacienta a pocet i zavaznost exacerbaci (1). Za tfeti, stanovujeme
fenotypické projevy CHOPN. Tento pfistup je pouzivan 1 v jinych zemich, napt. ve
Spanélsku, kde je jednomu pacientovi piifazen jeden dominantni klinicky fenotyp nemoci
(55). Cesky piistup k fenotypizaci rozeznava celkem 6 klinickych fenotypti (emfyzematicky,
bronchiticky, pfekryv CHOPN s astmatem, piekryv CHOPN s bronchiektaziemi, plicni
kachexie a frekventni exacerbace) a je inspirovan konceptem profesora Agustiho z Barcelony;
u jednoho pacienta je popsana piitomnost jednoho (vzacné zadného) nebo vice klinickych

fenotypt - viz nize obrazek ¢. 5 z Pozi¢niho dokumentu (35).
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(Spanish approach) (Czech approach)

Kazdy z téchto fenotypl je pfesné charakterizovan piitomnosti nebo absenci piredem

definovanych znaki. Tento ve svété unikéatni pfistup umoziuje popsat nemoc pacienta vice

66



fenotypickymi “nalepkami” zaroven a lékar-klinik tak nesoustied’'uje svou pozornost pouze na
dominannti fenotyp, nybrz se mu otevira prostor pro 1écbu vSech pfitomnych fenotypt zaraz.
Vsechny vyse definované fenotypy zaroven povazujeme za 1éCitelné rysy CHOPN (treatable
traits), pro které jsou v dalsi kapitole definovany konkrétni [é¢ebné postupy a doporuceni.

Kapitola vénovana strategii 1é¢by CHOPN definuje celou paletu 1é¢ebnych opatieni a
postupt na medikamentdzni bazi i nemedikamentdzniho charakteru. Lécba je — obdobné jako
klasifikace nemoci — stratifikovana do nékolika (zde péti) okruht resp. krokd.

Prvnim krokem je eliminace (¢i alespoii minimalizace) rizik, zejména kouieni tabaku
(i “pasivniho” koufeni) (137) a inhala¢nich expozic profesniho pivodu ¢i v domacnosti.
Druhym krokem je =zékladni (mandatorni) Iécba. Tato =zahrnuje bronchodilatancia
(dlouhodobé ¢i kratkodobé pusobici parasympatolytika, p2-sympatomimetika nebo jejich
kombinace), respiraéni fyzioterapii (138, 139) i s piipadnou nutriéni podporou, nacvik
spravné inhala¢ni techniky (140) a vakcinaci proti viru influenzy, nemoci COVID-19 a
Streptococcus pneumoniae (1). Tretim krokem je fenotypicky-vazana 1é¢ba. Z praktickych
divoda nebudu detailné pojednéavat o kazdém typu 1écby zvlast’, pouze pro piehled vyjmenuji
jednotlivé 1écebné modality doporucené pro konkrétni fenotypy. U fenotypu frekventnich
exacerbaci (>2 exacerbace/rok) doporuc¢ujeme inhala¢ni kortikosteroidy [zejména u pacientd
spoctem eozinofila v periferni krvi >300/uL (141)], inhibitory fosfodiesterazy-4,
mukoaktivni latky (erdostein nebo N-acetylcystein), vybrana antibiotika (azitromycin,
moxifloxacin) nebo kombinaci téchto 1ékd. U bronchitického fenotypu doporucujeme
inhibitory fosfodiesterdzy-4, mukoaktivni latky a expektora¢ni techniky v rdmci respiracni
fyzioterapie; u fenotypu kachexie doporucujeme nutri¢ni intervenci, psychosocialni podporu,
intenzivni respiracni fyzioterapii a trénink kosterniho svalstva. Pro pacienty s fenotypem
ACO doporucujeme lécbu IKS/LABA nebo fixni trojkombinaci IKS/LAMA/LABA, lze

zkusit antileukotrieny; pro pacienty s BCO inhibitory fosfodiesterazy-4, mukoaktivni latky,
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antibiotika (azitromycin, moxifloxacin), fyzioterapii, imunomodulancia nebo kombinaci
téchto piistupi. U pacientti s emfyzémem zvazujeme metylxantiny a doporucujeme plicni
fyzioterapii, pii deficitu A1AT jeho substituci, u lokalizovaného emfyzematického postizeni
BLVR endobronchialnimi chlopnémi nebo coily, ptipadné chirurgickou LVRS. P#i kombinaci
(soubéhu) vice fenotypii u jednoho pacienta 16¢ime viechny piitomné rysy. Ctvrtym pilifem
1écby je 1é¢ba velmi pokro¢ilé CHOPN a pfidruzenych problému. Zahrnuje domaci
oxygenoterapii, domaci NIV, transplantaci plic a srdce nebo jen plic a paliativni 1écbu.
Poslednim, patym, krokem je 1écba komorbidit. Zejména se soustiedime na Iécbu
kardiovaskularnich komorbidit a deprese, které maji vyznamny vztah k mortalité.

Pozi¢ni dokument dile piedstavuje probihajici projekt MZCR Casného zachytu
CHOPN, ktery cili na pfedem definované rizikové skupiny dospélych obyvatel. Cilem
projektu je zachyt CHOPN v c¢asném stadiu, kdy je nejvétSi pravdépodobnost sniZeni
mortality pii adekvatni a v€éasné terapeutické intervenci.

Zavérem piedstavujeme mozné sméry dalSiho vyvoje v oblasti CHOPN. Nové tiidy
1¢ktt budou zahrnovat inhala¢ni inhibitory PDE3/4, molekuly s kombinovanou LAMA i
byt kladen i1 na ¢asny zachyt nemoci a na vyraznéjsi celospolecenskou debatu o ucincich
kouteni tabaku.

Pozi¢ni dokument “CHOPN - diagnéza a management stabilni faze nemoci —
personalizovany 1éCebny piistup s pouzitim IéCitelnych rysti zalozenych na klinickych

fenotypech.” je jednim z nejpropracovangjSich a nejmodernéj$ich dokumentli na toto téma.
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Chronic obstructive pulmonary disease — diagnosis and management of stable
disease; a personalized approach to care, using the treatable traits concept
based on clinical phenotypes. Position paper of the Czech Pneumological and
Phthisiological Society

Jaromir Zatloukal?, Kristian Brat®<, Katerina Neumannova®, Eva Volakova?, Karel Hejduk®", Eva Kocova?, Ondrej Kudela®,
Michal Kopecky", Marek Plutinsky®<, Vladimir Koblizek"

This position paper has been drafted by experts from the Czech national board of diseases with bronchial obstruction,
of the Czech Pneumological and Phthisiological Society. The statements and recommendations are based on both the
results of randomized controlled trials and data from cross-sectional and prospective real-life studies to ensure they are
as close as possible to the context of daily clinical practice and the current health care system of the Czech Republic.
Chronic Obstructive Pulmonary Disease (COPD) is a preventable and treatable heterogeneous syndrome with a number
of pulmonary and extrapulmonary clinical features and concomitant chronic diseases. The disease is associated with
significant mortality, morbidity and reduced quality of life.

The main characteristics include persistent respiratory symptoms and only partially reversible airflow obstruction
developing due to an abnormal inflammatory response of the lungs to noxious particles and gases. Oxidative stress,
protease-antiprotease imbalance and increased numbers of pro-inflammatory cells (mainly neutrophils) are the main
drivers of primarily non-infectious inflammation in COPD. Besides smoking, household air pollution, occupational ex-
posure, low birth weight, frequent respiratory infections during childhood and also genetic factors are important risk
factors of COPD development. Progressive airflow limitation and airway remodelling leads to air trapping, static and
dynamic hyperinflation, gas exchange abnormalities and decreased exercise capacity. Various features of the disease
are expressed unequally in individual patients, resulting in various types of disease presentation, emerging as the
“clinical phenotypes” (for specific clinical characteristics) and “treatable traits” (for treatable characteristics) concept.
The estimated prevalence of COPD in Czechia is around 6.7% with 3,200-3,500 deaths reported annually.

The elementary requirements for diagnosis of COPD are spirometric confirmation of post-bronchodilator airflow
obstruction (post-BD FEV,/VCmax <70%) and respiratory symptoms assessement (dyspnoea, exercise limitation, cough
and/or sputum production. In order to establish definite COPD diagnosis, a five-step evaluation should be performed,
including: 1/ inhalation risk assessment, 2/ symptoms evaluation, 3/ lung function tests, 4/ laboratory tests and 5/
imaging. At the same time, all alternative diagnoses should be excluded. For disease classification, this position paper
uses both GOLD stages (1 to 4), GOLD groups (A to D) and evaluation of clinical phenotype(s). Prognosis assessment
should be done in each patient. For this purpose, we recommend the use of the BODE or the CADOT index.

Six elementary clinical phenotypes are recognized, including chronic bronchitis, frequent exacerbator, emphyse-
matous, asthma/COPD overlap (ACO), bronchiectases with COPD overlap (BCO) and pulmonary cachexia. In our con-
cept, all of these clinical phenotypes are also considered independent treatable traits. For each treatable trait, specific
pharmacological and non-pharmacological therapies are defined in this document. The coincidence of two or more
clinical phenotypes (i.e., treatable traits) may occur in a single individual, giving the opportunity of fully individualized,
phenotype-specific treatment.

Treatment of COPD should reflect the complexity and heterogeneity of the disease and be tailored to individual
patients. Major goals of COPD treatment are symptom reduction and decreased exacerbation risk. Treatment strategy
is divided into five strata: risk elimination, basic treatment, phenotype-specific treatment, treatment of respiratory
failure and palliative care, and treatment of comorbidities.

Risk elimination includes interventions against tobacco smoking and environmental/occupational exposures. Basic
treatment is based on bronchodilator therapy, pulmonary rehabilitation, vaccination, care for appropriate nutrition,
inhalation training, education and psychosocial support. Adequate phenotype-specific treatment varies phenotype by
phenotype, including more than ten different pharmacological and non-pharmacological strategies. If more than one
clinical phenotype is present, treatment strategy should follow the expression of each phenotypic label separately. In
such patients, multicomponental therapeutic regimens are needed, resulting in fully individualized care.

In the future, stronger measures against smoking, improvements in occupational and environmental health, early
diagnosis strategies, as well as biomarker identification for patients responsive to specific treatments are warranted.
New classes of treatment (inhaled PDE3/4 inhibitors, single molecule dual bronchodilators, anti-inflammatory drugs,
gene editing molecules or new bronchoscopic procedures) are expected to enter the clinical practice in a very few years.

Key words: COPD; position paper; clinical phenotypes; treatable traits; bronchodilators; individualized care;
personalized medicine
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CONTENTS wide'. The disease is associated with significant mortality,
morbidity and reduced quality of life.
1. Introduction The Global Initiative for Chronic Obstructive Lung
2. Definition and Pathophysiology Disease (GOLD) regularly (on a yearly basis) publishes a
3. Risk factors report dedicated to strategy of COPD management. This
4. Epidemiology report is used by physicians worldwide as a basic strategy
5. Risk assessment document, defining basic terms and concepts. However,
6. Diagnosis of COPD several national or international COPD management
7. Initial classification of a COPD case guidelines or recommendations have been developed
8. Clinical phenotypes of COPD and published previously, that more precisely respect the
8.1. Frequent exacerbator phenotype scope, structure and individual characteristics of local
8.2. Bronchitic phenotype healthcare systems"!°. In contrast to other guidelines, this
8.3. Emphysematous phenotype position paper is based on clinical phenotypes of COPD
8.4. Asthma/COPD overlap and employs the treatable traits concept for COPD treat-
8.5. Bronchiectases with COPD overlap ment.

8.6. Phenotype of pulmonary cachexia Experts from the Czech national board of diseases
8.7. Coincidence/co-presence of more treatable traits/  with bronchial obstruction have been commisioned by the
phenotypes. Czech Pneumological and Phthisiological Society (CPPS)
9. COPD screening in the Czech Republic in order to draft an update on previous (2013) recom-
10. Treatment mendations for diagnosis, management and treatment of
10.1. Treatment strategy stable COPD (ref.!"). The updated document has been
10.2. Risk elimination discussed and revised at the Czech National Consensus
10.3. Basic treatment Conferences in November 2018 (Hradec Kralove), April
10.4. Phenotype-specific treatment 2019 (Hradec Kralove), and June 2019 (Prague). After
10.4.1. Frequent exacerbator phenotype incorporation of the comments, the prefinal version of
10.4.2. Bronchitic phenotype the document has been established. Final polishing of this
10.4.3. Emphysematous phenotype official position paper has been perfomed by members of
10.4.4. Asthma/COPD overlap CPPS from January to August 2020 (during three expert

10.4.5. Bronchiectases with COPD overlap meetings and several web based session).
10.4.6. Phenotype of pulmonary cachexia The intention of the authors was to set this evidence-
10.4.7. Multiple phenotypes’ co-presence based position paper into the context of daily clinical

10.5. Treatment of respiratory failure, lung trans-  practice and the current health care system of the Czech
plantation and palliative care (end-of-life care) Republic. Currently, all treatment components are avail-

10.6. Treatment of comorbidities able in the Czech Republic; mandatory health insurance
11. Flow Chart of Management of Stable COPD of all residents covers most of the treatment expenses
12. Future directions and developments including rehabilitation program, alpha-1 antitrypsin

augmentation, lung transplantation, long-term oxygen
treatment, and high-intensity non-invasive ventilation
1. INTRODUCTION support. Above that, more than 90 % of care for patients
with COPD is concentrated in the hands of respiratory
Chronic Obstructive Pulmonary Disease (COPD) repre-  specialists. This means, that literally almost every patient
sents a serious disease or, more precisely, a heterogeneous ~ with COPD has unlimited access to lung CT scanning,
syndrome, affecting hundreds of millions of people world-  advanced lung function assessment and full-scale phar-

326

70



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2020 Dec; 164(4):325-356.

macological and non-pharmacological treatment available
in the Czech Republic'. Special emphasis is placed on
complex management of COPD and related comorbidi-
ties, personalized approach to care and on new scientific
knowledge published since the previous Czech COPD
management document''.

2. DEFINITION AND PATHOPHYSIOLOGY

COPD is a preventable and treatable disorder that is char-
acterized by persistent respiratory symptoms and airflow
limitation that is due to lower airway and/or alveolar ab-
normalities usually caused by significant exposure to nox-
ious particles and/or gases. Besides these risk exposures,
host factors (genetic factors, altered childhood lung growth,
and accelerated premature aging) predispose individuals to
develop COPD. The most common respiratory symptoms
include breathlessnes and chronic cough with or without
sputum production. The above mentioned symptoms may
be under-reported by COPD patients"'*".

COPD is a heterogeous condition with a number of
pulmonary and extrapulmonary clinical features and con-
comitant chronic diseases. The pulmonary component of
COPD is characterized by a partially reversible airflow
limitation developing gradually due to prolonged abnor-
mal inflammatory response and/or tissue abnormalities
of the airways and lung parenchyma to noxious particles
and gases"'®. Oxidative stress, protease-antiprotease imbal-
ance and increased numbers of pro-inflammatory cells
(neutrophils, alveolar macrophages, T-lymphocytes and
innate lymphoid cells) are the main drivers of primarily
non-infectious inflammation in COPD (ref.'”). A majority
of patients with COPD have a predominantly neutrophilic
type of inflammation, however, approximately every one
of four/five patients presents with concurrent eosinophilic
inflammation's'°.

The chronic inflammation leads to accelerated and
progressive breakdown of elastic fibers, peribronchial
fibrosis, destruction of alveolar walls, microvessels and
small airways, airway remodelling and mechanisms of
chronic mucus hypersecretion'”?"?2, Progressive airflow
limitation and airway remodelling leads to air trapping,
static and dynamic hyperinflation, gas exchange abnor-
malities and to decreased exercise capacity and physical
activity’>?. The above listed mechanisms are expressed
unequally and variably in individual patients, resulting
in various types of clinical presentation. Nowadays, the
“clinical phenotypes® concept is emerging, meaning “a
single or combination of disease attributes that describe
differences between individuals as they relate to clinically
meaningful outcomes” to differentiate between various
disease patterns and their clusters in specific subpopula-
tions of COPD individuals®!>+2¢,

Multiple systemic effects have been described in pa-
tients with COPD. Increased levels of circulating inflam-
matory mediators and acute-phase proteins are drivers or
at least contributors to the development of comorbidities,
including cardiovascular diseases, skeletal muscle dysfunc-
tion, osteoporosis, depression, cachexia, diabetes mellitus

or sleep apnoea syndrome?®”, In consequence, persistent
systemic inflammation is associated with higher risk of
exacerbation and mortality®. COPD is also considered a
proven pre-cancerous condition*,

Besides the already understood mechanisms, pulmo-
nary cellular senescence is now considered a potent driver
mechanism of COPD pathogenesis. Senescent cells se-
crete pro-inflammatory proteins and molecules, leading
to chronic inflammation. Understanding the process of
pulmonary cellular senescence may allow us to identify
new therapeutic targets in the future®.

3. RISK FACTORS

Tobacco smoking - including second-hand smoke
and passive exposure - is considered the main cause of
COPD. Besides smoking, other environmental exposures
such as household air pollution, occupational particulates,
ozone and ambient particulate matter were found impor-
tant risk factors of COPD development™.

There are also studies showing association between
airflow limitation in childhood and greater risk of COPD
and asthma-COPD overlap syndrome (ACOS) develop-
ment in adulthood”’. The higher likelihood of developing
COPD was also observed in low birth weight infants*-,
childhood asthma*# and patients with frequent respira-
tory infections during childhood*, Evidence also sup-
ports that tuberculosis*>**and HIV patients are at higher
risk of COPD development*.

However, these factors are unlikely to be the only rea-
son of developing COPD. In a small proportion of non-
smokers, a genetic component to the disease or specific
interactions between genetic and epigenetic factors and
effects of the environment may play an important role®.
The most documented genetic risk factor of COPD is al-
pha-1 antitrypsin deficiency (AATD) (ref.***"). However,
other genetic polymorphisms, including single genes en-
coding glutathione S-transferase, matrix metalloprotein-
ases or superoxide dismutase, may also be associated with
the pathogenesis of the disease***°.

4. EPIDEMIOLOGY

Smoking epidemics in the developing countries, gen-
eral aging of populations, and increased environmental
exposure to air pollution are responsible for the increas-
ing global incidence and prevalence of the disease®*2
The latest worldwide prevalence was estimated at 11.7%
(ref.*?). An estimated 12.4% of the EU population suffer
from COPD (ref.*?). In the Czech Republic, the recently
estimated prevalence is around 6.7%, i.e., around 710,000
patients per the 10,65 million population of the country™.

According to the latest epidemiological data, COPD
currently ranks fourth, however, by 2020, it was projected
to become the third worldwide leading cause of death
from non-communicable diseases'*'. Current mortality
data (for the year 2020) are yet not available. The disease
claims around 3 million lives in the world annually®. In
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the EU, the mortality trend was linearly decreasing dur-
ing the period between 1994 and 2010 (ref.*®). Following
a period of notable increase since the 2000-10 decade,
mortality from COPD in the Czech Republic was about
stable between the years 2015 and 2018, with 3,200-3,500
deaths reported annually™*".

5. RISK ASSESSMENT

Prognostic assessment is one of the key issues regard-
ing the disease management, offering the opportunity to
identify high-risk patients requiring more assertive treat-
ment approach. Traditionally, FEV, was the most widely
used parameter for basic prognostic evaluation, reflecting
the association between progressive lung function decline
and increasing mortality risk**.

In the last two decades, composite tools for long-term
prognosis assessment have been constructed, including
the ADO, BODE and related indices®*°. The scoring
system of the BODE and the score-specific four-year
mortality risk are described in the article by Celli et al.’®.
Recently, a new-generation multidimensional prognostic

GOLD 1 GOLD 2
FEV/FVC < 0.7 FEV,/FVC< 0.7
FEV, > 80% FEV, 79-50%

instrument, the CADOT index, has been introduced. The
CADOT showed slightly better prognostic properties com-
pared to ADO and BODE indices and prevented the spe-
cific problems associated with the use of BODE (ref.®°).
The CADOT incorporates also chronic heart failure that
has strong linkage to mortality risk and also to functional
impairment of the lungs®. As such, the CADOT instru-
ment offers an alternative to the BODE index, if the
6-MWT (or an other component of the BODE) is not
feasible. If calculation of BODE or CADOT score is not
possible, a significantly higher risk of long-term mortal-
ity should be expected in group B patients with chronic
hypoxemia (PaO, <7.3 kPa) and in group D patients, ir-
respective of hypoxemia®?.

6. DIAGNOSIS OF COPD

The elementary requirements for diagnosis of COPD
consist of spirometric confirmation of post-bronchodi-
lator (post-BD) expiratory airflow limitation (bronchial
obstruction) (Fig. 1). Spirometry should be done in all
individuals with chronic respiratory symptoms (dyspnoea

GOLD 4
FEV /FVC < 0.7
FEV, < 30%

Fig. 1. GOLD stages (according to post-BD spirometry of COPD patients)
Table 1. Alternative diagnoses to COPD.

Alternative diagnosis
(dominant symptom(s) in the bold)

Clinical presentation similar to COPD

Confirmation of alternative diagnosis
(the most important options in the real-life practice)

Cough, dyspnoea, wheezing,
sputum production

Bronchial asthma”

Bronchiolitis Cough, dyspnoea

Bronchiectases*
Cystic fibrosis Cough, sputum production, dyspnoea

Primary ciliary
dyskinesia

Extraesophageal reflux
sputum production, aspiration attack

Tracheobronchomalacia Cough, wheezing, dyspnoea
(intrathoracic collapse)

Tracheal stenosis (fixed) Cough, wheezing, dyspnoea
Sarcoidosis Cough, wheezing
Pulmonary embolism  Dyspnoea

Heart failure Dyspnoea, cough

Cough, sputum production, exacerbation

Cough, sputum production, exacerbation

Cough, especially after lying in supine position,

Normal TLco, periods without bronchial
obstruction, normal chest HRCT

Chest HRCT inspiratory/expiratory (with mosaic
pattern)

Chest HRCT (bronchiectases signs) (ref. ¢¢-¢7)
Sweat test (> 60 mmol/l) (ref. )

Nasal Nitric Oxide (< 105 ppb) (ref. ¢ ™)

Laryngoscopy/Gastroscopy, pH metry, esophageal
impedance

Bronchoscopy, dynamic chest HRCT during
spirometry

Bronchoscopy
Chest HRCT
Chest CT with contrast, D-dimers

Heart ultrasound, chest X-ray, NTpro-BNP*

“ Except for patients who have simultaneously present and balanced features of both diseases (asthma and COPD overlap - ACO)
# Except for patients who have simultaneously present and balanced features of both diseases (bronchiectasis and COPD overlap - BCO)
* NTpro-BNP = N-terminal prohormone of brain natriuretic peptide
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with exercise limitation and/or cough and/or sputum pro-
duction), particularly in case of long-term risk exposure
- see above®®. Expiratory airflow limitation was clearly de-
fined by the European Respiratory Society as a decrease
in FEV /VC below the lower limit of normal values (LLN)
(ref.46%), Global Initiative for Chronic Obstructive Lung
Disease (GOLD) simplifies the view on spirometric diag-
nosis of COPD to fit to the health care based on general
practitioners. From the GOLD perspective, any person
with post-BD FEV /FVC <0.7 is considered a COPD case.
In order to establish the definite COPD diagnosis, all al-
ternative diagnoses associated with bronchial obstruction
should be excluded - Table 1 (ref.").

COPD individuals exhibit gas trapping and increased
lung hyperinflation from early stages of the disease.
These important features can be documented by body-
plethysmography. Measurement of transferfactor (TL )
for carbon monoxide provides additional information on
the functional impact of emphysema and cardiovascular
comorbidities in COPD subjects'*.

Worse lung function, more dyspnoea, higher comor-
bidity burden, and non-stable (exacerbated) course of
COPD are associated with elevated overall health risks
among COPD population. The above mentioned risk fac-
tors are useful for assessing the appropriate depth of the
initial examination of a newly diagnosed case (Fig. 2).

7. INITIAL CLASSIFICATION OF A COPD CASE

This position paper uses combined classification in-
cluding COPD stages (1 to 4), COPD groups (A to D)
according to GOLD (ref.") and assessment of one or more
clinical phenotype(s), if it is (they are) present.

At initial examination of COPD individuals, a com-
prehensive assessment of the patient using a history of
worsening episodes called exacerbations and evaluation of
respiratory symptoms (using the CAT questionnaire and/
or the modified MRC dyspnoea scale) is recommended
(Fig. 3).

The current GOLD 2020 strategy recommends that
each patient be marked with the letter A-B-C-D, indicating
a specific disease group. Health systems based on general
practitioners propose initial pharmacological treatment
according to A-D groups'. In the conditions of different
health care system in the Czech Republic, this is not nec-
essary, however, we still find the A-D groups useful since
they describe the extent of symptoms and exacerbations
(Fig. 4).

Group A represents asymptomatic subjects in early
stage of the disease, these patients can be successfully
treated by general practitioners (GPs). In contrast, group
B deserves particular attention as it consists of comorbid-
ity-burdened patients with a less pronounced deteriora-
tion in lung function, though with a substantial mortality

Stratification

LOW risk
(Must meet all criteria)

Obstruction
(post-bronchodilation FEV, [%])

Dyspnoea (mMRC)

Exacerbations
(previous year)

Two or more comorbidities

0-1 (no admission)

HIGH risk
(Must meet at least 1 criterion)

> 2 or = 2 (with treatment)

2 or more, or 1 admission

Fig. 2. Health risk assessment modified according to Miravitlles et al. (ref. ?).
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LUNG FUNCTION
SYMPTOMS TESTS
AND HISTORY

LABORATORY

IMAGING
AND OTHERS

RISKS

Fig. 3. Initial diagnostic procedures in new COPD cases.

Ditficuit

COPD

RARE CASE
COPD

Asymptomatic
COPD

CAT0-9
mMRC 0-1

CAT=10
mMRC = 2

1* finger: INHALATION RISKS
Smoking and/or occupational risks and/or air pollution

2" finger: SYMPTOMS AND HISTORY
CAT (or mMRC dyspnoea scale)
PATIENT HISTORY related to COPD and other diseases

3 finger: LUNG FUNCTION TESTS

SPIROMETRY (before and after salbutamol) in low risk patients
SPIROMETRY + LUNG VOLUMES + DIFFUSION (in high risk patients)
6-MINUTE WALKING TEST (alternatives: CPET, 1-MINUTE SIT TO STAND TEST)

4™ finger: LABORATORY
BIOCHEMISTRY (A1AT, ...) + HAEMATOLOGY (EOSINOPHILS, ...)
SPUTUM (culture)

5% finger: IMAGING AND OTHERS

CHEST X-RAY (or CHEST CT in high risk patients)
ECG (and HEART ULTRASOUND in high risk patients)
ABDOMINAL SONOGRAPHY (in cases of cachexia)
POLYSOMNOGRAPHY (in cases of non-mild obesity)

= 2 moderate AEs/12M
or = 1 severe AE/12M

0-1 moderate AE/12M
and no severe AE

Fig. 4. GOLD groups according respiratory symptoms and number of exacerbations in the past 12 months.

risk®2. Rare cases of oligo-symptomatic patients, compris-
ing the small group C, can be usually found in the general
population, but rarely in the pulmonologist’s care. The
highest mortality risk is associated with group D (diffi-
cult). Subjects of this category are extremely threatened
by high respiratory and cardiovascular morbidity and
mortality rates. Hence the monitoring and treatment of
such individuals has to be thorough and comprehensive
in every aspect.

A simple assessment of COPD severity with post-
bronchodilator spirometry (stages 1 to 4) reflects the de-
terioration of lung function and the extent of bronchial
obstruction. Despite the severity of bronchial obstruction
has only weak correlation with symptoms and course of
the disease, FEV  has a significant role in prognosis pre-
diction and in some therapeutic decisions'.

8. CLINICAL PHENOTYPES OF COPD

COPD is not a rigid and uniform condition, it likely
represents a continuum of different sub-diseases that may
share biological mechanisms (i.e., endotypes), and pres-
ent with similar clinical, functional, imaging and/or bio-
logical features (i.e., phenotypes or phenotypical labels)
which may require specific treatment (i.e., constituting
specific treatable traits) (ref.>’"?). In our concept, the six
pre-defined clinical phenotypes are also considered inde-
pendent treatable traits. For each treatable trait, specific
pharmacological and non-pharmacological therapies are
defined within this document.

Currently, there are two ways to delineate phenotypi-
cal features in each particular COPD case: the “Spanish
approach” means that one COPD patient is described by
one “clinical phenotype®. The Czech approach is that the
COPD patient may be characterized by one or more phe-
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A - COPD as a heterogeneous disease

B - simple clinical phenotypes

C - phenotypical labels of COPD

(Spanish approach) (Czech approach)

Fig. 5. Elementary concepts of COPD heterogeneity proposed by Agusti (ref. ™).

Table 2. Phenotypical labels in COPD - characteristics.
Methads] phenatypiesl laocls CB EMPH AEsw.INF AEsw.eco ACO  BCO CACHEXIA
or treatable traits
Subnormal BMI and FEMD) o+ = X
Daily sputum production ++ +
Repeated infections of lower airways  + o+
Repeated AE’s ) =+ +t o
History of AB <40 years i )
History of haemoptysis (any time) ) + +
Bodyplethysmography ++
Transtedactor (AITUSION),.....oo v B s
Exercise and daily activity + +
I AIAT (blood) ++
1 Eosinophils (blood) i bt
Sputum culture is positive + + +
HRCT emphysema signs ++
HRCT bronchiectases signs
HRCT airway disease signs *

AI1AT - alpha-1 antitrypsin

AB - bronchial asthma

ACO - asthma/COPD overlap

AE's w. eo - acute exacerbation (with eosinophilia)
AE's w. INF - acute exacerbation (with infection)
BCO - bronchiectases and COPD overlap

BMI - body mass index

notypes/phenotypical labels - one patient=one or more
phenotypes®'¢>77 (Fig. 5, Table 2).

Clinical phenotypes in individual patient may change
over time, for example symptoms of chronic bronchitis
or exacerbation rate can be improved after treatment.
In these cases we prefer not to use the term “change of
phenotype” but rather “achievement of clinical control”
or “stabilisation of phenotype“. In case of new pheno-
type development (e.g., new bronchiectases or frequent
exacerbations), treatment should be adjusted to the actual
clinical disease presentation to maintain maximal control
of COPD.

All patients with COPD independently of the presence
of clinical phenotype(s):

The most common clinical presentation of COPD is
limitation of daily living activites due to breathlessness
sensation. Dyspnoea first occurs during high-intensity
physical exercise, later during milder effort, finally at rest,
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CB - chronic bronchitis

HRCT - high resolution computed tomography
EMPH - emphysema

FFMI - fat free mass index

++ Essential meaning

+ Auxiliary meaning

eventually resulting in physical inactivity, lifestyle change
and social isolation'*7, Chronic fatigue is a highly preva-
lent sign in the COPD population. Fatigue poorly corre-
lates with the degree of airflow limitation, but perceived
fatigue seems to be a key factor in the decreasing quality
of life”*,

8.1. FREQUENT EXACERBATOR PHENOTYPE

The long-term stable course of COPD can be intermit-
tently interrupted in some patients by sustained worsening
which exceed the normal day-to-day symptom variations.
These attacks of symptoms worsening that last >2 days
and require change in medication and/or hospitalization
are called acute exacerbations (AEs) (ref.*"*?). AEs have
a significant and prolonged impact on health status and
outcomes, and negative effects on pulmonary functions.

75



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2020 Dec; 164(4):325-356.

AESs with the need of antibiotic treatment and/or systemic
corticosteroids’ use are called moderate AEs. Those AEs
resulting in hospitalization are considered severe AEs.
The best threshold to distinguish “frequent exacerbators”
and non-frequent exacerbators are two moderate-to-severe
exacerbations per year. Therefore, the "frequent exacer-
bator" phenotype should be defined by at least two AEs
treated in the past year. Frequent exacerbators have more
pronounced airflow limitation, higher degree of symp-
toms and health-related quality of life impairment®. A sig-
nificant proportion of AEs are unreported and therefore
left untreated, leading to a poorer prognosis compared to
those treated adequately. COPD exacerbations are het-
erogeneous, and various phenotypes have been proposed
which differ in biologic basis, prognosis, and response to
therapy. Frequent exacerbations are the strongest predic-
tor of future exacerbation frequency, suggesting a con-
sistent phenotype®**¥’. Therefore, reduction of AEs has
beneficial impact on patient outcomes and prognosis®**,

8.2. BRONCHITIC PHENOTYPE

COPD patients with the bronchitic phenotype com-
monly experience cough, which is productive (with long-
term presence of phlegm) in about 60% of cases®*°. CB
subjects report worse respiratory symptoms (diurnal +
nocturnal cough and phlegm) and experience higher risk
of COPD exacerbations®*.

8.3. EMPHYSEMATOUS PHENOTYPE

Patients with pulmonary emphysema usually experi-
ence dyspnoea and have no chronic sputum expectoration
(if there’s no coincidence with bronchitic phenotype).

Emphysematous patients are clinically characterized
by a more prevalent dyspnoea than any other COPD pa-
tients: A) early-morning and daytime dyspnoea in cases
of mild emphysema, and B) diurnal + nocturnal dyspnoea
in cases of severe emphysema. In most cases, chest high
resolution computed tomography (HRCT) is necessary
to confirm the presence of pulmonary emphysema. In
addition, CT scans uncover the type of emphysema, its
distribution and extent. Above that, CT scans help to ex-
clude other lung diseases (tumours, lung fibrosis) and are
also beneficial for bronchiectases detection®*®,

The Fleischner Society of radiologists proposed a
statement that describes and defines the phenotypic ab-
normalities identifiable on visual and quantitative HRCT
images in subjects with COPD. Emphysema is classified
as centrilobular (subclassified as trace, mild, moderate,
confluent, and advanced destructive emphysema), panlob-
ular, and paraseptal (subclassified as mild or substantial).
Additional important visual features include airway wall
thickening, inflammatory small airways disease, tracheal
abnormalities, interstitial lung abnormalities, pulmonary
arterial enlargement, and bronchiectases’*®. Prior to CT
scanning, clinical suspicion on emphysema should be
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made in patients with a “barrel chest”, with radiological
signs of emphysema on a chest X-ray and/or with lung
hyperinflation at pulmonary function tests.

8.4. ASTHMA-COPD OVERLAP (ACO)

ACO is characterized by persistent airflow limitation
with several clinical features of bronchial asthma and sev-
eral features typical for COPD. ACO may be a special phe-
notype of chronic obstructive airway diseases, in which
asthma and COPD are located at the two opposite ends.
The prevalence of ACO varies considerably due to vari-
ability of criteria for its diagnosis. Patients with ACO uti-
lize a large proportion of medical resources because they
experience more symptoms and AEs compared to those
with asthma or COPD alone®'®. Although definitions of
ACO vary, a most typical presentation of ACO includes
persistent bronchial obstruction in a COPD patient older
than 40 years with either a previous history of asthma or
large bronchodilator reversibility'®'. ACO includes two
different conditions such as: a) asthma of smokers with
airway remodeling and incomplete airflow reversibility, b)
eosinophilic phenotype of COPD (ref.'?). Compared to
their counterparts with asthma or COPD alone, patients
with ACO have significantly worse respiratory symptoms,
poorer respiratory quality of life, and increased exacerba-
tions’ and hospital admissions’ risk!'®.

The simplified current Spanish Respiratory Society
consensus defines ACO as: (a) the presence of chronic
airflow limitation in a smoker or ex-smoker (more than
10 pack-years) patient >35 years old; (b) with current di-
agnosis of asthma; and/or (c) the presence of a strongly
positive bronchodilator test (>15% and >400 mL) or the
presence of eosinophilia in peripheral blood (>300 eo-
sinophils/uL) (ref.!0+10%),

The Czech Pneumological and Phthiseological Society
proposed the persistent presence of either two major cri-
teria, or one major and two minor criteria that are typi-
cal for coexistence of both conditions in ACO. These
approach is slightly more restrictive than the Spanish
one, in order to increased specificity of ACO phenotypi-
cal label (Fig. 6) (ref.™>1%),

8.5. BRONCHIECTASES WITH COPD OVERLAP

Parallel to COPD, a minority of patients suffer from
bronchiectases (defined as an abnormal dilatation of the
bronchi, usually in two or more pulmonary lobes, with-
out any other known cause). Above that, bronchiectases
may also develop during long-term course of COPD. The
prevalence of bronchiectases in COPD patients increases
with higher stage of the disease (highest prevalence is
present in COPD stage 4).

BCO is associated with increased lung inflammation
and worse lung function'"'%. Bronchiectases should be
considered in patients with COPD with greater sever-
ity of symptoms who often suffer from exacerbation or
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Major criteria:

Minor criteria:

a) strongly positive bronchodilator test (change FEV, = 15% and > 400 ml)
b) history of bronchial asthma before 40 years established by physician

¢) presence of eosinophilia in peripheral blood (= 300 eosinophils/pl)

d) sputum eosinophil count =3%

e) positivity of metacholine bronchial challenge test

f) increased FeNO (> 45-50 ppb) in the stable phase of COPD

a) mild positivity of bronchodilator test (change FEV, > 12% and > 200 ml)
b) history of atopy established by physician

Fig. 6. Asthma and COPD overlap (ACO) criteria.

repeated respiratory infections, especially in those who
isolate Pseudomonas aeruginosa in sputum'*2,

8.6. PHENOTYPE OF PULMONARY CACHEXIA

Approximately 5-10% of COPD patients (especially
those with severe bronchial obstruction) display a ten-
dency towards gradual, slow, and unintentional decrease
in body weight and altered body composition (simpli-
fied criterion BMI <21), particularly in fat-free mass i.e.
muscle tissue (decrease in fat-free mass index (FFMI)
<16 kg/m? in men, <15 kg/m? in women) (ref.6>!¥*11%),
Pulmonary cachexia is associated with increased mortal-
ity risk among COPD patients'”’.

8.7. COINCIDENCE/CO-PRESENCE OF MORE
PHENOTYPES

Coincidence of two specific phenotypes: chronic
bronchitis + frequent excerbator or BCO + frequent ex-
acerbator are associated with a more negative influence
of disease on patients quality of life and the course of
the disease”*. The most severe COPD patients with
clinically balanced triple mixture of emphysematous +
chronic bronchitic + frequent exacerbation phenotypes
suffer from severe symptoms, poorer quality of life, sleep
disturbances, and highest levels of depression and anxi-
ety®. Co-presence of emphysema, cachexia and frequent
exacerbations is associated with poorest patients’ prog-
nosis'®,

Table 2 gives an overview of those six elementary
COPD phenotypical labels/treatable traits, which occa-
sionally might occur simultaneously in real-life practice
(e.g., emphysematous COPD + pulmonary cachexia, or
bronchitic COPD and frequent exacerbator). All the
above mentioned forms of COPD can move, usually after
many years, towards the development of chronic respirato-
ry failure (hypoxemic, and/or hypercapnic) which is often
associated with pulmonary hypertension leading towards
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an overload or failure of the right ventricle. Individuals in
an advanced stage of the disease are referred to as having
terminal COPD.

COPD is often accompanied by other diseases or
comorbidities: lung cancer, ischemic heart disease,
lung fibrosis, pneumoconiosis, chronic heart failure,
anxiety, depression, osteoporosis, anemia, peptic ulcer,
gastroesophageal reflux disease and obstructive sleep ap-
noeal.lZl.lll'

9. COPD SCREENING IN THE CZECH REPUBLIC

Targeted early detection of still undiagnosed COPD
subjects in the high risk (smokers or exsmokers) and
symptomatic (at least one respiratory symptom) popula-
tion is extremely effective®>12+15,

Early detection programmes of various diseases are
part of the Czech national general health priorities previ-
ously declared in the strategy “Health 2020 - the national
strategy for health support and protection and for disease
prevention®. The National council for implementation and
steering of programmes for early detection of diseases is
the consultation authority of the Ministry of Health of the
Czech Republic in this field. The programme for early de-
tection of chronic obstructive pulmonary disease (COPD)
was among others nominated by the National council for
realization and received the necessary financial support.

The target population for this pilot project are “healthy
persons” with pre-defined risk of COPD development,
that means: history of cigarettes smoking (10 and more
pack/years) and/or other inhaled risks, aged 40 - 69 years
and with symptoms of breathlessness during common
daily physical activities (faster walking, stairs climbing).
Basic detection of persons at risk are provided by gen-
eral practitions. Persons/smokers aged 40 - 69 years are
actively contacted by their GP at any suitable occasion
and are instructed and asked about their breathlessness.
In case the patient fulfills the criteria of entering the
program, he/she is referred to the cooperating pulmon-
ologist. In the second step the pulmonologist instructs
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RISK ELIMINATION

BASIC TREATMENT

Fig. 8. COPD management strategy.

the patient in detail, asks the patient for his/her written
consent and evaluates the mMRC dyspnea scale and CAT
questionnaire. Lung function tests are performed: post-
bronchodilatory spirometry, bodyplethysmography and
TLC0 assessement. As a result, a diagnosis of COPD can
be established, together with deeper assessment of its im-
pact on symptoms and lung function (Fig. 7).

10. TREATMENT
10.1. TREATMENT STRATEGY

Treatment of COPD should reflect the complexity and
heterogeneity of the disease and be tailored to each indi-
vidual patient®. The aim of COPD treatment is to reduce
symptoms, frequency and severity of exacerbations and
improve exercise tolerance, prognosis and both short-term
(disease control) and long-term outcomes (reduction in
risk).

Treatment of COPD includes pharmacological and
non-pharmacological therapy. According to the “five-fin-
ger concept”, the treatment strategy is divided into five
areas/strata: (1) risk elimination, (2) basic treatment, (3)
phenotype-specific treatment, (4) treatment of respiratory
insufficiency and supportive care/end-of-life care, and (5)
treatment of comorbidities (Fig. 8).

10.2. RISK ELIMINATION

Identification of risk factors and elimination/reduction
of exposure is a fundamental part of COPD treatment.
It is necessary for all patients with COPD, regardless of
other therapy.

Smoking cessation

Current opinions: Smoking cessation remains the
most effective intervention that reduces lung function
decline, improves responses to bronchodilators and
inhaled corticosteroids and reduces the incidence of
acute exacerbations and bronchopulmonary infections.
Therefore, effort toward smoking cessation or at least re-
duction of smoking exposure should be made as a first
intervention in all patients with COPD. Importantly,
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TREAT ALL TREATABLE TRAITS

RESPIRATORY FAILURE THERAPY
+ PALLIATIVE CARE

COMORBIDITY INTERVENTION

smokers with COPD are more nicotine dependent than
smokers without COPD and also depression in smokers
with COPD is more frequent when compared to smokers
without COPD. Smokers with COPD usually experience
low degree of smoking cessation self-efficacy and also
are less motivated to quit than smokers without COPD;
both factors are associated with low quitting rates'. In
a systematic review, average 12-months continuous absti-
nence rates for smokers with moderate-to-severe COPD
were estimated at 1.4% after usual care, 2.6% after mini-
mal counselling, 6.0% after intensive counselling and
12.3% after intensive counselling supported by pharma-
cotherapy'”’. Individual counselling should be offered by
each pulmologist, intensive counselling plus pharmaco-
therapy can be provided by a pulmologist or by experts
in Nicotine Treatment Centres, constituting a network
across Czech Republic. Pharmacotherapy available in the
Czech Republic includes nicotine replacement therapy,
bupropion and varenicline. The use of E-cigarettes to aid
smoking cessation remains controversial'. Further recom-
mendations regarding smoking cessation are described in
special guidelines'?.

Treatment recommendations of the expert group:

* Smoking cessation should be attempted in each pa-
tient.

« Psychosocial intervention should be supported by
pharmacotherapy.

Environmental air pollution, occupational exposures

Current opinions: Urban air pollution contributes to
the overall risk of COPD. Even more important is the
role of urban air pollution as a trigger of exacerbations,
particularly during seasonal worsening of urban and in-
dustrial air pollution. A specific case of environmental air
pollution is passive exposure to tobacco smoke (“second
hand smoking®), that may bring about respiratory symp-
toms and COPD exacerbation'?®. Occupational exposures,
including organic and anorganic dusts, chemical agents
and fumes are associated with increased risk of COPD
development'. Elimination or reduction of exposure to
occupational dusts and fumes, tobacco smoke and urban
air pollutions are one of the first requirements of treat-
ment regarding successful COPD treatment.
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Treatment recommendation of the expert group:
« Elimination of all risk factors should be attempted in
each COPD individual.

10.3. BASIC TREATMENT

Basic treatment of COPD is assigned for each patient
with COPD as a fundamental treatment, regardless of
their phenotype. Basic treatment should be started im-
mediately after COPD is diagnosed. Basic treatment
includes regular therapy by long-acting bronchodilators,
symptoms-relieving treatment by short-acting broncho-
dilators, pulmonary rehabilitation, inhalation training,
vaccination, appropriate nutrition and psychological and
social support.

Long-acting bronchodilators

Current opinions: Long-acting bronchodilators should
be used as the first pharmacologic step in the treatment
of all patients with COPD with persistent symptoms
and who require regular treatment. Long-acting bron-
chodilators can be divided in two groups: Long-Acting
Beta,-Agonists (LABA), i.e.drugs with beta, adrenergic
effect (salmeterol, formoterol, olodaterol, vilanterol and
indacaterol) and Long-Acting Muscarinic Antagonists
(LAMA), i.e.drugs with anti-cholinergic effect (tiotro-
pium, aclidinium, glycopyrronium, umeclidinium).

Most bronchodilators have a 12-hour duration of ac-
tion and are administered twice daily, some have a 24-hour
effect and can be administered once daily. Long-acting
bronchodilators enable better control of symptoms, im-
prove the quality of life, lung function and mortality and
reduce the number of exacerbations and/or hospitalisa-
tionslw-lﬁf‘.

Pharmacological intervention with bronchodila-
tor therapy is beneficial from early stages of COPD
(ref, 13113213435 "1 AMA showed greater reduction of ex-
acerbation rates than LABA (ref."**¥7), LAMA improve
the effect of pulmonary rehabilitation on exercise toler-
ance'*. Combined treatment with LABA and LAMA has
better effect on lung function, dyspnea and quality of life
compared to monotherapy. Dual LABA and LAMA treat-
ment can reduce number of exacerbations sligtly better
that LAMA alone"***1%*#. A number of different inhaler
devices exist and the choice of inhaler device and dosage
should be tailored to individual patient’s needs and abili-
ties. There are limited data regarding de-escalation from
dual bronchodilators to monotherapy. The latest GOLD
document suggested that if addition of a second long-
acting bronchodilator does not improve symptoms, the
treatment could be stepped down back to a single bron-
chodilator'. Similarly, a step down to monotherapy can be
considered if the new component of dual bronchodilators
is poorly tolerated or if serious new side effects occur.

Treatment recommendations of the expert group:
* Monotherapy with only LAMA or only LABA should
be used in patients with lower degree of dyspnoea with
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mMRC 0-1 and less impaired lung function with FEV,
>50%. If monoterapy is used, LAMA is preferred due
to greater effect on reduction of exacerbation rates
compared to LABA. One exception comes in patients
with ACO where LABA is the preferable bronchodila-
tor, usually combined with an inhaled corticosteroid
(see below in Phenotype-specific treatment).

* Patients with more impaired lung function (FEV,
<50%) and/or more symptomatic with mMRC >2
should be treated by dual bronchodilator therapy
(LAMA and LABA). Combined treatment with
LABA and LAMA can be administered using sepa-
rate inhalers or by a single inhaler (fixed-dose LAMA/
LABA). The choice of the optimal dual bronchodila-
tor should depend on individual patient’s needs and
abilities.

¢ Patient on a LAMA or LABA monotherapy, with per-
sistent dyspnoea or decline of lung function despite
treatment, should step up to dual therapy. In case of
dual therapy intolerance or if serious side effects oc-
cur, de-escalation to LAMA or LABA monotherapy
can be considered. In such cases, a strict monitoring
of patient is necessary and de-escalation is possible
only if no worsening of symptoms, lung function de-
cline and/or exacerbations occur.

Short-acting bronchodilators

Current opinions: Similarly to LABA and LAMA,
short-acting bronchodilators include Short-Acting-
Muscarinic Antagonists (SAMA) with an anti-cholinergic
effect (ipratropium bromide), and Short-Acting Beta -
Agonists (SABA): salbutamol, fenoterol and terbutaline.
Both SAMA and SABA improve FEV , symptoms and
exercise tolerance. Combined (fixed-dose) SAMA/SABA
treatment is more effective in improving FEV, and symp-
toms compared to each monocomponent alone.

Treatment recommendations of the expert group:

* Short-acting bronchodilators should be used as an ‘as-
needed’ treatment for occasional symptoms’ relief. In
most cases, they should not be used as regular treat-
ment. SABA or/and SAMA can be added to basic
treatment regardless of disease severity or COPD phe-
notype.

« Short-acting bronchodilators can be used as single
therapy in patients without persistent symptoms, i.e.,
with FEVl >80%, mMRC 0 and CAT<10, who do not
require regular treatment by long-acting bronchodila-
tors.

Pulmonary rehabilitation

Current opinions: Pulmonary rehabilitation is an
important part of standard non-pharmacological treat-
ment, which includes patient education, physiotherapy,
occupational therapy (focused on activities of daily living
- ADL), nutritional and psychosocial support (Fig. 9)
(ref.¥2143), Physiotherapy consists of exercise training (en-
durance and strength) and techniques of respiratory phys-
iotherapy. It is recommended that all patients with COPD
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Fig. 9. Components of pulmonary rehabilitation in stable COPD.

who are symptomatic are involved in exercise training (3-5
times per week, 20-60 min, 6-8 weeks) regardless of lung
function**!*_ Training sessions should be supervised by a
physiotherapist at least twice a week and the training ses-
sions (1-3 times per week) can be performed either at the
patient’s home or at a community rehabilitation centre®.
The respiratory physiotherapy techniques include reedu-
cation of the breathing pattern, techniques of enhancing
chest expansion, airway clearance techniques and venti-
latory muscle training. It is very important to add other
physiotherapeutic techniques to pulmonary rehabilitation
treatment, if balance disorders, low back pain or stress in-
continence is present (Fig. 10). These problems are more
often present in patients with COPD compared to those
who do not have this disease'***°,

Treatment recommendation of the expert group:

* Pulmonary rehabilitation should be considered in each
patient with symptomatic COPD regardless of disease
severity or COPD phenotype.

Inhalation training

Current opinions: Inhaled medications are the corner-
stone of COPD pharmacotherapy. Several types of inhal-
ers are currently authorized and used in the treatment of
COPD in the Czech Republic. The group of pressurized
metered dose inhalers (pMDI group) included three types
of inhalers: traditional pMDIs (aerosol), Easi-Breathe and
Respimat (soft mist inhaler, SMI). They require slow and
deep breathing in for at least 4 seconds and they are the
method of choice for patients with low inspiratory flow.
The dry powder inhalers (DPI group) comprise sever-
al types of inhalers: Handihaler, Aerolizer, Breezhaler,
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Diskus, Turbuhaler, Ellipta, Genuair, Twisthaler,
Easyhaler or Spiromax'5®152,

Inhalator misuse is frequently observed among COPD
individuals. The majority of COPD patients make mis-
takes, especially in the case of multiple inhalators in one
patient. The inhaler technique should be checked (at
least) annually by a pulmonary physician, physiotherapist,
and/or respiratory nurse specialist.

Personalized training focused on all detected errors
should be done subsequently by the same staff using the
same instrument (Five Steps Assessment). Five Steps
Assessment is available for free use at https://www.fnhk.
cz/plic/aplikace-inhalacnich-leku-edukacni-videa/english-
versions (animated version for patients) and the version
for health-care professionals in an article by Vytrisalova
et al. (Table 3) (ref.'™").

Treatment recommendations of the expert group:

*  We propose the use of a previously validated and pub-
lished unique novel scoring instrument - Five Steps
Assessment*’,

Vaccination

Current opinions: Influenza vaccination prevents in-
fluenza and reduces the risk of exacerbation and death
in COPD patients. Pneumococcal vaccination is effective
for prevention of community acquired pneumonia and
invasive pneumococcal disease. Pertussis and diphtheria
vaccine can also be considered.’

Treatment recommendations of the expert group:
* Influenza and COVID-19 vaccination is recommended
in patients with COPD, particularly in the elderly.
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* Pneumococcal vaccination is recommended for all
patients older than 65 years and for younger COPD
patients with more impaired lung function and/or with
comorbidities, especially cardiovascular diseases"'**.

Appropriate nutrition

Current opinions: Malnutrition is an important and
complex problem associated with COPD. The exact caus-
al links between malnutrition and COPD are difficult to
establish. Malnutrition can be the consequence of COPD
severity, systemic inflammation, hypoxia and alterations
of metabolism. On the other hand, malnutrition can re-
sult in respiratory muscle wasting and other features of
COPD. Risk of malnutrition is estimated at 30-60% in
hospitalized patients'**. Basic assessment of nutritional
status can be provided by Body Mass Index (BMI) and
Fat-Free Mass Index (FFMI) assessment. FFMI can be
measured by skinfold calipers, densitometry or with the
use of bioelectric impedance. Dual-energy X-ray absorpti-
ometry (DEXA) is appropriate for combined screening of
osteoporosis, fat-free mass (FFM) and fat mass. Patients
with COPD and lower BMI have higher mortality risk
than patients with slightly higher BMI. The prevalence
of underweight in COPD increases with disease sever-
ity and is associated with the presence of emphysema.
Low FFMI (less than 10%), irrespective of BMI and fat
mass, is associated with higher mortality'®. Sarcopenia
is characterised by low Skeletal Muscle Index (SMI) and
leads to skeletal muscle weakness, particularly in older
and/or overweight patients. Skeletal muscle index can be
assessed by DEXA, magnetic resonance imaging and can
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be estimated by anthropometry including skinfold calipers
measurement's®>7,

Patients with COPD express various nutritional
phenotypes associated with different clinical outcomes.
Patients with obesity (BMI 30-35 kg/m?) have increased
cardiovascular risk, patients with morbid obesity (BMI
>35 kg/m?) and with sarcopenic obesity (BMI 30-35 kg/
m?and SMI <2) furthermore have impaired physical per-
formance. Patients with sarcopenia (SMI <2), cachexia
(FFMI <16 kg/m?in males or FFMI <15 kg/m?in females)
have impaired physical performance and increased mor-
tality risk. Furthermore, malnutrition is associated with
loss of mineral density, fat loss, muscle loss, or conversely
with adiposity and obesity'**.

This position paper defines the specific ,,pulmonary
cachexia phenotype” of COPD, defined as cachexia in pa-
tients with advanced COPD inexplicable by other causes.
Pulmonary cachexia phenotype incorporates patients with
COPD and body mass loss, fat loss, muscle loss and/or
loss of mineral density. Pulmonary cachexia phenotype
is considered an independent risk factor of mortality in
COPD patients'®.

Dietary management includes several therapeutic
interventions. Patients with pulmonary cachexia should
have nutritional supplementation. The diet should contain
sufficient energetic value, be rich in proteins and be eaten
in several small portions split throughout the whole day.
The quality of fats should be considered. Oral nutritional
supplements can be used if normal food and drink is in-
sufficient for nutritional requirements. Counselling with
a dietary specialist can be beneficial. Nutritional supple-
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Table 3. Correct application technique (Five Steps Assessment system)
used to initial education and regular check-up (ref. '*°).

5 easy universal steps to correct application technique include:

1t step: remove the mouthpiece cover from inhaler (aerosol), turn the clear base until it clicks (soft mist inhaler) or another type of

initial inhaler activation (more in video - see bellow)

2% step: prepare dose of drug (for example insert a capsule into chamber, press the button, etc.) and hold device in the correct
position (some of new inhalers have associated 1* step and 2™ step together)

3t step: breath in and out and finally full and slow exhalation (exhale slowly all the air from the chest)

4 step: inhale the drug (slowly + smoothly during 4-5 seconds in case of pressurized metered dose inhaler or soft mist inhaler,

quickly in dry powder inhalers)

5% step: take your inhaler device out of your mouth and hold your breath for several seconds and then breathe out slowly

Educational video available at: https://www.fnhk.cz/plic/aplikace-inhalacnich-leku-edukacni-videa/english-versions

mentation should be complemented by pulmonary reha-
bilitation programme including exercise training. Because
of reported vitamin D deficiency and insufficient intake
of vitamins with antioxidant capacity (vitamins A, C
and E) in COPD, supplementation of vitamin D and
other vitamins should be considered'**. A three-month
intervention combining nutritional support, pulmonary
rehabilitation and oral administration of testosterone in
malnourished patients with chronic respiratory failure on
LTOT has been reported previously'®. This multimodal
intervention resulted in increased BMI and FFMI and was
associated with better muscle functioning, higher quality
of life and increased rate of 15-month survival'>’.

Treatment recommendations of the expert group:

« Not only lower BMI, but also sarcopenia and other
features of malnutrition should be sought after.

« Nutritional supplementation combined with pulmo-
nary rehabilitation and further modalities should be
used in cachectic COPD patients.

¢ On the other hand, adiposity should be managed by
controlled weight reduction, particularly if the adipos-
ity has clinical relevance.

Education

Current opinions: Topics of education include smoking
cessation, correct inhalation technique, early recognition
of exacerbation, treatment adherence, nutrition, physical
activity, correct decision-making and others"'®’, Education
can be a component of pulmonary rehabilitation. Patients
instructed about the nature of COPD and the implica-
tions of therapy can better understand, recognize, and
treat the symptoms of their disease. Longer-lasting self-
management strategies are recommended for clinical prac-
tice rather than brief interventions's'.

Treatment recommendation of the expert group:
« All patients should receive adequate education to im-
prove COPD self-management.

Psychological and social support
Current opinions: Severe COPD is a risk factor for
the development of anxiety and depression. Patients with

depression are more likely smokers and find smoking ces-
sation more difficult. On the other hand, smokers are
more likely to be depressed, that may be the result of nico-
tinic acetylcholine receptors’ activation'®?. Furthemore,
patients with severe COPD and dyspnea often reduce
their physical activity, leading to progressive decondi-
tion. Depression and decondition may result in decreased
participation in social activities, often including sexual
activity. Pulmonary rehabilitation improves depression
and should be used as first-line treatment of depression.

Treatment recommendations of the expert group:

« If necessary, psychological counselling and/or psycho-
logical therapies and/or pharmacotherapy should be
used.

« Psychological counselling can also be beneficial as
part of smoking cessation efforts.

10.4. PHENOTYPE-SPECIFIC TREATMENT

Patients with an expressed clinical phenotype should
receive adequate phenotype-specific treatment. Patient
with COPD can have none, one or multiple concurrent
clinical phenotypes, that can overlap. Clinical phenotypes
in this concept can be understood as treatable traits.
Phenotype-specific treatment is assigned to each clinical
phenotype. Patients with an overlap of >2 clinical pheno-
types should receive combined treatment targeted on all
present phenotypic labels.

10.4.1. FREQUENT EXACERBATOR PHENOTYPE

Patients with frequent exacerbations (>2 during last
year) despite optimal bronchodilator treatment should
receive inhaled corticosteroids, phosphodiesterase-4 in-
hibitors, mucoactive drugs, selected antibiotics or com-
bination of these drug regimens.

Inhaled corticosteroids (ICS)
Current opinions: ICS monotherapy does not reduce
mortality and has no effect on lung function decline'*>'%,
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ICS in combination with bronchodilators reduced the
exacerbation rate, particularly in patients with previous
history of exacerbations'?2. The effect of ICS on reduc-
ing exacerbations is higher in patients with higher blood
eosinophil count and seems to be lower in patients with
lower blood eosinophil count'**!1%,

Chronic use of ICS in COPD can be associated with
adverse effects, particularly pneumonia, but also oral can-
didiasis, dysphonia, hematomas, skin bruising and reduc-
tion in bone mineral density. Greater risk of pneumonia
has been found in patients treated by fluticasone furoate
and in current smokers, patients with lower BMI and pre-
vious history of pneumonia. Withdrawal of ICS in low
risk COPD patients was not associated with increase in
exacerbation rate's¢.

Withdrawal of inhaled corticosteroids in COPD pa-
tients using triple therapy (ICS+LABA+LAMA) did not
result in higher risk of exacerbations and led only to a
small decrease in lung function, regardless of exacerbation
history'*'*, However, patients without an exacerbation
history and with a blood eosinophil count >300 cells/
uL experienced increased risk of exacerbations after ICS
withdrawal'®®, A recommendation regarding ICS with-
drawal is described in a recent European Respiratory
Society guideline'®®.

Treatment recommendations of the expert group:

¢ ICS should be used in patients with frequent exacer-
bations and higher blood eosinophil count in the pe-
ripheral blood, either in stable phase or during COPD
exacerbation.

« ICS should also be used in patients with frequent ex-
acerbations and asthma-COPD overlap.

« ICS should be used in combination with long-
acting bronchodilator therapy (i.e., added to basic
treatment), usually as combination ICS+LABA or
ICS+LABA+LAMA. ICS monotherapy is not recom-
mended.

* ICS should be used with precaution and treatment
should be reconsidered in patients with frequent ex-
acerbations and lower blood eosinophil count, prior
history of pneumonia and lower BMI, especially in
patients with emphysematic and/or cachectic pheno-
type.

« In patients with low exacerbation rate (0-1 exacerba-
tion/last year) with lower blood eosinophil count in
peripheral blood, withdrawal of ICS may be consid-
ered.

« Cut-off value for high blood eosinophil count in pe-
ripheral blood is >300 cells/uL, cut-off value for low
blood eosinophil count is <100 cells/uL. Blood eosino-
phil count between 100 and 300 cells/uL is considered
grey zone; in these patients, blood eosinophil count
assessement should be repeated and individual risks
and benefits regarding ICS use should be considered.

Phosphodiesterase-4 inhibitors (PDE4 inhibitors)
Current opinions: Roflumilast is a once daily oral

anti-inflammatory drug that reduces neutrophilic inflam-

mation in the airways due to inhibition of intracellular
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cAMP degradation and subsequent effect on inflamma-
tory cytokines and mediators'’’. Roflumilast reduces ex-
acerbation rates in patients with severe and very severe
COPD with chronic cough and sputum production, and
with history of exacerbations'”'. Despite roflumilast has
no direct bronchodilator activity, an add-on to LABA or
LAMA improves lung function more than bronchodila-
tors alone'™2. Roflumilast reduces exacerbations also
in patients with chronic bronchitis'”. Roflumilast can
affect different types and isoforms of the PDE4 family
of enzymes %", Therefore, roflumilast has more adverse
events'’, the most common including diarrhoea, nausea,
weight loss, sleep disturbance, headache, loss of appetite
or impairment of preexisting depression. Adverse events
ussually appear at roflumilast treatment initiation and
may result in treatment discontinuation. On the other
hand, adverse events can sometimes be prevented through
intermittent administration of the drug at treatment ini-
tiation.

Treatment recommendations of the expert group:

* Roflumilast can be used in patients with frequent ex-
acerbations and bronchitic phenotype. Particularly,
roflumilast should be considered in patients with
combination of these two phenotypes and severe air-
flow limitation and/or exacerbation history despite
ICS+LABA treatment.

* Lower blood eosinophil count and/or higher neutro-
philia can support the use of roflumilast in these pa-
tients, especially if a history of pneumonia is present.

* Roflumilast should not be used concurrently with
theophylline and in patients with depression or pul-
monary cachexia.

« In patients with adverse events, intermittent adminis-
tration of the drug at treatment initiation can be con-
sidered.

Mucoactive drugs containing thiol group

Current opinions: Erdosteine and N-acetylcysteine are
thiol-based mucoactive drugs. Both substances have mu-
comodulatory and antioxidant effect. Erdosteine reduces
both the rate and duration of exacerbations in patients
with COPD (ref."). The most pronounced effect of erdos-
teine on exacerbation rate and duration was observed in
patients with milder airflow obstruction. Erdosteine’s ef-
fects on exacerbations are not substantially influenced by
blood eosinophil count'™. High doses of N-acetylcysteine
reduced the number of COPD exacerbations per patient-
year, but not the proportion of patients who remained
exacerbation-free®. Mucolytics are well tolerated and safe
drugs with rare adverse events.

Treatment recommendations of the expert group:

¢ Long-term treatment with thiol-based mucoactive
drugs (erdosteine or N-acetylcysteine) should be
used in patients with frequent exacerbations, BCO
and bronchitic phenotype.

« Furthermore, they can be used as add-on therapy in
patients with exacerbation phenotype without chronic
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bronchitis, particularly in patients with early stages of
COPD with less severe airway obstruction.

« Combination with other phenotype-specific drugs in
frequent exacerbators (ICS, roflumilast) is possible
and may be beneficial.

Long-term antibiotic treatment

Current opinions: Long-term azithromycin therapy
significantly reduced the number of exacerbations'”,
but was associated with increased bacterial resistance to
macrolides and with adverse events, such as hearing loss
and QT-interval prolongantion'®. Similarly, intermittent
treatment with fluoroquinolones (moxifloxacin 400 mg
daily for 5 days every 2 months for 1 year) significantly re-
duced exacerbation rates in patients with purulent sputum
production, but similarly was associated with bacterial re-
sistance and with adverse events. The Spanish guidelines
recommend long-term use of macrolides in patients with
severe COPD and with at least 3 exacerbations in the
previous year. The treatment should be administered in
reference centers due to the need of strict monitoring of
adverse effects and developments of antibiotic resistance”.

Treatment recommendations of the expert group:

* Long-term antibiotic treatment (macrolides, fluoro-
quinolones) is reserved as special treatment for severe
or very severe COPD patients with frequent bacterial
exacerbations despite all usual therapy.

« Longterm antibiotic treatment may also be considered
in COPD patients with frequent exacerbations and
bronchiectases.

« The treatment should be administered in tertiary care
centers and with precaution to all possible adverse
effects and microbial resistances development.

10.4.2. BRONCHITIC PHENOTYPE

Mucoactive drugs containing thiol group

Current opinions: Basic characteristics of erdosteine
and N-acetylcysteine are listed in the section describing
treatment of frequent exacerbation phenotype. Above that,
erdosteine and other thiol-based mucoactive drugs have
antioxidant and antiinflammatory effect that improves
symptoms of chronic bronchitis'. Chronic bronchitis
phenotype is associated with higher risk of exacerbation
and mortality'. Therefore, reduction of exacerbations
with thiol-based mucoactive drugs treatment is benefi-
cialﬂS.lSl.

Treatment recommendations of the expert group:

¢ Long-term treatment with thiol-based mucoactive
drugs should be used in patients with bronchitic phe-
notype, with or without history of exacerbation.

¢ Mucoactive drug therapy may be beneficial for pa-
tients with mild or moderate COPD as an early inter-
vention approach'®>.

* The treatment can be adjusted to symptoms of chronic
bronchitis (for example, erdostein twice daily during
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marked sputum production, or in contrast, interrup-
tion of mucoactive treatment when there is no cough
and sputum).

Phosphodiesterase-4 inhibitors (PDE4 inhibitors)

Current opinions: General characteristics of roflumi-
last are presented in the section describing the treatment
of frequent exacerbation phenotype. Anti-inflammatory
effect of roflumilast on neutrophilic inflammation in the
airways and beneficial effect on lung function can be a
rationale for roflumilast use in patients with bronchitic
phenotype, especially if frequent bacterial exacerbations
are present'”,

Treatment recommendations of the expert group:

* Roflumilast can be used in patients with bronchitic
phenotype of COPD, especially in patients with more
severe stages of the disease, with a history of bacterial
exacerbation or pneumonia.

« Higher neutrophils count (in airways and/or periph-
eral blood) supports the use of roflumilast.

* Roflumilast can be used in combination with thiol-
based mucoactive drugs in patients with bronchitic
phenotype.

¢ Roflumilast should be avoided in patients with pul-
monary cachexia phenotype. Further limitations of
roflumilast are presented in the section describing
treatment of the frequent exacerbation phenotype.

Pulmonary rehabilitation
Current opinions: Airway clearance techniques im-
prove mucus clearance and reduce airways inflammation.

Treatment recommendation of the expert group:

* Pulmonary rehabilitation and regular aerobic exercise
should be routine part of treatment in patients with
bronchitic phenotype as a tool to reduce symptoms
and exacerbation rates.

10.4.3. EMPHYSEMATOUS PHENOTYPE

The main goals of therapy in patients with pulmonary
emphysema are improvements of dyspnoea, respiratory
mechanics, respiratory muscle strength, and reversal of
macroscopic structural changes with the use of volume
reduction procedures.

Methylxanthines

Current opinions: Theophylline is the only meth-
ylxanthine available for use in the Czech Republic.
Theophylline improves dyspnea, especially when added
to LABA (ref.'®3!3%), Theophylline has a modest bron-
chodilator effect, enhanced in combination with LABA
(ref.'®+15%), Theophylline is able to increase diaphragmatic
muscle strength, reduce gas trapping and improve the mu-
cociliary clearance'®. Although the role of theophylline
in the general COPD population is considered contro-
versial', the mentioned features of theophylline allow to
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expect its benefit in management of patients with emphy-
sema. The role of theophylline in prevention of exacer-
bations has not been documented'®®. Theophylline has
a narrow therapeutic range and frequent adverse effects.
Theophylline is metabolized via cytochrome P450 1A2,
therefore an interaction with other drugs may occur.

Treatment recommendations of the expert group:

* Theophylline should be used as phenotype-specific
treatment in emphysematous phenotype of COPD.

* During long-term treatment, patient should be care-
fully monitored by a physician, including monitoring
of adverse effects, plasma concentrations of theophyl-
line and possible interactions with other drugs.

Pulmonary rehabilitation

Treatment recommendation of the expert group:

« Respiratory muscle training can improve the de-
screased respiratory muscle strength and should be
used in patients with emphysematous phenotype.

Non-pharmacological treatment

Current opinions: Non-pharmacological therapeutic
interventions in patients with advanced pulmonary em-
physema include bronchoscopic lung volume reduction
(BLVR) and lung volume reduction surgery (LVRS).

BLVR procedures include endobronchial valves (EBV)
and coils placement. Both valves and coils can be used
in patients with severe hyperinflation, severe emphysema
and absent airway disease (asthma, chronic bronchitis,
bronchiectases) (Table 4) (ref.'"").

Targeted implantation of endobronchial one-way
valves into the airways of an isolated emphysematous
lobe appears to be one of the most promising innova-
tions™*1". After a valve placement, FEV, and walking
distance (6MWT) should improve. The efficacy of valve
placement depends on the presence of interlobar collat-
eral ventilation. Major complications following a valve
placement include COPD exacerbations, hemoptysis,
valve migration, and pneumothorax'$71%!,

Endobronchial coils can be used in patients with
heterogeneous as well as homogeneous emphysema, in-
dependently on interlobar collateral ventilation'®. The
implantation of coils is usually permanent, only one or
two coils can be removed. After a coil treatment, FEVI
and walking distance (6MWT) should improve. Reported
complications of the coil procedure include COPD exac-
erbations, hemoptysis, transient chest pain, pneumonia,
pneumothorax, and noninfectious coil-associated opaci-
ties'”.

Further endoscopic lung volume reduction procedures
include bronchoscopic thermal vapour ablation, biologi-

Table 4. Eligibility criteria for EBV, LVRS or bullectomy.

EBV LVRS

BULLECTOMY

Clinical

characteristic
Low fitness

Stable prior to procedure

Dyspnoea (mMRC score >2)  Dyspnoea (mMRC score > 2)

Stable prior to procedure

Dyspnoea (mMRC score > 2)

Stable prior to procedure

Chest HRCT  Heterogeneous emphysema
(upper or lower lobe
predominance)

No collateral ventilation in the
targeted lobe

Heterogeneous emphysema (upper lobe
predominance)

Impairment of > 1/3 of affected
hemithorax

Radiographic evidence of
compressed lung

RV > 175% of predicted value

> 175% of predicted value

FEV, 15-50% of predicted value

15-50% of predicted value

TLco (DLco) > 15-20% of predicted value

> 20% of predcited value

PaCoO, No hypercapnia No hypercapnia No hypercapnia
History No severe pulmonary No severe pulmonary comorbidity No severe pulmonary
comorbidity comorbidity

Able to undergo sedation or
general anesthesia

Able to undergo general anesthesia

Able to undergo general
anesthesia

Smoking Smoking cessation

Smoking cessation

Smoking cessation

(ref, 187190.194,196-199)

Abbreviations: EBV - endobronchial valve, FEV1 - forced expiratory volume in 1 second, HRCT - high resolution computer tomography,
LVRS - lung volume reduction surgery, RV - residual volume, TLco - tranferfactor.
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cal lung volume reduction (using the lung sealant system),
or airway bypass stent!3191-193,

Surgical methods (LVRS or bullectomy) are less fre-
quently used compared to BLVR. LVRS should be consid-
ered in patients with upper-lobe predominant distribution
of emphysema. LVRS in well-selected patients improved
symptoms, dynamic hyperinflation, cardiopulmonary me-
chanics, exercise capacity, exacerbation rate and mortal-
ity!91194196

Plasmatic levels of alpha-1 antitrypsin should be ex-
amined in each patient with COPD, especially with em-
physematous phenotype in order to identify patients with
severe forms of alpha-1 antitrypsin deficiency®.

Treatment recommendations of the expert group:

« In patients with the large bullous type of emphysema,
endoscopic or surgical volume reduction procedures
should be considered in specialized tertiary care cen-
ters.

¢ Targeted implantation of endobronchial one-way
valves (EBV) should be considered in patients with
isolated emphysematous lobes.

* LVRS or bullectomy should be considered in patients
with predominant upper-lobe distribution of emphy-
sema, and low pre-procedure exercise capacity.

« Patients with alpha-1 antitrypsin deficiency should
be referred to the specialized Center for treatment of
alpha-1 antitrypsin deficiency (Thomayer Hospital,
Prague) to consider alpha-1 antitrypsin augmentation
therapy.

10.4.4. ASTHMA-COPD OVERLAP (ACO)

Patients with overlap of COPD and asthma (ACO)
usually have a combination of symptoms of both diseases
and some degree of eosinophilic inflammation in airways.
Therefore, treatment of all patients with ACO phenotype
should include inhaled corticosteroid, as phenotypical-
specific treatment added to basic treatment with bron-
chodilators.

Inhaled corticosteroids(ICS) in combination with bron-
chodilators

Current opinions: The first option of phenotype-specific
treatment of ACO is combination ICS+LABA. Similarly
to asthma strategies, the dose of ICS should be set to
the minimum dose necessary for disease control mainte-
nance. Triple therapy ICS+LABA+LAMA should be used,
if dual combination LABA+LAMA as basic treatment
is necessary and ICS as phenotype-specific treatment is
added-on or if ICS+LABA as phenotype-specific treat-
ment is insufficient to achieve satisfactory disease control.

Treatment recommendations of the expert group:

¢ Combination of ICS+LABA should be used in patients
with ACO.

* Triple therapy ICS+LABA+LAMA should be used if
dual combination LABA+LAMA as basic treatment is
necessary or if only ICS+LABA combination is insuf-
ficient to achieve satisfactory disease control.

Leukotriene receptor antagonists (antileukotrienes)

Current opinions: There is no evidence supporting the
use of antileukotrienes in COPD. Antileukotrienes had no
effect on lung funcion decline in a non-selected COPD
population®”. However, during long-term montelukast
treatment in moderate-to-severe COPD patients, signifi-
cant improvement of disease symptoms, reduction in ICS
and inhaled bronchodilators’ need as well as reduction in
emergency department referrals and hospitalizations was
observed, though no changes in FEV, were recorded™".
These data can a be rationale for antileukotrienes’ use in
selected patients with ACO.

Treatment recommendation of the expert group:

« Leukotriene receptor antagonists can be considered in
patients with ACO phenotype if allergic feature of asth-
matic component is present and ICS+bronchodilator
combination is not sufficient to achieve satisfactory
control of the disease.

10.4.5. BRONCHIECTASES WITH COPD
OVERLAP (BCO)

Mucoactive drugs containing thiol group

Current opinions: Basic characteristics of thiol-based
mucoactive drugs are presented in the section describ-
ing the treatment of frequent exacerbation phenotype.
Importantly, erdosteine has an antibacterial effect due
to inhibition of bacterial adhesiveness. Erdosteine also
increases antibiotic concentrations in the airway mucus™?
Mucoactive drugs are recommended in patients with bron-
chiectasis and difficult expectoration®®.

Treatment recommendation of the expert group:

¢ Long-term erdosteine or other mucoactive drug
(N-acetylcysteine) treatment should be used in pa-
tients with bronchiectases and COPD overlap pheno-
type.

Phosphodiesterase-4 inhibitors (PDE4 inhibitors)

Current opinions: General characteristics of roflumi-
last are presented in the section describing the treatment
of frequent exacerbation phenotype. Data regarding effect
of roflumilast in patients with bronchiectases or BCO
are lacking. However, roflumilast inhibits neutrophilic
airway inflammation in COPD and prevents exacerba-
tions in COPD with chronic bronchitis. Neutrophils are
the prominent cell type involved in pathogenesis of both
bronchiectases and COPD (ref.2*#). This could be a ra-
tionale for roflumilast use in patients with COPD and
bronchiectases.
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Treatment recommendations of the expert group:

¢ Treatment with roflumilast can be considered as com-
plemetary treatment in patients with BCO, especially
if excessive sputum production and/or frequent exac-
erbations are present.

* The effect of roflumilast treatment should be evaluated
and treatment with roflumilast should be continued
only if it’s beneficial.

« Limitations of roflumilast treatment are presented in
the section describing the treatment of frequent exac-
erbation phenotype.

Antibiotics

Current opinions: Recent European guidelines rec-
ommend long-term treatment by inhaled antibiotics (co-
listin or gentamicin) as first-line treatment in patients
with bronchiectases experiencing exacerbations and/or
chronic Pseudomonas aeruginosa airway colonisation. The
same guidelines support chronic macrolide therapy as a
second-line treatment in selected patients with bronchi-
ectases?®204,

Treatment recommendation of the expert group:

« Chronic antibiotic treatment (or inhaled antibiotics)
should follow the bronchiectases treatment guidelines,
as mentioned above.

Pulmonary rehabilitation

Current opinions: Pulmonary rehabilitation improves
exercise capacity and reduces exacerbation rates in pa-
tients with bronchiectases. Airway clearance techniques
improve mucus clearance and airways inflammation. The
ERS guidelines recommend pulmonary rehabilitation pro-
gramme and regular aerobic exercise as tools to reduce
exacerbation rates.

Treatment recommendation of the expert group:

* Pulmonary rehabilitation and airway clearance tech-
niques should be routine part of treatment in patients
with BCO.

Other treatments

Current opinions: There is interest in immunostimu-
lating agents. These drugs consist of antigens of several
bacterial strains and are designed to stimulate the immune
response (for example Broncho-Vaxom). These agents re-
duced exacerbation rates in COPD patients. Novel treat-
ments are under investigation, for example neutrophil
elastase inhibitors or CXC chemokine receptor 2 antago-
nist CXCR2 (ref.>*).

Treatment recommendation of the expert group:
* Immunostimulating agents can be considered as com-
plemetary treatment in patients with BCO.

10.4.6. PHENOTYPE OF PULMONARY CACHEXIA

COPD patients with pulmonary cachexia should
receive rigorous nutritional support, pulmonary reha-
bilitation and psychosocial support>®. Since pulmonary
cachexia more frequently occurs with advanced-stage
COPD, treatment of respiratory insufficiency and sup-
portive treatment may be necessary. If patients with
pulmonary cachexia experience frequent bacterial ex-
acerbations and/or bronchiectases, long-term antibiotic
treatment should be considered. Roflumilast treatment
should be avoided.

Treatment recommendations of the expert group:

« Nutritional support, complex pulmonary rehabilita-
tion and supportive care should be used to revert poor
prognosis of cachectic patients.

« Longterm antibiotic treatment is recommended if fre-
quent bacterial exacerbations and/or bronchiectases
are co-present with cachexia.

10.4.7. MULTIPLE PHENOTYPES’ CO-PRESENCE

If more than one clinical phenotype is present, treat-
ment strategy should follow the expression of each clinical
phenotype separately. In such patients, multicomponen-
tal therapeutic regimens are required, often resulting in a
fully individualized care.

10.5. TREATMENT OF RESPIRATORY FAILURE,
LUNG TRANSPLANTATION AND
PALLIATIVE CARE (END-OF LIFE CARE)

Long-term oxygen therapy

Current opinions: Long-term oxygen therapy (LTOT)
for patients with COPD and chronic respiratory failure
improves symptoms, exercise capacity, cognitive func-
tion, quality of life and hospitalisation rates. The effect
of LTOT on mortality risk remains controversial®*’2%,
Criteria for LTOT in the Czech Republic are: respira-
tory failure with resting p,O, <7.3 kPa, or p,O, between
7.3 and 8.0 kPa and at least one of four further criteria,
i.e., pulmonary hypertension or secondary polyglobulia
or arterial oxygen desaturation less than 90% during at
least 30% time of sleep or exercise-induced arterial oxygen
desaturation. Smoking abstinence is necessary. Possible
sources of oxygen for LTOT include oxygen concentrator,
portable oxygen concentrator or liquid oxygen. Oxygen
should be administered for >16 h daily. Further indica-
tions for oxygen supplementation in COPD include noc-
turnal hypoxemia, oxygen administration during exercise
or during airflight. If hypoxemia with hypercapnia is pres-
ent, non-invasive ventilation should be considered?”.

Treatment recommendation of the expert group:

* LTOT should be considered in severe chronic hypox-
emia (p,O, <7.3 kPa) or in moderate hypoxemia co-
inciding with pulmonary hypertension, polyglobulia,
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oxygen desaturation <90% during at least 30% time of
sleep or exercise-induced arterial oxygen desaturation.

Donmiciliary non-invasive ventilation

Current opinions: The use of long-term domiciliary
non-invasive ventilation therapy (dNIV) is the method of
choice in stable COPD patients with chronic hypercapnic
respiratory failure (indication criteria are listed in Table
5), most frequently in patients with COPD stage/group
4/D. In many cases, there is need to combine dNIV and
long-term oxygen therapy (LTOT).

Best clinical outcomes were observed with dNIV pre-
set to achieve the physiological goal of maximal PaCO,
reduction?°2!!, This dNIV concept, the so-called high-
intensity NIV (HINIV), commonly uses high inspiratory
pressures (20-40 mbar, according to patient’s tolerance)
at the respiratory rate that approaches the spontaneous
rate of the patient. Expiratory pressure is usually preset
low (3-6 mbar), unless there is need to compensate ob-
structive sleep apnea (OSA) (ref.2'>?"%). OSA is a common
condition and increases mortality in COPD patients?,
We therefore recommend polygraphy prior to dNIV ini-
tiation?,

In stable hypercapnic COPD patients HINIV treat-
ment resulted in lower mortality risk, improvement in
blood gases, lung function and quality of life (QoL) and
enhanced effect of pulmonary rehabilitation?!0:212.215217,
While dNIV has no proven benefit in patients after acute
hypercapnic COPD exacerbation when hypercapnia
resolves®', NIV added to LTOT reduced risk of read-
mission or death when hypercapnia (PaCO, >7.0 kPa)
persisted for at least 14 days after resolution of acute re-
spiratory acidosis'’.

Treatment recommendation of the expert group:
* dNIV should be considered in hypercapnic COPD in-
dividuals; exact indications are summarized in Table 5.

Lung transplantation

Current opinions: COPD is one of the most frequent
reasons for lung transplantation. Lung transplantation im-
proves health status and functional capacity'. The major-
ity of lung transplants in patients with COPD are bilateral

lung transplantations. Of 19,135 lung transplantations for
COPD performed worldwide between January 1992 and
June 2017, the median survival was 7 years in patients
receiving bilateral lung transplant and 5 years in patients
receiving single lung transplant, respectively®?.

Lung transplantation should be considered in patients
with very severe COPD with failing conservative treat-
ment. In the Czech Republic, patients with COPD should
be referred to the Czech Lung Transplantation Center
once fulfilling these criteria: (1) progression of COPD
despite maximal treatment including pharmacotherapy,
pulmonary rehabilitation and LTOT, (2) BODE score >5,
(3) PaCO, >6.6 kPa and/or PaO, <8 kPa, (4) FEV, <25%
of predicted values.

Contraindications for lung transplantation include his-
tory of malignancy in the last 5 years, poorly controlled
diasease/dysfunction of another major organ system (e.g.
heart, liver, kidney, brain), ischemic heart disease not
amenable to revascularization, acute instability (includ-
ing but not limited to acute sepsis, myocardial infarction
or liver failure), uncorrectable bleeding disorder, poorly
controlled chronic infection by virulent and/or resistant
microbe, active tuberculosis, significant chest wall or spi-
nal deformity, obesity with BMI >35 kg/m? psychiatric
disorders, patient’s non-adherence to treatment, patient’s
inadequate social support, functional limitation with in-
ability to participate in a rehabilitation program, a history
of drug abuse or dependence (e.g., alcohol, tobacco, mari-
juana, or other illicit substances) (ref.????? Y.

Eligible patients are placed on the lung transplant
waiting list once fulfilling at least one of the following cri-
teria: (1) BODE score >7, (2) FEV, <15-20% of predicted
values, (3) history of >3 severe exacerbations during last
year, (4) history of at least one severe exacerbation with
hypercapnic respiratory failure, (5) moderate to severe
pulmonary hypertension. LVRS can be performed in se-
lected patients prior to lung transplantation.

Treatment recommendation of the expert group:

« Patients with very severe COPD eligible for a lung
transplant (criteria see above) should be referred to
the Czech Lung Transplantation Center, University
Hospital Motol, Prague.

Table 5. Indication for use of domiciliary non-invasive ventilation in COPD patients.

dNI1V is indicated for stable COPD patients in presence of at least one of the following criteria:

Symptomatic daytime hypercapnia (PaCO,> 6.5 kPa)
Nocturnal hypercapnia (PaCO,> 7.3 kPa)*

Mild daytime hypercapnia (PaCO, 6.0-6.5 kPa) with nocturnal increase > 1.3 kPa*

Persistent hypercapnia (PaCO,> 7.0 kPa) for at least 14 days after finishing acute ventilation therapy for acute respiratory acidosis

Hypercapnia increase > 1.0 kPa after oxygen inhalation and concurrently exceeding PaCO, > 6.0 kPa*

Legend:
PaCO, - partial pressure of carbon dioxide in arterial blood
kPa - kiloPascal

* measured by transcutaneous capnometry (or blood gases analysis at awakening)

“i.e., hypercapnia increase contraindicating LTOT indication
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Palliative and end-of-life care

Current opinions: Patients with advanced-stage (end-
stage) COPD should receive palliative care, that should
prevent and relieve their suffering. Adequate communica-
tion or/and psychological care for patients and their fami-
lies may be necessary. However, mortality risk prediction
may be challenging in patients with severe COPD, since
the gradual slow lung functions deterioration can be modi-
fied by acute exacerbations, often very frequent and with
variable effect on both short-term and long-term outcome.

The main goal of best supportive care is achievement
of sustainable quality of life for the patient and his/her
family. End-of-life care should be provided to patients in
final stage of the disease. Palliative and end-of-life care in-
clude various interventions, i.e., pharmacological therapy
of COPD symptoms, pain, rehabilitation, oxygen therapy,
non-invasive ventilation, administration of opioids, phar-
macological sedation or treatment of depression and
anxiety. The uncertainty regarding prognosis may play
a significant role in discussions with patients and their
families and can be a reason why patients with COPD are
less likely to receive hospice care services??*,

Treatment recommendation of the expert group:

« Palliative and end-of-life care including pharmacologi-
cal therapy of COPD symptoms, pain, rehabilitation,
oxygen therapy, non-invasive ventilation, administra-
tion of opioids, pharmacological sedation or treatment
of depression and anxiety should be offered to patients
in final stage of the disease, with treatment choice
depending on actual clinical problems.

10.6. TREATMENT OF COMORBIDITIES

All relevant comorbidities should be identified and
adequately treated. In general, comorbidities should
be treated in usual way, regardless of coincidence with
COPD. There are several comorbidities, that deserve
special attention since they may strongly influence the
natural course of COPD. Some comorbidities are pres-
ent in COPD patients very frequently and as such, can
be perceived as treatable traits of COPD. Coincidence of
COPD and multiple prevalent comorbidities can also be
viewed as “comorbid phenotype®.

Cardiovascular diseases

Current opinions: Cardiovascular diseases (CVD) co-
exist with COPD very frequently due to high prevalence
of both disease categories in adult and senior populations.
As stated above, increased levels of circulating inflamma-
tory mediators and acute-phase proteins are drivers not
only by COPD pathogenesis, but also contributors to the
development of comorbidities, including CVD, skeletal
muscle dysfunction, osteoporosis, depression, cachexia,
diabetes mellitus or sleep apnoea syndrome?™*2,

The coexistence of COPD and CVD has a negative
impact on prognosis®. CVD as a comorbidity of COPD
includes chronic heart failure (CHF), ischemic heart

disease, arrhythmias, atherosclerotic peripheral vascular
disease and systemic hypertension. Acute worsening/
decompensation of CVD, especially (but not limited to)
CHF, ischemic heart disease or arrhythmias, may mimic
or accomplish acute exacerbation of COPD and differen-
tial diagnosis can be very difficult. Furthermore, exacerba-
tion of COPD may result in decompensation of CVD and
vice versa. Treatment by oral selective beta -blockers and
by inhaled selective beta,-agonists can be used in patients
with coexisting CVD and COPD (ref.!).

Treatment recommendation of the expert group:

* CVDs are main drivers of mortality in COPD patients;
therefore, careful management of these comorbidities
is warranted.

Gastroesophageal reflux disease (GERD)

Current opinions: Estimated prevalence of GERD
among patients with COPD ranges from 17% to 54%
(ref.?>). Presence of GERD is associated with greater
risk of acute COPD exacerbation®*. It is speculated that
GERD may be a driver of certain subtype of COPD ex-
acerbations.

Treatment recommendation of the expert group:
< In patients with frequent exacerbations phenotype,
GERD should be treated adequately once diagnosed.

Obstructive sleep apnea (OSA)

Current opinions: OSA is a relatively common comor-
bidity of COPD with similar physiological and molecular
consequences, including hypoxia, systemic inflammation,
CVD, pulmonary arterial hypertension and other comor-
bidities. OSA is rarely present in patients with emphyse-
matous phenotype of COPD (usually associated with low
BMI). In contrast, chronic bronchitic phenotype is char-
acterized by peripheral airway mucosal edema, bronchial
hypersecretion and increased BMI, and these conditions
promote easier development of OSA. Patients with over-
lap of COPD and OSA have worse prognosis compared
to both COPD or OSA alone®*.

Treatment recommendation of the expert group:

* Especially in COPD patients with bronchitic pheno-
type and overweight, OSA should be considered, even-
tually raising need for dNIV therapy.

Other comorbidities

Osteoporosis is frequently present with emphysema-
tous phenotype and low BMI. Treatment of osteporosis
should correspond to usual guidelines.

Depression and anxiety are important comorbidities
associated with poorer prognosis. Therefore, psychologi-
cal treatment (or even psychiatric care) and social sup-
port should be part of the basic treatment in COPD as
mentioned above.

As already mentioned, lung cancer is often associated
with COPD, and patients with larger degree of cigarette
smoke exposure, with emphysematous phenotype or a
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combination of emphysematous and bronchitic pheno-
types express higher risk of lung cancer development®-*,

11. FLOW CHART OF MANAGEMENT
OF STABLE COPD

After COPD is diagnosed, maximal effort to eliminate
risk factors should be made and basic treatment should
be started. Clinical phenotype assessment should be done
as soon as possible. If at least one phenotype/treatable
trait is expressed, phenotype-specific treatment should be
started in accordance with each patient’s individual needs.

New phenotypes can develop in each individual pa-
tient and the present phenotypes may dynamically change
over time. Therefore, treatment should be re-evaluated in
about one-year periods and eventually adjusted to the ac-
tual clinical appearance and circumstances. Not only ther-
apeutic adds-on, but also treatment reduction should be
considered in case the current treatment is ineffective or
obsolete or when long-term control of phenotype-specific
symptoms has been achieved. For example, phenotype-
specific treatment should be started with new detection
of clinical phenotype or, it can be reduced if manifestation
of a clinical phenotype has vanished.

Various types of non-pharmacological treatment are
equally important to pharmacological therapies. Above
that, all relevant comorbidities should be treated. Patients
with advanced COPD and respiratory insufficiency
should receive appropriate specialized treatment (e.g.,
dNIV, LTOT, rehabilitation, psychosocial support) and
patients with terminal disease should receive the best
supportive/palliative treatment. Complete elaboration is
presented in Fig. 11.

12. FUTURE DIRECTIONS AND DEVELOPMENTS

Despite notable progress and changing paradigms dur-
ing the last twenty years, the integrated effort of research-
ers and clinicians should be made in several areas in order
to improve management and prognosis of COPD (ref.??").

Early diagnosis in symptomatic, previously undi-
agnosed populations with high inhalation exposure
will probably lead to modifying disease progression.
Especially, early smoking cessation is a key factor in ef-
fective COPD management. Therefore, screening or early
detection programs should be advocated by national and
local authorities?**?3, In the Czech Republic, a pivotal
early detection programme has been ongoing since 2019
and the results will show if implementation in daily clini-
cal practice will be beneficial - see above Fig. 7 (ref.>*).

The concept of predictive, preventive, personalized
and participatory medicine (P4 medicine) for COPD pa-
tients has been discussed in recent years®. Personalized
approach can better reflect the complexity and hetero-
geneity of COPD as it provides treatment tailored to the
patient’s individual needs®. Systems medicine explores
disease networks at multiple levels, ranging from the
molecular level, through cells, organs, to the population
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level>*. A systems medicine approach, integrating genetic,
(micro)biological, radiological, clinical, environmental
and lifestyle factors in experimental and computational
models may advance personalized treatment of COPD
(ref.>),

Another important issue is to identify specific bio-
markers or measures not only for early diagnosis and iden-
tification of patients responsive to specific treatments, but
also for prediction of rapid lung function decline, comor-
bidities development, exacerbation and mortality risk>*>¥".
Many of these points require a much deeper, integrative
and more comprehensive understanding of COPD patho-
physiology, natural course of the disease, its genetics and
epigenetics and prenatal lung development, along with
socioeconomic and environmental factors®. Currently,
the most promising target for future therapy develop-
ment is the pathway of cellular senescence that seems
to play an important role in the pathogenesis of COPD
and related comorbidities®?%*. Other potential targets for
new treatment developments include various cytokines
or inflammatory molecules involved in the pathogenesis
of COPD (ref.*¥).

In terms of treatment, a completely new class of
inhaled drugs (PDE3/4 inhibitors - ensifentrine, and
PDE4 inhibitors) are expected to enter clinical practice
soon’**2_ Bifunctional bronchodilator molecules with
concurrent LABA and LAMA activity are already tested
in clinical trials**, Similarly, biopharmaceuticals (particu-
larly anti-IL-5) may be effective in specific subpopula-
tions of patients®****_ For currently used treatments,
real-life data from daily clinical practice are desired since
only a minority of patients are eligible for participation
in large RCTs (ref.?**). This results in questionable ef-
fectiveness of approved treatments for the majority of
patient populations. Of non-pharmacological treatment
strategies, several new promising bronchoscopic treat-
ment procedures have been developed in recent years,
including endobronchial valves or coil placement or liquid
nitrogen metered cryospray and targeted lung denervation
procedures'¥%24-247 More emphasis should also be given
to pulmonary rehabilitation programs and comorbidity
management that are both evolving?#.

Last but not least, more effort (and at all levels) should
be given into preventive programs, measures against smok-
ing and into improvements in occupational and environ-
mental health.
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2.5. Novel versus traditional inspiratory muscle training regimens as home-based,

stand-alone therapies in COPD: protocol for a randomized controlled trial.

Citace: Formiga MF, Dosbaba F, Hartman M, Batalik L, Plutinsky M, Brat K, Ludka O,
Cahalin LP. Novel versus traditional inspiratory muscle training regimens as home-based,
stand-alone therapies in COPD: protocol for a randomized controlled trial. Int J Chron

Obstruct Pulmon Dis. 2020;15:2147-55.

Komentar:

Respiracni fyzioterapie a jeji slozky jsou vyznamnym prvkem v 1écbé CHOPN. Cilem
tohoto komplexu lé¢ebnych modalit a opatieni je pfedev§im zvyseni tolerance zatéze, redukce
pocitu dusnosti, zlepSeni celkové kondice, restituce nefunkénich fyziologickych procest a
vzorcl, zvySeni kvality Zivota pacienta (142). Efekt respiracni fyzioterapie na mortalitu je
stale diskutovan, dle nékterych systematickych metaanalyz je sporny (143), dle jinych byl
prokazan pozitivni efekt alespont u hospitalizovanych pacientt s akutni exacerbaci CHOPN
(144). Obecné je ale uroven dukazi efektu respiracni fyzioterapie ve vztahu k redukci
douhodobé mortality spiSe niz$i, troven doporuceni je slaba (143, 144), coz je dano zejména
heterogenitou charakteru a miry poskytované intervence. Problém proto vyzaduje dalsi
podrobné studium a provedeni né€kolika randomizovanych studii.

Racionalnim zékladem pro tuto praci byl fakt, Ze i navzdory své jednoznacné
efektivité co se tyce zlepSeni kvality zivota a snizeni urovné symptomd, je adherence k
respiraénim fyzioterapeutickym programiim obecné nizka (145). V Ceské republice tento
problém jest¢ prohlubuje poddimenzovana sit zdravotnickych zafizeni poskytujicich
specializovanou respiracni fyzioterapii a spiSe mensi povédomi pacientil, zdravotniki 1 platct

péce o uzitecnosti této léCebné modality. Domaci 1écba kontrolovand telemonitoringem by
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proto mohla byt uziteCnou alternativou k hospitalizaénim nebo ambulantnim typim programu
uziti v péci o pacienty s CHOPN (146, 147). V ramci hledani novych piistupt a ovéfeni jejich
ucinnosti  jsme se rozhodli formulovat teze a sestavit reprodukovatelny protokol
randomizované studie, jejimz cilem je srovnat efekt dvou typu domaciho tréninku
inspira¢niho svalstva pomoci specialnich tréninkovych pomicek proti ,,placebu. Pro tuto
studii navrhujeme randomizaci do 3 ramen v poméru 1:1:1, v kazdém z nich se jedna o
domadci trénink inspiracniho svalstva s telemonitoringem pod supervizi fyzioterapeuta (8
tydnll) nasledovanou 4 mésici samostatného tréninku pacienta bez supervize. V prvnim
rameni budou pacienti pouZivat piipravek Threshold IMT® (Philips Respironics, USA), ktery
je aktualné povazovan za zlaty standard 1ééby (148). Ve druhém rameni budou pacienti
trénovat v programu TIRE, ktery zahrnuje tablet s instalovanym tréninkovym software-m,
ktery méfi pres zafizeni PrO2 hodnoty MIP, SMIP a ID. Zaroven tato metoda miiZze byt
pouzita jako plnohodnotny IMT trénink (149). Ve tietim rameni budou pacienti s pfipravkem
Threshold IMT®, ktery bude pouZivan s jeho minimalnim nastavitelnym odporem (sham),
prakticky jako placebo.

Hypotézou prace je, Ze domaci fyzioterapie pomoci TIRE je superiorni
vici tradiénimu IMT tréningu ve vztahu ke zlepSeni funkce inspiracniho svalstva i zmirnéni
projevi nemoci u pacienti s CHOPN.

Primarnim sledovanym end-pointem bude SMIP, sekundarnimi endpointy budou
FEV1, FVC, TLC a RV, vzdalenost usla béhem 6-MWT, a SGRQ a CAT skore.

Ocekavame, ze IMT trénink metodou TIRE by mél byt ucinnéjsi nez trénink pomoci
tradi¢n&jsi metody s pouzitim Threshold IMT®, protoze umoZiiuje real-time modulaci
parametrt (biofeedback), které zajisti lepsi efekt nejen na svalovou silu, ale i na vytrvalost a

pracovni kapacitu. Graficky je tento efekt zobrazen na Obrazku ¢. 1 v ¢lanku nize, kde ho
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vyjadiuje plocha pod kiivkou tlak-¢as. Power analyza odhadla minimalni velikost souboru
Kk prikazu signifikantnich rozdild na 12 subjektd v kazdém rameni studic (=36 pacienti
celkem). Studie byla registrovana na ClinicalTrials.gov (identifikator NCT04415788).

Zavérecné shrnuti jednou vétou: Sestavili a publikovali jsme protokol malé randomizované
studie zaméfené na vyhodnoceni efektu 2 druhi IMT tréninku, jejiz hypotézou je, ze IMT
trénink pomoci metody TIRE je superiorni vii¢i tréninku pomoci Threshold IMT® ve vztahu

k SMIP jako primarnimu endpointu (+ dal§im sekundarnim endpointim).
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Background: Subjects with COPD frequently develop considerable weakness and decondi-
tioning of the inspiratory musculature, which can be corrected with inspiratory muscle
training (IMT). While rehabilitation centers may be able to provide IMT as part of the rather
complex management of COPD. there is currently a lack of rehabilitation services in the
Czech Republic. Remote IMT may then benefit subjects with COPD who are unable to
attend or do not have access to rehabilitation programs. We aim at evaluating the utility of
the test of incremental respiratory endurance (TIRE) as an at-home IMT method in subjects
with COPD, while comparing the effectiveness of this novel training approach to the
outcomes of traditional. threshold loading IMT protocols.

Methods/Design: This prospective, randomized controlled trial will comprise 8 weeks of
at-home IMT sessions with remote supervision followed by 4 months of unsupervised,
independent IMT. Eligible subjects will be randomly assigned to onc of the following
three distinct home-based IMT protocols: (1) TIRE. (2) Threshold loading, and (3) Sham
training. Subjects allocated to the TIRE group will train once daily using an advanced IMT
electronic system (PrO2). while the other two groups will receive threshold devices. Study
outcomes will include measures of inspiratory muscle strength and endurance, pulmonary
function, COPD-specific symptomatology. functional exercise capacity, surrogate markers of
mortality risk. mental health status and health-related quality of life.

Discussion: While we acknowledge the value of threshold loading IMT protocols, we
believe that the TIRE training method has the potential to provide additional clinical benefits
in COPD given its sophisticated remote tracking system and ability to modulate all aspects of
muscular performance. including not only strength but also endurance, power and work
capacity. allowing users to achieve considerably higher inspiratory pressures throughout the
full range of inspiration when compared to other more traditionally used IMT methods.
Keywords: chronic obstructive pulmonary disease. pulmonary rehabilitation, telemedicine.
quality of life, inspiratory muscle training, test of incremental respiratory endurance

Introduction

Chronic obstructive pulmonary disease (COPD) is a highly prevalent and complex
disease characterized by a progressive decline in lung function, which is not fully
reversible.' The prevalence of COPD is increasing worldwide, with high rates of
mortality and morbidity impacting (he quality of life of affected subjects.” Despite
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optimal bronchodilator therapy, many patients suffer from
intolerance of physical exercise and dyspnea of
a multifactorial nature.’ In the Czech Republic. approxi-
mately 800,000 people are estimated to have COPD
(7-8% of the country’s entire population).*

Pulmonary rchabilitation represents one of the most
important and effective therapies in COPD. It is aimed at
restoring function and has been shown to increase exercise
tolerance. reduce dyspnca and improve quality of life in
participants.> While pulmonary rehabilitation is a central
component in the rather complex management of COPD,
there is currently a lack of centers able to provide appro-
priate rchabilitation services in the Czech Republic.
Therefore, a great discrepancy between the theoretical
nced and the actual availability of thesec programs
exists.>® The rcasons for the absence of such outpatient
programs in the Czech Republic include the lack of both
experience and interest of health insurance companies in
the context of secondary prevention programs, as well as
unavailability of an adequate number of healthcare facil-
ities specialized in the management of chronic respiratory
conditions.® In the United States (US). adherence (o pul-
monary rchabilitation is extremely low among subjects
with COPD, despite all its benefits.” This can be explained
in part by the fact that pulmonary rehabilitation programs
arc typically hospital-bascd, which limits acccessibility.
Travel and transport issues have been cited as being the
most common obstacles for program attendance.”* Home-
based therapics like inspiratory muscle training (IMT) arc
then a promising approach found to yield beneficial effects
on exercise capacity and exertional dyspnea in subjects
with COPD.’

The Test of Incremental Respiratory Endurance (TIRE)
is a novel method to assess the inspiratory musculature of
subjects diagnosed with COPD. The TIRE has recently
been validated for use in this population, providing reli-
able measures of maximal inspiratory pressure (MIP).
sustained maximal inspiratory pressure (SMIP) and
inspiratory duration (ID).'° The same method can be
used as a more comprchensive IMT regimen which has
not been fully examined in COPD."!

IMT has been shown to produce significant clinical
benefits in obstructive lung discase.'> The positive cffects
of IMT in COPD make it an attractive therapy duc to its casy
applicability. Optimizing TMT methods to elicit the most
functional improvements in COPD is therefore of significant
importance.'* Traditional threshold loading IMT has impor-
tant limitations, which are a limited workload (a maximal

resistance of —41 ¢cmH2O or less in such devices) and
a limited inspiratory duration. By its nature, the TIRE pro-
mises to be a more efficient training tool because it allows
patients (o achieve considerably higher inspiratory pressures
(up to =300 cmH20) throughout the full range of inspira-
tion, as shown in Figurc 1, adapted from Cahalin ct al."

The main objective of this trial is to fully evaluate the
utility of the TIRE as an IMT method in subjects with
COPD, while comparing the cffectiveness of this novel
training approach to the outcomes of traditional, threshold
loading IMT protocols. We hypothesize that, as a home-
bascd stand-alonc rchabilitative therapy, TIRE might be
superior to traditional IMT in improving inspiratory mus-
cle performance and COPD-related outcomes.

Methods/Design
Study Design

The intended study will include two treatment groups and
one sham intervention group in a 1:1:1 ratio. All subjects
will undergo a certain type of IMT regardless of group
assignment, which will be performed via two different
devices. The study will be conducted in cooperation with
the Rehabilitation Department and the Department of
Respiratory Diseases of University Hospital Brno. The trial
will comprise an 8-week at-home training period with
remote supervision followed by 4 months of unsupervised,
independent respiratory (raining, The study will be prospec-
tive, controlled, and randomized. The patients will be

280

240

u TIRE

200 ® Threshold

160
120

80

Inspiratory pressure (cmH,0)

40

0 T T T T T
0 4 8 12 16
Time (seconds)

Figure | Comparison of the maximal inspiratory effort slopes obtained via the
TIRE method and traditional inspiratory muscle assessment utilizing a threshold
device.

Notes: The TIRE method elicits significantly higher inspiratory pressures that last
throughout the entire inspiration, from residual volume (RV) to total lung capacity
(TLC), while traditional IMT provides a square-shaped curve with limited pressures
and inspiratory duration. SMIP derives as the area under the pressure-time curve in
the TIRE assessment.
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assigned 1:1:1 using a computerized random allocation
sequence, which will be done through the use of opaque.
scaled and numbered envelopes. This process will be admi-
nistrated by a skilled, independent expert at the hospital
center. They will also collect and store informed conscnts,
questionnaires and other trial information. Electronic data
will be stored in the hospital’s private cloud and backed up
to a flash drive. All data will be processed and backed up
according (o the currently valid General Data Protection
Regulations. Although some healthcare providers will need
to be informed about their patient’s group assignment, sub-
jects will be asked not to disclosc their group assignment to
the physician performing initial and final examinations, who
will be blinded. The overall training regimen and data col-
lection time points are shown in Figure 2.

All subjects will be recruited from the outpatient services
of the Department of Respiratory Diseases at the University
Hospital Bmo. Subjects are expected to meet the following
criteria: (a) subjects over the age of 40 with a clinical and
functional diagnosis of COPD according to the Global
Tnitiative of Chronic Obstructive Lung Disease (GOLD)
guidelines — stages 1 to IV, (b) evidence of inspiratory muscle
weakness, defined as a MIP <80 cmH20 and a SMIP < 427
PTU (pressure time units),”  (c) ability to operate
a computer, tablet or smartphone independently and follow
the training instructions, (d) clinical stability with no history
of infections or exacerbation of respiratory symptoms for at
Icast two months prior to study cnrollment, and (c) non-
participation in exercise programs in the past 12 months.
The above criteria for inspiratory muscle weakness were
chosen based upon a previous study by our research group,

which found a SMIP value of 427 PTU (o be equivalent o
the MIP cut-ofl value of 80 cmH2O for stratification of
clinically important inspiratory muscle impairment proposed
by the ATS/ERS statement on respiratory muscle testing.'>'®

We will exclude subjects with history of lung surgery.
lung cancer, as well as individuals with any diagnosed cog-
nitive (ie. Mini Mental State Examination score <24), ortho-
pedic, neurological or neuromuscular disorders that might
prevent them from appropriately performing the required
physical tests and/or completing the study questionnaires.
Subjects will not be excluded based upon their current
bronchodilator regimen. If subjects experience acute exacer-
bations or respiratory infections during the training period,
they will be examined by a pneumologist who will decide
whether the participant should continue with the training or
not. In the event that losses to follow-up or dropouts are
observed, we will perform an intention-lo-treat analysis.

Data will be collected in the following order: a) spiro-
metry and body plethysmography, b) walking test, ¢) ques-
tionnaires, and d) inspiratory muscle performance via the
TIRE. Subjects will be randomly divided into groups and
familiarized with the proposed training regimens and their
respective devices.

Training Description

Eligible subjects will be randomly assigned to onc of the
following three distinct home-based IMT protocols: (1)
TIRE, (2) Traditional (Threshold loading IMT), and (3)
Sham (ie, Low Resistance). All subjects will undergo 8
weeks of daily unsupervised IMT using either a PrO2
device (Design Net, Smithfield, USA) or Threshold device

1

TIRE IMT (Pr02)

Eligible participants will be
randomly assigned (1:1:1) to one
of three groups

Traditional IMT (Threshold)

L

Sham IMT (Threshold)

All subjects will undergo 8 weeks of daily training sessions

WEEK 0 WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 WEEK 7 WEEK 8
TRAINING  Phone call Phone call Phone call Phone call  TRAINING
STARTS  (CAT score) (CAT score) (CAT score) (CAT score) ENDS
4 4 4
FIRST STUDY VISIT SECOND STUDY VISIT FINAL STUDY VISIT
(pre-intervention (training load (post-intervention
measurements) adjustment) measurements)

Figure 2 Outline of study design. Subjects are assigned to one of three home-based inspiratory muscle training groups and expected to train for 8 weeks.
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at home. Table 1 presents a summary of the distinctive
training characteristics per study group. All training mod-
alities require the subjects to be seated and wearing a nose
clip while performing the required breaths. Subjects will
be instructed on their respective training procedures and
complete their first training session in the presence of
a research team member upon enrollment. Regardless of
training method, subjects will be instructed to fill in diary
cards at the cnd of cach training session, in which they
document how many breaths they were able to perform.
This information will be later used for compliance assess-
ment. They will be also provided with user guides devel-
oped by our research team with detailed instructions
regarding equipment sct-up, training protocol and contact
information. In addition, subjects will receive weekly
phone calls from week 0 to week 8 to encourage compli-
ance and adherence to the study protocol, to address any
subject questions or concerns, and to collect information
regarding their current symptomatology (Figure 2).

Group | - TIRE IMT

The TIRE training regimen will involve the use of a tablet
provided to assigned subjects with the training software
installed and a PrO2 device through which they will train.
The software allows subjects to track their inspiratory muscle
performance via real-time graphic representations of their
cfforts as training progresscs. Training will consist of six Ievels
(A-F) with six inspirations at each level for up to 36 breaths
per session. Pre-set recovery times between breaths decrease
as subjccts advance cach level from 60 scconds at level A to
50, 40, 30, 20 and 10 seconds at levels B to F, respectively.
TIRE data will be stored in the tablet and automatically synced
to account on cloud-based online platform for subsequent
interrogation and data retrieval. Each participant will get his
or her own login and password to account. The research tcam

Table | Proposed Training Characteristics per Study Group

will have access to the accounts of all subjects. This feature
makes the TIRE system a power{ul resource (0 ensure com-
pliance and remotely track adherence to study protocol.

Belore every training session, subjects will be required to
complete one maximal and sustained inspiratory effort from
which the training is based on for that day. This cffort will be
recorded on the software and visually redrawn on the tablet
screen to a training template set at 50% of the entire effort.
Subjects will be required to match or exceed the on-screen
training template for their efforts to be considered successful,
achieving pressures of at least 90% of the redrawn MIP and
arca under the curve (ic, SMIP). Although the achicvement of
the 50% pre-set training template is sufficient to allow for
training continuation, subjccts arc instructed to perform max-
imal mancuvers from RV to TLC, not only matching but
exceeding the effort requirement whenever possible. After
each successful breath, a countdown clock will be trigged,
and the subject will have to wait to perform the next breath
following the pre-set recovery time for that level. If at least
90% of the redrawn MIP and SMIP are not achieved. the
subject will receive a prompt that they had failed (o generate
the required pressures and will be automatically provided with
two options: either terminate or continue the training. Subjects
will be instructed to terminate the session in case of two
consecutive failed inspiratory efforts. It is important to note
that subjects will be instructed not to expire into the device.
They will only use the device when prompted by the software
to inspirc at which time they will place the mouthpicce of the
device in their mouth and perform the required sustained
inspiratory effort.

Group 2 - Threshold IMT

Subjects assigned to the threshold loading training regimen
will receive a traditionally used Threshold inspiratory muscle
trainer (Threshold IMT; Philips Respironics, USA). This

at 50% of the subject’s MIP and

Group Device Training Load Training Volume Training
Frequency
TIRE IMT PrO2 On-screen training template set | Six levels (A-F) with 6 inspirations per level for up to 36 efforts |/day, 8

per session. Pre-set recovery times between breaths: 60 seconds at | weeks

SMIP. level A to 50, 40, 30, 20 and 10 seconds at levels B to F, respectively.
Threshold | Threshold [ One-way spring-loaded valve 36 inspirations performed using the device within a 30-minute |/day, 8
IMT set at 50% of the subject’s MIP. | period. weeks
Sham IMT | Threshold | One-way spring-loaded valve set to | 36 inspirations performed using the device within a 30-minute |/day, 8

its minimal resistance (- 9 cmH20). | period. weeks

Abbreviations: MIP, maximal inspiratory pressure; SMIP, sustained maximal inspiratory pressure; TIRE, test of incremental respiratory endurance.
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device [eatures a one-way spring-loaded valve at one end and
a mouthpiece on the other through which subjects will be
required to breathe in hard enough to overcome the resistance
provided by the spring-loaded valve. allowing correct
inspiration to happen. In other words, air flow is blocked
until subjects generate sufficient inspiratory pressure to
exceed the device pre-set pressure in cmH20. The resistance
will be set using the device's adjustable pressure setting
which is fixed at 50% of the subject’s MIP at the time of
enrollment. The resistance will be readjusted as needed at
week 4 to still reflect 50% of their inspiratory muscle strength
at that time. Subjects will be coached to perform up to 36
breaths daily using the device. They will be also instructed to
complete the training scssion within a 30-minute period.

Group 3 - Sham IMT (Low

Resistance)

The Sham (Low Resistance) training regimen will use the
same methods described above for the threshold loading
IMT, except for the amount of resistance applied within
the device. Subjects will receive a Threshold which has
been set to its minimal resistance, which is 9 cmH2O.
Again, subjects will be instructed to perform up (o 36
breaths daily using the device within a 30-minute period.

Outcome Measures

Key oulcome measures in the trial will be assessed at
baseline and 8 weeks post training start date at the
University Hospital Brno. TIRE and COPD Assessment
Test data will also be collected during the second study
visit. Data collection per study visit will take approxi-
mately 90 minutes.

The primary outcome measure will be SMIP, which
will be obtained along with MIP and ID in every subject
using the PrO2 device, an clectronic pressure manometer
which utilizes wireless technology to connect to a tablet
containing the TIRE softwarc.'® The software provides the
user with a real-time graphic representation as they per-
form the required inspiratory maneuver. as shown in
Figure 3. The PrO2 has a 2 mm leak which provides
a sct resistancce to inspiratory flow and avoids glottal
closure during maximal inspiratory effort. Subjects will
be instructed to exhale completely and then forcefully
breathe in through the device generating as much pressure
as possible within 1 to 2 scconds of inspiration and con-
tinue to inhale deeply for as long as possible. SMIP will be
measured from residual volume (RV) to total lung capacity
(TLC) and represents the area under the curve in PTU,
while MIP will be recorded in cmH20O and represents the
highest pressure generated during inspiration from RV. ID
will document the total duration of full inspiration per trial
in seconds. A single assessment session will consist of 3 to
5 sequential trials with rest intervals of 60 seconds
between efforts. The greatest SMIP will be used to identify
the best of the repeated trials within the scssion, providing
the MIP and SMIP values to be documented and used for
study purposes. All inspiratory maneuvers will be per-
formed with the subjects seated in a chair and wearing
nosc clips according to American Thoracic Socicty (ATS)
standards on respiratory muscle testing.'®

Other key outcome measures will include pulmonary
function tests which comprise post-bronchodilator spirome-
try using SpiroScout” and whole-body plethysmography
using the PowerCube® Body+ (Ganshom. Nicderlauer,

OK to use this baseline to train?

Recreate Train Done

Figure 3 Graphic presentation of a sustained maximal inspiratory effort performed using the PrO2 device and software. In this example, the user achieved a MIP of 90
cmH20, a SMIP of 606 PTU reflecting the area under the pressure-time curve. The entire maneuver lasted 15 seconds.
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Germany) following European Respiratory Society - ERS/
ATS standards,'” providing measures of forced expiratory
volume in the first second (FEV1), forced vital capacity
(FVC), inspiratory capacity (IC). RV and TLC, obtained
15-20 min after 400pg salbutamol will administered via
a metered dose inhaler through a spacer. Functional excrcise
capacity will be determined using the six-minute walk test
(6MWT), which will be performed as recommended by ERS/
ATS guidelincs.'® The scverity of dyspnca, mental health
status and health-related quality of life of the subjects will
be assessed via the modified Medical Research Council
(mMRC) dyspnca scale, thc Hospital Anxicty and
Depression scale (HADS) and the St. George’s Respiratory
Questionnaire, tespectively.'' The impact of discase-
specific symptoms on the health status of the subjects will
be quantified by the CAT.? while comorbidity burden will be
assessed using the Charlson Comorbidity Index.”® The
BODE index will be also calculated and will serve as
a surrogate marker of mortality risk in COPD.>* The above
scales, questionnaires and indices will use point-based grad-
ing systems with higher total scores indicating more severe
conditions. Occurrence of adverse events and reasons for
carly termination of trial will be evaluated.

Data regarding medications and past medical history
will be extracted from cach individual’s clectronic medical
record. A full tobacco history will be obtained at bascline,
with subjects being asked to report the total number of
years smoked. average number of cigarcttcs smoked
per day. and current smoking status. Finally, subjects will
be provided with a 5-item self-completed questionnaire
developed by our rescarch tcam that will measurc their
satisfaction with the intervention they received and the
study in general. The items will be presented in the form
of statements to which subjects will be asked to respond
using a 1-5 Likert scale (“strongly agree”, “agree”, “not
sure”, “disagree”. and “strongly disagree”).

Sample Size

We performed a power analysis based on the report of
previous studies on TIRE measures. Normative TIRE data
yiclded cffect sizes ranging between 0.50-1.00 when com-
paring SMIP to different age groups.® A meta-analysis for
inspiratory muscle strength demonstrated a significant
summary cffect sizc of 0.68 (95% CI 0.54-0.82; p =
0.001) for MIP.2® Thus, we believe that an effect size of
about 0.75 is a good cstimatc. We examined the number of
subjects necessary to achieve such an cffect size using
Portney & Watkins test and concluded that the sample

size needed for our statistical analyses is of at least 12
subjects in each of the three groups with 2 degrees of
freedom and a power of 0.9 with an alpha level of 0.05.
Subjects that are eventually excluded or decide to drop out
will be replaced with new enrollees (o ensure completion
of at lcast 12 subjects per group.

Statistical Analysis

Baseline characteristics of the study sample will be ana-
lyzed and summarized using descriptive statistics.
Differences in recorded variables between the three groups
at bascline, and after four and cight weeks of training will
be analyzed by a mixed-design analysis of variance and
multiple lincar regressions. Training compliance informa-
tion will be cxpressed as a percentage. Statistical signifi-
cance will be set at an alpha-level of 0.05. All analyses
will be performed with IBM SPSS Statistics 24 (Armonk,
New York, USA 10.504-1722) and Statistica 12 (TIBCO
Software, INC Palo Alto, US).

Trial Status

This study will be performed in accordance with the World
Mecdical Association Dcclaration of Helsinki and was
approved by the Ethical Committee of the University
Hospital Brno, Czech Republic. This trial follows the
SPIRIT 2013 checklist standards of reporting trials and is
registered at  ClinicalTrials.gov ~ with  identifier:
NCT04415788.

Discussion

Patients with COPD commonly develop significant dete-
rioration in exercise capacity in association with weakness
and deconditioning of the respiratory muscles. Particular
impairment has been described in inspiratory muscle per-
formance reflected by decreases in MIP.>"?* Whereas
inspiratory muscle function in COPD has mostly been
described in terms of inspiratory muscle strength, the day-
to-day relevance of measures like MIP is debatable. In
fact, studics suggest greater clinical, perceptive, func-
tional. psychological and prognostic values in the asscss-
ment of single-breath work capacity when compared to the
cvaluation of inspiratory muscle strength alonc in
COPD.'*?* Besides the traditionally studicd mcasurc
of MIP, the TIRE provides values of single-breath work
capacity such as SMIP and ID, allowing for a morc pro-
found assessment of the musculature involved with
inspiration. Moreover, the TIRE can serve as a novel
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training method likely (o result in better clinical outcomes
in the COPD population.

While we acknowledge the value of traditional IMT
protocols. which use Threshold devices. we believe (hat
the TIRE training has the potential to provide added clin-
ical benefits since it is able to modulate all aspects of
muscular performance, including strength, endurance and
work capacity. The real-time biofeedback and a training
tcmplate that encourages the gencration of higher pres-
sures throughout the entire inspiration are also unique
and superior features of the TIRE training, which facilitate
a more controlled breathing pattern and possibly improved
gas exchange during and post-training.

Additionally. we will be able to remotely and electro-
nically track training compliance of the subjects assigned
to the TIRE protocol. a distinct and important character-
istic of this training approach that might allow us to
reliably assess the subject’s adherence o study protocol,
unlike the other groups whose (raining compliance will be
self-reported. We believe that more accurate conclusions
as (o changes observed in clinical outcomes from baseline
can be drawn when actual compliance is accounted for;
therefore, the TIRE device and softwarc is a promising
tool.

Whereas other inspiratory flow resistive loading
(IRFL) techniques and devices cxist, from simple dial-
based equipment such as the Pflex (Philips Respironics.
the Netherlands) to more sophisticated electronic instru-
ments likc the POWERbrcathe (POWERbrcathe
International Ltd, United Kingdom). the TIRE method
implemented via the PrO2 device is novel as it provides
original fcaturcs not available in other training approaches.
The TIRE offers the possibility of assessing and training
the unique SMIP, which can be defined as single-breath
inspiratory work capacity, reflecting the ability of the
inspiratory muscles o maintain force over time through
a great resistive load imposed by a fixed 2 mm inspiratory
orifice.'™'* Other distinctive characteristic of the TIRE is
its modern remote tracking system and cloud-based online
platform, making the PrO2 an attractive alternative to
devices such as the POWERbDreathe which are currently
unable to remotely interrogate and retrieve data as training
happens. Finally, duc to its fixed flow resistive load, the
TIRE allows subjccts to produce considcrably higher pres-
sures for longer periods of time (ie. total duration of
inspiration can exceed 10 scconds). possibly resulting in
greater improvements in inspiratory muscle endurance and
work capacity.

Remote alternatives to (raditional rehabilitation pro-
grams are important for subjects with COPD who are
unable (or not willing) to attend such services. In 2015,
the ERS/ATS published a political statement in which they
commit (o the promotion and expansion of home-based
pulmonary rchabilitation.®' Meta-analyses have shown
that telerehabilitation technologies are of great importance
in managing COPD as they can improve respiratory mus-
cle pressures. functional lung capacity and the quality of
life of those who are treated remotely.’>* Several tele-
medicine benefits have been reported following the reha-
bilitation of paticnts with other discascs.**

In conclusion, the main objective of this study will be
to fully cvaluate the utility of TIRE as an at-homc inspira-
tory muscle training method in subjects with COPD, while
comparing the effectiveness of this novel training
approach to the outcomes of more traditional IMT proto-
cols. We hypothesize that, as a home-based stand-alone
rehabilitative therapy. TIRE will be superior to traditional,
threshold loading IMT in improving measures of inspira-
tory muscle performance, pulmonary [unction, dyspnea,
functional exercise capacity, overall and mental health,
health-related quality of life and surrogate markers of
mortality risk in COPD. We expect (o publish the findings
of this investigation in due course.

Abbreviations

ATS, Amcrican Thoracic Socicty: CAT. COPD asscssment
test. COPD, chronic obstructive pulmonary disease: ERS,
Europcan Respiratory Socicty: FEV1, forced cxpiratory
volume in the first seccond; FVC, forced vital capacity:
GOLD. Global Initiative of Chronic Obstructive Lung
Discase; HADS, Hospital Anxiety and Depression Scale;
IC, inspiratory capacity: ID, inspiratory duration; IMT,
inspiratory muscle training: MIP. maximal inspiratory pres-
sure; mMRC, modified Medical Research Council; N, sam-
ple size: PTU, pressure (ime units; RV, residual volume:
SMIP, sustained maximal inspiratory pressure; TIRE, test
of incremental respiratory endurance; TLC, total lung capa-
city: US. United States; 6MWT, six-minute walk test.
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Koblizek V. Breathing Out Completely Before Inhalation: The Most Problematic Step in
Application Technique in Patients With Non-Mild Chronic Obstructive Pulmonary Disease.

Front Pharmacol. 2019;10:241.

Komentar:

Spravna inhala¢ni technika je zakladni prerekvizitou nutnou Kk u¢inné inhalacni
medikament6zni 1écbé CHOPN. Inhala¢ni podani 1é€iv na rozdil od celkového umoziiuje
minimalizaci ddvek a tim 1 vyskytu nezddoucich G¢inkd. Terminem s Sir§Sim vyznamem je
aplikac¢ni technika, kterd zahrnuje nejen inhalac¢ni podani samotné, ale i pfipravu inhalatoru,
nachystani inhalované davky, inhalaci samotnou a ukonceni celého procesu. Bez dokonalého
zvladnuti aplikaéni techniky klesa u¢innost 1é¢by, zvySuje Se uroven respiracnich symptomt,
riziko hospitalizaci, morbidity a klesa kvalita zivota pacienta (150). Zvlastnim problémem je i
to, ze existuje velky pocet inhalacnich systémi (inhalatorit) riizné konstrukce a zplisobu
dodéni inhala¢ni davky do dolnich dychacich cest, coz miiZze vést k vyssi chybovosti pouziti
nejen ze strany pacientll, ale i zdravotniki. Nadto, péée o pacienty s CHOPN neni
koncentrovana jen v rukou pneumologt, ale i praktickych 1ékart, u kterych mize byt erudice
stran idedlniho pouZivani inhala¢nich systémi niz8i. Az doposud nebyl stanoven Zadny ,,zlaty

standard‘ upravujici obecnou podobu aplikacni techniky inhala¢nich 1é€iv.
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Raciondlnim zakladem pro tuto praci byla snaha o standardizaci kroka aplikacni
techniky inhala¢nich 1éku s ohledem na jejich heterogenitu. Cilem prace bylo ovéfit v praxi
pouziti jednoduchého a ptehledného systému kontroly aplikacni techniky, tzv. ,,Five Steps
Assessment®, ktery byl navrzen v ramci zalozeni Registru CHOPN a ktery by zdravotnikiim
umoznil ovéfeni a optimalizaci aplikacni techniky u vSech pacientl a jejich inhalacnich
preparati. ,,Five Steps Assessment® se sklada z téchto péti krokt: 1/ ptiprava aplikatoru k
inhalaci, 2/ manipulace s aplikatorem pied inhalaci, 3/ pacient pfed inhalaci (dechova piiprava
pacienta), 4/ vlastni inhalace, 5/ po inhalaci (kontrolni kroky, ¢isténi a uzavieni aplikatoru).

Blize také na webu CHOPN Registru: https://chopn.registry.cz/res/file/dokumenty/inhalacni-

systemy-protokol.pdf.

Data pro tuto préci byla Cerpana z Registru CHOPN. Demografické charakteristiky a
plicni funkce kohorty byly prezentovany formou popisné statistiky. Cetnost pouzivani
jednotlivych aplikatord byla prezentovéana jako n (% z celé kohorty) a spravnost/chybovost
Vv jednotlivych krocich jejich pouzivani byla vyjadiena v procentech z poétu pacientl
uzivajicich dany aplikator. Pacienti béhem ambulantni kontroly ptfedvadeli pouziti
jednotlivych aplikatorii ve vSech 5 vySe uvedenych krocich za vizuélni kontroly proskoleného
pneumologa. Za spravnou aplikaci bylo pfipsano 0 bodu, za nespravnou 1 bod, a to pro kazdy
jednotlivy krok ,,Five Steps Assessment” zvlast. Pokud pacient uzival vice neZ jeden
inhala¢ni preparat, predvadél pouziti kazdého aplikatoru zvIast.

Pro potieby této studie mélo dostatecné vyplnéna data celkem 546 pacientll z Registru
CHOPN (z celkového poctu 784). Kohortu studie tvofilo 75% muzl, 90% byvalych ¢i
aktivnich kutéka, s primérnou BMI 28 a s primérnou hodnotou FEVi 44,7% nalezité
hodnoty. Az 88% pacientli uzivalo vice neZ jeden inhalator. Z nejéastéj$ich samostatnych
typti inhalatorti byly zastoupeny davkovace skupiny pMDI (83,3%), Aerolizer/Breezhaler®

(53,7%), Handihaler® (43,9%), Diskus® (21,1%) a Respimat® (13,4%). Nejvyssi podil
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pacientli kompletné spravné aplikujicich dany preparat (= se skore 0 bodi) jsme pozorovali u
inhalatort Genuair® (81%), Respimat® (53,4%) a Handihaler® (46,3%), nejniz$i u tradi¢nich
pMDI (36,5%). Celkové za kohortu byl podil pacientl spravné uzivajicich vSechny své
inhalatory pouhych 30%. Nejvic chybovym pfitom byl krok ¢. 3 (spravné vydechnuti ptred
samotnou inhalaci 1éku) s chybovosti v rozmezi 9,5-47,5% pro rizné druhy inhalatort.

V této praci jsme prokazali uziteCnost a jednoduchou pouzitelnost nového néstroje tzv.
»Five Steps Assessment®. Nastroj obsahuje vSechny dulezité kroky k posouzeni spravnosti
aplikacni techniky a je tak univerzalné pouzitelny pro vSechny kategorie inhalatorti i jejich
konkrétni typy. Dosavadni prace se zamétovaly bud’ na jednotlivé typy inhalétor ve smyslu 1
inhaldtor = 1 samostatny postup pro ovefeni spravnosti jeho pouzivani (151) nebo pouzivaly
extenzivni a slozité kontrolni seznamy (checklisty) krokli potfebnych k ovefeni spravnosti
aplikace (152-154). V rutinni klinické praxi by to znamenalo praci s mnoha riznymi systémy
kontroly spravnosti aplika¢ni techniky, navic s vyraznou €asovou zaté€zi. Systém ,,Five Steps
Assessment* je intuitivni, jednoduchy, jednotny pro vSechny inhalatory a jeho vypracovani
pro dany inhal4tor u daného pacienta zabere nejvys nékolik minut.

Co se tyce samotnych vysledkt analyzy uspésnosti / spravnosti celé aplikaéni techniky
i jednotlivych kroki, v kohorté Registru CHOPN jsme pozorovali bezchybnou aplikaci pouze
u 30% subjekti. Tento vysledek je podobny vysledkiim jinych praci; napt. v praci Pothirata a
kol. spravnou aplikaci inhala¢niho 1éku bez kritické chyby provedla pouze ¢tvrtina (25%)
pacientd (152). V jiné praci byla chybovost alesponi v jednom kroku aplikace dokonce na
urovni 82% pacientti kohorty (155). V nasi praci byly chyby nejéastéji pozorovany v krocich
¢. 3,4 a5 (vydechnuti pfed samotnou inhalaci G¢inné latky, inhalace G€¢inné latky a ukonceni
manévru s vyC¢iSténim inhaldtoru). Tento ndlez koresponduje s vysledky ptedchozich praci,
kde byly analogické kroky (vramci dlouhych checklisti) rovnéz provazeny nejvetsi

chybovosti (152, 154, 155). NaSe nalezy se také shoduji s pfedchozimi poznatky, ze
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chybovost v ramci aplikace je podobna pro aplikatory typia pMDI a DPI (153, 156).
Dulezitym momentem této prace je, ze ,,Five Steps Assessment* 1ze pro jeho jednoduchost a
univerzalnost v Case re-evaluovat a pfi zjisténi problému s aplikaci pacienta reedukovat. To
stejné plati pro oSetiujici zdravotniky, ktefi si mohou ovéfit spravnost svych pracovnich
postupt rychle a elegantné béhem nékolika malo minut.

Zavérefné shrnuti jednou vétou: V této praci jsme zkoumali pouzitelnost ,,Five Steps
Assessment™ v ramci rutinniho testovani spravnosti aplikacni techniky u pacientd s CHOPN;
metoda se ukazuje jako jednoduché a reprodukovatelné pro pacienta i zdravotnika. NejCastejsi

chybou v aplikaéni technice v nasi kohorté bylo nedostate¢né vydechnuti pied inhalaci 1é¢iva.

Poznamka: Prace ziskala ocenéni ,,2. cena CPFS za nejlepSi ¢asopiseckou praci v ¢asopise

s impakt faktorem za rok 2019,
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Background: Patient adherence to an inhaled medication application technique (A-
ApplIT) represents a major health-care issue in patients with chronic obstructive
pulmonary disease (COPD). However, there is a lack of studies evaluating this
issue thoroughly. The aim of our study was to introduce a universal easy-to-use
method of assessing the A-ApplIT to chronic medication in moderate to very severe
COPD individuals.

Methods: The Czech Multicenter Research Database of COPD (COPD CMRD), a large
observational prospective study, was used as a source of clinical data. A-AppIT was
evaluated using our Five Steps Assessment. This measure is based on dichotomous
evaluation of each of five predefined consecutive application technique steps and can
be used in all settings for all currently available inhalation systems in COPD subjects.

Results: A total of 546 participants (75.0% men; mean age 66.7 years; mean forced
expiratory volume in 1s 44.7%) were available for analysis. This represents 69.6% of all
patients recruited in the COPD CMRD. Less than one third of patients presented their
application technique without any erroneous steps. The most problematic steps were
breathing out completely in one breath immediately before inhalation (step No. 3), and
the actual inhalation maneuver (step No. 4). The total number of errors was similar for
dry powder inhalers and pressurized metered-dose inhalers.
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Conclusion: Our novel instrument, Five Steps Assessment, is comfortable for use in
routine clinical practice to explore A-ApplT. The A-ApplIT in real-life patients with non-
mild COPD was inadequate and patients should be repeatedly trained by properly

(re-)educated medical staff.

Key : chronic

y to

inhalation adherence, five steps assessment, device mastery, inhaler mishandlings

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a preventable
and treatable progressive lung disease. Its prevalence is increasing
worldwide, presenting a substantial medical, social and economic
problem (GBD 2015 Chronic Respiratory Disease Collaborators,
2017; Global Strategy for the Diagnosis Management and
Prevention of COPD, 2018). COPD is currently the fourth global
leading cause of death (WHO Chronic Obstructive Pulmonary
Disease, 2017). In the Czech Republic (10.6 million inhabitants),
COPD has been reported to be responsible for 21,000 acute
hospitalisations and 3,500 deaths annually (Maly et al., 2013).

Although the methods of “evidence-based medicine”
have not yet conclusively proven the effect of any existing
COPD medication on long-term decline in lung function,
pharmacotherapy is fully indicated to reduce symptoms,
frequency and severity of exacerbations and to improve exercise
tolerance and health status. Currently, inhaled medication
represents the cornerstone of COPD pharmacotherapy (Global
Strategy for the Diagnosis Management and Prevention of
COPD, 2018).

However, as with other chronic diseases, adherence to COPD
treatment is often poor. The poor adherence results in increased
COPD symptoms, hospitalisations, higher rates of morbidity,
healthcare expenditures and reduced quality of life (Bourbeau
and Bartlett, 2008; Restrepo et al., 2008; Vestbo et al., 2009;
Rogliani et al, 2017). Even though adherence is frequently
expressed quantitatively (e.g., percentage of doses used), it is
worth noting that non-adherence has principally two forms:
(1) a patient uses an incorrect dose of his/her medication and
(2) a patient uses his/her medication in an incorrect manner
(Boudes, 1998).

In respiratory medicine, however, the “qualitative” aspect is
equally important. Incorrect application technique often reduces
the effectiveness and can sometimes increase the risks of the
used medication. In COPD patients, who are often of higher
age and with multiple morbidities, failure to adhere to a specific
application technique constitutes a major adherence problem.
Inhaler mishandlings can be understood as a type of non-
intentional non-adherence sometimes called inhalation non-
adherence. We prefer and use the term adherence to application
technique or application technique adherence (A-ApplT, also
known as device mastery or inhalation adherence/compliance).
“Application” is a broader term than “inhalation” and, in
addition to the actual inhalation maneuver, includes actions

Abbreviations: A-ApplT, adherence to application technique; CMDR, The Czech
Multicenter Research Database; DPIs, dry powder inhalers; pMDIs, pressurized
metered dose inhalers.

closely associated with the application technique, such as pressing
the piercing button, shaking the inhaler etc. For optimal use
of an inhaler, it is necessary to manage the application in its
entirety. When citing other studies, we use the wording used
by their authors.

Studies have shown high rates of inhalation non-adherence
and effective use of inhalers in only around 10% of patients
(Fink and Rubin, 2005; Lavorini et al., 2008; Restrepo et al.,
2008; Laube et al., 2011). Inhaler mishandling is associated with
reduced lung drug delivery or deposition and with an increased
risk of hospitalisations, emergency room visits, courses of oral
corticosteroids and antimicrobials and poor disease control (Fink
and Rubin, 2005; Melani et al., 2011). Pharmaceutical industry
continues to develop new inhalers with the focus on ease-of-use.
In addition, single-inhaler fixed drug combinations may provide
greater comfort to patients, particularly those with severe COPD,
and thus may secure greater efficacy (Montuschi et al., 2016).
Despite the huge effort to make the inhalers more patient-friendly
through emphasis on technological aspects and design, errors in
an application technique are still frequent in both, pressurized
metered dose inhalers (pMDIs) and dry powder inhalers (DPIs)
(Melani et al,, 2004, 2011; Hammerlein et al.,, 2011; Rogliani
et al,, 2017). The use of various inhalation systems and frequent
need for combination therapy further complicate the situation in
this field (Laube et al., 2011; Global Strategy for the Diagnosis
Management and Prevention of COPD, 2018).

At present, there is no methodological “gold standard”
as to how to assess A-ApplT. Analyses of erroneous steps in
application techniques of various inhalers often use different
checklists or different scoring and, therefore, comparison of
results is challenging. Furthermore, several studies have assessed
A-ApplT in mixed cohorts of patients with various types of
respiratory diseases, most frequently with bronchial asthma
and COPD. However, there might be substantial differences
in cohorts of patients affected by the various diseases in terms
of socio-demographic and medical characteristics, leading to
discrepancies in their skills and ability to adhere to a particular
application technique (Kardas et al., 2013).

Chronic obstructive pulmonary disease management in the
Czech Republic is primarily provided at the secondary care level.
Unlike Western European countries, the majority of COPD
patients in the Central and Eastern Europe are managed by
respiratory specialists (Koblizek et al., 2014, 2017). General
practitioners (GPs) are the first port of contact for all COPD-risk
individuals in the Czech Republic but the COPD diagnosis
is almost exclusively confirmed by respiratory specialists.
Moreover, vast majority of COPD patients are subsequently
managed at respiratory outpatients (in the Czech Republic,
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there are 330 respiratory specialist outpatients per 10.6 million
inhabitants). In addition, it has been reported that A-ApplT
in COPD patients varies depending on a clinician’s speciality
and their experience (Bourbeau and Bartlett, 2008; Restrepo
et al., 2008). Speciality of a physician is also crucial in their own
ability to cope with an application technique and the quality of
education provided to patients (Melani et al,, 2011; Arora et al,,
2014). Consequently, our project involved respiratory physicians
only and did not include any GPs.
The primary objectives of this study were:

(1) To introduce a universal easy-to-use method and

(2) To assess the rate of adherence to an application
technique (A-ApplT) of chronic inhaled medications
used in patients with non-mild COPD in routine clinical
practice of respiratory physicians.

MATERIALS AND METHODS

Design and Participants

This study provided a baseline evaluation of adherence to an
application technique (A-ApplT) within the Czech Multicenter
Research Database of COPD (COPD CMRD) (Czech Multicenter
Research Database of COPD, 2018). CMRD is an ongoing
observational long-term prospective multicenter study with
the primary objective of investigating all-cause mortality in
patients with non-mild COPD in the Czech Republic, EU
(ClinicalTrials.gov NCT01923051: registered 14th August, 2013).
COPD patients were recruited to the CMRD from August 2013
to December 2016 by 14 outpatient secondary health care centers
providing respiratory physician-based care to patients with
COPD. Participation in the COPD CMRD was systematically
offered to all consecutive patients who met the inclusion criteria
and did not fulfill any exclusion criteria. The study was approved
by the Ethics Committee of the University Hospital in Brno (16th
January 2013) and then by the Institutional Review Boards and
Ethics Committees of all participating centers. Written informed
consent was required from all patients.

Inclusion criteria were: diagnosis of COPD, age > 18 years,
post-bronchodilator forced expiratory volume in 1s (FEV]) < 60
%, stable condition without exacerbations for at least 8 weeks
prior to enrolment and a home address in close proximity to
the research center. Patients were excluded on the grounds
of: cystic fibrosis, terminal stages of a malignancy, end-stage
COPD, uncooperative patient or bed-to-chair activity level.
Further details on the inclusion and exclusion criteria have been
published elsewhere (Novotna et al., 2014).

Within the CMRD study, A-ApplT evaluation was not
mandatory but it was highly recommended that this assessment
is conducted. Physical examinations, medical records, self-
administered instruments and interviews with patients were
used to assess socio-demographic and health characteristics
(Novotna et al., 2014).

Outcome Measure
To assess the A-ApplT, five consecutive steps to be followed
while using an inhalation system (inhaler) were observed as

summarized in Table 1. All types of inhalers currently authorized
and used in the treatment of COPD were evaluated (Laube et al.,
2011; Czech Multicenter Research Database of COPD, 2018).

The group of pressurized metered dose inhalers (pMDI group)
included three types of inhalers: traditional pMDI (aerosol),
EASI-BREATHE and RESPIMAT (soft mist inhaler, SMI). The
reasons to include SMI in the pMDI group were as follows: both
inhalers are non-DPIs, both require slow and deep breathing
in for at least 4 s. In addition, both types of inhalers are the
method of choice for patients with low inspiratory flow (Laube
et al,, 2011). The group of dry powder inhalers (DPI group)
comprised of six types of inhalers: HANDIHALER, AEROLIZER
(Spinhaler)/BREEZHALER, DISKUS, TURBUHALER
(Twisthaler), ELLIPTA, and GENUAIR.

Each patient was asked to carefully demonstrate the use of
a placebo inhaler. Patients treated with a combination therapy
with two or more different types of inhalers were asked to
demonstrate the use of each type. A-ApplT was evaluated
and recorded by a nurse under direct supervision (in the
same room) of a respiratory physician. The duration of the

TABLE 1 | Adherence to application technique (A-AppIT) — a brief description of
the five steps for the different groups of inhalation systems used in chronic COPD
patients (Five Steps Assessment). (http://chopn.registry.cz/index-en.php).

Step Group of inhalation systems

No.
Aerosol inhalers (pMDI Dry powder inhalers (DPI
group) group)
1 Getting the inhaler ready for use (different for different types
of inhalers)
Remove the mouthpiece cover Insert a capsule with dry fingers
from the inhaler, and hold the into the chamber (capsule
device upright. inhalers) and hold the device in
correct position
2 Handling the inhaler before use (different for different types
of inhalers)
Shake well. Press the piercing button(s),
prepare a dose of drug
(non-capsule inhalers).
3 Immediately before inhaling
Breathe out completely in one breath (full and slow exhalation).
Do not exhale into the device prior to actuating
4 Actual inhaling (different for different types of inhalation devices)
While breathing in slowly (4-6s)  Breathe in quickly and deeply.
and deeply through your
mouth, press down on the top
of the inhaler with your thumb
(press the button) to release
a puff
5 Immediately after inhaling

Take your inhaler device out of
your mouth, hold your breath
for several seconds and then
breathe out very slowly, away
from the inhaler.

Take your inhaler device out of
your mouth, hold your breath
for several seconds and then
breathe out very slowly, away
from the inhaler. Inhale twice to
empty the capsule completely,
close the mouthpiece and clean
as needed.
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assessment was up to 5 min in a patient who is treated with
2-3 inhalation systems. Rate of non-adherence to an inhaler was
expressed as errors (total score from 0 to 5) at each of the five
clearly defined steps (Five Steps Assessment) for each type of
an inhaler.

Each step was scored in a simple dichotomous manner:
performed correctly (=0) or incorrectly (=1), i.e., used or not used
in accordance with the respective manufacturer’s instructions
(Summary of Product Characteristics) and European Respiratory
Society recommendation (Laube et al., 2011; Czech Multicenter
Research Database of COPD, 2018).

Correct performance of the steps for all types of inhalers
is elaborated upon in detail in a brief manual available to
all participating medical staff (Czech Multicenter Research
Database of COPD, 2018). Moreover, all investigators (nurses
and respiratory physicians) were trained in the correct use of
the Five Steps Assessment before the start of the study (February
2013) and re-trained every year (during annual COPD CMRD
working meetings).

The Five Steps Assessment tool was validated by four
investigators (authors of this study) who independently scored
A-ApplIT in a sample of 18 COPD outpatients not included in
the present study. The level of agreement among the investigators
was pre-set to 90%. The differences in scores between the
investigators did not exceed 10% and divergence was always
minor in all the tested inhalers.

Statistical Analysis

Continuous parameters were described with valid N, mean
and median (5-95% quantile). Categorical parameters were
described with frequencies. Relative frequencies were calculated
from valid data. Statistical differences between groups in
categorical variables were tested using the Mann-Whitney U test.
Relationships between two categorical parameters were analyzed
with Fisher’s exact test. The data were analyzed using IBM
SPSS Statistics 24.0.0.0. The level of significance was pre-set
to a = 0.05.

RESULTS

Thirteen centers measured adherence to an application technique
(A-ApplT) and recruited 546 participants. This represents 69.6%
of all patients (N = 784) included in the COPD CMRD. The
ratio of participants to patients recruited in the COPD CMRD
varied from 21.4 to 100.0% per center. Socio-demographic and
main clinical characteristics of the participants are summarized
in Table 2.

The most frequently used inhalation systems (inhalers)
were traditional pMDIs and two types of DPIs: AEROLIZER
and HANDIHALER (Table 3). Majority of participants (88%)
used a combination of two or more inhalers. The most
commonly used dual combinations were: AEROLIZER
plus pMDI (N = 108; 20.2%) and RESPIMAT plus pMDI
(N = 22; 4.1%). The most common triple combinations were:
HANDIHALER plus AEROLIZER plus pMDI (N = 107;

20.0%) and HANDIHALER plus
(N =59;11.0%).

Only 164 (30.0%) participants adhered properly to each of the
five steps. Full adherence to each type of inhaler, (i.e., all steps
performed correctly) is shown in Figure 1.

For all types of inhalers, the highest rate of failure was
observed at the step No. 3 (failure to breathe out completely
in one breath immediately before inhalation of the drug).
The second most problematic step was the step No. 4 (actual

DISKUS plus pMDI

TABLE 2 | Socio-demographic and main clinical characteristics of the participants
(N = 546).

Basic demography
Age at entrance into the study in years mean; median N =546 67.0; 67.0
(6-95% quantile) (51.0-80.0)
Duration of COPD from first diagnosis to study (years) N=5198.2;6.6
mean; median (5-95% quantile) (0.5-22.3)
Men (%) 408 (75.0)
Education level: years spent in pre-graduate school N=51512.0;12.0
mean; median (5-95% quantile) (9.0-18.0)
Smoking status Ex-smokers (%) Non-smokers (%) 386 (71.0) 56 (10.0)
Current smokers (%) 104 (19.0)
BMI (kg/m?) mean; median (5-95% quantile) N =546 28.0; 27.0
(18.0-38.0)
Medical characteristics
Moderate and severe exacerbations* during the last N=5461.3;1.0
year mean; median (5-95% quantile) (0.0; 4.0)
Total number (%) of patients who experienced at least 296 (54.2)

one episode

FEV1 (% pred) mean; median (5-95% quantile) N =546 44.7: 45.7

(25.1-60.0)
<30 (% pred) 73 (13.4)
30-50 (% pred) 266 (48.7)
>50 (% pred) 207 (37.9)
FVC (% pred) N = 546 68.6; 67.9
(39.8-100.7)
FEV/FVC N=54605; 05
0.3-0.7)

BMI, body mass index; FEV;, forced expiratory volume in 1 s; FVC, forced
vital capacity. *deterioration of COPD symptoms which needs treatment with
antibiotics and/or corticosteroids (oral or intravenous) during out-patient (moderate)
or in-patient (severe) therapy.

TABLE 3| Inhalation systems used by study participants (N = 546).

Inhalation system Participants, N
(%)
Pressurized metered dose inhalers group (pMDI)
Traditional pMDI (aerosol) 455 (83.3)
RESPIMAT (soft mist inhaler) 73 (13.4)
EASI - BREATHE 2(0.4)
Dry powder inhalers group (DPI)
AEROLIZER/BREEZHALER 293 (63.7)
HANDIHALER 240 (43.9)
DISKUS 116 (21.2)
TURBUHALER 40 (7.3)
GENUAIR 21(3.8)
ELLIPTA 9(1.6)
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FIGURE 1 | Participants who performed all five steps of the application technique correctly (evaluated by the Five Steps Assessment; total N = 546 patients).
N = number of participants who used the particular inhalation system. Since the majority of participants were treated with a combination of systems, categories are
not mutually exclusive. pMDI, pressurized metered dose inhaler. Data for Ellipta and Easy-breathe are not shown, as these devices were used by a small number of
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FIGURE 2 | Participants who made error(s) in the application technique (evaluated by the Five Steps Assessment; total N = 546 patients). N = number of participants
who used the particular inhalation system. Since the majority of participants were treated with a combination of systems, categories are not mutually exclusive.
pMDI, pressurized metered dose inhaler. Data for Ellipta and Easy-breathe are not shown, as these devices were used by a small number of participants only (9
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inhalation). Erroneous steps for individual types of inhalers are
shown in Figure 2.

In patients who used at least one type from each of the two
groups of inhalers (DPI and pMDI, N = 408), the total number
of errors was similar. There was no significant difference between
the two groups when comparing the two most erroneous steps
(No. 3 and No. 4). Significant differences were observed at the
step No. 1 (5.9% in pMDI vs. 3.2% in DPI group, p = 0.035), and
the step No. 2 (9.3% vs. 3.7%, p < 0.001) only.

DISCUSSION

We have introduced a unique tool for evaluation of adherence
to an application technique (A-ApplT) applicable to all types
of currently available inhalation systems used in the COPD
population. Other studies assessing the A-ApplT (correctness of
inhalation) used various types of extensive checklists consisting
of a number of different steps relevant to a specific type
of inhaler (Molimard et al, 2003; Khassawneh et al., 2008;
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Rootmensen et al., 2010; Hammerlein et al., 2011; Melani et al.,
2011; Pothirat et al., 2015; Price et al., 2017). Our tool is very
simple and easy to use. Each step represents a generic type of
action, detailed performance of which is specific to the type of
inhaler (Table 1). The sequence of these steps is logical and
intuitive, allowing facile use in clinical practice and reducing
variability if assessed by different clinicians.

Optimal A-ApplT, ie., application without any error as
assessed by our Five Steps Assessment was observed in less
than one third (30%) of participants. Pothirat et al. involved a
population of COPD patients comparable to ours and identified
25% of patients performing without a critical error (Pothirat
et al., 2015). Arora et al. assessed an inhalation technique in
patients with asthma and COPD, who were notably younger than
our cohort, and found that 82% of participants made at least
one error (Arora et al., 2014). Evaluating inhalation techniques
in patients affected with asthma and COPD by means of
videotaped demonstrations, Rootmensen et al. (2010) concluded
that 60% performed all essential steps correctly. However, the
cohort of patients observed in the Rootmensen’s study differed
substantially from cohorts researched in other studies listed
above, including ours. Almost half of their population were
patients with asthma in whom bronchial obstruction is reversible
and thus patients might feel the effects of their inhalation therapy
immediately. Furthermore, their patients had considerably higher
mean FEV; (71% predicted) and this can aid the application.
On contrary, permanent lung hyperinflation associated with
COPD may have fundamental impact on the inhalation technique
(Laube et al., 2011).

Since there is no unanimous device to evaluate application
techniques, comparison between studies is rather onerous.
Nevertheless, available literature agrees on the most problematic
steps of application. These are common to pMDIs and DPIs and
include: breathing out completely before inhaling (corresponds
to our step No. 3), inhaling correctly (step No. 4) and holding
breath for several seconds and exhaling away from the inhaler
(step No. 5) (Lavorini et al., 2008; Rootmensen et al., 2010;
Hammerlein et al., 2011; Arora et al., 2014; Pothirat et al., 2015;
Dudvarski Ilic et al., 2016; Bartolo et al., 2017; Price et al., 2017).
These observations are in accordance with our findings.

It is clinically important that we observed similar frequency
of errors in both groups of inhalers (pMDI and DPI groups) in
patients using at least one type from each group. This finding
is in accordance with two large studies by Melani et al. (2004,
2011) conducted in routine clinical practice of chest clinics with
patients suffering mainly from asthma and COPD as well as with
a German study carried out in pharmacies (Hammerlein et al.,
2011). On the other hand, Pothirat et al. (2015) and Rootmensen
et al. (2010) observed significantly more errors in patients using
pMDIs. Molimard et al. (2003) and Khassawneh et al. (2008)
made the same conclusions when studying outpatients with
asthma and COPD in chest clinics. This may be associated with
the different types of inhalers used in the studied cohorts; e.g.,
single-dose DPIs (Handihaler, Aerolizer), predominant in our
study, might be a subject to more mishandlings than prefilled
DPIs (Rootmensen et al., 2010). Furthermore, patients who
switch to a new drug formulation (e.g., an inhaler recently
approved and introduced to the market) can be more able (and

willing) to adhere. Patients who are used to a certain type of
an inhaler might be less responsive to treatment changes and a
different application technique may be more difficult for them to
adopt. This could also explain better A-ApplT of GENUAIR.

Incorrect performance of steps No. 1 and No. 2 was
infrequent but significantly different between the pMDI and DPI
groups. Even though manipulation of single-dose DPIs could be
considered more difficult as it requires insertion of a capsule into
the inhaler, the pMDI group was associated with more step No. 1
errors. This is probably due to frequently observed inappropriate
grasp and positioning of the inhaler. The difference in error rate
at the step No. 2 is most likely due to the need to shake the pMDI
device. Patients might not consider this to be an important action
as the actuation of the device follows. Other authors who focussed
on pMDIs mishandling also showed that shaking of the device
is one of the most problematic steps (Hammerlein et al., 2011;
Pothirat et al., 2015; Bartolo et al., 2017).

No study participant used the spacer device as a tool to
facilitate inhalation. In the Czech Republic, spacer devices
are only used as an aid in end-stage patients and patients
with moderate or severe exacerbations. However, these patients
were excluded from the COPD CMRD (Novotna et al,, 2014).
Consequently, our cohort included patients with stabilized
COPD only, in whom spacers are not used.

When we observed and reviewed the A-ApplT, we noticed
that many patients breathe out insufficiently before breathing
in through the inhaler (step No. 3). In addition, patients were
frequently unable to correctly breathe in through the inhaler,
e.g., their breathing in was too short or too weak (step No. 4).
Therefore, it was necessary to provide patients with a training on
the correct application technique. However, it cannot be assumed
that all healthcare professionals are fully familiar with the
application techniques for the various inhalers. To support health
care professionals in their ability to train their patients, Murphy
(2019) developed the 7-Steps to Success Inhaler Reminder Cards.
We trained the participating respiratory physicians and nurses at
workshops during COPD CMRD annual meetings.

If an incorrect breathing pattern is present during inhalation,
respiratory physiotherapy techniques can be added to
comprehensive treatment. It is possible to use breathing
retraining, diaphragmatic breathing, respiratory muscle training,
pursed lip breathing and thoracic expansion exercises focused on
expansion of lower chest with the aim to improve chest mobility,
increase inspiratory and expiratory muscle strength and improve
patient’s control of breathing. It is also very important to
teach patients correct body positioning during an inhalation.
The patient should be in a comfortable well-supported sitting
position with his/her back straight and with relaxed upper chest
and shoulders (Pryor and Prasad, 2008).

Strengths
Our study is strong in its use of a large homogenous cohort of
patients with moderate to very severe COPD. All centers were
secondary care pulmonary outpatient clinics, i.e., the evaluation
of A-ApplT was conducted in a consistent manner by trained
respiratory nurses under direct supervision of physicians.
Furthermore, our study included all types of inhalers currently
used in COPD patients in the Czech Republic. In patients using
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more than one type of an inhaler, all inhalers were assessed. This
provided a comprehensive picture on the patient’s A-ApplT.

Limitations

Assessments performed within the COPD CMRD within
the COPD CMRD were categorized into mandatory and
recommended (non-mandatory) ones. The evaluation of
A-ApplT is recommended, not mandatory. Data on patients in
whom mandatory data were not obtained are considered invalid
and not included in analyses (Novotna et al., 2014). Patients who
refused participation in the study might be less motivated with
poorer health status compared to those who agreed to take part.
Therefore, even lower A-ApplT can be expected in the entire
real-life COPD population.

The assessment of A-ApplT was subjective, especially with
respect to the steps involving exhalation and inhalation.
In the absence of equipment to measure these objectively
in routine clinical practice, we attempted to minimize the
effect of subjectivity by providing unified training (and re-
training) in the application technique and handling of each
type of the inhaler to all participating nurses and physicians
before the study.

It is worth noting that not all inhaler mishandlings reduce
lung drug delivery or deposition. However, some of the errors
(e.g., failing to coordinate actuation with the start of inspiration
in pMDIs) could be critical (Fink and Rubin, 2005; Melani et al.,
2011; Price et al., 2017). We did not study clinical impact of the
different errors. Although some steps could be more important
than others, the main aim still is to manage the application
technique in its entirety.

Duration of inhaler use may also have an impact on A-ApplT
(Arora et al,, 2014). However, we did not measure this. We also
did not know how many times a patient was trained in the
application technique before entering the study. According to
the national COPD guidelines (Koblizek et al., 2013), education
should be a part of each patient visit but this is known not to
be observed in clinical practice. Patients are properly educated
only at the time of diagnosis, at the start of therapy or when
it is modified, or when there is worsening of their health
status. Finally, it has been suggested that the medication itself
could affect A-ApplT (Restrepo et al., 2008; Darba et al., 2015;
Koehorst-ter Huurne et al., 2016) but we did not focus on this
in our analysis.

CONCLUSION

In summary, we developed and validated a unique, easy-to-
use instrument, the Five Steps Assessment, which is applicable
for evaluation of A-ApplT of all currently available inhalation
systems. Our study has shown that the A-ApplT in patients with
non-mild COPD is inadequate; only one third of our participants
performed all five steps correctly. No significant differences were
found between the pMDI and DPI groups. The most problematic
steps were breathing out completely before inhalation (step No.
3) and actual inhalation (step No. 4). Therefore, application
technique should be repeatedly trained with a focus on the most

problematic steps. The training of correct application technique
should be performed by properly (re-)educated medical staff.
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3. ZAVER

Tato habilitani prace pojednava o dulezitosti stanoveni prognézy pacienta s CHOPN
a o metodach zlepSeni vysledkii 1éCby za pomoci respiracni fyzioterapie a zdokonaleni
inhala¢ni techniky. Souéasti je také Pozi¢ni dokument CPFS k 16¢bé stabilni faze CHOPN,
ktery je vysledkem mnohaleté prace expertni skupiny CPFS, jejimZ jsem &lenem.

V ramci stanoveni prognozy pacienta S CHOPN jsme prokazali, Ze zména klasifikace
CHOPN dle nov¢jsich systémi GOLD vedla ke ztrat€ intuitivnosti klasifikace, ktera nyni
vystihuje jiz pouze miru symptomu a vyskyt exacerbaci. Pouzivanim syst¢ému GOLD skupin
A-D nejvéEtsi ¢ast pacientll spada do skupiny B, kde u ¢asti pacient hrozi progrese nemoci,
vznik zaCarovaného kruhu exacerbaci a deteriorace stavu pacienta. Identifikace rizikovych
pacientil v tak velké skupin€ je klicem k zamezeni popsanych negativnich jevi. V nasi praci
jsme zjistili, Ze pacienti skupiny B maji pfi soucasné piitomnosti zavazné chronické
hypoxémie s PaO; <7,3 kPa vysoké riziko dlohodobé mortality. Pacienti s SpO2 <90% by tak
méli mit podstoupit vySetteni arteridlnich krevnich plynt.

Zkonstruovali jsme novy prognosticky index snazvem CADOT, ktery ma oproti
nejvice pouzivanym prognostickym indexim BODE a ADO vyssi prognostickou pfesnost
(vy$si hodnotu AUC) a lze ho pouzit i v situacich, kdy nelze provést 6-MWT (napft. absence
chodby s délkou 20-30m v ordinaci 1ékafe, pacient s pohybovym omezenim, po amputaci
dolni koncetiny a podobn¢). CADOT byl vedle BODE indexu doporucen k pouzivani
v rutinni klinické praxi i v Poziénim dokumentu CPFS k 1é¢bé stabilni faze CHOPN. Tento
dokument ustanovuje aktudlni rdmec doporucené péce o pacienty s CHOPN v ordinacich
pneumologii v Ceské republice. Dokument vychazi z moderniho konceptu stratifikované
klasifikace nemoci, kterd se nésledné odrazi i v lé¢ebném doporuceni. Nasi snahou bylo

definovat co nejvys$si miru personalizace 1écby na bézi fenotypt / 1é€itelnych rysti nemoci,
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které jsou u pacientli exprimovany s vysokou mirou variability a nesnesou tak simplexni
pausalizaci.

Jak jsem zminil v obecné casti (v ivodu) této prace, existuje jen malo typu 1écby
CHOPN, a to pouzitelnych jen ve pfesn¢ definovanych situacich, kdy ma lékar Sanci ovlivnit
(snizit) riziko mortality pacienta s CHOPN. Primarnim cilem farmakologické a
nefarmakologické 1€cby tak i nadale zlstdva zamezeni nebo sniZzeni vyskytu exacerbaci a
snaha o zmirnéni symptomu a zlepSeni kvality Zivota pacienta. V ramci snahy 0 optimalizaci
efektu farmakologické 1€Cby navrhujeme pouzivat tzv. ,,Five Steps Assessment* — jednoduchy
a univerzalni nastroj k ovéfeni miry kvality inhalacni / aplikacni techniky, ktery ale miize
slouzit i jako edukacni nastroj pro pacienta 1 jeho oSetfujici personal. V této praci jsme
zaroven zjistili, ze jen 30% pacienti s CHOPN v nasi kohorté¢ provedlo vSech 5 krokl
aplikacni techniky spravné.

V poslednim ¢lanku navrhujeme protokol malé randomizované studie, kterd ma najit
odpovéd’ na otdzku, zda TIRE miize byt u¢innéj$i metodou nacviku respira¢niho svalstva nez
konven¢ni IMT tréning pomoci IMT Thresholdu. Respira¢ni fyzioterapie ma zésadni vyznam
pro zlepSeni: kondice a vykonnosti pacienta, mechaniky dychani, ventila¢nich i respiracnich
funkci. Na stran¢ pacienta dochazi ke zmirnéni subjektivnich symptomi a zlepSeni kvality
Zivota.

Nase prace piispéli k hlubSimu poznani rizikovych faktori mortality u pacientl
S CHOPN a dokladaji vyznam spravné aplika¢ni techniky inhala¢ni 1écby 1 respiracni

fyzioterapie jako duleZitych slozek péce o pacienty s CHOPN.
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5. ABECEDNI SEZNAM POUZITYCH ZKRATEK

Al1AT — alfal-antitrypsin

ACO — Asthma / COPD Overlap

ADO - Age, Dyspnoea (MMRC score), Obstruction (FEV1)

AUC — Area Under Curve

BODE - BMI, Obstruction (FEV1), Dyspnoea (MMRC score), Exercise capacity (6-MWT)
BODEXx — BMI, Obstruction (FEV1), Dyspnoea (MMRC score), Exacerbation

BCO - Bronchiectases / COPD Overlap

BLVR - Bronchoscopic Lung Volume Reduction

BMI — Body Mass Index

CADOT - Chronic heart failure, Age, Dyspnoea (MMRC score), Obstruction (FEV1), TLco
CAT — COPD Assessment Test

CO — Carbon Dioxide

CODEX — Comorbidity, Obstruction (FEV1), Dyspnoea (nMRC score), Exacerbation
COTE — COPD specific comorbidity test

COVID-19 — nemoc zpiisobena virem SARS-CoV-2

CT — Computed Tomography

CPFS — Ceska Pneumologicka a Ftizeologicka Spole¢nost

DDOT - douhodoba doméaci oxygenoterapie

DPI — Dry Powder Inhaler

EKG - elektrokardiogram

FeNO - fraction of exhaled nitric oxide

FEV1 — usilovné vydechnuty objem za prvni sekundu vydechu

FVC — usilovna vitalni kapacita

GesEPOC — Spanélska guidelines pro 1é¢bu CHOPN
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GOLD - Global Initiative for Chronic Obstructive Lung Disease

HIV — virus lidské imunitni nedostate¢nosti
HR — hazard ratio
CHOPN - chronicka obstruk¢éni plicni nemoc

CHSS — chronické srde¢ni selhani

IKS/LABA - fixni kombinace inhala¢nich kortikosteroidi a dlouhodobé pusobicich betas-

sympatomimetik

IKS/LAMA/LABA - fixni kombinace inhala¢nich kortikosteroidt, dlouhodobé pusobicich

parasympatolytik a dlouhodobé puisobicich betaz-sympatomimetik

ID — inspiratory duration

IMT — inspiratory muscle training

Kco — transfer koeficient pro oxid uhelnaty

LVRS - lung volume reduction surgery

MIP — maximal inspiratory pressure

MMRC — modified Medical Research Council skore
MZCR — Ministerstvo zdravotnictvi Ceské republiky
NIV — neinvazivni ventilace

NYHA — New York Heart Association

PaCOz — parcidlni tlak oxidu uhli¢itého v arterialni krvi
PaOz — parcidlni tlak kysliku v arterialni krvi

pMDI — pressurized Metered-Dose Inhaler

ROC — Receiver Operating Characteristic

RV — Residual VVolume

SD — Standard Deviation

SGRQ - St. George’s Respiratory Questionnaire
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SMIP — sustained maximal inspiratory pressure

SpO2 — periferni saturace hemoglobinu kyslikem

TIRE - test of incremental respiratory endurance

TLC — celkova kapacita plic

TLco — difuzni kapacita plic pro oxid uhelnaty

UZIS - Ustav zdravotnickych informaci a statistiky Ceské republiky
6-MWT — Sestiminutovy test chlizi

95%CI — 95-procentni interval spolehlivosti
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