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Abstrakt

S rozvojem diagnostiky a celého oboru somnologie byla v 70. letech 20. stoleti mezi
poruchami spanku a bdéni vymezena diagn6za spankové apnoe. Obstrukéni spankova apnoe
je jejim nejcastéjSim typem s nejvyssi prevalenci, postihuje az 1/3 dospélé populace.
Onemocnéni je charakterizovano obstrukci hornich cest dychacich ve spanku, ktera vede ke
vzniku apnoickych pauz. Koneénym dusledkem je vznik fady komorbidit piedevSim
kardiovaskularniho systému. Mezi dosud ne zcela objasnéné patofyziologické mechanizmy
patii oxidativni stres, zanétlivé procesy, endotelidlni dysfunkce a dal§i. Diagnostika je
multioborova, zahrnuje otorinolaryngologické vysetieni hornich cest dychacich a spankovou
monitoraci, kterd je nadro¢na na technické vybaveni, ¢as i zkuSenosti. Terapie je pievazné
konzervativni, zahrnuje rezimova opatieni, redukci nadvéhy a lécbu trvalym pietlakem.
Chirurgicka terapie spo¢iva v anatomickém rozsifeni nebo odstranéni obstrukce na riznych
urovnich hornich cest dychacich.

Nérocnost diagnostiky podnitila hledéni alternativnich diagnostickych metod, které by
mohly slouZit ke screeningu tohoto onemocnéni nebo sledovani efektu 1é€by. Jednou
zmoznosti je nalezeni dostatecné senzitivniho i1 specifického biomarkeru. V souladu
s patofyziologii byly zkoumany biochemické biomarkery asociované s oxidativnim stresem,
metabolismem, zanétem, endotelidlni dysfunkci ¢i srdeénim poSkozenim. Nové
zkoumanymi biomarkery jsou molekuly mikroRNA cirkulujici v periferni krvi, které hraji
klicovou roli v mnoha biologickych regula¢nich mechanizmech.

Cilem prace bylo zjistit vztah hladin vybranych biomarkera (C-reaktivni protein, pentraxin-
3, high-sensitivity troponin I a mikroRNA-499) k obezité, pohlavi a véku u pacientti
s obstruk¢éni spankovou apnoe. Monocentrickd retrospektivni analyticka studie zahrnovala
130 nemocnych s obstrukéni spankovou apnoe diagnostikovanou polysomnografii nebo
limitovanou polygrafii, kontrolni skupinu piedstavovalo 81 zdravych osob. Hladiny
biomarkert byly analyzovany standardnimi laboratornimi metodami ze vzorkli odebranych
z periferni krve a nésledné statisticky vyhodnoceny. Analyza prokdzala zavislost hladiny
high-sensitivity troponinu I na pohlavi, mife obezity i véku a zavislost C-reaktivniho
proteinu na mife obezity. Pentraxin-3 1 mikroRNA-499 byly na vSech zkoumanych
proménnych nezavislé. Ze zkoumanych biomarkert se jako nejperspektivnéj$i pro
potencialni klinické vyuziti jevi pentraxin-3, fazeny mezi biomarkery asociované se
zanétem. Nami prokazana nezavislost jeho hladin na pohlavi, véku i mife obezity je pro praxi
podstatnym zjiSténim.



Abstract

With the development of diagnostics and the whole field of somnology in the 1970s, the
diagnosis of sleep apnea was defined among sleep disorders. Obstructive sleep apnea is its
most common type with the highest prevalence, affecting up to 1/3 of the adult population.
The disease is characterized by obstruction of the upper airways during sleep, leading to
apneic pauses. The final consequence is the development of a number of comorbidities
mainly of the cardiovascular system. Not yet fully clarified pathophysiological mechanisms
include oxidative stress, inflammatory processes, endothelial dysfunction and others.
Diagnosis is multidisciplinary, involving otorhinolaryngological examination of the upper
respiratory tract and sleep monitoring, which is demanding in terms of technical equipment,
time and experience. Therapy is predominantly conservative, involving lifestyle measures,
weight reduction and continuous positive airway pressure therapy. Surgical therapy consists
of anatomical widening or removal of the obstruction at various levels of the upper airway.

The difficulty of diagnosis has encouraged the search for alternative diagnostic methods that
could be used for screening the disease or monitoring the effect of treatment. One possibility
is to find a sufficiently sensitive and specific biomarker. Corresponding to the
pathophysiology, biochemical biomarkers associated with oxidative stress, metabolism,
inflammation, endothelial dysfunction or cardiac damage have been investigated. Newly
investigated biomarkers are microRNA molecules circulating in peripheral blood, which
play a key role in many biological regulatory mechanisms.

The aim of this study was to investigate the relationship of the plasma levels of selected
biomarkers (C-reactive protein, pentraxin-3, high-sensitivity troponin I and microRNA-499)
with obesity, gender and age in patients with obstructive sleep apnea. The monocentric
retrospective analytical study included 130 patients with obstructive sleep apnea diagnosed
by polysomnography or limited polygraphy, the control group consisted of 81 healthy
subjects. Biomarker levels were analyzed by standard laboratory methods from samples
collected from peripheral blood and then statistically evaluated. The analysis showed the
relationship of high-sensitivity troponin I levels with gender, obesity level and age, and the
dependence of C-reactive protein on obesity level. Pentraxin-3 and microRNA-499 were
independent of all variables examined. Among the biomarkers investigated, pentraxin-3,
classified as an inflammation-associated biomarker, appears to be the most promising for
potential clinical use. Our demonstration of its independence of gender, age and obesity level
is a significant finding for practice.
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I. Inovativni postupy v diagnostice spankové apnoe — teoreticka ¢ast
1 Poruchy dychani ve spanku

1.1 Historické souvislosti

Spanek je diilezitou soucasti lidského zivota. Prestoze ¢lovéka fascinoval od starovéku, blize
zacal byt védecky studovén az ve 20. stoleti. Umoznilo to nékolik vyznamnych védeckych
objevll (viz obrazek 1.1). Koncem dvacétych let 20. stoleti némecky psychiatr a neurolog
Hans Berger provedl prvni uspé$ny elektroencefalograficky zdznam a je tak povazovan za
vynalezce EEG [Berger 1929]. K Sir§imu vyuziti EEG vSak doslo az koncem 30. let.

Zacatkem 50. let americti fyziologové Kleitman, Aserinsky a Dement poprvé pozorovali a
studovali rychlé pohyby o¢i béhem spanku i jejich korelaci se specifickou aktivitou na EEG.
Nasledné publikovali praci, kde v podstaté definovali fzi spaAnku REM i jeji ndzev, ktery se
pouziva dosud [Aserinsky a Kleitman 1953]. Praci dale rozsitovali a stanovili tak i rozdéleni
NREM spanku na nekolik stadii. Poté ve druhé poloving 20. stoleti doslo ve spankové
medicing k vyraznému rozvoji vyzkumu.

Dal$im milnikem v oblasti diagnostiky bylo v priabéhu 60. let postupné zavedeni a
zdokonaleni polysomnografie (PSG), kterd umoznila hlubsi zkoumani onemocnéni
spojenych s poruchami spanku a bdéni, objev mnozstvi dosud nepoznanych nozologickych
jednotek a v neposledni fadé také stanoveni presnéjSich kritérii jednotlivych fazi spanku
[Deak a Epstein 2009].

Ptestoze byly poruchy dychani ve spanku popsany jiz v 19. stoleti, teprve v 70. letech 20.
stoleti doSlo k rozvoji diagnostiky a k vymezeni spankové apnoe jako samostatné diagndzy.
Prognézu, danou zejména zavaznosti kardiovaskularnich komplikaci, zdsadné zménil objev
australského 1ékatfe Colina Sullivana v roce 1981, ktery pouzil 1écbu trvalym pietlakem
v dychacich cestach (CPAP) [Sullivan et al. 1981]. Ve stejném roce Fujita publikoval pouZiti
uvulopalatofaryngoplastiky (UPPP) jako jednoho ze zékladnich opera¢nich vykont v 1é€bé
obstrukéni spankové apnoe (OSA) [Fujita et al. 1981]. Spankova medicina se tim stava
multidisciplindrnim oborem. Ten tim jiz neni v poli piisobnosti jen neurologli a psychiatrd,
ale postupné i pneumologi, otorinolaryngologt, stomatologii a dalSich odbornosti.

Dominantni osobnosti ¢eské spankové mediciny byl doc. MUDr. Bedfich Roth, DrSc., ktery
jako prvni zacal systematicky vySetfovat pacienty s nadmérnou denni spavosti. Stal také u
zrodu spankové laboratofe na pid¢ VSeobecné fakultni nemocnice v Praze na pfelomu 50. a
60. let 20. stoleti, kterd byla prvni svého druhu ve stfedni a vychodni Evropé [Broughton a
Chadwick 2020]. Od té doby prosla spankova medicina v Cesku vyznamnym vyvojem,
vzniklo mnoho center pro monitoraci poruch spanku s modernim pfistrojovym vybavenim a



diagnostickymi i terapeutickymi moznostmi. Vyznamnymi osobnostmi pozd¢jsi doby jsou
prof. Neviimalova a prof. Sonka. V roce 2001 byla zaloZena Ceska spole&nost pro vyzkum
spanku a spankovou medicinu [Sonka a Nev§imalova 2011].

EEG Berger

REM a NREM Aserinsky a Kleitman

50.léta 11*/

. 60.1éta |

11981 l/
1981

Obrazek 1.1 - Historické milniky spankové mediciny

1.2 Fyziologie spanku

Spanek je charakterizovany jako periodicky se opakujici reverzibilni klidovy stav
organizmu, pti kterém dochazi k utlumu mozkové¢ aktivity, vyraznému snizeni reaktivity na
okolni prostfedi, snizeni pohybov¢ aktivity, mensi produkci télesného tepla. Dochazi pti ném
k typickym zméndm mozkové aktivity, které jsou registrovatelné elektroencefalograficky
(EEG). Prestoze vyznam spanku neni dosud jednoznac¢né objasnén, je nezpochybnitelné
dualezitou fyziologickou funkci nejen lidského organizmu [Chokroverty 2010]. M4 vyznam
pro obnovu kognitivnich funkci mozku, ukladani a upeviiovani pamétovych stop,
odstranovani kataboliti mozkového metabolismu i pro fizeni dalSich télesnych funkci.

Biorytmus ¢lovéka je cirkadidnni, odpovida tedy piiblizn¢ 24hodinové period¢ jednoho dne.
Spanek tvofti asi jednu tfetinu z tohoto ¢asu. Jeho potieba je vSak zna¢né individualni a také
zéavisla na veéku. Optimalni doba spanku pro novorozence a kojence je asi 15 hodin, pro
dospélého asi 8 hodin [Jenni a Carskadon 2007]. V moderni dob¢ piedevs§im v rozvinutych
zemich dochdzi ke zkraceni primérné doby spanku, coz ptispiva ke spankové deprivaci.
Nedostatek spanku ma vyrazné negativni vliv na mnoho funkci lidského organizmu.
Narusena je celkova psychomotorickd vykonnost, odolnost vii¢i stresoriim klesa,
emociondlni nestabilita je zvySend, dochdzi ke zméndm nalady, zhorSeni paméti a
pozornosti. Riizné urovné fizeni organizmu mozkem (termoregulace apod.) jsou naruSené
[Reynolds a Banks 2010]. Pt1 vétsi spankové deprivaci mize dojit k vyskytu neurologickych
(tremor, nystagmus) 1 psychotickych ptiznak.

Zékladnimi stavy organizmu jsou bdélost a spanek. Spanek se sklad4 ze dvou zakladnich
fazi, NREM a REM, kter¢ se v pravidelnych cyklech stiidaji. Jeden cyklus trva asi 90 minut,
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podil obou fazi spanku je v jeho prubéhu proménlivy, REM faze je zpocatku zastoupena
méng, postupné se podil fazi vyrovnéava. Pro jednotlivé faze spanku je charakteristicka rizna
aktivita mozkové kiry i odliSna regulace svalového napéti.

NREM spanek tvoti asi 80 % doby spanku a je dale délen na 3 stadia. Stadiem N1 spanek
zacina, probuditelnost cloveka je velmi snadna, v obvyklych podminkéch je jeho trvani
v fadu minut, poté prechazi do staddia N2. Toto stddium spanku je hlubsi, probuditelnost je

vvvvvv

vvvvvv

kratce trvajicim piechodu zpét do stadia N2 spanek prechdzi do REM faze.

REM faze tvoti asi 20 % doby spanku dospélého ¢loveka. Jak jiz vyplyva z jejiho ndzvu, je
charakteristickd rychlymi pohyby ocnich bulbl. Mozkova aktivita je podobna jako pfti
bdé¢losti, v EEG obraze je patrna desynchronizace, je pfitomna atonie kosterniho svalstva
s vyjimkou okohybnych a nékolika dalSich svali (napt. svaly stfedousi, branice). Kromé
toho dochazi k dal$im projeviim, jako jsou kolisani krevniho tlaku, pulzu, respiracni
frekvence, drobné zaSkuby obli¢ejovych svalt, svalll jazyka ¢i sttedousi.

Jednotlivé faze spanku a stddia NREM spanku jsou od sebe navzajem odliSitelné zejména
elektroencefalograficky. Pohyby oc¢nich bulbli je mozné registrovat pomoci
elektrookulografie (EOG), obdobné lze vyuzit elektromyografii (EMG) ke sledovani pohybti
dalsich svalt. Bliz$i charakteristika stadii spanku vcetné charakteristiky nalezii na EEG je
shrnuta v tabulce 1.1.

Tabulka 1.1 — Stadia spanku a jejich charakteristika
Stadium spanku  Trvani Podil na dobé spanku  EEG aktivita

N1 Theta viny
60 -90 . .y
NREM N2 : 80 % K-komplexy, spankova vietena
min
N3 Delta viny
REM 5-25min 20% Desynchronizovana

Regulace spanku, tedy stfidani cykld spanku a bdélosti, je slozity proces. Podstatou
zakladniho modelu fizeni spanku je integrace dvou procesi — cirkadidnniho rytmu a
tendence spat vznikajici trvanim ptredchozi bdélosti [Borbély 1982]. Cirkadianni rytmus je
fizen hypothalamem, konkrétné jeho suprachiasmatickym jadrem. Tento ,,biologicky
pacemaker* ¢i synchronizator je ovlivilovan mnoha faktory, z nichz nejdulezitejsi je denni
svétlo. Uplatnuji se zde podnéty znervovych drah ze sitnice a zpétnovazebné hormon
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melatonin, tzv. hormon spanku, produkovany epifyzou. Ten dosahuje nejvétSich hladin
v dobé nejmensiho mnozstvi svétla v okolnim prostiedi, za svétla naopak jeho produkce
klesa. Kromé toho je hypothalamus pod vlivem dalSich neurotransmitert (serotonin, GABA
aj.) a aktivacnich 1 inhibi¢nich nervovych drah (napf. ascendentni aktivaéni systém
retikularni formace) [Nitz a Siegel 1996].

1.3 Poruchy spanku

S rozvojem oboru somnologie v priibéhu 20. stoleti, pokrokem v poznani patofyziologie a
vyvojem v oblasti diagnostickych metod, zejména polysomnografie, postupné nutné doslo
ke vzniku klasifikace poruch spanku a bdéni. Ta od své prvni verze proSla mnoha zménami
a aktualizacemi. V sou€asné dobé je vyuzivana Mezindrodni klasifikace poruch spanku a
bdéni - ICSD-3 (International Classification od Sleep Disorders) z roku 2014.

ICSD-3 Kklasifikuje poruchy do 6 kategorii a dvou apendixd, které shrnuje tabulka 1.2
[AASM 2014]. Prestoze klasifikace byla (a je) stile pfepracovavana, stale se jedna o
heterogenni skupinu onemocnéni, kde nékteré poruchy spanku mohou koexistovat nebo se
vzajemné piekryvat.

Tabulka 1.2 — Klasifikace porucha spanku a bdéni podle ICSD-3

1. Insomnie

Poruchy dychéni ve spanku

Centralni poruchy s hypersomnii

Poruchy cirkadianniho rytmu

Parasomnie

S I - .

Poruchy pohybu spojené se spankem

Appendix A — Onemocnéni a neurologické poruchy spojené se spankem

Appendix B — Koédovani MKN 10 pro poruchy spanku zptisobené latkami

Insomnie je definovana subjektivnimi potizemi pacienta jako obecné problémy se spankem,
obtiznym usinanim nebo ¢asnym buzenim [Roth 2019]. Podle délky trvani ptiznakl
klasifikace vymezuje chronickou a kratkodobou insomnii, které maji pfesné vymezena
diagnostickd kritéria. Insomnie, ktera nesplituje dana kritéria, je fazena do kategorie
ostatnich. Specifickym bodem v klasifikaci je insomnie jako izolovany symptom.

Poruchy dychani ve spanku zahrnuji 5 zékladnich jednotek. Obstrukéni spankova apnoe,

centralni spankova apnoe, hypoventilacni poruchy spojené se spankem, hypoxemické
poruchy spojené se spankem a izolované symptomy a varianty normy (vcetné ronchopatie —
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chrapani). Jejich spolecnym jmenovatelem je omezeni nebo zastava dechové aktivity ve
spanku. Vzhledem k tématu prace budou tyto bliZe specifikovany v nasledujicich kapitolach.

Centralni poruchy s hypersomnii jsou heterogenni skupinou charakterizovanou zvysenou
denni spavosti i pies normalni kvalitu a rytmicitu spanku (viz tabulka 1.3). Patii sem
napiiklad narkolepsie, tj. zachvatovité a neovladatelné usinani béhem dne trvajici vétSinou
nékolik minut. Podle pfitomnosti nebo neptitomnosti ztraty svalového tonu je délena na typ
1 a typ 2 [Khan a Trotti 2015]. Dal§imi zastupci této skupiny jsou idiopaticka hypersomnie
nebo hypersomnie spojené sjinym onemocnénim — psychiatrickymi poruchami,
neurologickym ¢i metabolickym onemocnénim, nadory a pourazovymi stavy CNS.

Tabulka 1.3 - Centralni poruchy s hypersomnii

[

. Narkolepsie typ 1

Narkolepsie typ 2

Idiopatickd hypersomnie

Klein-Levintiv syndrom

Hypersomnie zplisobena jinym onemocnénim

Hypersomnie zptusobena Iéky nebo jinymi latkami

Hypersomnie spojena s psychickou poruchou

Syndrom nedostatecného spanku

B > B 2 I > .

Izolované sympatomy a varianty normy

Poruchy cirkadianniho rytmu zahrnuji 6 specifickych poruch (viz tabulka 1.4). Je pro né
spoleny bud’ nesoulad mezi vnitinim cirkadidnnim rytmem a zevnim prostfedim,
tedy pravidelnym stfidanim svétla a tmy pod vlivem astronomického €asu, nebo primarni
porucha endogenniho cirkadidnniho rytmu sama o sobé& (viz vyse fyziologie spanku). Mezi
jednotlivé poruchy patii napt. porucha zpozdéné faze, typicka pro dospivajici jedince, kdy
dochdzi k pozd&jsimu usinani i buzeni. Jejim protikladem je porucha piedsunuté faze typicka
pro star$i osoby. Dal§im ptikladem je jet lag syndrom spojeny s rychlou zménou ¢asovych
pasem béhem delSich leti. Kromé& n¢j musi vSechny poruchy této skupiny spliiovat
podminku trvani minimalné 3 mésice [Thorpy 2015].
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Tabulka 1.4 - Poruchy cirkadidanniho rytmu

1. Porucha zpozdéné faze

Porucha ptedsunuté faze

Porucha s nepravidelnym rytmem spanku a bdéni

Porucha s jinym nez 24hodinovym cyklem

Porucha spojena se sménnym provozem

Jet lag syndrom

B - I - .

Porucha cirkadianniho rytmu nespecifikovana

Parasomnie jsou stavy abnormalniho chovani a vnimani béhem spanku. Mozné projevy jsou
znacné rozdilné, mize se jednat o komplexni mimovolni jednani, slozité pohyby, nejrizné;si
psychické prozitky, vegetativni ptiznaky. Zakladni d€leni je podle vazby na stadium spanku.
OdliSujeme parasomnie spojené¢ s REM spankem, s NREM spankem a ostatni [Howell
2012]. Do prvni kategorie fadime napt. spankovou obrnu. Jedna se o benigni onemocnénti,
které¢ se projevuje nekolik sekund az minut trvajicim stavem atonie kosterniho svalstva
behem probouzeni nebo usindni, tedy pii plném védomi. Parasomnie v REM spanku vSak
mohou byt 1 sekundéarni, objevujici se napt. pii Parkinsonové chorobé. NejznameéjSimi
zastupci poruch v NREM spanku jsou somnambulismus (ndmésicnictvi) a pavor nocturnus
(no¢ni désy). Castgji se vyskytuji v détském véku.

Ptehled poruch pohybu spojenych se spankem poskytuje tabulka 1.5. Motorické projevy,
které tyto poruchy charakterizuji, jsou na rozdil od motorickych projevl pii parasomniich
méné¢ komplexni, jednoduché, nejsou spojeny s jinymi projevy ¢i poruchami vnimani.
Specifickym a nejzndméjsim zéastupcem této skupiny je syndrom neklidnych nohou, ktery
se projevuje neklidem a nepifijemnymi pocity v dolnich koncetinach, typicky v klidu pied
usnutim. Usinani, a tim i dal$i kvalita zivota pacienta mohou byt vyrazné naruSeny.
Prevalence onemocnéni je vysoka, az 10 % populace, nicméné tato porucha je Casto
nediagnostikovana [Ekbom a Ulfberg 2009]. Vyskytuje se v idiopatické i sekundarni forme
(sideropenie, t€hotenstvi).

Komentar k onemocnénim a neurologickym porucham spojenych se spankem a specifika
kédovani dle MKN (appendixy A a B dle ICSD-3) ptesahuje ramec této kapitoly.
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Tabulka 1.5 - Poruchy pohybu spojen¢ se spankem
1. Syndrom neklidnych nohou

Porucha s periodickymi pohyby koncetin

Kfece dolnich koncetin ve spanku

Bruxizmus ve spanku

Benigni myoklonus ve spanku v détském véku

Propriospinalni myoklonus spojeny s usinanim

Porucha pohybu spojené se spankem zptsobend jinym onemocnénim

2
3
4
5. Rytmické pohyby ve spanku
6
7
8
9

Porucha pohybu spojena se spankem zptisobena léky nebo jinymi latkami

10. Izolované symptomy a varianty normy

1.4 Regulace dychani

Dychani je jednou ze zakladnich zivotnich funkci lidského organizmu. Vymeéna dychacich
plynt, kysliku (O2) a oxidu uhli¢itého (CO2), mezi vnéjsim prostiedim a lidskym télem
umoznuje fungovani vSech metabolickych procesii. Regulace dychani probiha na dvou
urovnich. Zékladem je dychéani autonomni, mimovolni, v bdélém stavu se uplatiiuje i volni
regulace.

Respira¢ni centrum se nachazi v mozkovém kmeni. Vlastnim generatorem dechového
automatismu je komplex neuronti v prodlouzené mise, dalsi specificka respiracni centra
zajiStuji adekvatni aktivaci dychacich svald, frekvenci i hloubku nadechu a vydechu. Jejich
aktivita je modulovana signaly pochazejicimi z receptord. Jedna se jak o mechanoreceptory
v plicich, tak o chemoreceptory. Periferni chemoreceptory nachdzejici se v glomus
caroticum a aorticum reaguji na zmény pH a parcidlniho tlaku O2 a CO2 v krvi.
Chemoreceptory centralni jsou ulozeny ve ventralni ¢asti prodlouzené michy a reaguji na
zmény parcidlniho tlaku CO2. Volni dychani je zprostiedkovano povely z mozkové kiry
vedenymi prostiednictvim kortikospinalni drahy. Je tak mozné védomé ovlivnit frekvenci a
hloubku dychani, ptizptsobit dech pti fe¢i ¢i zpévu nebo dech védomé zadrzet (potapéni,
btisni lis).

Béhem spanku se volni regulace dychani neuplatiuje, respira¢ni centrum mozkového kmene
zde mé klicovou roli. K integraci vSech procesti v téle spojenych se spankem piispiva
retikularni formace - neurondlni sit’ nachazejici se v mozkovém kmeni, mezimozku a
sttednim mozku. Dychani ve spanku je mél¢i, je snizend dechova frekvence a predevsim
dechové objemy. To je dano niz$i aktivitou dychacich svali a celkovym snizenim
nervosvalové aktivity, coz se projevi snizenim tonu svalll dilatujicich oblast orofaryngu.
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Dochazi také k poklesu reflexni odpovédi chemoreceptor na hypoxii a hyperkapnii. Tyto
zmény jsou vice vyjadieny v REM fazi. Pii ni také dochazi k nepravidelnému dychani
zpisobenému naruSenim funkce kmenového respiracniho centra intermitentnimi povely
z mozkové kiiry [Peever a Fuller 2017]. Pfi dychani ve spanku se uplatiuji i dilezité
protektivni mechanizmy, jako je napi. apnoicky reflex. Ten je vyvolany inhalaci drazdivych
latek (kout, chemikalie) a zabranuje jejich dalSimu priniku do plic. Toho je docileno
kombinaci Utlumu aktivity inspira¢nich svall, bronchokonstrikci, uzavienim dychaci
Stérbiny, vasokonstrikei a bradykardii. Lisi se tak od laryngealniho reflexu, ktery v bdélém
stavu vyvolava kasel [Dedhia et al. 2014].

1.5 Kiasifikace poruch dychani ve spanku

Tabulka 1.6 podava uplny piehled poruch dychéani ve spanku podle ICSD-3 [AASM 2014].
Vzhledem k tématu této prace je nasledujici oddil zaméfen na spankovou apnoe.
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Tabulka 1.6 - Klasifikace poruch dychani ve spanku

Obstrukéni spankova apnoe

1.
2.

OSA, dosp¢la
OSA, détska

Centralni spankova apnoe

1.

2
3
4
5.
6
7
8

CSA s Cheyne-Stokesovych dychanim

. CSA u jinych onemocnéni bez Cheyne-Stokesova dychani
. CSA zpisobena periodickym dychanim ve vysoké nadmoiské vysce

. CSA zptisobena léky nebo jinymi latkami

Primarni CSA

. Primarni CSA v détském véku
. Primarni CSA u pfed¢asné narozenych déti

. CSA zpisobena 1écbou

Hypoventila¢ni poruchy spojené se spankem

1.

2
3
4,
5
6

Syndrom hypoventilace pii obezité
Syndrom vrozené centralni alveolarni hypoventilace
Centralni hypoventilace s pozdnim zacatkem a dysfunkci hypotalamu

Idiopaticka centralni alveolarni hypoventilace

. Hypoventilace spojené se spankem zptsobend léky nebo jinymi latkami

. Hypoventilace spojena se spankem zptisobena jinym onemocnénim

Hypoxemické poruchy spojené se spankem

1.

Hypoxemie spojena se spankem

Izolované symptomy a varianty normy

1.
2.

Ronchopatie — chrapani

Katarhenie
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2 Spankova apnoe

2.1 Anatomie hornich cest dychacich

Horni cesty dychaci (HCD) zahrnuji nosni dutinu, nosohltan, Gstni ¢ast hltanu a
supraglotickou ¢ast hrtanu. VSechny jejich ¢asti se vice ¢i méné podileji na vzniku ¢astecné
nebo Uplné obstrukce dychacich cest, kterd hraje zasadni roli v patofyziologii (obstrukéni)
spankové apnoe. Zasadni je zde predevsim tendence tkani ke kolapsu a tim vzniku obstrukce.

Nosni dutina

Jedna se o parovou dutinu rozdélenou nosni ptepazkou na dvé poloviny. Lateraln¢€ od nosni
dutiny se nachazeji o¢nice. Vpredu je ohrani¢ena nosnim vchodem, vzadu jeji hranici proti
nosohltanu tvofi choany. Od dutiny ustni ji vespod oddéluje tvrdé a mekké patro, jeji strop
je tvoren spodinou piedni jamy lebni.

Nosni piepazka, septum nasi, tvoii medidlni sténu nosni dutiny. Jeji pfedni Cast je
chrupavcita, zadni je tvofena kostmi - vomerem a ¢asti kosti ¢ichové. Laterdlni sténa nosni
dutiny je kosténa a poskytuje ji tak oporu vici kolapsu. Medialnim smérem do nosni dutiny
z ni odstupuji tfi nosni skofepy. Jejich podklad je kostény, horni a stfedni skofepa jsou
soucasti ¢ichové kosti, dolni skofepa je tvofena samostatnou kosti. Rozdéluji nosni dutinu
dale na jednotlivé pruchody. Horni nosni prichod se nachazi pod horni skotfepou, stiedni
prachod pod stiedni a dolni prichod pod dolni skofepou. Mezi medialnim okrajem skotep a
nosni prepazkou se nachazi spole¢ny nosni prichod. Dolni nosni prichod je pro vznik
obstrukce nosni dutiny nejvyznamngéjsi. Schéma nosni dutiny je zobrazeno na obrazku 2.1.

Mozek
Horni nosni prichod b VA e«——1 Ocnice
Stfedni nosni priachod O Horni nosni skorepa
Nosni prepazka Sttedni nosni skorepa
Dolni nosni prichod Dolni nosni skofepa

/-—\ Tvrdé patro

Obrazek 2.1 - Schéma anatomie a topografie nosni dutiny
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Hltan

Hltan je svalovy orgédn, jehoz funkci je krom¢ dychdni i polykani, jedna se o tzv.
aerodigestivni kfizovatku. M4 tvar duté nalevkovité trubice a dvé roviny prochazejici trovni
meékkého patra a hornim okrajem ptiklopky hrtanové ho rozd€luji na tii ¢asti - nazofarynx,
orofarynx (mezofarynx) a hypofarynx (viz obrazek 2.2).

Kranialni cast hltanu, nazofarynx (nosohltan), ventraln¢ komunikuje snosni dutinou
choanami. Pomoci vazivové vrstvy (fascia pharyngobasilaris) je kranialn€ upnut k periostu
spodiny lebni, sténa hltanu je zde tvofena pouze vazivovou vrstvou a neobsahuje svalovinu.

Sinus frontalis

Dolni skorepa nosn Sinus sphenoidealis

Nasofarynx
Nosni mandle

Jazyk

Mezofarynx

Epiglotis sNo|  Piter
o 0y

Stitna chrupavka Hypofarynx

Prstencova chrupavka

Obrazek 2.2 - Prifez hltanem
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN 978-80-
7492-391-3. Autor je spoluautorem citované publikace)

Stény nosohltanu jsou na rozdil od ostatnich ¢asti hltanu méné kolapsibilni. Sliznice zadni
stény nosohltanu na podtlak nereaguje, laterdlni stény se na ztazeni podileji, nejmobilnéjsi je
sténa predni. V klenb¢ nosohltanu se nachazi neparova tonsilla pharyngea a lateraln¢ parova
tonsilla tubaria. Jednd se o okrsky nakupené slizni¢ni lymfatické tkan€, které jsou soucasti
Waldeyerova lymfatického okruhu.

Na rozhrani nazofaryngu a orofaryngu v oblasti zadni stény je oblast tzv. Passavantova valu.
Ten je podminén specifickymi vldkny m. constrictor pharyngis superior a spole¢né
s mékkym patrem tvoii patrohltanovy uzavér pii polykani.
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Me¢kké patro tvoii pohyblivé rozhrani mezi nazo a orofaryngem. Ventraln¢ prechazi v tvrdé
patro, uprostfed jeho zadniho okraje se nachazi patrovy ¢ipek (uvula). Jeho podkladem je
svalovina a vazivo. Pfehled a funkci jeho jednotlivych svalli zobrazuje tabulka 2.1.

Tabulka 2.1 - Svaly mékkého patra a G1ziny hltanové

Sval Funkce

M. levator veli palatini Zdvihani mékkého patra

M. tensor veli palatini Napinani mékkého patra

M. uvulae Meéni délku a tvar uvuly

M. palatoglossus Zdvihani kotene jazyka, zmenSeni hltanové uZiny
M. palatopharyngeus Zdvihani hltanu, patrohltanovy uzavér

Orofarynx ventraln¢ komunikuje s ustni dutinou pies hltanovou uzinu (isthmus faucium),
ktera je ohrani¢ena patrovymi oblouky, kofenem jazyka a mékkym patrem. Jednd se o
pruznou strukturu, jejiz prusvit se dynamicky méni (viz téz tabulka 2.1). Nachazi se zde
lymfaticka tkan, parova tonsilla palatina. Se sténou hltanu, mékkym patrem a dal§imi
okolnimi strukturami je spojen jazyk. Je rozdélen na koten, ktery je soucasti orofaryngu, a
télo a hrot, které jsou soucasti dutiny ustni. V oblasti kofene jazyka se nachazi lymfaticka
tkan - tonsilla lingualis. Svaly jazyka jsou déleny do dvou skupin. Extraglosalni svaly
zacinaji na strukturdch mimo jazyk, upinaji se do néj a zajist'uji jeho pohyby. Intraglosalni
svaly jsou piimo soucasti jazyka a méni jeho tvar (viz tabulka 2.2).

Tabulka 2.2 - svaly jazyka

Sval Funkce
m. hyoglossus Tahne jazyk dorzokaudélné
m. genioglossus Tahne kofen jazyka ventrokaudalné
extraglosalni
m. palatoglossus Tahne koten jazyka kranialné
m. styloglossus Tahne jazyk dorzokranialné
m. transversus linguae Zuzuje jazyk
m. verticalis linguae Oplostuje jazyk
intraglosalni
m. longitudinalis superior
Zkracuji jazyk
m. longitudinalis inferior

Hypofarynx je kaudalni ¢asti hltanu. Ventralné v oblasti aditus laryngis (hrtanového vchodu)
prechdzi v hrtan, kaudalné v oblasti Sestého kréniho obratle Killidnovym tstim v jicen.
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Svaly hltanu jsou dé€leny na dvé¢ skupiny - svérace a zdvihace. Svérace hltanu jsou tfi - m.
constrictor pharyngis superior, medius a inferior. Tyto svaly maji cirkularni prib¢h a jsou
uspofadany tak, Ze se do sebe shora dolii nalevkovité zasouvaji. VSechny se upinaji
v hltanovém S§vu (raphe pharyngis) na dorzalni stén¢ hltanu. Mezi zdvihace fadime m.
stylopharyngeus, m. salfingopharyngeus a m. palatopharyngeus. Jejich pribéh je prevazné
longitudinalni, upinaji se z okolnich ttvari a spodiny lebni do stény svéraci.

Hrtan

Hrtan je duty organ, ktery kranidln¢ komunikuje s orofaryngem a kauddlné piechazi
v tracheu. Krom¢ dychani ma zasadni vyznam pro tvorbu hlasu. Jeho kostru tvofi systém
chrupavek - S§titné, prstencové, chrupavky piiklopky hrtanové a parové hlasivkové
chrupavky (viz obrazek 2.3). Vzajemné jsou spojeny klouby a vazy. Vazivové je hrtan
pfipojen k jazylce. Kranidlni hranici tvofi hrtanovy vchod, ktery je ohrani¢en piiklopkou
hrtanovou, aryepiglotickymi fasami lateralné a incisura interarytenoidea dorzokaudalné.
Kaudalni hranici je dolni okraj prstencové chrupavky.

Jazylka Jazylka

Hrtanova priklopka

Membrana thyroidea

Chrupavka stitna
Chrupavka ’
stitna Chrupavka hlasivkova

Hlasivky
Conus elasticus

Chrupavka
prstencova
Prlidusnice

Chrupavka prstencova

Priidusnice

Obrazek 2.3 - Anatomie hrtanu
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018.
ISBN 978-80-7492-391-3. Autor je spoluautorem citované publikace)

Hrtan je klinicky rovinou v urovni ventriculus laryngis a rovinou 1 cm kaudéalné od ni
rozdélen na tfi Casti - supraglotis, glotis a subglotis. Piiklopka hrtanova (epiglotis)
nachézejici se v oblasti supraglotis mize hrat na rozdil od ostatnich ¢asti hrtanu ulohu
v patofyziologii spankové apnoe. Jejim podkladem je neparova elasticka chrupavka
skladajici se z laminy volné ¢nici do hrtanu a petiolu (stopky), ktery je kaudalné ptipojen
k chrupavce Stitné.
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2.2 Patofyziologie, epidemiologie a komorbidity spankové apnoe

Patofyziologie

Ptesna definice i1 rozdéleni spankové apnoe proslo vyznamnym vyvojem, v soucasnosti je
platna mezinarodni klasifikace poruch dychéani ve spanku z roku 2014 (viz kapitoly 1.1, 1.5).
Patofyziologie spankové apnoe je komplikovand a neni doposud zcela objasnéna. Pro
somnologii a medicinu spankové apnoe bylo zadsadni vymezeni zakladnich pojm:

Apnoe je zastava dechu po dobu 10 s nebo vice, po které nasleduje desaturace. Hypopnoe je
pokles proudu vydechovaného vzduchu o 30 % nebo vice, trvajici 10 nebo vice sekund.
Apnoe-hypopnoe index (AHI) je soucet apnoe a hypopnoe v pribéhu jedné hodiny spanku.
Klicové je rozdéleni spankové apnoe na centrdlni a obstrukéni. V prib&hu centrdlni
spankové apnoe (CSA) neni pfitomno ventilacni Usili pacienta, proud vydechovaného a
vdechovaného vzduchu chybi. Jeji pfi¢inou je porucha fizeni na Urovni centralniho
nervového systému dand endogennimi ¢i exogennimi vlivy. Pti obstrukcni spankové apnoe
(OSA) dochazi z pticin popsanych dale k ¢astecnému nebo uplnému uzavieni HCD, coz je
zpravidla doprovazeno klinickymi ptiznaky. Podle AHI je OSA klasifikovana do tfech
stupiii (viz tabulka 2.3). Nedosahuje-li AHI hodnoty 5, pacient netrpi spankovou apnoe,
muze se vSak jednat o prostou ronchopatii - chrapani. Vyjimkou je absence klinickych
ptiznakli nebo kardiovaskularnich komorbidit, kdy je pro stanoveni diagnézy OSA nutné
AHI 15 a vice. Kombinaci obou ptedchozich je smisena spankova apnoe, kdy jednotlivé
epizody zacinaji jako CSA, ale postupné se objevuje ventilacni usili a charakter apnoe se
meéni na obstrukcni. Specifika a kritéria pro détskou spankovou apnoe jsou odlisnd od
dospélych a presahuji ramec této prace.

Tabulka 2.3 - Klasifikace obstruk¢ni spankové apnoe

AHI<S (<15 bez ptiznaki ¢i komorbidit) Pacient zdrav / Prosté ronchopatie - chrapani

AHI 5-15 Lehka obstrukéni spankova apnoe
AHI 15-30 Stiedné tézka obstrukéni spankova apnoe
AHI >30 Tézka obstrukéni spankova apnoe

Na tomto misté je nutné zdiraznit, Ze tato prace je zaméiena na obstrukéni spankovou
apnoe, jejiz patofyziologie, epidemiologie, diagnostika a terapie, které jsou zcela
odlisné od CSA, budou dale popisovany.

Priichodnost hornich cest dychacich je zdkladnim faktorem pro fyziologické dychani ve
spanku. Pii jejich Castecné nebo uplné obstrukci dochdzi ke vzniku obstrukéni spankové
apnoe. Ta probiha v periodicky se opakujicich epizodach, kdy apnoickd pauza je vzdy
nasledovana tzv. probouzeci reakci, pii které dochazi ke zprachodnéni HCD. Ve
zjednoduseném modelu je vznik obstrukce zptisoben zménou rovnovahy dvou zékladnich
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sil. Faktory, které zptsobuji kolaps stén HCD (negativni intralumindlni tlak, uzsi prisvit),
prevazi nad faktory udrzujicimi jejich prasvit (svaly dilatujici hltan). Na vznik obstrukce je
vSak tfeba nahlizet jako na komplexni proces, ve kterém hraje roli celd fada faktorid -
genetické vlivy, anatomické zmény, celkovy zdravotni stav a Zivotni styl. Jednotlivé faktory
jsou v nasledujicich fadkach blize popsany.

Genetické faktory hraji v patofyziologii OSA nepiimou roli. Pfestoze ptima dédi¢nost nebo
dokonce specifické geny nebyly prokazany, je popsan vétsi vyskyt OSA v pribuzenské linii.
Vétsi vyskyt v muzské populaci je davan do souvislosti mj. s rozdilnym rozlozenim
tukovych depozit v téle, u muzl ve vétsi mife nez u Zen v horni poloviné téla, tedy i v oblasti
krku. Specifikem je vétS§i prevalence OSA u pacienti se syndromy zpiisobenymi
chromozomalnimi aberacemi jako je Downtv syndrom nebo Treacher-Collins syndrom, kde
hraji roli pfitomné kraniofacidlni deformity [Schwab 2005].

Zmény anatomickych struktur se mohou tykat mékkych tkani nebo kosténych struktur HCD.
Na vzniku obstrukce se podileji vSechny trovné HCD, jednotlivé mechanizmy vzniku
obstrukce jsou v riiznych c¢astech odlisné. Prehled nejcastéjSich mist obstrukce je zfejmy
z obrazku 2.4.

_ Chronicka hypertroficka ryma

Hypertrofie —_ P
__— Vyboceni nosni pfepazky

nosni mandle

Prodlouzeni

mékkého patra Hypertrofie kofene jazyka

Abnormity obli¢ejového skeletu
Hypertrofie
krénich mandli

Obrazek 2.4 - Nejcastéjsi mista obstrukce HCD
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN
978-80-7492-391-3. Autor je spoluautorem citované publikace))

V oblasti nosu jsou pomérné Casté strukturdlni deformity septa, mohou byt potirazové nebo
vrozené v podob¢ hran a vybeézkl. Na vzniku obstrukce se mize dale podilet fada patologii
v oblasti skofep nosnich, pfikladem jsou chronicka rinosinusitida s polypy nebo bez polypt,
alergicka rinitida ¢i tumory nosni dutiny. Odpor dutiny nosni tvoii z celkového odporu HCD
podle riznych literarnich udaja 1/2 az 2/3. [Michels et al. 2014]. Nosni dutina je vSak diky
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pevné kostie odolna proti kolapsu. Jeji vyznam pro vznik OSA spoc¢iva v tom, Ze je v ramci
HCD ,,ptfedfazena* dal§im Girovnim a zvySenim odporu pratoku vzduchu v nosni dutiné klesa
intraluminalni tlak za ni, pfedevsim v orofaryngu, coz pfispiva k jeho kolapsu.

V nazopharyngu mutze dojit k hyperplazii lymfatické tkdn¢ tonsilla pharyngea, ktera se
oznacuje jako adenoidni vegetace. Adenoidni vegetace jsou vétSinou reakci na
imunologickou stimulaci a jsou typické pro détsky vek, poté zpravidla dochazi k jejich
spontanni regresi. M¢kké patro a retropalatindlni oblast, kterd se nachdzi za nim, jsou
castym mistem vzniku obstrukce a maji také nejvétsi podil na vzniku ronchopatie - chrapani.
Zpusobeno to je nejen moznym prodlouzenim vlastniho mékkého patra ¢i uvuly, ale i jeho
ztluSténim, nebo zizenim retropalatindlniho prostoru.

Orofarynx je kritickym mistem pro kolaps stén HCD. Je tvofen mekkymi tkdnémi - svaly,
lymfatickou tkani, parafaryngealnimi tukovymi depozity v jeho lateralnich st€nach, nachéazi
se zde Cast jazyka. Obdobné jako v nazofaryngu zde mlze dojit k hyperplazii lymfatické
tkan¢ patrovych tonsil ¢i jazykové tonsily v oblasti jeho kotfene. Vlastni masa jazyka mlize
byt zvétSena, jednd se pak o anatomickou abnormalitu - makroglosii. Jeji pfi€ina je vrozena,
napf. u pacienti s Downovym syndromem, nebo ziskand, zptsobend metabolickym,
zanétlivym nebo jinym onemocnénim [Topouzelis et al. 2011]. Oblast za kofenem jazyka se
nazyva retrolingualni a je dal§im Castym mistem obstrukce. Svaly hltanu ovliviiuji jeho
prasvit (coby dilatatory) nejen svoji vlastni aktivitou, ale i nepfimo svoji celkovou hmotou
a trofikou [Jordan a White 2008]. Na dilataci hltanu se podileji i dalsi okolni svaly (svaly
mékkého patra, svaly upinajici se na jazylku).

Hrtan neni diky své pevné kostie tvofené chrupavkami kolapsibilni. Roli ve vzniku OSA zde
muze hrat ptiklopka hrtanova, kdy ve spanku v pribéhu nadechu dojde k jejimu ,,nasati* a
ptiblizeni k zadni sténé hypofaryngu nebo k jejimu ,,zkrouceni* v pficné ose. To muize
zpusobit ¢astecnou nebo tplnou obstrukei v oblasti hrtanu.

Kromé vyse popsanych struktur a organi hornich cest dychacich mohou pacienta
predisponovat ke vzniku obstrukce i anatomické abnormality kosti obli¢ejové Casti lebky
(splanchnokrania). Mohou se tykat jak horni, tak dolni Celisti, kdy dochéazi k ztzeni
retrolingudlniho nebo retropalatinalniho prostoru. Nej€astéji se jedna o vrozené anomalie
typu mikrognacie, retrognacie nebo retropozice maxily, které jsou podminéné geneticky.
Vzacné mize k podobnym deformitdm dojit i v pribehu Zivota [Davies et Iber 1983].

Obezita je vyznamné spojena se vznikem obstrukéni spankové apnoe, jedna se
pravdépodobné o jeji nejvétsi samostatny rizikovy faktor. Prevalence OSA u obéznich
pacientd je asi 40 % a naopak 70 % pacientil s diagnostikovanou OSA je obéznich [Wolk et
al. 2003]. Roli ptitom nehraje jen pfitomnost obezity jako takové vyjadiené hodnotou body

v

mass indexu (BMI), ale i jeji typ. Rizikovéjsi je obezita horni poloviny téla a tedy sklon k
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ukladani tuku v oblasti hlavy a krku. Dochéazi ke zvétSeni objemu parafaryngeéalnich
tukovych depozit, tukové infiltraci svalii hltanu a svalll jazyka. Obezita je také spojena
s redukci objemu plic a reziduélni plicni kapacity [Steier et al. 2014]. To vSe piispiva ke
kolapsibilit¢ HCD. Specifickou problematikou jsou také endokrinni zmény navozené
obezitou, které mohou ovliviiovat piimo respiratni centra CNS a pfispivat tak
k hypoventilaci [Atwood 2005]. Zajimavy je obraceny pohled na OSA jako na rizikovy
faktor pro vznik obezity, ktery zminuji néktefi autofi. Je vysvétlovan poklesem celkové
fyzické aktivity, metabolickymi zménami i pfispénim komorbidit jako je napft. deprese [Shah
et Roux 2009].

Z rizikovych faktord zivotniho stylu hraje roli pfedevsim alkohol, jehoz patofyziologicky
mechanizmus ucinku na vzniku OSA je dvoji. Jeho centralni tlumivé G¢inky na CNS
zpisobuji mj. relaxaci svaloviny a tedy jeho uzivani zejména pifed spanim zvySuje
momentalni kolapsibilitu HCD. V dlouhodobém méftitku alkohol zhorSuje trofiku tkani, tedy
i svaloviny a sliznic HCD se vSemi z toho plynoucimi dasledky. Studovan byl i mozny efekt
kouteni ¢i kofeinu, ktery dosud nebyl prokazéan [Taveira et al. 2018].

ﬁ
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Obrazek 2.5 - Cyklus obstrukéni spankové apnoe
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Vyse byly popsany faktory, které se podileji na vzniku obstrukéni spankové apnoe. Samotna
apnoe nebo hypopnoe probihd ve spanku v pravidelnych cyklech. Pro nazornost je dale
popsana apnoe, hypopnoe probihd analogicky s tim rozdilem, ze nedochézi k tiplnému
uzavieni dychacich cest, ale pouze k jejich zGzeni. Z hlediska konsekvenci jsou apnoe a
hypopnoe stejné podstatné, coz se mj. promité i v definici AHI, podle kterého je stanovena
tize apnoe (viz vyse). Cyklus zacina exspiriem, po némz se pruchodnost dychacich cest
postupné snizuje, az dojde k jejich uplnému uzavéru. Dochazi k nariistu negativniho tlaku
v HCD, ktery piispiva k udrzovani uzavéru, stejné jako adhezivni sily v misté dotyku sliznic.
Dychaci pohyby pacienta jsou pifitomné, ale nejsou efektivni. S kazdym nadechem se
prohlubuje respiracni Gsili az do momentu tzv. probouzeci reakce, kdy dojde k aktivaci svalil
hltanu, piekonani obstrukce a otevieni dychacich cest, coz je vétSinou doprovazeno i
explozivnim chrapanim. Na aktivaci svali se podileji i chemoreceptory reagujici na
prohlubujici se hypoxii a hyperkapnii. Probouzeci reakce trvéa fadoveé sekundy, pacient brzy
znovu using, na jeji pribéh ma ve vétSin€ piipadii amnézii. Jejim opakovanim dochazi
k poruseni architektoniky spanku a jeho fragmentaci. Vzriistd pfi ni tonus sympatiku,
zvysuje se krevni tlak, stoupa srde¢ni i dechova frekvence. To je jeden z divodu vysvétlujici
dlouhodobé¢ kardiovaskularni konsekvence spankové apnoe [Kimoff 1996]. Po probouzeci
reakci dochazi opét postupné k obstrukci dychacich cest a cely cyklus se opakuje (viz
obrazek 2.5).

Epidemiologie

Obstrukéni spankova apnoe je v populaci velmi ¢astym onemocnénim. Jeji vyskyt je
jednoznacéné vyssi v muzské populaci, a to 2x-3x. Prevalence se podle riznych védeckych
zdroji znacné 1i8i, zavisi na pfesné definici, na tom, zda je brana v potaz pfitomnost
klinickych ptiznakl a na pfesnosti vyuzitych diagnostickych metod. V zavislosti na tom se
pohybuje vrozmezi 5-49 % u muzii a 1-23 % u zZen a je nutno podotknout, Ze toto
onemocnéni ziistava znané poddiagnostikované [Garvey et al. 2015, Yamagishi et al.
2010]. OSA postihuje pacienty vSech vékovych kategorii, s vékem jeji prevalence az do asi
60 let véku nartsta, poté stagnuje. [Young et al. 2001]. U starSich pacientll je podle nékterych
udaji mensi riziko vzniku kardiovaskularnich komplikaci.

Dobfe znama i prokazana je spojitost s obezitou, ktera je jednim z jejich nejvyznamnéjsich
rizikovych faktorti (viz vyse). Naptiklad ve specifické skupiné pacienti podstupujicich
bariatrické chirurgické vykony stoupa prevalence az k hodnotam 80 % [Lopez at el. 2008].
Narust télesné hmotnosti o 10 % vede k az Sestindsobné vyssimu riziku vzniku sttedné tézké
az tézké OSA [Peppard et al. 2000]. Vzhledem k rostouci prevalenci obezity predevsim ve
vyspélych zemich se da ocekévat i odpovidajici nartst vyskytu spankové apnoe.

Rozdily mezi etnickymi skupinami ve vyskytu OSA jsou obtizné stanovitelné a vyzaduji

hlubsi vyzkum. Pfesto se vétsina literarnich tidaju shoduje, ze prevalence je vyssi u Asiatli a
Hispancli ve srovnani s bélosskou populaci, pro afroamerické etnikum nejsou dikazy
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dostate¢né. Ze studovanych anatomickych znaka (kraniofacialni struktura, rozlozeni tuku
aj.) se stale jevi vyssi mira vyskytu obezity u daného etnika jako rozhodujici [Hnin et al.
2018].

Komorbidity

Obstrukéni spankova apnoe je spojena s mnoha onemocnénimi zejména kardiovaskulérniho
systému, spojitost vSak nachazime i s metabolickymi, psychiatrickymi, neurologickymi a
plicnimi nemocemi. Jejich vztah k OSA bude blize popsan v tomto oddilu, zndzornuje je
obrazek 2.6.

Fyziologicky v pribéhu spanku pievazuje aktivita parasympatiku nad sympatikem. Dochazi
k poklesu krevniho tlaku, srde¢ni a dechové frekvence, zatéz kardiovaskularniho systému je
niz§i. V REM fazi sice nepravidelné dochdzi ke vzestupu aktivity sympatiku, tato faze vSak
tvoii jen cca 20 - 25 % celkové doby spanku, za fyziologickych podminek je tak vétSina
spanku (NREM faze) dobou odpocinku a ,ulevy“ pro kardiovaskularni systém. OSA
fyziologii spanku zéasadn€ naruSuje. Jednim z patofyziologickych mechanizmu
vysvétlujicich jeji vliv jsou periodicky se opakujici probouzeci reakce, pti kterych se tonus
sympatiku zvysuje se vSemi dusledky (viz vySe). Ilustrativnim ptikladem je pacient s AHI
35 (tézka OSA) po 7 hodinach spanku, kdy se takovychto epizod odehraje az kolem 250.
Casem také dochazi k trvalé poruse autonomni regulace krevniho tlaku [Lombardi et al.
2018]. Dalsim patofyziologickym mechanizmem je vliv negativniho nitrohrudniho tlaku.
Jak jiz bylo popsano, v pribéhu obstrukéni apnoe pietrvava ventilacni usili pacienta pfi
zarovei piitomné obstrukci HCD. Uroveti negativniho tlaku se s jednotlivymi nadechy az
do doby probouzeci reakce zvysuje. To zplsobuje nejen vétsi Zilni ndvrat do pravé komory
srdeéni a jeji distenzi, ale vede i1 k poruse relaxace srdecni svaloviny a vlivem
hemodynamickych zmén v kone¢ném diisledku ke zhorSeni plnéni levé komory srde¢ni a
sniZzeni systolického objemu. DalSim faktorem podilejicim se na kardiovaskularni morbidité
je hypoxie. Mechanizmt jejiho pisobeni je n¢kolik. Zptsobuje plicni vazokonstrikci, a tim
ptispiva k vyssi zatézi pravé komory srdecni, snizuje kontraktibilitu myokardu a prohlubuje
jeho ischémii, indukuje produkci volnych kyslikovych radikall, aktivuje zanétlivé procesy
zpisobujici endotelialni dysfunkci [Ryan et al. 2005].

Podil obstrukéni spankové apnoe na vzniku ¢i progresi onemocnéni kardiovaskularniho
systému je tézko zpochybnitelny. Jeji prevalence je ve srovnani se zdravou populaci vyssi u
pacienti s ischemickou chorobou srdecni (30-58 %), cévni mozkovou piihodou (43-91 %),
srde¢nim selhanim (12-53 %) i arterialni hypertenzi (12-53 %) [Bradley a Floras 2009].
Presto je vSak tfeba brat v tvahu i dal$i mozné koexistujici faktory, jako je obezita. Vztah
OSA k arterialni hypertenzi je prokézany, je jejim nezavislym rizikovym faktorem a je také
nejcastéj$i pfi¢inou hypertenze sekundarni [Parati et al. 2018]. Podobn¢ je tomu u
chronického srdecniho selhani, kde ptritomnost OSA pfiispiva k vétSi refrakterité na
farmakoterapii. Vzhledem k celkové poddiagnostikovanosti OSA a i moznému piekryvu
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symptomt je nutné v indikovanych ptipadech u téchto pacientii cilené patrat po jeji mozné
pritomnosti. VEétsi riziko cévni mozkové prihody je prokézéano, i kdyz ptesny mechanizmus
neni znamy. Kromé vlivu ostatnich rizikovych faktorG (arteridlni hypertenze aj.) je
diskutovan i mozny podil endotelidlni dysfunkce, zvySena aktivace a agregace trombocytl
a aktivace zanétlivych procesii [Jehan et al. 2018]. Cast&jsi vyskyt je dlouho znamy i u
srdecnich arytmii, jako je fibrilace sini, atrio-ventrikularni blokady, extrasytolie [Patel et al.
2017]. Spoleénym jmenovatelem a dal§im dikazem spojitosti je pozitivni efekt 1éCby
ptetlakovou terapii na onemocnéni kardiovaskularniho systému dokumentovany mnozstvim
praci [Javaheri 2000].

V souvislosti s plicnimi onemocnénimi je nejCastéji zminovan overlap syndrom. Jedna se o
koexistenci chronické obstrukéni plicni nemoci (CHOPN) a obstrukéni spankové apnoe,
ktera se v populaci vyskytuje pomérné casto. CHOPN sama o sob¢ snizuje kvalitu spanku,
zhorSuje hypoxémii a muze vést k dalsim komplikacim, jako je plicni hypertenze.
Patofyziologickd souvislost mezi témito onemocnénimi vSak nebyla spolehlivé prokazéana,
naopak vice studii naznacuje, Ze vyskyt OSA u pacientli s CHOPN je srovnatelny s béZnou
populaci [Weitzenblum et al. 2008]. Jejich koexistence vSak miize dosud nejasnym
mechanizmem zhorSovat celkovou kardiovaskularni morbiditu a zrychlovat deterioraci
plicnich funkei. Lécba spociva v kombinaci pretlakové terapie s oxygenoterapii [Chaouat et
al. 1995].

Psychiatricka onemocneni jsou dalsi skupinou spojovanou s obstrukéni spankovou apnoe.
Ta mohou nejen ovlivnit celkovou kvalitu zivota pacienta, ktera uz byva zikladnim
onemocnénim snizend, ale 1 zhorsit jeho adherenci k 1écbé. Vysledky praci zkoumajicich
moznou souvislost se rGzni, limity jsou napf. v hodnoceni symptoml pacientem a
nemoznosti stanoveni piesné diagndzy [Gupta a Simpson 2015]. Vyssi prevalence OSA je
vSak nejcastéji zminovana u depresivni poruchy a posttraumatické stresové poruchy, méné
Casto u uzkostnych stavli [Sharafkhaneh 2005]. Fragmentace spanku také, zejména u
pacientl s t€¢z§imi stupni OSA, kromé& nadmérné denni spavosti miize zpusobit kognitivni
deficit, n€kdy obtizné odlisitelny od inicialnich stadii demence. Nekteré léky pouzivané
k terapii psychiatrickych a neurologickych onemocnéni, napt. ze skupiny benzodiazepint,
se podileji na zvySeni poctu nebo prodlouzeni apnoickych pauz. Miize tomu tak byt napt. u
epilepsie, kde je jeji prubeh navic zhorSen tim, ze klinické projevy OSA plisobi jako
provokaéni momenty epileptickych zachvatl (fragmentace spanku, probouzeci reakce).

Ptima souvislost mezi OSA a diabetes mellitus 2. typu (DM2T) nebyla dosud potvrzena,
vyssi prevalence OSA u diabetikil je ddvana do souvislosti s obezitou. OSA vSak byla
identifikovana jako nezavisly rizikovy faktor pro rozvoj inzulinové rezistence a porusené
glukézové tolerance [Tamura et al. 2008]. Moznych patofyziologickych mechanizmi je vice
- aktivace sympatiku, osy hypotalamus-hypofyza-nadledviny, zanétlivych mechanizmu
nebo pusobeni oxidativniho stresu [Plihalova 2016]. Nedavna ceska studie potvrdila i
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asociaci OSA a gestacniho diabetes mellitus u rizikovych téhotnych zen [Hudecova et al.
2019]. Efekt ptetlakové 1écby na kompenzaci DM2T neni presvédCivy, zlepSeni bylo
zaznamenano u pacientl s t¢zkou OSA a porusenou glukézovou toleranci [Weinstock et al.
2012]. Kombinace DM2T, dyslipidémie, arterialni hypertenze a obezity je oznacovéana jako
metabolicky syndrom. Jeho prevalence u pacienti s OSA je vysokd, ale nezavisla asociace
mezi nimi prokazana neni [Parish et al. 2007].

Cévni mozkova prihoda

Deprese, PTSD

ICHS, srdecni selhani

CHOPN, overlap syndrom

Arteridlni hypertenze

Porusena glukdzova tolerance
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Obrazek 2.6 - Komorbidity obstruk¢éni spankové apnoe

2.3 Management diagnostiky a terapie spankové apnoe

Diagnostika 1 terapie obstruk¢ni spankové apnoe je komplexni proces narocny na technické
vybaveni, ¢as i1 erudovany personal. Podili se na ném nékolik 1¢katskych odbornosti,
zejména otorinolaryngolog a somnolog. Na obrazku 2.7 je zndzornéno diagnosticko-
terapeutické schéma Otorinolaryngologické kliniky Fakultni nemocnice Plzenl. Jednotlivé
kroky v diagnostice a terapii budou dale blize popsany.

2.3.1 Symptomy

Symptomatologie OSA zahrnuje spektrum jak typickych, tak i méné ndpadnych ptiznakd.
Vyplyvaji z patofyziologického podkladu onemocnéni, tedy predevsim z fragmentovaného
spanku zpisobeného ¢astym opakovanim probouzecich reakci. Ty se projevuji pfedevs§im
explozivnim chrapanim, mohou vsak byt doprovazeny i dal$imi fenomény - chréivymi
zvuky, pohyby hlavou a koncetin ¢i dal§imi pohybovymi vzorci (posazeni). Jejich trvani je
v fadu sekund a pacient na né¢ mé vétSinou amnézii, vzacné¢ mize dojit k uplné bdé¢losti a
popiipadé nemoznosti opét usnout. Stejné jako u dalSich takzvanych nocnich symptomii
OSA je zde velmi dulezitd anamnestickd informace od partnera, ktery s pacientem sdili
loznici. Casto to byva i ten, kdo pacienta k prvnimu vySetieni ptivadi.
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Klinické symptomy = ————5 Konzultace s praktickym lékafem Konzultace se specialistou

Otorinolaryngologické vy3etfeni Spankova monitorace
Prosta ronchopatie Lehka OSA Stiedné tézka OSA Tézka OSA
ReZimova
opatfeni
Bez dalsi terapie Chirurgicka, mand|bularn| protraktory Pretlakova terapue

Chiru rglcka terapie —

Uprava nastaveni ¢ » Kontrolni spankovd monitorace

Obrazek 2.7 - Diagnosticko-terapeutické schéma Otorinolaryngologické
kliniky FN Plzen pro pacienty s obstrukéni spankovou apnoe
(Upraveno podle: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018.
ISBN 978-80-7492-391-3. Autor je spoluautorem citované publikace)

Mezi dal$i no¢ni symptomy patii epizody apnoe ¢i hypopnoe, které vSak nemuseji byt na
prvni pohled zfejmé ani pro pacientova partnera, natoz pro pacienta samotného.
Napadnéjsim ptiznakem je ronchopatie (chrapani), které samo o sobé neni onemocnénim,
ale spiSe spolecenskym problémem pacienta. ObCasna ptitomnost chrapani je béznym jevem
1 u zdravé populace, napt. po poziti alkoholu ¢i 1€kt tlumicich aktivitu CNS, piipadné pii
pritomnosti infektu HCD. Ronchopatie, kterd je pfitomna trvale, jiz vzbuzuje vétsi podezieni
na moznou pritomnost OSA a zejména je-1i doprovazena 1 probouzecimi reakcemi, je tim
priznakem, ktery pacienta ptivadi k vysetieni. Mezi dal$i no¢ni symptomy OSA mizeme
zatadit 1 nykturii, tedy stav, kdy je pacient buzen ze spanku nucenim na moceni. Nékteré
studie dokumentuji i vztah tize OSA k frekvenci takovych epizod a pozitivni vliv 1écby
trvalym pietlakem na zmirnéni ptiznakl [Fitzgerald et al. 2006].

Stejny patofyziologicky podklad maji symptomy denni. Vyplyvaji z nedostatecného nebo
nekvalitniho spanku, vyjadieny vSak mohou byt rtizn¢ a pacient si je nékdy nemusi vibec
uvédomovat. Dominantnim ptiznakem je nadmérné denni uinava nebo spavost. U pacientl
s t€z8imi stupni spankové apnoe muize dochdzet k usnuti pti béznych dennich ¢innostech,
jako je ¢teni ¢i rozhovor. Riziko ale predstavuji zejména aktivity, které vyzaduji tiplnou
pozornost, jako je fizeni dopravnich prostfedkli. To mutze vést k dopravnim nehodam.
Podobné rizikové jsou i pracovni Grazy. DalSim ¢asto udavanym symptomem jsou bolesti
hlavy, zejména ranni cefalea. Jejim pravdépodobnym patofyziologickym mechanizmem je
hypoxie zptsobujici vazodilataci mozkovych cév. Na jasné souvislosti s OSA nicméné dle
ruznych zdroji nepanuje shoda, piestoze se k ni vétSina studii piiklani [Loh et al. 1999].
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Anamnesticky rozbor je u pacienta se suspekci na obstrukéni spankovou apnoe zaméien
cilené na vySe zminéné denni i noc¢ni symptomy. Jejich objektivizace je mozna
prostiednictvim nékolika Siroce uzivanych dotaznikl, které byly v poslednich letech
vyvinuty. Prvnim §iroce uzivanym dotaznikem (v&etné Ceské republiky) je Epworthska
Skala spavosti vyvinuté a validovana v roce 1999 [Johns 1991]. Je zaloZena na subjektivnim
hodnoceni pacienta, ktery hodnoti 8 situaci béznych v dennim Zivot€ a pfifazuje jim hodnotu
0-3 podle vzristajici miry pravdépodobnosti, ze pii nich usne. Soucet nad 10 ukazuje na
nadmérnou denni spavost a podezieni na OSA (viz tabulka 2.4). V roce 1996 byl vytvoten
Berlinsky dotaznik, ktery byl pozdéji validovan jako Uc€inny v identifikaci pacient
s podezifenim na OSA [Netzer et al. 1999]. Obsahuje celkem 10 otazek ve 3 kategoriich
(chrapani, inava, vysoky krevni tlak a/nebo obezita). Kazda kategorie je skorovana zvIast,
pii pozitivnim skore u alespoii 2 kategorii je vysoké riziko poruchy dychéani ve spanku (viz
ptiloha 3). Dotaznik STOP-Bang (i jeho jednodussi verze STOP) byly vyvinuty v roce 2008
[Chung et al. 2008]. Tvoii ho 8 otdzek na pfitomnost typickych pfiznakt a rizikovych
faktorti, kterym je pfifazena hodnota 0 nebo 1. Nazev dotazniku je zkratkou vytvofenou
z pocatecnich pismen anglickych slov odpovidajich témto otazkdm (chrépani, unava,
pozorované apnoe, krevni tlak, BMI, veék, obvod krku a pohlavi). Celkové skoére urcuje
pravdépodobnost OSA - 0-2 nizké, 3-4 stiedni a 5-8 vysoké. Udavana senzitivita i specificita
vSech dotazniki je dle literarnich udajii znacné rozdilna a 1isi se také pro rtizné stupné OSA
[Chiu et al. 2017]. Recentni ¢eska studie porovnavajici 5 riznych dotaznikli uvadi nejvyssi
senzitivitu 1 specificitu a tedy nejvhodnéjsi pro klinické pouziti dotaznik STOP-Bang
(senzitivita 81,6 %, specificita 78,7 %) a Berlinsky dotaznik (senzitivita 75 %, specificita
61,9 %) [Solecka et al. 2022].

Dulezitou soucésti odbéru anamnézy je i zjisténi ptitomnosti nékteré z komorbidit (viz
kapitola 2.2). S rozvojem multioborového pfistupu ke spankové apnoe a jejim rizikim je
¢im dal tim castéji 1 primarné zjisténa komorbidita, napt. ICHS, divodem k provedeni
screeningového vySetfeni spankové apnoe [Tietjens et al. 2019]. Samoziejmou soucasti
anamnézy je i zjisténi télesnych parametrl pacienta - hmotnosti, vysky a BMI, vzhledem
k tomu, ze obezita je zdsadnim rizikovym faktorem OSA.
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Tabulka 2.4 - Epworthska Skala spavosti [Johns 1991, Schalek et al. 2015]

Dtimate nebo usinate v situacich popsanych nize (nejedna se o pocit inavy)? Tato
otazka se tyka vaseho bézného zivota v posledni dobé¢. Jestlize jste nasledujici situace
neprozil/a, zkuste si predstavit, jak by vas mohly ovlivnit.

Vyberte v nasledujici Skale ¢islo nejvhodnéjsi odpovedi ke kazdé nize uvedené situaci:

0 = nikdy bych nedtfimal/neusinal
1 = slaba pravdépodobnost diimoty/spanku
2 = stfedni pravdépodobnost diimoty/spanku

3 = znac¢na pravdépodobnost diimoty/spanku

Otazka Situace Cislo

1. Pii Cetbé vsedé
Pti sledovani televize
Pfi ne¢inném sezeni na vefejném miste (v kin€, na schiizi)

Pti hodinové jizd¢ autem (bez prestavky) jako spolujezdec

Pii rozhovoru vsedé

2
3
4
5. Pfi lezeni - odpocinku po obéd¢, kdyz to okolnosti dovoluji
6
7 Vsedé¢, v klidu, po obéd¢ bez alkoholu

8

V automobilu stojicim né¢kolik minut v dopravni zacpé

Vyse zminéné symptomy i komorbidity obstrukéni spankové apnoe maji zasadni vliv na
zivot a jeho kvalitu nejen pro pacienta, ale i pro jeho okoli. Kromé jiz diskutovanych
zdravotnich nasledku jsou to i vyznamné dopady v osobnim zZivoté, vztazich a praci [Morsy
et al. 2019]. Vyraznéjsi a zavaznéjsi jsou u pacientd v produktivnim véku nez u seniorti
[Martinez-Garcia et al. 2009]. V pracovnim prostfedi jsou nejvétSim rizikem urazy
zpisobené denni spavosti nebo zhorSenim pozornosti, roli ale hraje i celkova nevykonnost a
tim zhorSend produktivita prace, ncktefi pacienti jsou vyfrazeni ze sménného provozu.
Rozsahld metaanalyza popisuje riziko Urazd u pacienti s OSA jako témét dvojndsobné a
navrhuje i zavedeni screeningu na vybranych rizikovych pracovistich [Garbarino et el.
2016]. Dalsi kapitolou jsou dopravni nehody. Vzhledem k nadmérné denni spavosti neni
piekvapivé, ze u pacientl trpicich apnoe je riziko vyssi. Nedavnad studie na rozsahlém
souboru pacientd uvadi o 17 % vyssi pravdépodobnost dopravni nehody u pacienti s OSA,
coz je v rozporu se star$imi zdroji, které uvadely zvyseni rizika az pétindsobné [Pocobelli et
al. 2021]. Problémy ve vztazich jsou zptisobeny n¢kolika faktory. U nelécenych pacientt se
¢asto jedna o chrapani, které je priivodnim symptomem spankové apnoe a na partnera piisobi
rusive, coz muze vést k tomu, ze partnefi spi oddélené. Podil maji ale i denni symptomy,
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tedy zvySend unava ¢i denni spavost a celkova nevykonnost, které mohou omezovat
partnersky socidlni Zivot, spolecné vykondvané ¢innosti. Nasazena 1éc¢ba zlepSuje kvalitu
zivota nejen pacienti, ale i jejich partneri [Beninati et al. 1999].

V SirSim pojeti md onemocnéni dopady na celou spolecnost. Vzhledem k prevalenci
onemocnéni i vysokému procentu nediagnostikovanych pacientd je predevs§im ekonomicky
dopad nepopiratelny, podili se na ném zejména ndklady spojené s kardiovaskuldrni
morbiditou, které u neléenych pacientli mohou dosahovat dvojnasobku [Tarasiuk a Reuveni
2013]. Tato zdravotni rizika mohou byt u diagnostikovanych pacientii snizena nebo
eliminovana zahajenim 1éCby, a to zejména 1écby trvalym pietlakem u tézSich stupnit OSA.
Dalsim faktorem jsou vSak jiz zminéné dopravni nehody, Grazy a sniZend pracovni
kterd dle riznych zdroji perzistuje u 12 - 65 % pacientil i po zahajeni 1éCby [Leger a
Stepnowsky 2020].

2.3.2 Diagnostika

Na uspésném stanoveni diagndzy obstrukéni spankové apnoe se podileji zejména somnolog
a otorinolaryngolog. Onemocnéni ale vyZaduje multiooborovy piistup a v nékterych
ptipadech 1 vysSetieni 1ékati dalSich odbornosti. MiiZe jit o vySetfeni stomatologické nebo
stomatochirurgické, neurologické, pneumologické, kardiologické, psychiatrické ¢i
chirurgické. Diagnostika je zalozena na anamnéze, klinickém vySetfeni a spankové
monitoraci. Anamnesticky rozbor zaméfeny na denni a nocni symptomy, télesné parametry
a pritomné komorbidity jiz byl popséan v predchazejici kapitole.

Klinické vySetieni

Otorinolaryngologické (ORL) vySetreni je zaméfeno na horni cesty dychaci vzhledem
k jejich zasadni roli v patofyziologii OSA. Anatomické zmény a nékteré z moznych pficin
obstrukce jiz byly zminény v kapitole 2.2, zde budou tedy zminény jen okrajové se
zaméfenim na nékterd specifika ORL vySetieni. VySetieni dutiny nosni se provadi predni
rinoskopii pomoci nosniho zrcatka, pti které je hodnocen stav nosni piepazky, sliznic
nosnich skoiep a prostornost nosnich prichodii. Zadni ¢ast dutiny nosni a nosohltan jsou
vysetfovany rigidnim nebo flexibilnim endoskopem. Castou p¥i¢inou obstrukce u déti a
adolescentl jsou adenoidni vegetace (viz obrazek 2.8). U dospélych zde nachdzime
obstrukci méné Casto, pri¢inou mize byt napi. tumor (juvenilni angiofibrom u mladych
muzu.
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Obrazek 2.8 - Adenoidni vegetace, pohled endoskopem do nosohltanu
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN 978-
80-7492-391-3. Autor je spoluautorem citované publikace)

Oblast mekkého patra a orofaryngu je posuzovana aspekéné - pozornost zde vénujeme
prusvitu a prostornosti celé oblasti, velikosti patrovych tonzil a stavu mékkého patra (délka,
tloustka, tonus, délka uvuly). Pomoci flexibilni optiky také vySettujeme retropalatinalni
oblast, koten jazyka a prostor za nim (retrolinguadlni). Prestoze je vySetieni do velké miry
ovlivnéno zkuSenostmi vySetiujiciho 1€kate, urcitou objektivizaci nalezu poskytuji dvé
nejcastéji pouzivané klasifikace. Friedmanova klasifikace (viz obrazek 2.9) hodnoti velikost
patrovych tonsil a rozdé€luje je do 5 stupiili (0 - stav po tonzilektomii, 1 - tonzily nedosahujici
k patrovym oblouktim, 2 - tonzily na tirovni patrovych oblouki, 3 - tonzily ptesahuji troven
patrovych obloukl, 4 - tonzily dosahuji do stfedni ¢ary) [Friedman et al. 1999].

0 1 2 3 4

Obrazek 2.9 - Friedmanova klasifikace velikosti patrovych tonzil
(Upraveno podle: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN 978-80-
7492-391-3. Autor je spoluautorem citované publikace)

Malampatiho skore vyvinuté vroce 1983 a pozdéji modifikované slouzi predevSim v
anestezilogii k pfedoperacnimu odhadu rizika obtizné intubace [Mallampati 1985]. Podle
prehlednosti orofaryngu a prostoru mezi jazykem a me¢kkym patrem pii vyplazeném jazyku
je rozdéleno do 4 stupnii (1 - viditelné celé mekké patro a uvula, 2 - viditelna cast uvuly, 3 -
viditelné celé mekké patro, baze uvuly, 4 - mékké patro neni viditelné). Jeho vyznam jako
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prediktivniho faktoru pritomnosti OSA je nékterymi autory povazovan za sporny [Bins et
al. 2011]. Oblast hrtanu je hodnocena pomoci transnazalné zavadéného flexibilniho
endoskopu, stejn¢ jako nosohltan (viz obrazek 2.10).

Pozornost je vénovéana predevSim tvaru a postaveni ptiklopky hrtanové, na které vsak
v bd€lém stavu nemusi byt patrnd zadna patologie. U pacientil s podezienim na anatomické
abormality kosti obli¢ejové Casti lebky, které jsou casto patrné jiz aspekéné, je indikovano
vySetreni stomatologem nebo stomatochirurgem. Muze se jednat o vady typu mikrognacie,
retrognacie ¢i hypoplazie horni nebo dolni celisti.

Obrazek 2.10 - Vysetfeni hornich cest dychacich flexibilnim endoskopem
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN 978-
80-7492-391-3. Autor je spoluautorem citované publikace))

Klinické otorinolaryngologické vysetfeni je bezesporu nedilnou soucasti diagnostiky OSA,
je v8ak limitovano tim, Ze probihé u pacienta v bdélém stavu, kdy je zachovany tonus svalt.
Dulezita je 1 poloha pacienta, kterd je pii bézném vySetfeni vsed¢, na rozdil od béZného
spanku. Nékteré ptiCiny obstrukce tak v pribéhu vySetfeni nemuseji byt odhaleny. Zac¢atkem
90. let 20. stoleti byla popsdna metoda vySetteni HCD v uméle navozeném spanku, ktera
byla pozdé&ji nazvana DISE [Croft a Pringel 1991]. Nazev je zkratkou anglickych slov drug
induced sleep endoscopy, tedy endoskopie ve farmakologicky navozeném spanku. Jedna se
o diagnostickou metodu, kterd umozituje piesné€jsi zhodnoceni pomérti v dychacich cestach
a identifikaci mozného mista obstrukce. Na rozdil od bézného vySetteni, které je v podstaté
statické, se jednd o metodu dynamickou, kdy miizeme sledovat jednotlivé dechové cykly ve
stavu pfipominajicim spanek. Mezi nejcastéj$i indikace patii selhani pietlakové Cci
chirurgické 1é€by nebo situace, kdy z klinického vySetfeni neni zfejmé misto obstrukce u
pacienta s OSA [Hybaskova et al. 2016].
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Vysetieni se provadi zpravidla na opera¢nim séle za pfitomnosti anesteziologa. Pacientovi
je podanym piesné titrovanym farmakem (napt. propofol) navozena ztrata védomi, dychaci
pohyby jsou zachovany, idealnim vychozim stavem je navozeni chrapani a/nebo apnoickych
pauz. Poté otorinolaryngolog provadi vySetfeni transnazalné¢ zavedenym flexibilnim
endoskopem a hodnoti pfitomnost a urovenl obstrukce jednotlivych ¢asti hornich cest
dychacich. Moznou obstrukci je mozno posoudit i pfi zméné polohy pacienta ze zad na bok,
pripadné dalsimi manévry jako je predsun dolni Celisti. Komplikace nejsou Casté, patii mezi
né¢ desaturace nebo ztrata spontanni dechové aktivity s nutnosti trachedlni intubace ¢i
alergickad reakce na podana farmaka [Pang et. al 2013]. Podobné¢ jako pfi klinickém vySetieni
je hodnoceni nélezt pii DISE zatizeno subjektivitou a zkuSenostmi vySettujiciho. Zatim
nebylo dosazeno shody nad jednotnou klasifikaci vysledki, kterd by umoznila lepsi
implementaci do diagnostického procesu i kvantifikaci vysledki &by [De Vito et al. 2018].
V soucasnosti je nejpouzivanéjsi klasifikace VOTE navrzena v roce 2011 (viz tabulka 2.5).
Jeji nazev je zkratkou pro 4 trovné¢ HCD (velum - mekké patro, orofarynx, tongue base -
koten jazyka, epiglotis). Na kazdé trovni je hodnocen zvlast’ stupen obstrukce (0-2) a jeji
pripadné konfigurace (antero-posteriorni, lateralni, koncentrickd) [Kezirian et al. 2011].

Tabulka 2.5 - VOTE klasifikace

Konfigurace
Struktura Stupern obstrukce
Anteroposteriorni Lateralni Koncentricka
Me¢kké patro
Orofarynx XXX XXX
Kofen jazyka XXX XXX
Epiglotis XXX

Spankova monitorace

No¢ni monitorace spanku je tfetim klicovym bodem ve stanoveni diagnozy obstrukéni
spankové apnoe. Stanoveni diagndzy OSA bez ni neni mozné. Provadi se za hospitalizace
ve spankové laboratofi nebo v domacich podminkach. Podle naro¢nosti provedeni, mnozstvi
métenych parametrti a mnozstvi vystupnich dat ji mizeme rozdélit na 3 zakladni trovné -
screeningové vysetieni, limitovanou polygrafii a polysomnografii (PSG). Piestoze zakladni
automatické zpracovani vysledkl vysetieni poskytuje pocitacovy software, hodnoceni musi
byt vzdy provedeno specialistou - somnologem. Idealni délka monitorace je po celou dobu
no¢niho spanku, za dostatecnou délku monitorace dostacujici pro stanoveni diagnézy jsou
povazovany 4 hodiny [Kapur et al. 2017].

Screeningové vysetreni je nejjednodussi metoda monitorace. Jak jiz vyplyva z jeho podstaty,

jeho ptfinosem je zdchyt nemocnych, odhad zavaznosti onemocnéni a piipadna indikace
k podrobnéjsimu vysetfeni. Mnozstvi monitorovanych parametrii se mtize liSit. Patii mezi
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né¢ méfeni pritoku vzduchu nosem, saturace krve kyslikem (SpO:2) a srde¢ni frekvence
méfené pulzni oxymetrii a zdznam zvuku (chrapéani). Vysetieni neumoziiuje rozliSeni
centralni a obstrukéni apnoe a samo o sobé neni dostatecné ke stanoveni definitivni
diagnézy. Jeho vyhodou je technickd nenaro¢nost, cena i komfort pro pacienta.
Technologicky rozvoj umoziuje i pouziti mobilnich aplikaci jako variantu zakladniho
screeningu [Kapoor et al. 2022].

Limitovana polygrafie (PG) je vySetfeni podrobnéjsi, kromé parametri zaznamenanych pfii
screeningovém vySetfeni je jeji soucasti i zaznam dychacich pohybt a polohy téla pomoci
hrudniho a btisniho pasu, srde¢ni frekvence mtize byt misto pulzniho oxymetru registrovana
pomoci elektrokardiografie (EKG). Je provadéna za hospitalizace nebo v domécich
podminkach, coz zvySuje komfort pacienta. Divodné pochyby o spolehlivosti domaciho
vySetfeni jsou jiz nékterymi autory vyvraceny [Zancanella et al. 2022]. Ptiklad
polygrafického zdznamu je na obrazku 2.11. Pfestoze ma své limity v nemoznosti odliSeni
spanku od bdé¢losti a v odliSeni jednotlivych fazi spanku, je dostateCna pro stanoveni
diagnézy obstrukéni spankové apnoe. Pti nejasném vysledku a klinické suspekci je vSak
vhodné doplnit polysomnogragii, néktera data také zaznacuji, ze tize onemocnéni je pii
vySetieni PG podhodnocena [Escourrou et al. 2015].
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Obrazek 2.11 - Zaznam z limitované polygrafie
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN 978-80-7492-
391-3. Autor je spoluautorem citované publikace)

Polysomnografie (PSG) je nejkomplexnéj$si metoda diagnostiky poruch spanku, stale
povazovana za zlaty standard [Marino et al. 2013]. Je provadéna pouze za hospitalizace ve
spankové laboratofi, vySetfovaci mistnost je odhlu¢nénd, zatemnéna a klimatizovana,
vybavena infraervenou kamerou se zdznamem. Kromé parametrti métenych pii PG je PSG
roz§ifena o zdznam mozkové aktivity pomoci EEG, detekci pohybl o¢i pomoci
elektrookulografie a elektromyografii svalli brady a bérci. UmoZnuje rozliSeni spanku a
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bd¢losti a také rozliSeni jednotlivych fazi spanku (NREM N1-N3, REM), vyslednym grafem
je tzv. hypnogram. Kromé spankové apnoe je PSG pouzivana také v diagnostice dalSich
poruch spanku a bdéni. Jeji nevyhodou je vysoka cena, asova narocnost a dyskomfort pro
pacienta.

Vysledkem spankové monitorace je fada parametra. Jejich uplny vycet presahuje ramec této

prace. Mezi nejdilezitéji parametry relevantni pro OSA patfi:

e AHI - apnoe-hypopnoe index - soucet apnoe a hypopnoe za 1 hodinu spanku, urcuje
ptfitomnost a tizi onemocnéni (viz kapitola 2.2)

e T90 - doba spanku stravena pti saturaci pod 90 % vyjadiena v procentech

e ODI - oxygen desaturation index - pocet desaturaci za 1 hodinu spanku, desaturace je
definovana jako pokles SpO2 0 > 3 % proti vychozi urovni (nebo > 4 % bez nasledné
probouzeci reakce)

e RDI - respiratory disturbance index - pocet apnoe, hypopnoe a RERA! za 1 hodinu

spanku

Zobrazovaci metody

Zobrazovaci metody se v ramci diagnostiky OSA nepouzivaji rutinné. Levnym a dostupnym
vySetienim je rentgenovy (RTG) cefalometricky snimek hlavy. Jedna se o bo¢ni snimek, na
kterém je mozné hodnotit parametry a vzdalenosti na kostech oblicejové ¢asti lebky,
predevSim horni a dolni Celisti, ¢astecné také mekké tkané. Je vyuzivan predevSim
stomatology a stomatochirugy pted planovanou konzervativni nebo stomatochirurgickou
1é¢bou. Vypocetni tomografie (CT) a magneticka rezonance (MRI) maji roli spise
vyzkumnou a experimentalni, pfipadné slouzi jako doplnujici vySetfeni u nejasnych nalezd,
napt. k vylouceni nadorového onemocnéni. Oproti RTG jsou drazs$i a naro¢néj$i na
provedeni. Jejich zaveéry nicméné koreluji s klinickymi nalezy a mohou byt uzitecné napf.
v pfedoperacnim planovani [Barrera et al. 2017].

2.3.3 Terapie

Lécba obstrukéni spankové apnoe je konzervativni a chirurgickd. Tyto dva zakladni pfistupy
k 1é€bé jsou ovlivnény fadou faktord. Vzdy je vSak nutno v maximalni mozné mife
respektovat piani pacienta, zohlednit jeho celkovy zdravotni stav, komorbidity, a také brat
v uvahu moznosti dané¢ho pracovisté a zkuSenosti 1€kafe indikujiciho konzervativni 1é¢bu
nebo provadéjiciho chirurgicky vykon. Dominantnim faktorem v rozhodovani je stupen
(tize) OSA, kterd je urCena na zaklade spankové monitorace (viz vyse). Vyznamnou roli hraje
také to, jestli pacient trpi obezitou. Zcela jina 1é¢ba je u obézniho pacienta s té¢Zkou OSA nez
u pacienta normalni hmotnosti s lehkou spankovou apnoe. Zakladni principy 1écby jsou
zvyraznény v diagnosticko-terapeutickém schématu na obrazku 2.12.

' RERA - respiratory effort-related arrousal - zvy$ené dechové usili trvajici > 10 s, nasledované probouzeci
reakci. Nespliuje kritéria pro apnoe ani hypopnoe.
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Klinické symptomy = —————) Konzultace s praktickym lékafem Konzultace se specialistou

Otorinolaryngologické vy3etfeni Spankova monitorace
Prosta ronchopatie Lehkd OSA Stfedné tézka OSA Tézka OSA
ReZimova
opatfeni
Bez dalsi terapie Chirurgicka, mandibuldrni protraktory Pretlakova terapie

Chirurgicka terapie | e

Uprava nastaveni 4 » Kontrolni spankova monitorace

Obrazek 2.12 - Terapie obstrukéni spankové apnoe
(Upraveno podle: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN
978-80-7492-391-3. Autor je spoluautorem citované publikace)

Konzervativni terapie

Soucasti konzervativni 1écby je nékolik moznych postupt. Zahrnuje dodrZzovani reZimovych
opatieni, 1écbu pretlakem v dychacich cestach a v indikovanych ptipadech i pouziti tzv.
mandibuldrnich protraktort.

Rezimova opatieni, jak vyplyva i ze zminéného schématu, jsou zdkladem 1écby u vétSiny
pacientll. Jsou kombinovédna s ostatnimi metodami konzervativni i chirurgické 1écby.
Vyhodou je nenaroc¢nost piedevsim finan¢ni, nevyhodou je pfedevsim jejich zavislost na
pacientové vuli se jimi fidit.

Vzhledem k vyznamnému vztahu OSA a obezity je jednim ze zdkladnich opatfeni u
obéznich pacientl redukce hmotnosti. T¢ miuze byt dosazeno kombinaci dietnich opatfeni,
pfiméiené pohybové aktivity, farmakologické 1é¢by ¢i v indikovanych ptipadech (zejména
u morbidn€ obéznich pacientl) bariatrickou chirurgii. Lécba je tedy jednoznacné
multioborova (nutri¢ni specialista, obezitolog, chirurg). Mezi dalsi opatfeni patii dodrzovani
pravidel tzv. spankové hygieny. Jejimi principy jsou pravidelny a dostatecné dlouhy spanek,
zakaz alkoholu, koufeni a stimulujicich napojl pfed spanim, spravna teplota a zatemnéni
v loZnici, odstranéni rusivych vlivii apod. [Jung et al. 2019]. Poloha na zadech je ve srovnani
s polohou na boku asociovédna s vétSim vyskytem apnoickych epizod vlivem snadnéjSiho
kolapsu HCD [Menon a Kumar 2013]. Zejména u pacienti s leh¢im stupném OSA tak mliZze
byt vhodnou soucésti 1éCby i uprava spankové polohy. Toho je dosazeno pouzitim pomicek,
které pacienta v pritbéhu spanku donuti se po otoc¢eni na zada opét otocit na bok (specidlni
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pas, kapsa s miCckem na zadech). Revize a eventudlni uprava pacientem uzivané medikace
po konzultaci s jeho oSettujicimi 1ékati by méla vést predevsim k vylouceni benzodiazepinii
¢i myorelaxancii, které zhorSuji pribeh apnoi.

Leécba pretlakem v dychacich cestdach je jiz od doby jejiho prvniho pouziti k [é€bé OSA
Sullivanem v roce 1981 nejefektivnéjsi terapeutickou metodou [Sullivan et al. 1981]. Jeji
pouziti nevede k vyléceni pacienta, eliminuje vSak patofyziologické mechanizmy vedouci
ke vzniku obstrukéni spankové apnoe. Mizi epizody apnoe a hypopnoe, probouzeci reakce,
je obnovena normalni architektonika spanku, riziko vzniku kardiovaskularnich i ostatnich
komorbidit se normalizuje. Ustupem dennich i noénich symptomi, zejména chrapani a
nadmérné denni spavosti, dochéazi ke zlepSeni kvality Zivota pacienta i jeho okoli [Kuhn et
al. 2017]. Hlavni indikaci k 1é¢b¢ je sttedné tézka a tézka spankova apnoe. Principem 1éCby
je pravidelné pouzivani pietlakového piistroje v prubéhu spanku. Ten se sklada z turbiny
generujici tlak, spojovaci hadice a nosni nebo celoobli¢ejové masky, kterou ma pacient
béhem spanku upevnénou k obliceji. Dochazi ke zvyseni tlaku v luminu HCD a zabranéni
vzniku obstrukce (viz obrazek 2.13).

CPAP

Obrazek 2.13 - Princip CPAP
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018.
ISBN 978-80-7492-391-3. Autor je spoluautorem citované publikace)

Zakladni typ piistroje udrzuje trvaly ptetlak v dychacich cestach (CPAP), jeho modifikaci
je pouziti dvojarovinového pietlaku, tzv. BiPAP (bilevel positive airway pressure), kdy tlak
pii nadechu je vys$si nez tlak, proti kterému pacient vydechuje. BiPAP je indikovan u
pacientd, u kterych je 1écba pomoci CPAP nedostate¢na nebo netolerovana [Ishak et al.
2020]. Pro uspéch 1é¢by je zasadni nastaveni optimalniho pietlaku tak, aby doslo k vymizeni
apnoe, hypopnoe i probouzecich reakci. Zaroven tlak nesmi byt piili§ vysoky pro zachovani
komfortu pro pacienta. Titrace mlze probihat pii polysomnografické ¢i polygrafické
monitoraci v prubéhu spanku, kdy je tlak postupné manualné navysSovan az do dosazeni
pozadovaného efektu [Patil et al. 2019]. Vzhledem k ¢asové i finan¢ni naro¢nosti tohoto
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postupu je dal$i variantou pouziti autotitracniho CPAP nebo BiPAP, kdy pfistroj analyzuje
pfitomnost apnoe ¢i hypopnoe a sam nastavuje adekvatni tlak tak, aby doslo k jejich
vymizeni. Jeho pouziti je srovnatelné s manudlni titraci a nesnizuje efektivitu 1écby ani
compliance pacienta [Gao et al. 2012]. S vyjimkou specifickych piipadi (vazba apnoe na
polohu na zédech) neni autotitracni pfistroj pouzivan k trvalé 1éc¢be.

Efekt 1é¢by pietlakem je hodnocen na zakladé tzv. rezidudlniho apnoe-hypopnoe indexu?,
tedy hodnoté AHI ptetrvavajici pfi 1é¢be, kterd je méfena samotnym piistrojem. Dilezité je
1 dostate¢né pouzivani pfistroje, které je stanoveno na primér minimalné 4 hodiny za den
[Pretl et al. 2013]. Kooperace pacienta je nedilnou soucasti 1€cby, nezbytné jsou pravidelné
kontroly. Zejména pocatky 1é¢by jsou spojeny s dyskomfortem pro pacienta zplisobenym
potizemi s tniky vzduchu kolem masky nebo otlaky obli¢eje. Casté problémy se suchosti
sliznice HCD je mozno fesit zafazenim zvlhcovace do dychaciho okruhu. Non-compliance
pacienta je jednou z kontraindikaci 1é¢by, mezi dalsi patii napt. recidivujici zdnéty HCD ¢i
sttedniho ucha, komunikace HCD s nitrolebnimi prostory nebo alergie na materialy masky.
[Nevsimalova et al. 2020].

Soucasti konzervativni 1écby je 1 1écba ortodonticka, kterd je indikovana pfedevSim u
pacientl s lehkou nebo stiedné tézkou OSA. U pacientt, ktefi netoleruji 1é€bu pretlakem
(v€etné pacientl s tézkou OSA), miize byt alternativni metodou 1é¢by [Francis a Quinnell
2021]. Jejim principem je pouziti tzv. mandibularniho protraktoru. Jedna se o odnimatelnou
pomucku, kterou pacient pouziva pouze v noci pii spanku. Je slozena ze dvou vzajemné
spojenych ¢asti nasazovanych na horni a dolni zubni oblouk. Spojeni miiZze byt bud’ pevné,
nebo pohyblivé, vzajemna poloha obou ¢asti je nastavena tak, aby doslo k piredsunu dolni
Celisti a rozsifeni retrolingualniho prostoru. Z toho vyplyva, Ze nejvétsi benefit 1écby je u
pacientl se zuZenim tohoto prostoru, pfedevsim hypertrofii kofene jazyka. Efekt 1écby na
redukci AHI i na symptomy pacienta je prokdzdn mnoha studiemi [Marco Pitarch et al.
2018]. Limitem v pouziti mandibularnich protraktort je zejména u individudln€ vyrobenych
pomucek vyssi cena, nutnost zdravého chrupu a nezddouci Gcinky 1écby. Mezi né€ patii
bolestivost zubti ¢i Celisti, problémy v oblasti ¢elistniho kloubu ¢i otlaky v dutin€ ustni.

Chirurgicka terapie

Ve srovnani s konzervativnimi postupy je chirurgicky lé¢eno men$i mnozstvi pacientt.
Dutvodt k takovému postupu je n€kolik. Lécba pretlakem je stile povaZzovana za zlaty
standard 1écby OSA, jehoz uc¢innost je podle riznych kritérii a dat kolem 95 % [Gay et al.
2006, Brajer-Luftmann et al. 2022], oproti tomu G¢innost chirurgické 1écby je nizsi [Elshaug
2008, Pavwoski a Shelgikar 2017]. DalSim limitem jsou rizika spojena s vlastnim
chirurgickym vykonem zejména u pacientll skomorbiditami. Jak vyplyva i zvySe
uveden¢ho schématu (viz obrazek 2.12), chirurgickd 1écba je uplatiiovana zejména u

2 AHI < 5 = vyborny efekt, AHI 5-10 = dobry efekt, AHI > 10, ale pokles o minimalné 75 % proti vychozi
hodnoté (u pacienti s tézkou spankovou apnoe) = dostatecny efekt
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pacientd s lehkou OSA. S nartistajicim AHI a zaroven s nartistajicim BMI uspésnost 1€cby
klesa. Kromé peclivé selekce pacientli by mélo chirurgické 1é€bé vzdy predchazet uplatnéni
rezimovych opatfeni, a to pfedev§im redukce hmotnosti u pacientid s nadvahou nebo
obezitou, ale i1 pfipadnd zména spankové polohy ¢i vindikovanych piipadech lécba
ortodontickd (mandibularni protraktor) [Klozar et al. 2016]. U pacientli se stiedné tézkou a
tézkou OSA mize byt chirurgicka 1écba individualné zvazena pii netspéchu konzervativni
1é¢by trvalym pietlakem. Mezi pozitiva chirurgické 1é€by patii predevsim to, Ze jeji vysledky
jsou trvalého charakteru, na rozdil od pretlakové 1é¢by ¢i jinych opatieni, které jsou zavislé
na compliance pacienta k jejich pravidelnému doZzivotninu uzivani (resp. dodrzovani), i
proto je tak fadou pacientil preferovana. Usp&snost 1é¢by je obvykle hodnocena podle tzv.
Sherovych kritérii* [Sher et al. 1996]. Jejich vyhodou je jednoduchost a tedy snadné
porovnatelnost vysledkii, mnohymi autory jsou v§ak povazovana za zastarala a nedostatecna,
existuji tedy tendence k nalezeni kritérii vice vyhovujicich sou¢asné medicin€. [Ravesloot a
De Vries 2011, Pang et al. 2016].

Nezbytnym ptedpokladem pro GspéSnost 1éCby je peclivé vysetieni hornich cest dychacich,
v indikovanych ptipadech i provedeni DISE (viz vyse) ¢i zobrazovacich metod, stanoveni
mista obstrukce a zvoleni vhodného chirurgického vykonu. U pacientl s lehkou spankovou
apnoe muze byt dostate¢ny zakrok na jedné urovni HCD, u t€ZSich stupiili je vétSinou nutna
kombinace zakroku na vice Urovnich (napf. retrolingudlni oblast a mékké patro) - tzv.
viceuroviiova chirurgie [Mullholand et al. 2019]. Vykony mtizeme rozd¢lit podle zékladniho
principu na dva typy - roz$ifeni anatomicky danych rozméri hornich cest dychacich (napf.
maxilomandibuldrni  pfedsun) nebo  odstranéni ,nadbytecné“ tkané  (napf.
uvulopalatofaryngoplastika a vétSina ostatnich vykoni). Dale mizeme vykony rozd¢lit
podle toho, na které¢ trovni HCD jsou provadény. Toto rozdéleni bude vzhledem
k ptehlednosti pouzito nize.

Chirurgické vykony v dutiné nosni a nosohltanu

Odpor dutiny nosni tvoii z celkového odporu HCD podle rtiznych literarnich udajt 1/2 az
2/3. Piesto neni dostatek dikazl, ze by chirurgicky zékrok vedl k dostatecné redukci
objektivnich parametri spankové monitorace (zejména AHI). Nékteré prace vsak efekt
ptipoustéji [Park et al. 2014]. Prokazany je vSak efekt na subjektivni potize pacienta, a také
na zlepSeni compliance k uzivani pretlakové 1é€bé, kde pfispiva i1 k redukci potiebného
pretlaku [Poirier et al. 2014]. Mezi provadéné vykony se tadi septoplastika, ktera je
indikovdna u pacientd se symptomatickou deviaci nosni prepazky. Vykon se provadi
subperichondralni resekci deviovanych chrupavcitych Casti septa, nebo subperiostalni
resekci jeho kosténych ¢asti, vzdy v celkové anestézii. Mukotomie je operacni zakrok, jehoz
principem je redukce objemu dolnich skofep nosnich pfii jejich hypertrofii. V klasické
podobé je provadéna odstranénim piebytecné sliznice ostrym instrumentariem. Moderné;si

3 Redukce AHI o vice nez 50 %, poopera¢ni AHI < 20
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a v dnesni dobé¢ Siroce uzivanou metodou je podslizni¢ni redukce napt. pomoci laseru nebo
radiofrekvencni sondy (viz obrazek 2.14), jejiz vyhodou je mensi krvaceni, rychlejsi hojeni
a moznost provedeni v lokéalni anestézii [Bakshi et al. 2017]. Chronicka rinosinusitida
s polypy, které mohou byt dalsi pti¢inou obstrukce, je operacné feSena technikami funkcni
endonazalni chirurgie s vyuzitim endoskopl. Endoskopickd adenotomie - odstranéni
hypertrofické hltanové tonzily (adenoidnich vegetaci) - je jeden z nejcastéjSich vykonti
v otorinolaryngologii. Pfevahu pacientl vSak tvofi déti. Rizné typy vykonil v nosni dutiné
a vedlejSich nosnich dutindch mohou byt v ramci jednoho operacniho vykonu kombinovany.

Obrazek 2.14 - Schéma provedeni radiofrekven¢ni mukotomie dolnich nosnich skotep
(Zdroj: Olympus, CelonLab ENT in Slouka David, et al. Otorinolaryngologie.
Praha: Galén, 2018. ISBN 978-80-7492-391-3. Autor je spoluautorem citované publikace)

Chirurgické vykony na mékkém pati‘e a orofaryngu

M¢kké patro, patrové tonzily a patrové oblouky jsou klicovymi strukturami, které se podileji
na vzniku obstrukce HCD, resp. obstrukéni spankové apnoe. Zakroky v této oblasti tak
predstavuji nejvyznamnéjsi ¢ast chirurgie OSA. Cilem operace je zvétSeni prostoru této tzv.
velofaryngedlni Uziny a jeji zpevnéni. Klasickou a nejcastéji provadénou operaci je
uvulopalatofaryngoplastika (UPPP) poprvé pouzita a publikovana Fujitou jiz v roce 1981.
Principem je odstranéni patrovych tonzil (tonzilektomie), zkraceni zadnich patrovych
obloukt, uvuly a pfipadné¢ mékkého patra nasledované suturou patrovych obloukt k sobé.
Operace je provadéna v mnoha modifikacich (napf. expanzni sfinkter-faryngoplastika,
uvulopalatalni lalok), jeji vyhodou je prokazatelny efekt na redukci AHI a nizké riziko
komplikaci [Sundman et al. 2021]. U vybranych pacientli mize byt zvazena i samostatna
tonzilektomie, naopak miniinvazivni vykony jako je laserem asistovand uvuloplastika
(LAUP) ¢i radiofrekvencni ablace mékkého patra nejsou pro nedostatecnou efektivitu
v chirurgii OSA doporuc¢eny [Camacho et al. 2017].

Chirurgické vykony v retrolingualni oblasti

Oblast za kofenem jazyka hraje neopomenutelnou roli ve vzniku obstrukce HCD,
s narustajici tizi OSA se jeji vyznam zvysuje [Pang et al. 2006]. Muze byt zizena bud’
hypertrofii vlastni tkané jazyka v oblasti jeho kofene, nebo jeho retropozici. Roli mohou hrat
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také depozita tukové tkan€ u obéznich jedinct [Kim et al. 2014]. Operaéni postupy jsou
v zésadé¢ dvojiho typu, Casto jsou také kombinovany s dal§imi vykony na jiné urovni HCD.
Prvni moznosti je redukce objemu tkang. Vyuzivany jsou miniinvazivni techniky (nejcastéji
radiofrekvencni ablace, obdobné jako u mukotomie nosnich skotfep) nebo rozséhlejsi
resekéni operace, provadény nejcastéji transordlné. Moderni modifikaci je vyuziti robotické
chirurgie [Miller et al. 2017]. Druhou moZnosti jsou repozicni vykony, jejichZ principem je
posun oblasti kofene jazyka ventrdln¢ nebo ventrokaudalné, coz vede k rozsifeni
velofaryngedlni Uziny. Ptikladem je zavés jazylky (viz obrazek 2.15). Vykon je provadény
v riznych modifikacich, jeho principem je ventralni posunuti jazylky a jeji fixace ke §titné
chrupavce [Piccin et al. 2014]. Je nutno podotknout, Ze idedlni chirurgické feseni obstrukce
v retrolinguélni oblasti dosud nebylo nalezeno, i proto jsou vyuzivany nové alternativni
postupy, jako je napft. stimulace nervus hypoglossus [Shah a Thaler 2020].

Malé rohy
jazylky

Jazylka

Nevstrebatelné
stehy

Stitnd chrupavka

Obrazek 2.15 - Zavés jazylky - schéma operace
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018.
ISBN 978-80-7492-391-3. Autor je spoluautorem citované publikace)

Chirurgické vykony v hrtanu a trachee

Pfic¢ina obstrukéni spankové apnoe v hrtanu je nejcastéji zplisobena patologii piiklopky
hrtanové, tzv. floppy epiglotis. Nedostatecna rigidita epiglotis vede pfi inspiriu ve spanku k
jejimu vtahovani do hrtanového vchodu a vzniku obstrukce, zejména v poloze na zadech.
Pouziti pretlakové 1écby mulze tento stav zhorSovat. Tato patologie byla povazovana za
pomérné vzacnou, nékteré novéjsi prace vSak naznacuji vétsi prevalenci [Torre et al. 2016].
Spektrum moZznych vykont feSicich tento stav je Siroké, patii sem naptiklad parcialni
epiglotektomie nebo glossoepiglotopexe, ptiniz je po deepitelizaci lingualni plochy epiglotis
a valekul epiglotis fixovana ke kotfeni jazyka [Vallianou a Chaidas 2022].

Na tomto misté je potfeba zminit i provedeni tracheotomie jako mozného chirurgického

feSeni OSA. Vykon, po némZ trachea permanentné usti v predni ¢asti krku, je zpravidla
provadén zjiné indikace. V 1é€bé OSA neni rutinn€ pouZivdna piedev§im pro znacny
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dyskomfort a mutilaci pacienta, vysokou morbiditu. Indikovana miize byt u pacientli
s tézkou OSA a zdvaznymi komorbiditami, kdy veSkera ostatni 1éCba selhala. Jeji efekt na
redukci AHI je pak vzhledem ke kompletnimu vytazeni HCD témét absolutni [Camacho et
al. 2014]. Pacient dycha tracheostomatem pouze v noci, pfes den je uzaviené.

Macxilofacialni chirurgické vykony

Zakladnim vykonem je maxilomandibularni predsun. Vykon je provadén maxilofacialnim
chirurgem a vyzaduje pomérné naroc¢nou piipravu, véetné ortodontické. V indikacich
k vykonu je obstrukéni spankova apnoe minoritni, vétSinu tvoii pacienti s vadou skusu a
skeletdlnimi deformitami. Spoc¢iva v posunu fragmentti horni i dolni Celisti ventralné a jejich
nasledné fixaci (viz obrdzek 2.16). Tim dochdzi krozsifeni HCD jak v oblasti
velofaryngedlni, tak retrolinguélni. Efekt 1écby z pohledu zlepSeni ventilacnich parametri je
vyrazny, srovnatelny s terapii pietlakovou lé€bou [Boyd et al. 2016, Zaghi et al. 2016].
Nevyhodou je piedev§im vyrazni zména tvaru obliceje.

Obrazek 2.16 - Maxilomandibularni pfedsun - schéma operace
(Zdroj: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018.
ISBN 978-80-7492-391-3. Autor je spoluautorem citované publikace)
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3 Inovativni postupy v diagnostice spankové apnoe

V ptedchozich kapitolach byla popsana symptomatologie, komorbidity, diagnostika i 1é¢ba
obstrukéni spankové apnoe. Toto onemocnéni ma vysokou prevalenci, jejiz trend je
jednoznacné vzestupny. Symptomy jsou riiznorodé, pacienti n€kterym z nich nepftikladaji
dostate¢nou dilezitost nebo je bagatelizuji. I pfes ménici se trendy hraje roli i nedostate¢na
informovanost 1ékart [Silverberg 1997]. Diagnostika je multioborova, vyZaduje spankovou
monitoraci, je Casové ndro¢nd 1 finanéné ndkladna. VSe zminéné vede k tomu, Ze
onemocnéni je vyrazné poddiagnostikované. NeléCend OSA, a zejména jeji téz8i formy,
vedou k vyskytu zadvaznych komorbidit a dalSich dasledkd, jako jsou urazy ¢i dopravni
nehody. Obstrukéni spankova apnoe tak predstavuje vyznamnou zaté€z pro zdravi populace,
pro systém zdravotni péce i pro celou ekonomiku.

Pfedevsim naro¢nost diagnostiky tak v poslednich letech podnitila hledani alternativnich
diagnostickych metod. Jednou z moznosti je vyuziti screeningovych dotaznikd, které jsou
vSak zatizené nedostateCnou specificitou [Bernhardt et al. 2022], alternativa v podobé
spankové monitorace v domacich podminkéch snizuje ekonomickou i personalni naro¢nost,
jeji nevyhodou je vSak riziko faleSné negativnich vysledkt [Kapoor a Greenough 2015].
Nalezeni jednoduchého, levného a spolehlivého néstroje pro screening choroby, ktery by
umoznil identifikovat nemocné a v€as jim poskytnout adekvatni 1écbu, by bylo zdsadnim
prilomem. Zvlastni zdjem se soustfedil a stdle soustfedi na nalezeni potencidlniho
biomarkeru pro OSA. Biomarker je definovan jako vlastnost, kterd mize byt objektivné
meéfena a vyhodnocovéna jako ukazatel normalnich biologickych procesi, patologickych
procesti nebo odpovédi na terapeuticky zasah [Biomarkers Definitions Working Group
2001]. Shih a Malhotra [2011] popsali charakteristiky idealniho biomarkeru pro spankovou
apnoe. Optimalni biomarker by mél slouzit jako diagnosticky prostiedek, prostiedek pro
hodnoceni zatéze 1 zavaznosti onemocnéni 1 jako metoda pro méfeni odpovedi na 1écbu. Pro
pouziti v diagnostice (screeningu) by mé¢l mit dostateCnou senzitivitu i specificitu. To by
teoreticky mohlo odstranit potiebu nakladné diagnostiky - spankové monitorace - alespoii u
nekterych pacienti. MéEl by byt soucasti vyznamné patofyziologické drahy, aby jeho hladina
adekvatn¢ korelovala s tizi choroby, reflektovala GspéSnost 1écby a predikovala riziko
komplikaci. Z naseho pohledu by také idealni biomarker mél byt nezavisly na véku, pohlavi
1 télesnych parametrech pacienta. Potencidl biomarkerti je zndzornén na diagnosticko-
terapeutickém schématu (viz obrazek 3.1).

V poslednich dvou desetiletich bylo navrzeno a studovdno mnoho potencidlnich biomarkert
pro OSA, pfes intenzivni vyzkum vSak idedlni stale nebyl nalezen. Ze své podstaty muze
mit biomarker povahu chemickou, fyzikalni, genetickou ¢i biologickou. Vezmeme-li v potaz
definici idedlniho biomarkeru i technickou, Casovou a ekonomickou naro¢nost jeho analyzy,
jevi se jako nejpraktictéjsi laboratorni stanoveni z krve pacienta. VEtSina biomarkerti obecné
patii mezi biochemické biomarkery - makromolekuly ztad glykoproteint, které jsou
v lidském téle soucasti fady fyziologickych i patologickych procest. Specifickou skupinu
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na pomezi biologického, chemického i genetického markeru tvofi relativné noveé studované
molekuly mikroRNA. Blize budou obé¢ skupiny popsany v nasledujicich oddilech.

Klinické symptomy ——p Konzultace s praktickym lékafem Konzultace se specialistou
Otorinolaryngologické vysetfeni Spdnkova monitorace
k/
Prosta ronchopatie Lehka OSA Stiedné tézka OSA Tézka OSA
ReZimova
opatfeni
Bez dalsi terapie Chirurgickd, mandibularni protraktory Pretlakova terapie

AN

Chirurgicka terapie 4o | Selhani

Uprava nastaveni < » Kontrolni spankova monitorace

Obrazek 3.1 - Potencial mozného vyuziti biomarkera v
diagnosticko-terapeutickém schématu
(Upraveno podle: Slouka David, et al. Otorinolaryngologie. Praha: Galén, 2018. ISBN 978-80-

7492-391-3. Autor je spoluautorem citované publikace)

3.1 Biochemické biomarkery

Do této skupiny patii vétSina dosud identifikovanych biomarkeri, pouzivanych
v diagnostice fady onemocnéni. Jejich nespornou vyhodou je jednoduchéd laboratorni
diagnostika ze vzorkd krve pacienta. Typickym piikladem jsou jiz mnoho let rutinné
pouzivané laboratorni nadorové markery, jako je PSA (prostaticky specificky antigen)
v diagnostice karcinomu prostaty nebo AFP (a-1-fetoprotein) u karcinomu jater
[Hernychové et al. 2019]. Snaha o nalezeni vhodného glykoproteinového biomarkeru pro
OSA se odviji od patofyziologickych mechanizmi vzniku onemocnéni samotného i od
mechanizmil vzniku jeho komorbidit, pfedevsim kardi- a cerebrovaskularnich. Pozornost tak
byla vénovéana markerim zapojenym do rozdilnych mechanizmu v lidském téle a plnicim
ruznou funkéni tlohu. Jednotlivé skupiny budou popsany nize.

Biomarkery spojené s oxidativnim stresem

Systémovy oxidativni stres je povazovan za dulezity mechanizmus spojujici obstrukéni
spankovou apnoe s kardiovaskularnimi i metabolickych poruchami [Lavie 2009]. Pravidelné
epizody apnoe nebo hypoventilace zpisobujici hypoxii v prubéhu epizod obstrukéni apnoe
jsou predpokladanou pticinou vyssiho oxidativniho stresu u pacientii s OSA [Katsoulis et
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al., 2011]. Jeho podkladem je ptisobeni reaktivnich forem kysliku, které interaguji s DNA,
proteiny a bilkovinami v téle a zpusobuji poSkozeni bunék a endotelu cév. Protivahu
pfedstavuji enzymatické i neenzymatické antioxidativni mechanizmy. Mezi studované
biomarkery patii napt. paraoxondza, coz je antioxidativni enzym, ktery chrani lipoproteiny
pred oxidaci [Goswami et al. 2009]. Niz§i sérové hladiny byly zaznamenany u pacientil
s OSA bez kardiovaskuldrnich komorbidit, bylo prok4dzéano i zvySeni hladin paraoxonazy po
zahajeni 1€cby trvalym pretlakem [Kotani et al. 2008]. Dal$imi zastupci jsou izoprostany,
které vznikaji peroxidaci esencidlnich mastnych kyselin za piisobeni volnych radikalt.
Nejvice studovanou molekulou této skupiny je Fa-izoprostan (pfesnéji jeho izomer 8-izo-
PGF2q) vznikajici peroxidaci arachidonové kyseliny. Je povazovan za zlaty standard
diagnostiky oxidativniho stresu [Van't Erve et al. 2015] a n¢kolik studii prokazalo zvyseni
jeho hladiny u pacienti s OSA [Barcelo et al. 2011, Peres et al. 2020]. Malondialdehyd,
patfici mezi aldehydy, je produktem peroxidace lipida. Ta je zptisobena piimym plisobenim
oxidativniho stresu. Jeho zvySené hladiny u pacienti s OSA byly prokazany nékolika
studiemi a recentni metaanalyzou [Hopps et al. 2014, Pau et al. 2021].

Metabolické biomarkery

Intermitentni hypoxie typické pro obstrukéni spankovou apnoe mtze podle dosud podanych
dikazi zplsobovat poruchy metabolismu glukézy a lipid, véetné zvysSené inzulinové
rezistence [Punjabi et al., 2002]. Jasny vztah OSA pifimo k diabetes mellitus nebo
k metabolickému syndromu dosud pfesvéd¢ivé prokazan nebyl. Jednim z biomarkert, na
které je zaméten vyzkum v této oblasti, je leptin. Jedna se o hormon vylu¢ovany adipocity,
jehoz produkce stoupd s mnozstvim tuku v bunikach. V organizmu se podili na regulaci
piijmu potravy a energetického vydeje, ovlivituje téz citlivost na inzulin [Denver et al. 2011].
Zvysen¢ hladiny byly zjistény u pacientl s tézkou OSA, véetné korelace s jeji rostouct tizi
[Tokuda et al. 2008]. Jeho role v mozné diagnostice je vSak zatim nejasnd, limitem je
pfedevsim velmi Castd pfitomnost obezity jako privodni komorbidity spankové apnoe a
z toho logicky vyplyvajici zkresleni vysledkii [Sanchez-de-la-Torre et al. 2012]. Glykovany
hemoglobin (resp. jeho stabilni frakce HBAIc) je dobfe znamym a Siroce pouzivanym
markerem dlouhodobé koncentrace glukézy v krvi a tedy kompenzace/uspesnosti 1€cby
diabetes mellitus [Wang a Hng 2021]. Ve vztahu k OSA je zkoumén dlouhodobé¢ a jeho
zvySen¢ hladiny byly zjiStény i1 u pacienti s OSA bez pfitomnosti diabetes mellitus, prestoze
nekteré¢ studie neprokazaly vliv 1é€by OSA na jeho snizeni [Chakhtoura a Azar 2012].
Rozsahlou studii byla zjiSténa pozitivni korelace mezi jeho hladinami a tizi OSA [Priou et
al. 2012]. Adiponektin, podobné¢ jako leptin, je hormon produkovany tukovou tkéani, na rozdil
od ngj jsou jeho hladiny nepiimo umérné mnozsti télesného tuku, hraje tedy roli
protektivniho faktoru, plisobi antiaterogenné. U pacientl s OSA hraje roli ve sniZeni jeho
hladin oxidativni stres [Nakagawa et al., 2008]. Pfestoze problematika jeho vyzkumu je
zatizena podobnymi problémy jako u leptinu (asociace OSA a obezity), podle souc¢asného
poznani neni jeho role v patofyziologii OSA zpochybnovéana [Najafi et al. 2022]
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Zanétlivé biomarkery

Oxidativni stres popsany vyse je jednim z piedpoklddanych mechanizmii vzniku OSA.
Pfesna patofyziologie neni znama a podle jedné z hypotéz miize byt jednou z moznych
patofyziologickych drah zvyseni cirkulujicich hladin medidtord zanétu, proto je i témto
biomarkertim na poli vyzkumu spankové apnoe vénovana zna¢na pozornost [Nadeem et al.
2013]. Na prvni misto je tfeba zafadit nejzndméjs$i marker zanétu - C-reaktivni protein
(CRP). Jedna se o glykoprotein nalezici do rodiny tzv. pentraxind, pro kterou je spole¢na
cyklicka struktura diskovitého tvaru slozena z 5 podjednotek - monomert (viz obrazek 3.2)
[Du Clos 2013] Spolecné jim je i funkéni zapojeni v nespecifické imunitni odpovédi
organizmu [Bottazzi et al. 2010]. Je produkovan ptedevs§im v jaternich hepatocytech, jeho
produkce je stimulovana dal§imi cytokiny IL-6 a IL-8. Hladina CRP nariistd nejen
v disledku zanétu, ale 1 traumatického poskozeni, je také povazovan za nezavisly biomarker
kardiovaskularnich onemocnéni a prediktor kardiovaskularnich ptihod [Avan et al., 2018].
Vztah mezi obstrukéni spankovou apnoe a CRP je stale rozporuplny, 1 kdyZ rozsahlé dikazy
spiSe podporuji nezavisly vztah mezi sérovou hladinou CRP a OSA [Sahlman et al., 2010,
Imani et al., 2021]. Byla prokédzana i korelace mezi CRP a AHI nezéavisla na Grovni obezity
[Firat Guven et al. 2012].

Obrazek 3.2 - Struktura CRP (vlevo) a monomeru PTX-3 (vpravo)
(Upraveno podle: WANG, Zeyu et al., 2020, The Basic Characteristics of the Pentraxin Family and
Their Functions in Tumor Progression - Scientific Figure, CC BY via ResearchGate.

Dostupné z: https://www.researchgate.net/figure/Structure-of-the-pentraxin-family-members-Protein-
structure-of~-CRP-A-and-SAP-B_fig2 343720095

Blizkym ptibuznym CRP je i pentraxin-3 (PTX-3) patfici do stejné rodiny pentraxinli. Na
rozdil od CRP, ktery byl objeven diive a je fazen mezi tzv. kratké pentraxiny, je PTX-3
zastupcem tzv. dlouhych pentraxint (viz obrazek 3.2). OdliSuje je cca 2x delsi fetézec 1 jina
N-terminalni doména spojend s C-terminalni doménou, ktera je vS§em pentraxiniim spole¢na.
[Kunes a Krejsek 2006]. Hladiny pentraxinu stoupaji v krvi rychleji neZ hladiny CRP (vrchol
za 6-8 hod u PTX-3 vs. 24-48 hod u CRP). To je zplsobeno jeho produkci piimo
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v poskozené tkani bunkami monocytomakrofagové fady, fibroblasty i buitkami endotelu, na
rozdil od systémové produkce CRP v jatrech, kterda je regulovana interleukiny 6 a 8
[Garlanda et al., 2018]. Dosavadni data ptisuzuji PTX-3 roli nejen v regulaci zanétu, ale i u
kardiovaskularnich onemocnéni. Vzhledem k tomu, Ze jeho hladiny stoupaji i pfi akutnim
infarktu myokardu ¢i srdeCnim selhani, byl zkouman jako mozny biomarker
kardiovaskularniho rizika i prognozy [Ristagno et al. 2019]. V oblasti spankové apnoe je
PTX-3 zkoumén teprve v poslednich letech a mnozstvi dat je tak velmi limitované. Bylo
prokazano zvyseni jeho hladiny (vcetné korelace s tizi OSA) i jeji pokles po zahdjeni
pietlakové 1écby, coz ukazuje mozny potencidl tohoto biomarkeru v budoucnosti [Kasai et
al. 2011, Sozer et al. 2018]. Mezi dalsi ze studovanych latek patii interleukiny 6 a 8 (IL-6 a
IL-8) patfici mezi cytokiny. Jsou produkovany fadou bunck (makrofagy, lymfocyty,
endotelidlni buiiky), podileji se na regulaci imunitnich déji. IL-6 je hlavnim iniciatorem
akutni faze zanétu a regulatorem produkce CRP v jatrech, podili se na stimulaci B-lymfocytt
a zvySeni sekrece protilatek, IL-8 pisobi pfedevsim chemotakticky na neutrofily a hraje tak
klicovou roli v jejich migraci. [Uciechowski a Dempke 2020]. Vztah hladin téchto cytokind
k OSA neni dosud jednoznacny, i1 kdyz recentni studie myslenku jejich asociace podporuji
[Ming et al. 2018, Imani et al. 2020]. Limitaci je podobné& jako u leptinu (viz vySe) obezita,
protoze napft. aZ 30 % z hladiny cirkulujicich IL-6 pochazi z tukové tkané [Fain et al. 2004].
TNF-« (tumor necrosis factor alpha) uzavira vycet zanétlivych biomarkert, jejichz mozna
spojitost s OSA je zkoumana. Jejich kompletni vycet je rozsahlejsi a presahuje ramec této
prace. TNF-a je dalsi ze zanétlivych cytokind, ktery je produkovan makrofagy, monocyty 1
dalsimi buiikami [Idriss a Naismith 2000]. U¢astni se Sirokého spektra dgji, které vedou k
nekrdze nebo apoptoze bunék, podili se ale také na regulaci spanku a pozitivné koreluje s
nadmérnou denni spavosti, hypoxii a poruchami no¢niho spanku [Vgontzas et al. 1997]. 1
pies nutnost validace vysledkli na vétSich souborech pacientli se rané i recentni studie ve
vetsingé shoduji na prokazatelné korelaci jeho hladin s tizi obstrukéni spankové apnoe

[Minoguchi et al. 2004, Cao et al. 2020].

Kardiospecifické biomarkery

Vyssi prevalence fady kardiovaskularnich onemocnéni u pacienti s obstrukéni spankovou
apnoe i pfedpokladané patofyziologické mechanizmy jiz byly zminény v pedchozim textu
a jsou v soucasnosti povazovany za pomérn¢ dobie popsané [Yeghiazarians et al. 2021].
Biomarkery uzivané v diagnostice i hodnoceni prognézy piedevsim u ischemické choroby
srdecni a srde¢niho selhani jsou v dnesni dob& neodmyslitelnou soucasti managementu
téchto onemocnéni [Neumann et al. 2019]. Oproti tomu moznd role téchto
kardiospecifickych biomarkerti v diagnostice ¢i sledovani vysledkt 1é€by OSA neni dosud
vyjasnéna, velkou vyzvou v nalezeni takového biomarkeru je ptedevSim znacny piekryv
patofyziologickych mechanizmi a z toho vyplyvajici nizka specificita [Hall et al. 2014]. To
vSak nevylucuje pouziti téchto biomarker napft. pro stratifikaci rizika kardiovaskuldrnich
komplikaci u pacienti sjiz diagnostikovanou OSA. Jednim znejvice studovanych
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biomarkerti u pacientll s OSA je mozkovy natriureticky peptid (brain natriuretic peptide,
BNP) a biologicky neaktivni N-terminalni fragment jeho prohormonu (N7-proBNP). BNP
je peptidovy hormon s vazodilataénimi a diuretickymi vlastnostmi, uvolilovan je pii
zvySeném napéti srdecni stény 1 pii ischemii myokardu a je nyni povazovan za kvantitativni
marker akutniho i chronického srde¢niho selhani [Thygesen et al. 2012]. Podobné
charakteristiky plati i pro NT-pro BNP, jehoz vyhodou je vétsi stabilita molekuly a mensi
biologicka variabilita. Vysledky zkoumajici hladiny téchto markerti u pacientti s OSA bez
srdecniho onemocnéni nejsou jednotné [Hiibner et al. 2008 vs Ljunggren et al. 2012].
Podobna situace je i v oblasti vyzkumu vlivu pietlakové 1écby na hladiny téchto hormonti
[Tasci et al., 2006]. Dal§im biomarkerem jsou troponiny. Troponin je komplex tfi
regulacnich proteinii tropomyozinového komplexu, ktery se podili na kontrakei kosterni a
srdecni svaloviny. Srde¢ni troponin I (¢Tnl) a troponin T (cTnT) jsou exprimovany pouze
v myokardu a diky této vysoké tkanové specificite jsou zdkladem pro diagnostiku poskozeni
srdecniho svalu - zejména akutniho infarktu myokardu [Roffi et al. 2016]. Nové vysoce
senzitivni testy umoziuji detekovat i minimalni poSkozeni srde¢ni svaloviny nastavajici
napt. v disledku hypertenzni krize, tachykardie nebo u kardiomyopatii [Reichlin et al.,
2012]. Prikladem takového testu je high-sensitivity troponin I (hsTnl). Oproti starSim
vyzkumtim sledujicim hladiny troponint u pacientti s OSA, které nepfinesly presvédCivé
vysledky [Randby et al. 2012], nov¢jsi studie vyuzivajici pfedevSim vysoce senzitivni testy
prokézaly korelaci hladiny troponinii s OSA i s né€kterymi parametry nocni monitorace, jako
je pramérnd noc¢ni saturace [Roca et al. 2013, Einvik et al. 2014]. Mechanizmy, které¢ jsou
podkladem asociace srde¢nich troponinti s obstrukéni spankovou apnoe, vSak vyzadu;ji dalsi
podrobnéjsi vyzkumy.

Adhezni molekuly

Adheze cirkulujicich leukocytii na buniky endotelu je povazovana za dilezity krok pfi
iniciaci ateroskler6zy, jedné z komorbidit obstrukéni spankové apnoe [Ross 1993]. Tento
proces posiluji tzv. adhezni molekuly. Vyskytuji se na povrchu bunék i volné cirkulujici
v plazmé. VCAM-1 (molekula vaskularni bunééné¢ adheze 1), ICAM-I (intercelularni
adhezni molekula 1) piisobi jako medidtory pro migraci leukocytd do subendotelu a selektiny
(napt. E-selektin, P-selektin, L-selektin) napomahaji pohybu leukocytli v zanétlivé
zménéném endotelu [Inoue a Node 2006]. Jejich tloha v patofyziologii spankové apnoe
nebyla dosud zcela objasnéna, ma se vsak za to, Ze jejich exprese v riznych bunkéch je
indukovana mj. hypoxii [Ginis et al. 1993]. Tento fakt podporuji i dosud zjisténé vysledky.
Prokézana byla zvySena hladina téchto molekul u pacienti s OSA i jeji pokles po 1é¢bé [Pak
et al. 2015, Lv et al. 2021].

3.2 MikroRNA

Molekuly mikro ribonukleové kyseliny (mikroRNA, miRNA) patii do skupiny tzv.
nekddujicich RNA (non-coding RNA, ncRNA). NcRNA je skupina molekul RNA, u kterych
dochazi k transkripci z DNA, ale kromé specifickych piipadii poté jiz nedochézi k translaci
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v proteiny [Zhang et al. 2018]. Pokroky v sekvenaci a analyze odhalily, ze tyto molekuly
tvofi naprostou vétSinu lidského genomu. To predstavuje dosud témét neprozkoumanou
oblast vyzkumu a pftilezitosti pro objeveni novych biomarkerti vhodnych k diagnostice ¢i
1¢¢bé [De Gonzalo-Calvo et al., 2019]. Mohou tak tvofit rovnocennou alternativu historicky
star§im biochemickym biomarkertim. NcRNA jsou funkéni transkripty, které hraji klicovou
roli v biologickych procesech, regulacnich a dal§ich mechanizmech, jako je zanét, imunitni
procesy, metabolismus a dalsi [Kaikkonen et al. 2011]. Zmény v expresi ncRNA jsou tak
logicky spojeny s fadou patologickych stavii a onemocnéni.

MikroRNA jsou nejdiikladnéji prozkoumanou skupinou mezi vSemi ncRNA. Jednd se o
malé jednovlaknové molekuly RNA o délce 19 - 25 nukleotidt, které reguluji genovou
expresi degradaci nebo inhibici jejich cilové mRNA* (viz obrazek 3.3) [Filipowicz et al.
2008]. Predpoklada se, ze miRNA reguluji vice nez 60 % vSech genid kodujicich proteiny
[Friedman et al. 2009]. Vyznamny podil miRNA byl popsan v extracelularnim prostoru a
ruznych télnich tekutinach véetné krve, coz je zasadni pro jejich diagnostiku [Mitchell et al.,
2008]. Krom¢ snadného odebrani vzorku k analyze (odbér krve ¢i jiné télesné tekutiny) je
jejich vyhodou vysokd stabilita. Uvolilovany jsou pasivn¢ béhem bunééné smrti nebo
aktivné ne zcela objasnénymi mechanizmy. Kratce po rozpoznani jejich exprese v roce 2002
byla prokazana korelace mezi mnozstvim miRNA a konkrétnim onemocnénim
(downregulace miR-15 a miR-16 u B-bunééné leukémie) [Calin et al. 2002]. Pozdé&ji byly
identifikovany ,,kardiospecifické miRNA u mysi i lidi [Van Rooij et al. 2006]. Védecky
pokrok dnes umoziuje korelovat dysregulaci miRNA s rozvojem mnoha onemocnéni na
zvifecich modelech i u lidi. Analyzu a kvantifikaci je mozné provést s vysokou citlivosti
pomoci standardnich technik, jako je reverzni transkripce (RT) a polymerazova fetézova
reakce v realném cCase (real-time PCR) [Walter et al., 2018]. Jsou jiz napf. k dispozici nékteré
testy pro klinickou praxi, jako napt. test ThyraMIR®, zaloZeny na kvantifikaci 10 miRNA,
rozliSujici benigni a maligni nadory §titné zlazy [Glass et al. 2022].

MikroRNA a obstruké¢ni spankova apnoe

Vyzkum role molekul mikroRNA v managementu spankové apnoe je stale v pocatecnich
fazich a mnozstvi dat je limitované. V pilotni studii Sanchez-de-la-Torre et al. [2015] byla
miRNA popséna jako objektivni nastroj v managementu OSA, zejména jeji role pii predikci
odpovédi na 1écbu trvalym pretlakem. Ze skupiny mikroRNA spojenych
s kardiovaskuldrnimi onemocnénimi bylo dosazeno slibnych vysledkli pro skupinu tiech
miRNA - miR-100-5p, miR-378a-3p a miR-486-5p. Vétsina studii se v§ak zamétuje na roli
miRNA v diagnostice. Ve shod¢ s vyzkumem ,.tradi¢nich* glykoproteinovych biomarkerti
je tak pozornost upfena predevSim na indentifikaci mikroRNA, které mohou hrat roli
v patofyziologickych mechanizmech spojenych s oxidativnim stresem, endotelidlni
dysfunkci, lokalnim bunéénym poskozenim ¢i dysregulaci metabolismu (viz oddil 3.1).

4 mRNA = messenger RNA. Jednovlaknova RNA vznikajici transkripci a sestfihem (splicing) z DNA v jadfe
bunky, odkud je transportovana do cytoplazmy, kde slouzi jako templat k translaci v proteiny na ribozomech
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Li et al. [2017] identifikovali n¢kolik miRNA jako mozné kandidaty (downregulace miR-
107, 199-3p a miR-485-5p a upregulace miR-574-5p u pacientd s OSA proti zdravym
kontrolam). Nékterym autorim se podafilo kombinaci panelu 6 miRNA (miR-486-3p, miR-
345, miR-340, miR-199b, miR- 181a a miR-133a) zvysit senzitivitu skérovaciho testu
NoSAS, pouzivaného ke screeningu spankové apnoe [Santamaria-Martos et al. 2019]. U
stejnych molekul pak byla zjisténa zvySena exprese po Sestimési¢ni pretlakové 1€cbé. Dalsi
studie stratifikovala pacienty podle tize OSA, véku i t€lesné hmotnosti a prokazala postupny
narist exprese dvou mikroRNA (miR-320e, miR-1254) se zdvaznosti OSA, navic nezavisle
na dal$ich faktorech, jako je vék a BMI [Freitas et al. 2020].

Profil mikroRNA mize také umoznit identifikaci pacientd se specifickymi zejména
kardiovaskularnimi, komorbiditami spojenymi s OSA. Typickym ptikladem je arteridlni
hypertenze, u niz byla prokazana zvySena exprese miR- 145-5p a miR-320b [Yang et al.,
2018], nebo aterosklerotické cévni zmény (snizend exprese miR-664a-3p) [Li et al., 2018].
Aterosklerozou koronarnich tepen se blize zabyvala studie Wanga et al. [2019], ktera
prokazala pozitivni korelaci mezi dvéma mikroRNA (miR-499 a miR-208b) a stupném
koronarni aterosklerdzy. Upregulace miR-499 byla identifikovana i u pacientt s fibrilaci sini
[Ling et al. 2013].

U lidi bylo doposud identifikovano ptes 2500 riiznych mikroRNA a je zfejmé, ze toto Cislo
neni kone¢né [Van Meter et al. 2020]. Budouci vyvoj je naznaCen sou¢asnym intenzivnim
vyzkumem v oblasti terapeutického vyuziti téchto molekul. Jejich modulace (aktivace ¢i
inhibice) je testovana v experimentalni 1écbé fady nemoci jako je srde¢ni selhani,
ateroskler6za, diabetes mellitus ¢i hepatitida C [Van Rooij a Kappinen 2014].

Obrazek 3.3 - Funkce mikroRNA - schéma
(Upraveno podle: MOLLERSEN, Kajsa, 2017, CC BY-SA 4.0 via Wikimedia Commons.
Dostupné z: https://upload.wikimedia.org/wikipedia/commons/7/79/

Conceptual overview of multiomics - digital skewed.png
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II. Inovativni postupy v diagnostice spankové apnoe — prakticka ¢ast

1 Cil prace

Cilem dizerta¢ni prace je, na zaklad¢ dlouholetého vyzkumu problematiky obstrukéni
spankové apnoe provadéného na Otorhinolaryngologické klinice Lékaiské fakulty
Univerzity Karlovy v Plzni a Fakultni nemocnice v Plzni, zjistit vztah plazmatické hladiny
vybranych glykoproteinovych biomarkera (petraxinu-3, CRP a high-sensitivity troponinu I)
a mikroRNA-499 k obezité, pohlavi a véku.
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2 Stanovené hypotézy

Na zédkladé soucasnych dostupnych poznatkl jsme definovali nasledujici hypotézy:

Hypotéza 1.:

Hypotéza 2.:

Hypotéza 3.:

a) Hodnota body mass indexu u pacientl trpicich obstrukéni spankovou
apnoe neovliviiuje plazmatickou hladinu petraxinu-3, CRP a high-sensitivity
troponinu I.

b) Hodnota body mass indexu u pacientl trpicich obstrukéni spankovou
apnoe neovliviiuje plazmatickou hladinu mikroRNA-499

a) Plazmatické hladiny petraxinu-3, CRP a high-sensitivity troponinu I u
pacientil trpicich obstrukéni spankovou apnoe jsou nezavislé na pohlavi.

b) Plazmatick¢ hladiny mikroRNA-499 u pacientd trpicich obstrukéni
spankovou apnoe jsou nezavislé na pohlavi.

a) Plazmatické hladiny petraxinu-3, CRP a high-sensitivity troponinu I u
pacientil trpicich obstruk¢éni spankovou apnoe jsou nezavislé na véku.

b) Plazmatick¢ hladiny mikroRNA-499 u pacientd trpicich obstrukéni
spankovou apnoe jsou nezavislé na véku.
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3 Material a metodika

3.1 Material

Do monocentrické retrospektivni analytické studie probihajici na Otorhinolaryngologické
klinice Lékatské fakulty Univerzity Karlovy v Plzni a Fakultni nemocnice v Plzni bylo od
1. 1. 2015 do 31. 12. 2019 zahrnuto 169 pacientli se suspekci na onemocnéni obstrukéni
spankovou apnoe. VSichni pacienti prodélali spAnkovou monitoraci k verifikaci pfitomnosti
a tize choroby. Studie byla schvélena Etickou komisi Fakultni nemocnice v Plzni (¢islo
schvaleni: 130708). VSichni pacienti podepsali informovany souhlas se zatazenim do studie.
Na zékladé nize uvedenych vylucovacich kritérii bylo vylouc¢eno 39 pacientii a do studie
finaln¢ zatazeno 130 pacientii (detaily viz obrazek 3.1).

Celkovy pocet
n=169

v

Spankova monitorace
PSG nebo PG Jind nez I;S=G2 nebo PG >
, Predchozi chirurgicky zakrok na HCD
n=5 >
N Pfedchozi Ié¢ba OSA
n=2
Cerebrovaskularni onemocnéni —
> n=1
> Kardiovaskularni onemocnéni
n=3
Vylouéeno
> DM a ostatni endokrinni onemocnéni > n=39
n=3
> Onkologicti pacienti
n=1 >
. N Chronické plicni onemocnéni
n=3
> Psychiatrické onemocnéni ——
n=1
N Koufeni
n=9
>
> Nekompletni data
n=5
> Spatna spoluprace )
L n=4
Zarazeno do studie
n=130

Obrazek 3.1 - Flow chart studie — pouzito z ptfipravované publikace autora
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Jako zarazovaci kritéria byla stanovena:

- suspekce na obstrukéni spankovou apnoe

- spankova monitorace provedena polysomnografem nebo limitovanou polygrafii
- AHI vétsi nebo rovno 15 (stiedné tézka a tézka obstrukéni spankova apnoe)

- vk nad 18 let

Jako vyrazovaci kritéria byla stanovena:

spankova monitorace provedena na jiné urovni nez limitovand polygrafie nebo
polysomnografie

- jakakoliv ptedchozi 1é€ba spankové apnoe

- chirurgicky vykon v oblasti hornich dychacich cest vyjma adenotomie v détstvi
- anamnéza cerebrovaskularnich chorob

- anamnéza kardiovaskularnich chorob (kromé hypertenze)

- diabetes mellitus a jiné endokrinopatie

- anamnéza onkologickych onemocnéni

- chronicka obstrukéni plicni choroba

- uzivani psychiatrické medikace

- koufeni a abusus alkoholu

- nekompletni data

- Spatna spoluprace

Finaln¢ bylo do studovaného souboru zatazeno 130 respondentli reprezentujicich bézny
vzorek populace pacientli se spankovou apnoe, z toho 48 zen (37,4 %) a 82 muzi (62,6 %).
Primérny vék souboru byl 58,6 let (viz graf 3.1).

30+

pocet pacienttl

oL [ ]

T T T
20 40 60 ao

veék
Graf 3.1 - Distribuce respondentii dle véku a pohlavi — sloupcovy graf
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Kontrolni skupinu souboru tvofilo 81 zdravych subjekti pochazejicich z preventivnich

prohlidek zaméstnancti Fakultni nemocnice Plzen, z toho 29 Zen a 52 muzd. Primérny vék

souboru byl 56,6 let. Soubory respondentli a zdravych kontrol byly hodnoceny jako vékem

(p=0,2048) i genderové srovnatelné (p=0,1443). OSA byla vyloucena na zéklad¢ chybéjici

symptomatologie a Berlinského dotazniku (viz ptiloha 3).

Tabulka 3.1 - Srovnani demografického rozloZeni dat respondentt studie a kontrol

ér. Dolni  Horni
n % Pramér Smér Median Min  Max 0 m. orm.
odchylka kvartil kvartil
Zeny 48 374 60,49 998 63,27 36,82 79,24 53,38 66,32
Studie Muzi 82 62,6 57,51 12,89 57,53 25,98 86,65 47,52 67,42
Celkem 130 100 58,63 11,93 59,7 25,98 86,56 49,84 67,42 0,2048
Zeny 29 35,8 53,80 12,29 55,83 35,70 74,21 43,09 64,13
Kontroly 5 52 64,2 58,03 10,10 58,89 36,13 80,39 53,31 64,67
Celkem 81 100 56,61 11,05 58,39 35,7 80,39 48,52 64,45

Soubor respondentll zatazenych do studie vykazoval typické znaky souboru pacientli

se stfedné tézkou a tézkou obstrukéni spankovou apnoe. Primérny BMI byl 35,5 (median
34,4), primérny AHI byl 44,7 (median 40,9).

Tabulka 3.2 - Vstupni parametry souboru — spankova monitorace

Prumér  Smér. odchylka Median Min Max  Spodni kvartil  Horni kvartil
35,55 7,44 34,4 16,4 65,8 31,30 39,40
<24.9 5 3,82
BMI 25.0-29.9 20 15,27
30.0-39.9 75 58,02
>40.0 30 22,90
44,72 20,99 40,90 15,60 1049 26,70 60,10
32,06
AHI 15<29.9 =42
8 %
67,94
>30.0 =89
g %
ODI 48,17 24,12 45,60 1,70 105,9 28,60 66,70
Min. SaQ2 69,64 11,32 72,00 35,00 86,00 62,00 78,00
Prim. Sa02 91,02 4,09 92,00 73,00 96,00 90,00 93,00
T 90 23,71 29,18 14 0 100 4,0 35,0
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Spankova monitorace prokazala ve vstupnich datech respondenti primérny ODI 48,17
(median 45,6), minimalni saturaci O2 69,64 % (median 72,0 %), pramérnou saturaci 91,02
% (median 92,0 %), T90 23,71% (median 14,0 %). Detaily viz tabulka 3.2. Grafické
znazornéni distribuce dat viz grafy 3.2 - 3.7.

BMI

pacienti

Graf 3.2 - Rozlozeni BMI ve studovaném souboru — box plot graf

AHI

pacienti

Graf 3.3 - Rozlozeni AHI studovaného souboru — box plot graf

ODI

pacienti

Graf 3.4 - Rozlozeni ODI pacienti — box plot graf
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minim. Sa0,

T90

pacienti

Graf 3.5 - RozloZeni minim. SaOz pacienti — box plot graf
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o

pacienti

Graf 3.6 - Rozlozeni prim. SaO2 pacienti — box plot graf

100

m oo o

Graf 3.7 - RozloZeni prim. T90 pacienti — box plot graf
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3.2 Metodika

Spankova monitorace

VSichni zatazeni pacienti prodélali spankovou monitoraci provedenou polysomnografem
nebo limitovanou polygrafii. Klasifikace spankové apnoe byla provedena v souladu s kritérii
Ceské spole¢nosti pro vyzkum spanku a spankovou medicinu [CSVSSM 2011]; do studie
byli zafazeni pacienti s apnoe-hypopnoe indexem vyssim nebo rovnym 15 (viz zafazovaci
kritéria). DalS§imi méfenymi hodnotami pifi spankové monitoraci byly desaturacni index
(ODI), arousal index, minimalni a priméma noc¢ni saturace. Hodnoceni spankové
monitorace bylo provedeno dle platnych guidelines American Academy of Sleep Medicine
a CSVSSM [AASM 2016, CVSSM 2011].

Monitorované proménné pri spankové monitoraci:

- BMI (body mass index) — byl definovan jako télesnda hmotnost [kg]/druhd mocnina télesné
vysky [m]; uzit k posouzeni miry obezity

- apnoe — byla definovana jako zastava dychani (nebo omezeni proudu vzduchu v dechovych
cyklech 0 > 90 %) o trvani > 10 s

- hypopnoe- byla definovana jako omezeni proudu vzduchu v dechovych cyklech o > 30 %
pti poklesu saturace o > 4 % v trvani > 10 s nebo omezeni proudu vzduchu v dechovych
cyklech o > 50 % pfi poklesu saturace o0 > 3 % v trvani >10 s.

- AHI - byl definovan pocet apnoe a hypopnoe za 1 hodinu spanku

- ODI (oxygen desaturation index) - byl definovan jako pocet desaturaci za 1 hodinu spanku;
desaturace definovéana jako pokles SpO2 o > 3 % proti vychozi Girovni (nebo > 4 % bez
nasledné probouzeci reakce) v trvani vice nez 10 s

- Al (arousal index) - byl definovén jako pocet probouzecich reakei za 1 hodinu spanku

- Priim. SaO: - primérna noc¢ni saturace krve Oz

- Min. SaO2 - minimalni no¢ni saturace krve Oz

- T90 - byla definovana jako doba spanku stravend v saturacich pod 90 %

Odbér vzorkiu glykoproteinovych biomarkeru

Periferni krev z Zily v kubité byla odebrana do zkumavek VACUETTE® Z Serum Sep tubes
(Greiner Bio-One, Kremsmiinster, Austria). Sérum bylo oddéleno do 3 hodin centrifugaci
pti 1700 ot./min po dobu 10 min a vSechny vzorky byly okamzité rozd€leny na alikvoty a
zmrazeny pii -80 °C. Vzorky byly uskladnény s 24hodinovou monitoraci teploty. Vzorky
séra byly rozmrazeny pouze jednou, a to tésn€ pied analyzou. U kazdého vzorku byly
méteny sérové hladiny C-reaktivniho proteinu, pentraxinu-3 a high-sensitivity troponinu I.

Analyza vzorki glykoproteinovych biomarkeri

Sérové hladiny CRP byly méfeny pomoci chemiluminiscen¢niho testu s pouZzitim piistroje
Maglumi In-strument (Snibe Co., Shenzhen, Cina), pentraxin-3 byl méfen pomoci testu
Simple Plex s pouzitim systému Ella (ProteinSimple, San Jose, CA, USA ), hsTnl byly
méteny pomoci chemiluminiscentnich ACCESS testli za pouziti ptistroje UniCel DxI 800
(Beckman Coulter, Brea, CA, USA).
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Odbér vzorkit miRNA

Vzorky periferni krve (4 ml) byly rutinné odebirany venepunkci z zily v kubité pomoci
zkumavek K3EDTA Vacutainer (Greiner Bio-One, Kremsmiinster, Rakousko). Plazma byla
oddélena po centrifugaci pfi 1700 ot./min po dobu 10 minut. Vzorky plazmy byly
skladovany zmrazené pii -80 °C az do analyzy.

Analyza vzorki miRNA

Plazmatické hladiny miR-499 byly kvantifikovany pomoci reverzni transkripce (RT)
polymerazové fetézové reakce v redlném case (RT real-time PCR). Celkova RNA (v¢etné
frakce miRNA) byla extrahovana ruéné¢ pomoci miRNeasy® Serum/Plasma Kit (Qiagen,
Hilden, Némecko) z 200 pl krevni plazmy s dal$imi 3,5 pl 1,6 x108 kopii/pul pracovniho
roztoku cel-miR-39 (Qiagen, Hilden, Némecko). Exogenni cel-miR-39 byl pouzit jako
spike-in kontrola pro monitorovani ucinnosti extrakce. Kvantitativni odhad vybranych
miRNA byl proveden metodou RT real-time PCR. Testy se zamétuji pouze na zralé miRNA,
nikoli na jejich prekurzory. Analyza sestavala z pfipravy templatu cDNA reakci reverzni
transkripce (RT) za pouziti soupravy TagMan MicroRNA Reverse Transscription kit
(Thermo Fisher Scientific, Foster City, CA, USA) s TagMan miRNA Assays (Thermo Fisher
Scientific, Foster City, CA, USA), nasledovana cDNA kvantifikaci pomoci PCR za pouziti
TagMan miRNA Assays (Thermo Fisher Scientific, Foster City, CA, USA) v technickych
duplikatech na systému LightCycler® 96 (Roche, Basel, Svycarsko). Tepelny profil PCR se
fidil protokolem vyrobce. Aby se predeslo variacim mezi destiCkami, byly pouzity
mezibéhové kalibratory (IRC) [Hellemans et al. 2007]. K vypoctu plazmatickych hladin
miRNA, které jsou stfedem zajmu, byl pouzit pristup deltaCt. Vysledky jsou prezentovany
jako relativni hodnoty exprese vypocitané jako 2 - (Ct sledované miRNA - Ct
normalizatoru). Jako normalizator byl pouzit cel-miR-39 (exogenni reference) [Kroh et al.
2010, Pesta et al. 2019, Schwarzenbach et al. 2015].

Statistické hodnoceni, uzité analyzy
Statisticka analyza byla provedena uzitim software SAS (SAS Institute Inc., Cary, NC,
USA).

Pro méfené parametry byly pocitany zakladni statistické tidaje jako primér, smérodatna
odchylka, rozptyl, median, mezikvartilové rozpéti, minimum, maximum. U kategorickych
proménnych byly zkoumany jejich absolutni a relativni ¢etnosti.

Na porovnani distribuci zkoumanych proménnych mezi testovanymi skupinami byly
pouzity neparametrické testy (Wilcoxon Two Sample Test a Kruskal-Wallistiv test). Vliv
parametrii OSA a vybranych klinickych udaji na hodnotu biomarkert byl zkouman pomoci
multivariacni mnoharozmérné regrese. Vztahy mezi proménnymi byly zkoumény pomoci
koeficienti korelace (Pearsonliv korela¢ni koeficient) a vybrané vztahy byly popsany
pomoci linearni regrese. Pomoci multivariani logistické regrese byly zkoumany rtizné
kombinace biomarkert s cilem dosazeni maximalni diskrimina¢ni schopnosti.
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Statistickd vyznamnost byla stanovena na hranici alpha = 5 %.

Eticka komise
Studie byla schvélena Etickou komisi Fakultni nemocnice v Plzni (¢islo schvaleni: 130708).
Vsichni pacienti podepsali informovany souhlas se zafazenim do studie.

4 Vysledky

4.1 Srovnani plazmatickych hladin studovanych biomarkert u skupiny

nemocnych a kontrolni skupiny

Vybrané glykoproteinové biomarkery dle o¢ekavani ukazaly statisticky vyznamny rozdil
sérovych hladin u nemocnych ve srovnani s hladinami u kontrolniho souboru. C-reaktivni
protein mél laboratorni hladinu primérné 6,63 mg/l oproti primérné hladiné kontrol 2,43
mg/l (median byl 3,52 mg/l vs. 1,19 mg/l). Plazma studovaného souboru vykazala
primérnou hodnotu high-sensitivity troponinu I 5,63 ng/l proti priméru 3,55 ng/l kontrol
(median 3,5 ng/l vs. 2,4 ng/l).

Tabulka 4.1 Srovnani plazmatickych hladin sledovanych proménnych

lomarker upina rumer mer. odchylka edian m ax poani varti orni kvartil P
Biomarker  Skupina  Primér Smér.odchylka Medisn Min Max  Spodnikvartil  Horni kvartil
0SA 6.63 10,91 352 019 100 135 7.40

CR/I: <0.0001
(mg/l Kontroly 2,434 3,397 1,192 0,145 22,92 0,563 3,127
0SA 5628 2703 5240 588 12776 3669 7058

(P T/)fr; f’) <0.0001
Pg Kontroly 3390 2119 2780 861 9409 1746 4533
he Tl 0SA 5.63 7,41 350 070 511 2.20 6.30

b <0.0001
(ng/h Kontroly 3,548 4,843 24 0 373 1,5 34

LiRNAg9o  OSA 00078 0,0206 00002 0 01312 0 0,0027 o
(©YKIY)  Kontroly  0,00003  0,000213 0 0 0,015 0 0

Sérové hodnoty pentraxinu-3 se pohybovaly primérné na 5628 pg/l u nemocnych a na 3390
pg/l u zdravych (median 5240 pg/l vs. 2780 pg/l). MikroRNA-499 byla v séru detekovana
s hladinou 0,0078 (cykly) v souboru nemocnych a s hladinou 0,00030 (cykly) v souboru
zdravych. Detaily jsou zpracovany v tabulce 4.1. Grafické znadzornéni rozlozeni sledovanych
proménnych demonstruji nize grafy 4.1 - 4.4.
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Graf 4.1 - Grafické srovnani rozlozeni plazmatickych hladiny
Pentraxinu 3 u respondentt studie a zdravych kontrol - box plot graf

hsTnl

omo oo

B

g

konfroly paciénti

Graf 4.2 - Grafické srovnani plazmatickych hladiny hsTnl u respondent
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Graf 4.3 - Grafické srovnani plazmatickych hladiny CRP u
respondentll studie a zdravych kontrol - box plot graf
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Graf 4.4 - Grafické srovnani plazmatickych hladiny miRNA-499

u respondentil studie a zdravych kontrol - box plot graf

4.2 Zavislost plazmatickych hladin studovanych biomarkert na pohlavi

Soubor zkoumanych nemocnych jsme rozd¢lili podle pohlavi na muze (n=82; 62,6 %) a Zeny

(n=48; 37,4 %). Testovani miry zavislosti sérovych hladin na pohlavi ukazalo statisticky

vyznamny vztah pouze pro high-sensitivity troponin I (p<0,0001).

Tabulka 4.2 - Srovnani plazmatickych hladin sledovanych proménnych ve skupinach

podle pohlavi
. . . Wilcoxonuv test
Biomarker Pohlavi  Primér S Me.d 1an Min Max Sp Odl.n Horni kvartil -
odchylka (Min — Max) kvartil
hodnota p

CRP Zeny 6730 7239 4035 03 317 1,71 8,61 i
(mg/l) Muzi 6584 12651 3228 0,19 100 1205 6327
— Zeny 5645 2468 5240 588 12686 4157 6762 e
(pg/ml) Muzi 5617 2849 5242 940 12776 3569 7058
heTal Zeny 3346 30890 24 0.7 185 1,6 40
s <0,0001

g Muzi 6973 8771 435 07 51,1 3,0 7.1
MiRNA99  Zeny 000506 00113 00001 0 00587 0 0,003 Lsnne
ey Muzi  0,00936 00245  0,0003 0 0132 0 0,0023

Vztah CRP a pentraxinu-3 k pohlavi byl bez statistické zavislosti (p=0,1322, resp. p=0,776)
ve shod¢ s miRNA-499 (p=0,5326). Detaily v tabulce 4.2. Grafické zndzornéni rozlozeni

sledovanych proménnych demostruji nize grafy 4.5 - 4.8.
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Graf 4.5 - Grafické srovnani plazmatickych hladiny pentraxinu-3
u studovaného souboru ve skupinach dle pohlavi - box plot graf

Z pohlavi M

Graf 4.6 - Grafické srovnani plazmatickych hladiny hsTnl u
studovaného souboru ve skupinach dle pohlavi - box plot graf
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Graf 4.7 - Grafické srovnani plazmatickych hladiny CRP u
studovaného souboru ve skupinach dle pohlavi - box plot graf
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Graf 4.8 - Grafické srovnani plazmatickych hladiny miRNA-499
u studovaného souboru ve skupinach dle pohlavi - box plot graf

4.3 Zavislost plazmatickych hladin studovanych biomarkeri na obezité
(BMI)

Nasledny rozbor rozd¢lil studovanou skupinu podle miry obezity na skupinu s BMI do 24,9
(n=5), skupinu s BMI 25-29,9 (n=20), skupinu s BMI 30-39.9 (n=76) a 40 a vice (n=30).
Pro vSechny 4 skupiny jsme zhodnotili sérové hladiny sledovanych proménnych.

Tabulka 4.3 - Srovnani plazmatickych hladin sledovanych proménnych
ve skupinach podle obezity

. A Smér. x . Dolni Horni
Biomarker BMI Primér odchylka Median Min Max Kkvartil Kkvartil P
Do249(n=5) 09268 1274 0462 028 3,198 03 0,466
CRP 25290 (n=20) 5847 6196 3703 0431 2322 1584 8,026
0.0002
(mg/l) 30-39.9 (1=75) 6,094 12,628 2,653 0,19 100 1,239 4,906
40avic(n=30) 9498 8983 7,090 0477 3244 3522 10,15
Do249(n=5) 5986 3121 4474 2517 9920 4433 8585
prx | 25299@=20) 4551 2409 4310 588 9734 2853 5928 1o
g/mh  30399m=75) 5504 2625 5161 1714 12686 3638 6884
40avic(m=30) 6371 2896 6017 940 12776 4567 8529
Do249(n=5) 3,66 2,159 57 1,0 6.6 23 47
HeTal 25290 (n=20) 5065 10,66 2,55 07 499 1,55 38 "
(ng/h 30-39.9 (1=75) 5432 7,117 3,5 07 511 22 6.1
40avic(n=30) 6847 6097 505 12 252 2,5 82
D0249 (n=5) 00178 00391  0,0002 0 00788 0 0,001
iRNAdgoe 25299 (1=20) 00057 00146 00001 00,0587 0 0,0018 oo
@MY 30309@m=75 00077 00229  0,0004 0 01312 0 0,0025
40avic@=30)  0,0072 00137  0,0002 0 0,06 0 0,0087
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V ptipad¢ C-reaktivniho proteinu jsme statisticky vyznamny vztah s BMI prokazali
(p=0,0002), pacienti s vy$sim BMI méli i vys$si CRP. Statisticky vyznamna zavislost, ale
podstatné slabsi, byla odhalena i pro high-sensitivity troponin I (p=0,0416). Pentraxin-3 a
miRNA-499 byly bez statistického vztahu ke skupindam BMI (p=0,1653, resp. p=0,9976).
Detaily v tabulce 4.3. Grafické znazornéni rozlozeni sledovanych proménnych demonstruji
nize grafy 4.9 - 4.12.
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Graf 4.9 - Grafické srovnani plazmatickych hladiny pentraxinu-3
u studovaného souboru ve skupindch dle BMI - box plot graf
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Graf 4.10 - Grafické srovnani plazmatickych hladiny hsTnl
u studovaného souboru ve skupinach dle BMI - box plot graf
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Graf 4.11 - Grafické srovnani plazmatickych hladiny CRP
u studovaného souboru ve skupinach dle BMI - box plot graf
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Graf 4.12 - Grafické srovnani plazmatickych hladiny miRNA-499
u studovaného souboru ve skupindch dle BMI - box plot graf

4.4 Zavislost plazmatickych hladin studovanych biomarkeri na véku

Studium zavislosti hladin zkoumanych proménnych na véku ukazalo, ze skupina pentraxinti
nema s vékem zadny statisticky prokazatelny vztah; kratky pentraxin-1, tedy CRP m¢élo
p=0,6961, dlouhy pentraxin, tedy pentraxin-3 p=0,2649. Ani mikroRNA-499 nebyla vékem
ovlivnéna. Pouze high-sensitivity troponin I k v€ku statisticky, klinicky nevyznamny vztah
mél (p=0,0004). Detaily viz tabulka 4.4.
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Tabulka 4.4 - Srovnani plazmatickych hladin sledovanych proménnych na véku

Biomarker Pearsontv korelacni koeficient p
CRP (mg/1) 0,03445 0,6961
PTX-3 (pg/ml) -0,09810 0,2649
hsTnl (ng/1) 0,30707 0,0004
miRNA-499 (cykly) 0,06865 0,2504

Kfivky lineani regrese vztahu CRP a véku, PTX-3 a v€ku a mikroRNA-499 a véku prokazuji,
ze vzajemna zavislost danych proménnych neni. Naproti tomu kiivka linedrni regrese vztahu
high-sensitivity troponinu I a véku ukazuje na pozitivni korelaci, tedy s vysSim veékem je
tendence k vyS$$i hodnoté hsTnl. Detaily viz graf 4.13.
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Graf 4.13 - Linearni regrese vztahu: a) vék a CRP, b) vék a pentraxin-3,
¢) vék a hsTnl, d) vék a mikroRNA-499

70



5 Diskuze

Somnologie, jmenovité problematika spankové apnoe, je multidisciplinarni obor ndro¢ny na
kvalitu zdravotnického persondlu, odbornou erudici 1 zdravotnické vybaveni [Arachchige a
Steier 2022]. V dob¢ rozvoje preventivni a personalizované mediciny je kladen diraz na
kvalitu pacientského osobniho a pracovniho zivota [Jennum et al. 2014], komplexni pfistup
k feSeni nejen zdkladni choroby, ale i jejich komorbidit. Podstatnou roli hraji v dne$ni
medicing i socioekonomické faktory [Potts et al. 2013], protoze medicina spankové apnoe
vyrazné finanéné zatéZuje rozpocet zdravotnictvi. Situaci umociiuje i stoupajici prevalence
onemocnéni u muzi 1 Zen, dokumentovana napft. studii Benjafielda et al. [2019], ktera

srovnavala data z 16 riiznych zemi (viz obrazek 5.1).
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Obrazek 5.1 - Prevalence OSA v 16 zemich podle AHI a) u muzi b) u zen
(Benjafield et al. 2019, upraveno podle: Lyons et al. 2020)
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Obstrukéni spankova apnoe je onemocnénim, které je spojené s fadou komorbidit [Pinto et
al. 2016]. Dominantni roli hraji nepochybné kardiovaskuldrni onemocnéni, piedev§im
arterialni hypertenze, ale také srdecni selhani, ischemicka choroba srdecni ¢i cévni mozkova
piihoda [Mitra et al. 2021]. Pfestoze jsou kardiovaskularni onemocnéni nejznaméjsi a
nejcastéj$i, nesmime opomenout ani ostatni t€lesné systémy, na které miize mit obstrukéni
spankova apnoe vliv. Do tohoto vyc¢tu fadime i plicni onemocnéni [Wang et al. 2015],
patologie endokrinnich orgédnti a hormonalniho fizeni [Ruchata et al. 2017] a metabolicka
onemocnéni, predev§im poruSenou glukézovou toleranci a diabetes mellitus [Reutrakul a
Mokhlesi 2017]. Vyzkumy se téz vénuji asociaci OSA a metabolického syndromu [Xu et al.
2015].

Predlozena prace je soucasti vyzkumu na Otorhinolaryngologické klinice Lékarské fakulty
Univerzity Karlovy v Plzni a Fakultni nemocnice v Plzni. Zkoumané proménné patii mezi
glykoproteiny (CRP, pentraxin-3, hsTnl) a mikroRNA (miRNA-499), tedy molekuly
validovatelné z odbéru periferni krve a tedy 1 pouzitelné pti diagnostice, kterd by mohla byt
provadéna lékafi ,,prvniho kontaktu®. Vztahy glykoproteini a OSA jsou znamy jizZ pomérné
dlouho [Cahan et al. 1990, McKeon et al. 1990], avsak rozhodné nejsou jesté¢ dostatecné
prozkoumany, studium ulohy vybranych miRNA v patofyziologii, potazmo v diagnostice
OSA, je zatim vylozZené v pocatcich. Souvislosti nékterych molekul s OSA byly jiz Castecné
poodhaleny, my jsme se v piedlozené Casti vyzkumu soustfedili na moznosti ovlivnéni
sérovych hladin téchto studovanych latek pohlavim, mirou obezity, vékem a vzajemné mezi
sebou.

Zkoumali a srovnavali jsme sérové hladiny u 2 skupin pacientl. Prvni skupina (studovana
skupina) byla tvofena 130 nemocnymi pacienty se stiedn¢ téZkou a tézkou obstrukcni
spankovou apnoe, s diagndzou potvrzenou polysomnografii nebo limitovanou polygrafii.
Zahrnovala 48 zen (37,4 %), 82 muzi (62,6 %) a méla vékovy pramér 58,6 let. Skupina
zdravych kontrol se skladala z 81 zdravych pacientd; zen 29 (35,8 %), muzl 52 (64,2 %) a
primérnym veékem 56,6 let. Data dokladaji, Ze zkoumana skupina je lege artis
diagnostikovany, odpovidajici vzorek redlné populace nemocnych s obstrukéni spankovou
apnoe a skupina kontrolni je vékovym rozlozenim dobie srovnatelnd (viz graf 5.1).
Genderové vyvazeni srovnavanych soubori je také akceptovatelné (viz data vyse). Faktory,
které by mohly ovlivnit vysledky (choroby, pfitomnost OSA) byly u kontrolni skupiny
vylou¢eny na zaklad€ rutinniho vySetfeni v ramci preventivnich prohlidek ve Fakultni
nemocnici v Plzni a vysledki Berlinského dotazniku [Solecka et al. 2022].
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Graf 5.1 - Deskripce v€kového slozeni studie a zdravych kontrol — box plot graf

Koncem 20.stoleti zapocala éra vyzkumu biomarkerti na poli v podstaté¢ jesté mladého
védniho oboru somnologie. Becker et al. jiz v roce 1989 zkoumali hladiny peptidu DSIP
(delta sleep-inducing peptide) u pacientd s OSA a vyjadiili mysSlenku jeho pouziti jako
mozného indikatoru UspésSnosti pretlakové 1é¢by. Tym Oghy et al. [1999] se zabyval
oxidativnim stresem zpisobujicim zvySenou expresi tzv. adhezivnich molekul VCAM-1,
ICAM-1 a L-selektinu. TNF-a a byl studovan napt. Strohlem [1997], ale v podstaté do
dne$nich dnti neni jasny vztah mezi TNF-a a OSA prokazan, protoze v dostupné védecké
literatute figuruji navzajem si odporujici vysledky; Cao et al. [2020] a Steiropoulos et al.
[2010] vs. Guasti et al. [2011] a Matos et al. [2013]. Do poptedi zajmu hlavné v souvislosti
s obezitou a patogenezi aterosklerozy se dostava chemokin IL-8, ale i pro jeho roli
v angiogenezi. Byl zkouman napt. Alzoghaibi a Bahammamem [2005], Carpagnanem et al.
[2010], ¢i recentné Zengem et al. [2021]. Prace nemaji shodné vysledky a v soucasné dobé
se domnivame, ze pritomnost obstrukéni spankové apnoe na hladinu interleukinu-8 vliv
muze mit, coz je ve shodé s rozsahlou metaanalyzou publikovanou tymem Li et al. [2021].
Sérovy chemokin IL-6 je, stejn¢ jako IL-8, elevovan pii zanétech, ale i traumatech a
tumorech. Jeho ulohu pfi akutnim zanétu povazujeme za dostate¢né prokdzanou (stimuluje
B-lymfocyty, produkci CRP a protilatek). Odbornou obci je predpokladan vztah k obezité,
ale jasny pfimy vztah k obstrukéni spankové apnoe nikoliv, i kdyz nékteré recentni prace
tuto teorii podporuji [Baessler et al. 2013 vs. Motamedi et al. 2018].

Nedilnou soucasti vyzkumu biomarkerti je oblast oxidativniho stresu a metabolického
syndromu. Oxidativni stres je pravdépodobné klicovym patofyziologickym principem
spojujicim obstrukéni spankovou apnoe s kardio- a cerebrovaskuldrnimi chorobami a
metabolismem. Mluvime zde zejména o izoprostanech, ketoaldehydech, adiponektinu,
leptinu. Uz prace Morrowa a Robertse [1997] a Tan et al. [2006] upozoriiuji na vyssi hladiny
u pacientt s OSA. Je tieba fici, Ze vice nez izoprostany a ketoaldehydy jsou prozkoumany
metabolické biomarkery. Mezi adipokiny patfici leptin byl studovan naptiklad Tokudou et
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al. [2008], adiponektin naptiklad Zhangem et al. [2006] nebo Harschem et al. [2004].
Z Ceskych autorti se adiponektinem zabyvali Hobzova et al. [2016], ktefi jako jedni
z prvnich upozornili na poklesy hladiny adiponektinu pti dobfe fungujici terapii PAP.

Z nami zkoumanych glykoproteind jsou 2 naleZzici do skupiny pentraxinii. CRP je bezesporu
nejznaméjsi, tzv. kratky pentraxin nebo téZ pentraxin-1. Spole¢né s pentraxinem-3 patii
k medidtorim ,,akutni faze“, avSak jejich misto plsobeni vtomto patofyziologickém
procesu je rozdilné. C-reaktivni protein je produkovan jatry (minoritné ledvinami a cévni
sténou) a inicidtorem jeho produkce jsou interleukiny z makrofagli. Jeho nejvétsi pouziti
spociva v detekci zanétd [Steel a Whitehead 1994], nicméné prokazén byl i vztah ke
kardiovaskularnimu aparatu [Ridker 2003, Avan et al. 2018]. V naSem souboru byl pfi
srovnani hodnot studovan¢ho a kontrolniho souboru nalezen statisticky vyznamny vztah
(p<0,0001). Pti zkoumani pohlavi jsme ovlivnéni neprokazali (p=0,1322), dle ptredpokladu
se neprokazal ani vztah k véku (p=0,6961), ale zavislost hodnoty CRP na obezité ano
(p=0,0002). Nase vysledky koreluji se zdvéry mnoha studii [Hutchinson et al. 2000, Goulart
etal. 2017, Choi et al. 2013, Rifai a Ridker 2003]. Bohuzel pies tyto dil¢i pozitivni vysledky
je tieba brat v tivahu daleko vyssi senzitivitu CRP vi¢i zdnétim, staviim po chirurgickych
vykonech ¢i nékterym autoimunitnim onemocnénim, coz jeho klinickou pouzitelnost ve
sméru OSA limituje.

Stejné jako u pentraxinu-1 i sérové hladiny pentraxinu-3 studovaného souboru proti zdravym
kontroldm prokézaly statisticky vyznamny rozdil (p<0,0001). Genderové zavislost hladin
prokazana nebyla (p=0,776), ani vékova (p=0,2649), na mife obezity métené podle BMI téz
ne (p=0,1653). Nase zavéry byly ve shodé se zavéry autorii Kanbay et al. [2015], Kobukai
et al. [2014], Slouka et al. [2019]. V diagnostice OSA je benefitem pentraxinu-3, ze
reflektuje piimé tkanové poskozeni. Uvoliiovan je vSak také pii zanétu, proliferaci bunék ¢i
remodelaci cév. Vyzkumy jsou tak provadény i v oblasti kardiovaskuldrnich chorob,
diskutovan je napft. vztah a prognosticky vyznam u plicni embolie [Yang et al. 2019] nebo
fibrilace sini [Soeki et al. 2014].

High-sensitivity troponin I vykazoval téz statisticky vyznamné diference v plazmatickych
hladindch u nemocnych s OSA proti zdravym respondentim (p<0,0001). Na rozdil od
pfedchozich vysledki byly hladiny u hsTnl ovlivnény pohlavim, muzi méli vyssi
plazmatické hladiny hsTnl nez Zeny (pramér 6,97 versus 3,35, p<0,0001). Genderova
zavislost hladin hsTnl u pacienti s OSA nebyla dle dostupné literatury dosud zkouméana.
Ovlivnéni vékem bylo téZ na statisticky vyznamné urovni (p=0,0004), kiivka linearni
regrese prokazala tendenci k vy$§im hodnotam hsTnl se stoupajicim vékem. Data pro
srovnani jsou limitovana. Studie Sanchez-de-la-Torre et al. [2018] neprokazala nezavislou
asociaci hsTnl a véku u pacientii s OSA, v pfimem rozporu s nasimi vysledky je studie
Welshe et al. [2018], ktera prokazala opacny trend v korelaci v€ku a hladin hsTnl. Nicméné
tato studie se nezabyvala hladinami troponint u pacienti s OSA. Vyse hladin hsTnl byla

74



ovlivnéna i na matematické urovni mirou obezity (p=0,0416), avsak bez klinického dopadu.
Nase prace je zde ve shodé¢ se studii Slouka et al. [2019], ve které vSak nebyla zkouména
moznost ovlivnéni vysledki pohlavim ani moZnost zavislosti na mife obezity, ale je
v rozporu se studii Maedera et al. [2015].

Skupinou biomarkerti, jejiz vyzkum souvislosti s OSA je zatim v pocatcich, jsou
mikroRNA. Vyzkum téchto molekul se vyznamnéj$i mérou rozvinul az v 21. stoleti.
Vyhodou téchto markerti je jejich relativné mald velikost (21-23 nukleotidit) a dobra
stabilita. Védecka literatura v soucasné dobé¢ jiz disponuje vice pracemi zabyvajicimi se
perspektivou mikroRNA na poli OSA. Zapater et al. [2022] publikovali praci, ktera
zduraznuje vysoky potencial mikro RNA v tomto ohledu. Spoluautorem je Sadnchez-de-la-
Torre, ktery je jednim z nejaktivnéji publikujicich autort v této problematice. Zminéna prace
konstatuje, Ze je dnes jiz mozné identifikovat specifické mikroRNA asociované s OSA a
kardiovaskularnimi chorobami jako hypertenzi, infarktem myokardu nebo dysfunkcemi
cévniho endotelu. Za pfinosné povazuje zejména prace hledajici mikroRNA, které by
validizovaly kardiovaskularni riziko spojené s OSA. Dokonce zminiuje mysSlenku uziti
mikroRNA inhibitord ke snizeni kardiovaskularniho rizika, coz je princip zatim fungujici
pouze v in vitro fazi zkouSeni. Nicméné je jasné, Ze skupina védcl spolupracujicich se
Sanchez-de-la-Torre povazuje mikroRNA za biomarker, ktery by mohl zlepsit management
OSA v klinické praxi a monitoraci spojenych kardiovaskularnich rizik téz. Tym Santamaria-
Martos et al. publikoval dv¢ prace potvrzujici vySe uvedené [2019, 2020].

Cast védecké obce se soustfedi na probirané téma z pohledu patofyziologickych
mechanizmii tukové tkané a metabolismu pifi obezité. Duan et al. [2022] svou praci
upozornuji na dopady intermitentni hypoxie na metabolismus adipocytd. Gharib et al. [2012]
jako viibec prvni autofi upozornili na spojeni fragmentace spanku s naruSenim transkriptomu
visceralni tukové tkdné. Jejich experimetalni prace byla provedena na mysich.

Nam se v nasem vyzkumu jako nejslibngjsi skupina v této chvili jevi tzv. kardiospecifické
molekuly, prokézané v kardiomyocytech. Jedna se predevsim o molekuly miR-208, miR-1,
miR-133 studované mnoha védeckymi tymy [Kuwabara et al. 2011, Ai et al. 2010,
Bostjancic et al. 2010]. Jako nejslibnéjsi se ukazaly molekuly miR-208 ze studie Ji et al.
[2009] a miR-499 studovana Wangem et al. [2019].

V predloZzené ¢asti nasi prace jsme se soustiedili na miR-499. Ve shodé se Sanchez-De-La-
Torre [2015] povazujeme tento smér vyzkumu za velice perspektivni, nicméné v naSem
souboru jsme prokazali pouze matematicky vyznamny rozdil mezi plazmatickymi hladinami
srovnavanych skupin (p=0,0442), nikoliv vSak klinicky vyuzitelny. Tyto zavéry nejsou
definitivni. Ve spojeni s jinymi proménnymi mize miRNA-499 jisté byt piinosnou v
klinické praxi. Na§ vyzkum v tomto sméru stale pokracuje. Pomérné malo praci je na téma
ovlivnéni mikroRNA u OSA pacientl v zavislosti na pohlavi. Rozsédhlou publikaci na toto
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téma uvedli Guo et al. [2017], ale tato prace byla zamétena na mikroRNA obecné, nikoliv
na molekuly OSA-senzitivni. Genderovymi rozdily jiz v OSA zaméfené populaci se
zabyvala védecka skupina zminéna vyse. Zapater et al. [2022] v préci “Endogenous controls
and microRNA profile in female patients with obstructive sleep apnea” diskutuji genderové
rozdily v plazmatickych hladinach mikroRNA. Finalné se vénuji tfem miRNAs (miR-30a-
5p, miR93-3p and miR-532-5p) a jejich vztahu k OSA u zen. Identifikovanych molekul
mikroRNA je v mediciné ptes 2500. Prace Zapater zkouma jiné molekuly mikroRNA nez
prace nase a je tieba konstatovat, Ze praci na toto téma je stile nedostatek. Ve shod¢ s nasi
praci vztah k pohlavi ani k mife obezity nebyl u nasich pacienti s OSA prokéazan (p=0,5326,
resp. p=0,9976). Je-li to vysledek platny pouze pro zkoumané molekuly nebo platny i pro
obecnéjsi pojeti, ukaze az dalsi vyzkum. Vysi hladiny miRNA-499 u nemocnych pacientli
veék neovlivnil (p=0,2504). Nase vysledky jsou ve shodé s vysledky Slouky et al. [2021],
avsak zde nebyl zkouman u nemocnych s OSA vztah miR-499 k pohlavi a BMI.

Ptedlozena studie je limitovana monocentricitou a nizkym poctem védeckych praci timto
smérem zaméienych. K tématu glykoproteinovych biomarkert je v souc¢asné dostupné ve
védecké literatuie publikovano méné nez 900 praci (viz graf 5.2), coz ve svétle poctu
identifikovanych biomarkerti neni mnoho.

a) b)
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Graf 5.2 - Prace na téma a) biomarkerti a OSA, b) mikroRNA a OSA.
Generovano z https://pubmed.ncbi.nlm.nih.gov ke dni 9. 3. 2023

Podstatné horsi situace je v oblasti publikaci tykajicich se OSA a mikroRNA. Zde je k

V‘G

dispozici na téma pouze cca 200 praci celkem. Tento stav je dan jisté “mladim” vyzkumu
mikroRNA a nutnym vybavenim k jejich identifikaci. AvSak v tomto sméru se soucasna
situace rapidné zlepsila vlivem koronavirové pandemie. V Ceské republice laboratoii na

detekci mikroRNA nyni jiz disponuji téméf vSechny regionalni nemocnice.
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6 Zavér

Hypotéza ¢.1a); tedy nezavislost plazmatické hladiny na body mass indexu u pacientli
trpicich obstrukéni spankovou apnoe byla v nasi praci jasné potvrzena pro plazmatickou
hladinu pentraxinu-3 (p=0,1653) a pro mikroRNA-499 (p=0,9976; hypotéza ¢.1b). Pro
high-sensitivity troponin I byl prokdzadn matematicky vztah (p= 0,0418) bez klinického
dopadu. Pro CRP jsme hypotézu ¢.1 nepotvrdili. Sérové hladiny CRP hodnotou BMI
ovlivnény byly (p=0,0002).

Obezita tedy neovliviiuje vysi sérovych hodnot PTX-3 ani mikroRNA-499. Z klinického
hlediska mizeme to samé konstatovat pro hsTnl. Naopak hodnota CRP prokazatelné
ovlivnéna obezitou v naS§em souboru byla.

Hypotéza ¢.2a); tedy nezavislost plazmatické hladiny na pohlavi u pacientli trpicich
obstrukéni spankovou apnoe byla v nasi praci jasn€é potvrzena pro plazmatické hladiny
pentraxinu-3 (p=0,7776), CRP (p=0,1322) a mikroRNA-499 (0,5326; hypotéza €.2b). Pro
high-sensitivity troponin I byla tato hypotéza vyvracena (p<0,0001).

Hodnoty CRP, PTX-3 a mikroRNA-499 nejsou genderové zavislé. V ptipadé hsTnl mizeme
konstatovat, Ze se jedna o proménnou, jejiz hodnoty jsou ovlivnény pohlavim. Muzi méli
hodnoty hsTnl vyssi.

Hypotéza ¢.3a); tedy nezavislost plazmatické hladiny na véku u pacientt trpicich obstrukéni
spankovou apnoe byla v nasi praci jasn¢€ potvrzena pro plazmatické hladiny pentraxinu-3
(p=0,2649), CRP (p=0,6961) i mikroRNA-499 (p=0,2504; hypotéza ¢.3b). High-sensitivity
troponin [ m¢l s vékem statisticky vyznamny vztah, ale bez klinického dopadu.

V¢k, stejné jako u hypotézy ¢€.2, neovlivnil CRP, PTX-3 ani mikroRNA-499. Pro hsTnl sice
matematicky vztah nas soubor prokdzal, ale rozhodn¢ jej mizeme prohlésit za vztah bez

dopadu na klinické zavéry.

Predlozena prace je ve zkracené verzi piipravovana a do konce roku 2023 bude podéna k
publikaci v odborném c¢asopisu.
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7 Prinos do klinické praxe

Nalezeni latky, kterd by byla vyuzitelnd v diagnostice nebo sledovani vysledkl 1écby
obstrukéni spankové apnoe, neni neredlné a je stale predmétem vyzkumu mnoha védeckych
tymi. V soucasné dob¢ nelze predikovat, bude-li tato latka ze skupiny glykoproteinovych
biomarkeri, mikroRNA ¢i Gplné jinych sloucenin. Nevime ani, zda plijde o marker
samostatny nebo sdruzeny do diagnostického vzorce. Vime vSak, Ze tento posun by
znamenal vyrazné zjednodusSeni managementu OSA a tim pfibliZeni moZnosti diagnostiky a
1écby 1ékaiim prvni linie.

V dal$im vyzkumu mediciny biomarkerti na poli obstrukéni spankové apnoe 1ze nase zavéry
vyuzit. Ve shod¢ s dal§imi pracemi v této chvili nejvhodnéj$im biomarkerem pro vyzkum
zustava pentraxin-3. Domnivdme se, ze je to piedevSim diky jeho umisténi
v patofyziologickém fetézci. PTX-3 je produkovan piimo buinikami postizeného mista.
Zjisténd fakta, tedy nezavislost PTX-3 na BMI, véku a pohlavi, jsou pro perspektivitu uziti
PTX-3 v somnologii podstatna.

CRP ma nizkou specificitu pro obstrukéni spankovou apnoe. Jeho vyrazna afinita vici
zanétim v podstaté vylucuje budoucnost jeho analyz pro diagnostiku nebo management
OSA, protoze hodnoty souvisejici s OSA, nedosahujici ani fadu desitek mg/l, nemohou
obstat vedle hladin pfi zanétu dosahujicich az stovek mg/l. Zjisténé zavéry jsou spise
potvrzenim piedpokladaného stavu.

High-sensitivity troponin I byl piivodné povazovan za potencidlné slibny, bohuzel jeho
samostatné uziti 1 uziti sdruzené s jinymi markery nase ocekavani nenaplnilo a nase
piedlozend prace hsTnl dokonce ukazala jako z klinického pohledu ,,nestabilni marker*
ovlivnitelny obezitou, vékem i1 pohlavim, coz je pro praxi zjiSténi vyznamné.

MikroRNA-499 jsme povazovali za marker z této specifické rodiny drobnych stabilnich
molekul jako nejslibnéjsi na zéklad¢ literatury i1 nasich predchozich vysledkt. Predlozena
prace mikroRNA-499 sice ukazala jako ,,stabilni* vii¢i obezité, véku a pohlavi, ale celkové
jeji samostatnad senzitivita vac¢i OSA neni dostateCna ke klinickému vyuziti. NaSe
patofyziologické znalosti a souc€asna uroven vyzkumu stale naznacuji, ze spravné vybrany
druh mikroRNA by mohl byt jest¢ blize mechanizmim OSA nez biomarkery
glykoproteinové, tedy ve svém diisledku by mikroRNA mohla byt i senzitivnéjsi. Ve svétle
soucasného medicinského déni se stala reverzni transkripce metodou bézné laboratofim
dostupnou, domnivame se tedy, ze odhaleni spravné molekuly mikroRNA je pouze otdzkou
casu.
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Abstract

Sleep apniea synd mome is associated with mcressed risk of cardiovascular disesse. In treating older patients, thene is 2 special emphasis put
om minimally invasive and conservative procedures and a simple method for predicting the potential for treatment success is essential.
Comtinuous positive sirway pressure (CPAF) is the first choice for treatment, however, it is not always successful_In cases whene CPAP was
umsuccessful, treatment with bilevel positive sirway pressare (BiPAP) is the next treatment option. In this study, we examine commonly
evaluated respiratory parameters, chesity, and age relative to their shility to predict CPAP filure. We also tried to find differences in the
predictive ability of these parametets in older and younger patients. The predictive ability, relative to CPAP faidlure, was examined for
each individual parameter as well as for combinations of pammeters. All variables had a statistical association with CPAP failure; failure
prediction reliability mnged from poor to moderate. Combining T30, age, and gender can be used to find patients who will benefit from

BiPAP a= the first choice for treatment. An imitial BiPAP indication can produce relevant redoctions in trestment cost.

Kaywords: Ags; CPAP failure; Obesity; Prediction of filure; Sleep apnea syndrome

Introduction

Sleep-disordered breathing affects approximately 15% of the
population (Mannaring et al., 2012). According to epidemio-
logical studies, more than half of such cases are sleep apne=a
syndrome (SAS), which affects approximately 2% of mid-
dl=-aged women and 4% of middle-aged men.

Sleep breathing disorders in the eld=dy @n be accompa-
nied by severs cardiovascolar complications (Monahan and
Redline, 2011). SAS may cause arterial hypertension (Tore-
to-Borges et al., 201E); the presence of apneic episodes dis-
rupts the physiclogical decrease in systolic and dSastolic blood
pressure (non-dipper) that normally ocours during night-time
sleep. Sleep apnea syndrome is also a risk factor for adverse
cardiovascular events soch as myocardial infarction, heart
failure, and stroke, all of which ooour more frequently in SAS
patients (Barbé et 2l , 2012; Kasai, 2017). In patients with un-
treated SAS, atrial fibrillation is more common and reocours
more frequently even after successful @rdioversion. Similar-
Iy, in diabetic patients, glyeemic control can be more difficnlt
to achiewe without SAS treatment due to changes leading to

insulin resistance. Central nervous system symptoms, with
excessive daytime sleepiness being the main dinical symptom
(Dostdlovd et al., 301%; Tathowd et al, 3015), severely limit
everyday life activities and, in some mses, leads to disability.
In older SAS patients especally, assodated memory problems
and depression can further worsen the quality of life (Bruin
and Bagnato, 2010; Onen and Onen, 3010).

Eticlogically, there are three forms of SAS: obstructive
(OBAS), central, and mixed SAS of different severity. Accord-
ing to the apnea-hypopnea index (AHI) SAS can be classified as
AHI 049, without SAS, AHI 5-14.9, mild SAS, AHI 15-29.9,
moderate SAS, and AHI * 30, severs SAS (Butner =t al |, 2013;
Epstein et al, 2009). With increasing age, the proportion of
the obstructive form of SAS (O5AS) inoeases, accounting for
up to BO% of senior SAS cases. Central and mived forms of SAS
represent about 10% each (Monahan and Redline, 2011). The
first steps in the SAS diagnostic process inclode sleep moni-
toring in the Somnology Department and an ear-nose-throat
examination (ENT) of the upper respiratory tract. Then, if
necessary, specialists from internal medicine, psychology, and
stomatology are asked to particpate in the dSagnosis and/or
treatment (Vozoris, 2017).
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T8

Multivariote prediction modal of CPAP fmlure
Based on the best-performing predictors from the single-vwar-
iable anmalysis (T90), several multivariate models were con-
structed using a combination of T90 with other variables
not correlated with it, e.g., BMI and age {individually). Both
wersions of the model (T30 + BMI and T90 + age) were then
extended by induding gender. The model defined a new pre-
dictive variable a5 a linear combination of the elementary con-
tirmious variables. This variable was then assess=d in the same
way as the single predictors, i.e, using the ROC analysis of a
simmple threshold-based stratibcation. For each vemsion of the
madel, the linear combination coeficients were optimized to
maximize the AU ROC. The optimization was carrisd out os-
ing an enumerative exploration of the whole possible moge of
rotation angles of the combined factor with respect to the co-
ordinate system defined by the original varizbles. When gen-
der was induded, separate pairs of coeffici=nts wers optimized
for men and women and then combined into one model.
Basic statistical analysis was performed using STATISTICA
(Statfoft, Inc. 2013, Version 12); the ROC analysis and opti-
mization were carried out using MATLAR (Release 2014b, The
BlathWorkes).

Theary

In our work, we focused to And pati=nts with CPAF failure.
These patients will beneht from BiPAP as the first choice for
treatment. At the time, CPAF is the first choice for treatment,
however, it is not always successful. In cases where CPAP was
unsuccessful, treatment with BiPAP is the next treatment op-
tion. We examine commonly evaluated respiratory parame-
ters, ohesity, and age relative to their ability to predice CPAP
faillure {rach ndividoal parameter as well as combinations of
parameters).

Results

Analyses of the monitored variobles and their

to CPAP failure
O the B85 patients induded in the study, CPAP fGilure was
phserved in 90 cases (13.5%; 95% confidence interval of CPAP
fallure rmte 11.1-16.4%). All recorded pre-trestment pamam-
eters differed significantly between successfully and onsoc-
cesstully treated patients (Fig. 1). All respiration parameters,
ie., AHI (p - 0.0002), T9O {p < 0.0001), OO (p < 0.ODOL), ;|:|:||:]
:nm.gp.ul:nﬁ.b.nul;ut 0.0001) showed more serious
ing insuthriency in patisnts in whom CF.HPEﬂl:d.Slmﬂﬂht.
CPAP failure was signifiantly assedated with higher age (p =
0.0014) and BMI (p = QUD0EZ).

When comparing the monitored parameters betwesn age
categories (Fig. Za, b, older patients (»65 years) had a signih-
cantly lower AHI {p = 0.0044) and 0D {p = 0.0038) compared
to younger pati=nts, while no differences wers observed rela-
tive to BMI, T30, and average saturation. The same association
was also confirmed on a continuum, in which age was
et significantly nmﬂ:udwiﬂi.ﬁﬂlanﬂml (Table 3. The
correlation also showed that all the respiration-re-
lated parameters, i.=., AHI 0D, T90, and average saturation,
are signihrantly correlated with one another. Notably, none of
the analysed variables wers correlated with BMI. Concerning
pgender (Fig. 2c, d), male patients were significantly younger
(p= Bm:nﬂ]uﬂhghﬂ'rgﬂs{ﬂ.ﬂl&ﬂﬂ:mbnﬂu The
remaining patient characteristics, as well as the CPAP failure
rate, did not differ significantly between genders.
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Faili i

Fig. 1. MMiferenoes in the monttored vartables between sucoessfully
and unsuoressfully freated patients
Nete- (a) ages (b AHE {c) BMI; () T90; (e} ODE: () average ssturation.
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For patiznts with moderate to severe SAS, positive airway
pressure (PAP) therapy is primarily indicated. The first treat-
ment dhoice is a single-level device with continwous positive
airway pressure CPAP (Chowdury et al, 2012). It is applied
through the nos= or a full face mask (Williams et al | 3013).
Before treatment, it is necessary to refully chooss the mask
and determine the correct therapeutic pressure needed to pre-
went all adverse breathing events (Leidag et al , 2008). [f CPAP
is unsucressful| bi-level positive airway pressone (BiPAF) is the
next treatment step. Surgical treatment is an option depend-
ing on situations whers the effect of PAP is kmited by the up-
per airway obstruction (Ephros et al., 2010; Maorer, 2010) or
when conservative th for severe O8AS has failed (Brow-
aldh =t al , 2009; Jalhert et al |, 2017).

For alder patients, CPAP treatment can initially be techni-
cally complicated and difficalt to understand. Bven a small k=ak
arpund the nose or full face mask can cawse bad function and
CPAP failure (Leidag et al | HO0E).

Approximately 13% of patients with 0SAS experience
CPAF treatment failure (Mulgrew et al., 3010; Schafer et al,
153E). In these CPAP prevents apneic episcdes but
does not resolve the problem of hypoventilation. Residual AHI
walues m:yhzmrm:l.buthy‘pmatm:hunpﬂmu The risk of
hyposaturation (h may be particulardy high in
clder J8AS patients. To date, there are no studies that com-
parad the success rates of PAP-treatment in older and ypounger
patients with (J5AS and few studies that evaluated factomns ca-
pable of predicting successful CPAP treatment (Schifer et al ,
1998; Sopkova et al., 2009).

The aim of our study was to compare selected character-
istics of SAS in two groups of patisnts: younger adults (<549
years) and older patients {65 years). Additionally, we wamnt-
ed to differentiate patients most likely to benefit from CPAP
treatment from those who needed BiPAF as the initizl treat-
ment (Diohi et 2l , 2008; Piper et al , 3008).

Materials and methods

Materials

From 2005-2015 a total of 1,253 patients were treated for
SAS at the University Hospital in Pilsen, Cezach Republic. The
study sample consisted of B85 consecutive patients (478 males
(72%) and 187 females (28%) with 2 mean age of 59.1 £ 9.7
years) who met the incheion criteria (Table 1). A retrospective
analysis of the patient’s data was crried out. The Ethics Com-
mittes of the University Hospital in Pilsen granted approval

Methods

This work was a single center, retrospective cohort study on a
sample of patients treated for OSAS wsing CPAR Commonly
measured respiration parameters from sleep momitoring were

Table 1. Characteristics of the studied sample
Total Male Female Sucressful Unsuccossful

coumnt CPAP CPAP
Al troatod 1253
paitterts
Imdudad tm GBS ATE 187 575
study
Semiors 158 113 45 135 <]
Younger 07 385 142 450 57
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tients. Additionally, the differences in respiration parameters
and CPAP success rate between the older and of younger pa-
tients (ie., abowe and below 85 years, respectively) were eval-
uated. Lastly, the ahility of age and respirtion parameters to
predict CPAP failure was evaluated both individually and in a
multivariate model.

The following varizhles were recorded and analys=d-

»  The BMI (body mass index) was defined as body weight di-
vided by the square of height; a measure of the degres of
obesity.

»  The AHT (zpnea-hypopneg index) was defined as the averags
number of apnea and hypopnea spisodes per one hour of
sleep.

- 'ﬂzrq}ﬂ[ﬂ'fﬂnendminh)mﬂeﬁn:duﬂmw
desaturation during slesp.

» Arerage sshuration was defined as the mean 52032 during
sl

- 'ﬂzrq}m-ﬂﬂeﬁnﬂﬂbyﬂnmuhpnfﬂmpﬁmebdn'
0% 5al02.

» Trestment fumlure was defined as: (A) AHI > 10 and lower
than 75% decrease in baseline AHI valoe and (B) AHI < 10
but persisting hyposatoration, T80 2 10% and OD1 = 100
The =tfect of CPAF was assessed after 3 months of treat-
ment

» [Inclusion criteria: (1) O5AS evaluation (diagnosis and fol-
low-up) by the same polygraphic monitoring systems (bi-
niscreen &, PolyMesam, Vitalor, Stardust), (2} the frst
choice for therapy was a CPAP devics, and (3) good compli-
ance with therapy.

»  Burlusion criteria: (1) previous consarvative andor surgical
treatment of J8AS, (2) chronic ohstructive pulmonary dis-
ease (DOFD), (3) aleohel abuse, and {4) incompletely meas-
ured data.

Statistical methods

Basic statistics

Associations between CPAP failure and patient age category or
gender were tested uwsing the chi-squared test. Becanse of sig-
nificantly non-normal distributions for most of the guantita-
tive variables, non-parametric tests were used for subsequent
amalyses. Hespiration parametsrs were compared between
sucressfully and vnsucomssfully treated patients, between gen-
ders, and between age categories using the Mann-Whitney [f
test. Mutual correlations between quantitative variables wers
amalysed using the Spearman’s correlation coethdent. All re-
ported p-values are two-tailed, and the level of statistical sig-
nificanice was st at 0 = 0U05.

Predicts bility of individal variabl
First, the ability to predict CPAP failore from patient age cat-
q,ur;{mthﬂiezmpml:lthruhn]ﬂnFBEycmnf:gﬂmm—

by caloulating the sensitivity and specificity for such
stratification. Second, the potential of respiration parameters
and age (on 2 continuous scale) to predict CPAP failure was
assesmed using the Recsiver Opermting Characteristic (ROC).
An ROC curve was plotted for each variable and the area under
the corve (AUC ROC) was then clodated to summarize the
predictive strength of the variable as 2 single valoe (AIC ROC
of 1 representing perfectly reliable prediction and AUC ROC of
05 representing random guessing). Sensitivity and specifidity
were determined for specific threshold values. Confidence in-
tervals for relative frequency, sensitivity, and specifidty wers
cleulated according to Agresti and Coud] (199E).
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Tabla 2. Correlations between momiored variables Values
of Spearman’s cormelation coefficiont are shown, significant
orrelations are highbghted and marked tn bold typeface.

Age EMI  AHI TB0 OOl gt
Aan LI5S 02 001l -0F 007
EMI [0S QM 0@ 003 0048
AHI 0200 D48 0530 0763 DA4SE
TS0 OOl OE 0530 DE4S  _0.EBE
om 4FW 0T 0763 DBAS ~0.560
Mwgot  DOJ1 004 _0ASE 0888 _0.0BO

Prediction of CPAP failure wsing individual variables
Following the association between CPAP filure and age
demonstrated above (Fig. 1a), significantly highe=r CPAP fail-
ure rates (p = 003 were expectably found in older patients
(20.9%; 95% (I 15.1-2B.1) in comparison to pounger patients
(11.2%; 8 7-14.4%). When used as 2 single predictor of CPAP
failure, the older ags category showed a sensitivity of 36.7%
(27.3-47.2%) and specihrity of 783 (74.6-81.5%).

Mext, the predictive capability of the continnons variables
with respect to CPAP filure was investigated using ROC anal-
yuis (Fig. 3a—f). The best predictive performance was shown by
Taa (AUC ROC 0.791), followed by average saturation (0.723).
The remaining paramesters performed rather poody, decreas-
ing in quality fram QDI (AUC ROC 0.638), to AHI (0LE20), ta
age (0.805), and lastly to BMI (0.585).

Predicting CPAP failure from multiple variables

While the combined model using T90 and BMI (AUC ROC
0.793) exhibited negligible improvement owver T90 alone
{0.791), the model combining T90 with age showed a mean-
ingful improvement of prediction gquality (0.812, Fig. 3g). Sub-
sequent inclusion of gender brooght further improvements
to both variants, nonetheless, the model including BMI (i.=,
Tad + BMI + gender, AUIC ROC 0.801) was still dearly outper-
formed by the variant featuring age instead {i.e, T90 + age +
gender, AUC BOC 0,822, Fig. 3h). The latter was also the best
performing predictor constructed from our dataset, reaching
almost BO'%E sensitivity and specificity at their point of squal-
ity.

Dscussion

Sleep apmea syndrome is a dissbling condition that can af-
fect people of all ages but is particularly problematic in older
patients, who are more vulnermble to adverse cardiovascular
events and disabilities (Monahan and Bedline, 2011). Comsid-
mﬂ:.atmdﬂ:dymthuruirpcmlmphmput
imvasive and comservative procedures, a simple

m:l:l:.nd for predicting successful treatment is essential
In our study, we discussed commonly svaluated respirato-
ry parameters, as well a5 obesity (measured by BMI), and age
as predictive factors of CPAP thempy filure. We have tried to
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find differences in the predictive capabilities of these parame-
ters in elderly and younger patisnts. To date, this study is, to
the best of our knowledge, the largest to explore the interplay
between these parameters and CPAP failure.

In our sammple, 13% of patients did not achieve satisfactory
results after 3 months of CPAP treatment and these patients
had to be switched to BiPAP ventilation. Comparsble results
were= published by Schifer =t al. (1998) in a smaller sample of
148 patients. Their fimdings found BMI and T90 to be predic-
tors. BMI had a median valu= of 31 in successfolly, and 44 in
unsuccessfully treated patients, T90 had a median value of 15
in the successfully, and 82 in the unsuccessfully treated group
(Schifer et al., 199E).

Although BMI, AHI, 0D, T90, and 5202 were statistically
signifiant risk factors for CPAP failure in oor work, the ROC
amalysis suggested that none of thess parameters alone can be
used for the prediction of CPAP failure with dinically relevant
reliability. Their strength as individual variables would hawe to
havre been muoch higher, to reach the limit necessary for dinical
signifiance.

We assumed that age would influence the success rate of
(PAP treatment since impairment in cognitive abilities asso-
dated with clder age would be expected to impact compliance
(Sedovs et 2l 7018). Good communication plays a particularly
aritical role in dlderly patients (La Piana et al, 2011; Momles
et al, 2017). Our supposition was confirmed; howewer, the
predictive ability of age was found too weak for dinical prax-
is. T90 proved to be a predictor of treatment ontcomes in line
with Schifer's as well as our previous concdusions based on 2
smaller sample (Schifer et al, 1998). When we used combined
models we got pronounced increases in the predictive abili-
ty, ie., with the T90 and age combination (AUC BOC 0.812,
Fig. 3g) and even better with the T90, age, and gender combi-
ratiom (ALIC ROC 0.822, Fig. 3h). Unfortunately, we wers not
able to compare our conchesions because no other studiss have
tried wsing combined models of predictive factors relative to
(PAP treatment failure.

W are aware that a single center study may limit the gen-
eralization of our results, sven though our sample of patients
was large and unselacted (representative) from 2 large regional
University Hospital. The demographic distribution of our pa-
ti=nts supports our findings (Monahan and Redline, 2011),
nonetheless, prospective multi-center studies would be usefol
for comtinued explomation of the problem.

Conclusions

The number of patients with 3AS5 is significant and as medical
@re continues to improve, the number of patients dizgniosed
and treated for SAS can be expected to mcrease. The medical
and sodo-economic impact of untreated or poorly treated pa-
ti=nts is serious, and as such requires proper diagnosis and
treatment. 4 model that combines TS0, age, and Ereat-
Iy facilitates finding patients who will beneht from BiPAF a=
the Arst-choice device, and therefore, should produce relevant
reductions in treatment cost associated with SAS.

Ethical aspects
The Ethics Committes of the University Hospital in Pilsen
granted their approval to the datz analyses.
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Abstract: Peritonsillar abscess (PTA) is the most common complication of tonsillitis. Cultivation usually
reveals a wide spectrum of aerobic and anaerobic microbiota. This retrospective study compared
PTA incidence and the spectrum of individual microbial findings in groups of patients divided by
gender, age, and season. Of the 966 samples cultivated, a positive cultivation finding was detected in
606 patients (62.73%). Cultivation findings were negative in 360 (37.27%), meaning no pathogen was
present or only common microbiota was cultivated. The highest incidence of PTA was found in group
I patients (19-50 years) (p < 0.0001) and the most frequently cultured pathogens was Streptococcus
pyogenes (36.23%). Gender seemed to have an influence on the results, with higher incidence found
in males (p < 0.0001). The analysis of correlation between PTA incidence and season did not yield
statistically significant results (p = 0.4396) and no statistically significant differences were observed
in individual pathogen frequency. PTA had a higher incidence in adult males and a slightly higher
incidence in girls in childhood. The following findings are clinically significant and have implications
for antibiotic treatment strategy: (1) the most frequently cultivated pathogen was Streptococcus pyogenes;
(2) an increased incidence of anaerobes was proven in the oldest group (>50 years).

Keywords: peritonsillar abscess; incidence; bacteriology; primary prevention; patient stratification;
personalized treatment

1. Introduction:

Peritonsillar abscess (PTA) is one of the most frequent local complications of acute tonsillitis;
the incidence of its occurrence in the population is reported as 10-45/100,000 people. [1,2]. It is
diagnosed in patients of almost all age groups, most often in adolescents and young adults. In the vast
majority of cases PTA is unilateral, but rarely occurs bilaterally [3,4]. The ratio of left- and right-side
disabilities is reported to be approximately the same or with a slight predominance of the left side [5,6].
First, a peritonsillar phlegmon develops, then a pyogenic membrane forms, and the inflammatory
process obtains the form of abscess [7,8]. PTA may be accompanied by the development of other
complications such as airway obstruction [9]. Furthermore, deep throat infections with parapharyngeal,
retropharyngeal, and visceral neck spaces, mediastinitis, necrotizing fasciitis, internal carotid artery
erosion, and brain abscess may occur. [10-12]. The patient may alternate between individual forms of
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deep neck infection complications. These are always serious, life-threatening conditions, requiring
broad interdisciplinary cooperation [13,14]. The mortality rate of mediastinitis is still reported to be
20%-50% despite the wide availability of antibiotic (ATB) therapy [15,16].

The diagnosis of PTA is based on a history combined with a general clinical assessment. A patient
with PTA typically presents with fever, a sore throat, unclear speech, sometimes trismus, or a reaction
of the descending lymph nodes. Clinically, redness and arching of the palpably stiff and markedly
painful soft palate are found [17,18].

The aim of the study was to evaluate PTA incidence and its microbial spectrum in the group of
patients as relating to gender, age, and season in order to assess the importance of different variants in
ATB therapy management.

2. Materials and Methods

2.1. Group of Patients

A total of 966 patients were enrolled in this retrospective monocentric study. Informed consent
was obtained from all the participants. The study was approved by the Ethical Committee of the
University Hospital in Pilsen on 8th July 2013. The cohort includes 396 (41.99%) females and 570 (59%)
males who were diagnosed with PTA between the years 2014-2018. The patients” ages ranged from 2
to 86 years of age, with an average of 36.7 years of age for the whole group. The average age in the
female group was 35.9 years. The average age in the male group was 37.4 years. Patient distribution
by gender and age is shown in Figure 1.
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Figure 1. Age and gender distribution of patients.

Inclusion criteria were setup as follows: diagnosis of PTA confirmed by perioperative findings,
tonsillectomy under general anesthesia, and histological findings from perioperatively collected
material confirming PTA. Exclusion criteria included: peritonsillar phlegmon, outpatient treatment,
and failure to perform tonsillectomy.

The initiation of ATB therapy was not an exclusion criterion. OQur current study reflects the real
spectrum of patients with the diagnosis of peritonsillar abscess treated at the University Hospital.

The relationship between the spectrum of microbial agents and gender, age and season was
evaluated in all the groups. Age groups were created as follows: 0-18 years, 19-50 years, >50 years.
Three groups were created based on knowledge gained through clinical practice. We have observed,
throughout our practice, a different course of infection and reaction to treatment, as well as differences
in the prevalent microbiota in children and teenagers (group 0-18 years), adults (group 19-50 years)
and older adults (group >50 years). The age and gender characteristics of the patient group are given
in Table 1. The seasons were defined as follows: spring from the 1st of March to May 31st, summer
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from the 1st of June to the 31st of August, autumn from the 1st of September to November 30th and
winter from the 1st of December to the 28/29th of February.

Table 1. Age and gender characteristics of the patient group.

Age Category Male (n/%)  Female (n/%)  Total (n/%) My Lo e
p-Value
I 0-18 64/ 45.7 76/ 54.3 140/ 14.5 0.3105
IL 19-50 378/ 61.6 236/ 38.4 614/ 63.6 <0.0001
. >50 128/ 60.4 84/39.6 212/21.9 0.0025
Total (n/%) 570/ 59.0 396/ 41.0 966/ 100 <0.0001

2.2. Methods Used

A material for microbiological examination was obtained in all patients perioperatively. The samples
contained specimens of affected tonsil tissue and pus from the PTA by aspirating using a sterile syringe.
The samples were processed at the Department of Microbiology, University Hospital in Pilsen within
24 h. The material was cultivated parallel, aerobically, and anaerobically. Aerobic cultivation was
performed on blood agar and Endo agar in a thermostat at 37 °C for 48 h. Schaedler agar was used
for the anaerobic cultivation, which was performed in an anaerobic box for 72 h. Propagation and
inoculation were performed simultaneously on solid culture media: the material was inoculated into
a liquid anaerobic propagation medium (Wilkins-Chalgren broth), which was cultivated in an anaerobic
box for 48 h, then the broth containing propagated microbes was inoculated again on solid media: blood
agar and Schaedler agar. MRSA was determined using an oxacillin-sensitivity test in special plates [19].
We have taken note of the common oropharyngeal microbiota as described by Aas at al. [20]. Individual
microbial agents which were part of the pathogenic microbiota are shown in Tables 2—4.

Table 2. The spectrum of microbial agents based on gender.

Group Male Entire Group Female Entire Group
p-Value
Incidence N % N %
Total (n = 966) 570 59.01% 396 40.99% <0.0001
Microbial agents n Group Male (%) n Group Female (%)
Negative cultivation result 98 17.19 125 3157 -
Streptococcus pyogenes 128 22.46 82 20.71 0.4551
Streptococcus (other species) 93 16.31 47 11.87 0.1145
Staphylococcus aureus 63 11.05 51 12.88 0.3644
MRSA 2 0.35 3 0.75 0.4286
Escherichia coli 5 0.88 2 0.50 0.4531
Serratia marcescens 3 053 1 0.25 0.4771
Pseudomonas aeruginosa 2 0.35 0 0 0.2232
Haemophilus influenzae 9 158 8 2,02 0.7039
Klebsiella pneumoniae 7 2.99 ) 2.28 0.6699
Enterobacter species 20 3.51 9 228 0.2034
Granulicatella species 1 0.18 0 0 0.3893
Gemella morbillorum 0 0 1 0.25 0.2449
Aerobes total 343 60.18 213 53.79 <0.0001
Fusobacterium species 45 7.88 15 3.79 0.0078
Prevotella species 36 6.32 19 4.80 0.3404
Veillonella species 26 456 12 3.03 0.1634
Peptostreptococcus species 1 1.93 4 1.01 0.2102
Actinomyces species 0 0 1 1325 0.2449
Bacteroides species 0 0 il 0.25 0.2449
Anaerobes total 118 20.70 52 1313 <0.0001
Candida albicans 11 1.93 6 1.51 0.2253

Legends: Table 2 shows PTA patient incidence (N) in both gender groups. Percentage of incidence in each gender
group was calculated from the total number of patients (966). Next, the individual microbial agents cultivated (n) in
the different gender groups are presented. The percentage of the cultivated individual agents in each gender group
was calculated from the total number of patients (N) in the group. For better orientation, the microbial agents were
color coded according to their kind: aerobes: blue; anaerobes: yellow; yeast: green. MRSA is methicillin-resistant
Staphylococcus aureus.
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Table 3. The spectrum of microbial agents based on age.

0-18 19-50 >51
Age Incidence Entire Entire Group Entire p-Value
Group (%) (%) Group (%)
Total (n = 966) 140 14.49 614 63.56 212 21.95 <0.0001
Microbial agents n Gm;z ]0_18 N Grm:%;, }9_50 N Gm(‘:/f ) >51
Negative cultivation result 59 42.14 142 23.12 21 991 -
Streptococcus pyogenes 31 2214 158 25.73 21 Gl 0.0001
Streptococcus (other species) 12 857 88 14.33 40 18.87 0.0267
Staphylococcus aureus 11 7.87 81 13.19 27 10.38 0.1615
MRSA 4 2.86 1 0.16 0 0 0.0002
Escherichia coli 1 0.71 3 0.49 3 142 0.3905
Serratia marcescens 0 0 2 0.33 2 0.93 0.3432
Pseudomonas aeruginosa 0 0 0 0 2 093 0.0283
Haemophilus influenzae 1 0.71 12 195 4 1.89 0.5947
Klebsiella pneumoniae 0 0 17 277 9 425 0.0539
Enterobacter species 2 143 14 228 13 6.13 0.0090
Granulicatella species 1 071 0 0 1] 0 0.0522
Gemella morbillorum 0 0 1 0.16 0 0 0.7506
Aerobes total 63 45.00 377 61.40 116 54.72 <0.0001
Fusobacterium species 6 4.29 34 554 il 910! 0.0446
Prevotella species 5 3.57 28 4.57 7% 10.38 0.0035
Veillonella species 5 357 16 261 17 8.02 0.0022
Peptostreptococcus species 2 143 7 114 6 2.83 0.2275
Actinomyces species 0 0 0 0 il 047 0.1686
Bacteroides species 0 0 1 0.16 0 0 0.7506
Anaerobes total 18 12.86 86 14.00 67 31.60 <0.0001
Candida albicans 0 0 9 148 8 3.77 0.0204

Legends: Table 3 shows the PTA patient incidence (N) in the different age groups. The percentage of incidence in each
age group was calculated from the total number of patients (966). Next, the individual microbial agents cultivated
(n) in the different age groups are presented. Percentage of the cultivated individual agents in each age group was
calculated from the total number of patients (N) in the group. For better orientation, the microbial agents were
color coded according to their kind: aerobes: blue; anaerobes: yellow; yeast: green. MRSA is methicillin-resistant
Staphylococcus aureus.

Table 4. The spectrum of microbial agents based on seasons.

Seasons Spring Summer Autumn Winter
. Entire Entire Entire Entire p-Value
Incidence
Group (%) Group (%) Group (%) Group (%)
Total (1 = 966) 246 2547 259 26.81 224 23.19 237 24.53 0.4396
< . Sprin, Summer Autumn Winter
Microbial Agents 5 Perli’nd (g%) " Period %) " Period(%) "  Period (%)
Negative cultivation result 61 24.80 71 27.41 15 6.70 75 31.65 -
Streptococcus pyogenes 48 19.51 46 17.76 61 2723 55 23.21 0.4012
Streptococcus (other species) 33 1341 32 12.36 36 16.07 39 16.46 0.8282
Staphylococcus aureus 31 12.60 28 10.81 31 13.84 24 10.13 0.7549
MRSA 0 0 0 0 4 1.78 1 0.42 0.0349
Escherichia coli 0 0 2 0.77 4 1.78 1 042 0.1712
Serratia marcescens 0 0 2 0.77 2 0.89 0 0 0.2610
Pseudomonas aeruginosa 0 0 ! 0.39 il 0.45 0 0 0.5722
Haemophilus influenzae 4 1.62 5 193 4 1.78 4 170 0.8803
Klebsiella pneumoniae 7 2.85 6 232 10 445 3 1.26 0.2757
Enterobacter species 7 2.85 13 5.02 6 2.68 3 126 0.0621
Granulicatella species 0 0 0 0 l 0.45 0 0 0.3915
Gemella morbillorum 0 0 0 0 1 0.45 0 0 0.3915
Aerobes total 130 52.85 135 52.12 161 71.88 130 54.85 0.1900
Fusobacterium species 18 7.32 13 5.02 13 6.70 15 6.33 0.8377
Prevotella species 13 5.28 19 7.34 15 6.70 8 3.38 0.2012
Veillonella species 11 4.47 13 5.02 11 491 3 126 0.0992
Peptostreptococcus species 5] 2.03 4 154 3 1.36 3 126 0.8647
Actinomyces species 1 0.41 0 0 0 0 0 0 0.3915
Bacteroides species 1 0.41 0 0 0 0 0 0 0.3915
Anaerobes total 49 1991 49 18.92 44 19.64 29 12.24 0.0985
Candida albicans 6 2.44 4 1.54 4 1.78 3 1.26 0.7728

Legends: Table 4 shows PTA patient incidence (N) in the different seasons. Percentage of incidence in each
season was calculated from the total number of patients (966). Next, the individual microbial agents cultivated
(n) in the different seasons are presented. The percentage of the cultivated individual agents in each season was
calculated from the total number of patients (N) in the season. For better orientation, the microbial agents are
color coded according to their kind: aerobes- blue, anaerobes- yellow, yeast- green. MRSA is methicillin-resistant
Staphylococcus aureus.
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2.3. Statistical Methods

A statistical analysis was performed using SAS software (Statistical Analysis Software release 9.4;
SAS Institute Inc., Carry, NC, USA). A comparison of the groups of patients was performed using a
chi-square or Fisher’s exact test categorical parameters if the expected frequency in any subgroup was
less than five patients. For continuous variables, subgroup comparisons were performed using the
Wilcoxon (two subgroups compared) or Kruskal-Wallis test (more than two subgroups compared).
For all hypotheses tested, a p-value less than 0.05 meant statistical significance. All tests were performed
as two-side tests. For better orientation, some results are also presented in graphic form.

3. Results

Of the 966 patient samples examined, a positive cultivation finding (at least one pathogen) was
detected in 606 patients (62.73%). In 360 (37.27%), the cultivation finding was negative, i.e., no pathogen
was present, or only common oropharyngeal microbiota was cultivated. Of the microbial agents,
aerobes (n = 557, 75.77%), anaerobes (n = 171, 22.95%), and yeast (n = 17, 2.3%) were found in our
group. The most frequently cultivated pathogen was Streptococcus pyogenes (n = 351, 36.34%).s

The evaluation of the frequency of microbial agents in each gender is summarized in Table 2.
In general, males had a numerical predominance over females (p < 0.0001). A statistically significant
higher incidence of aerobes (p < 0.0001) and anaerobes (p < 0.0001) was observed in males. Positive
cultivations in the male group included: aerobes—343 patients (60.18%), anaerobes—118 patients
(20.70%), and yeasts—11 patients (1.93%). Positive cultivations in the female group included:
aerobes—213 patients (53.79%), anaerobes—52 patients (13.13%), and yeasts—6 patients (1.51%).
Only Fusobacterium species showed statistically significant differences for individual agents (p = 0.0078).

Evaluation of the frequency of microbial agents in the different age groups is summarized in Table 3.
The highest incidence of PTA was in the 19-50 years age group—614 patients (p < 0.0001). In the 0-18
age group aerobes—63 patients (45.00%) and anaerobes—18 patients (12.86%) were positively cultivated;
yeasts were not detected. The most frequently cultivated pathogen was Streptococcus pyogenes—31 patients
(22.14%). In the 19-50 years age group aerobes—377 patients (61.40%), anaerobes—86 patients
(14.00%), and yeasts—9 patients (1.47%) were positively cultivated. The most frequent pathogen
was Streptococcus pyogenes—158 patients (25.73%). In the >50 years group aerobes—116 patients (54.72%),
anaerobes—67 patients (31.60%), and yeasts—8 patients (3.77%) were positively cultivated. The highest
increase of incidence was observed in anaerobic agents in the >51 years age group (31.60%), compared to
both younger groups (12.86%, 14.00%) (p < 0.0001). Statistically significant differences across the age
groups were observed between a number of individual agents in all three groups (aerobes, anaerobes,
and yeasts). The most common pathogens were streptococci (other species), which were present in
40 patients (18.87%).

The impact of season on the prevalence of different microbial agents is summarized in Table 4. PTA
incidence was not found to be dependent on the season in any statistically significant way (p = 0.4396).
Evaluating the distribution of microbial agents within seasons, we can state that season dependence
has not been proven. Season does not seem to impact whether the most prevalent pathogens are
aerobes, anaerobes, or yeasts, nor does it have an effect on the different types of pathogens found.

When we examined the obtained results more closely and combined the setup criteria (gender,
age, and season), we found the following: in the 0-18 age group, girls had a higher incidence of PTA,
but without a statistical significance (n = 76, 54.3%, p = 0.3105). Among patients in the 19-50 age group,
males had a higher incidence of PTA (n = 378, 61.6%, p < 0.0001). The >50 age group presented a higher
incidence of PTA in males (n = 128, 60.4%, p = 0.0025). The highest incidence of PTA in boys in the 0-18
age group was in the summer and the lowest was in the autumn (p = 0.0023). Among females, the >50
age group had the highest incidence of PTA in the winter and a significantly lower incidence in the
summer and autumn (p = 0.0284). The most common pathogen in the 19-50 age group, Streptococcus
pyogenes, has a statistically significant higher incidence in the summer and is at its lowest in the spring
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(p = 0.0207), Staphylococcus aureus in the 0-18 age group has the highest incidence in the summer and is
least prevalent in the autumn (p = 0.0192).

4. Discussion

Despite advanced ATB therapy, PTA remains a serious and, if allowed to progress, life-threatening
complication, of acute tonsillitis that affects a broad age range of patients. The considerable amount of
attention PTA receives in studies is therefore justified.

4.1. Gender and Age Spectrum in the PTA Patient Group

Published studies report approximately the same incidence of PTA in both genders [21] or a slight
predominance in males in the adult population [22]. In childhood a slight predominance is described
in girls [6]. In our group, regardless of age, males had a statistically significant predominance (n = 570,
59.0%, p < 0.0001). After stratifying the patients by age (Table 1), as well as in accordance with the
literature on adults, males had a statistically significant predominance in groups Il and III (n = 378,
61.6%, p < 0.0001 and n = 128, 60.4%, p = 0.0025). In group I, of children under 18 years of age,
girls slightly predominated (1 = 76, 54.3%, p = 0.3105), but in this case the difference was not statistically
significant. The mean age of patients with PTA in our cohort was 36.7 years of age. The highest
incidence of PTA occurs between 15 and 35 years of age and is reported in the available literature.
In our group, the highest incidence of PTA was in age group II (19-50 years), 614 patients (63.56%).
Group I (18 years of age, or younger) had 140 patients with PTA (14.49%) and group III (>50 years)
212 patients (21.95%), which corresponds to data in the literature [1,2,23].

4.2. The Spectrum of Microbial Agents

The infectious bacterial agents involved in PTA pathology may vary according to different clinical
factors. The most frequently mentioned cultivation findings in the literature are aerobic, namely
B-hemolytic streptococci, streptococci of other groups, then Haemophilus influenzae, Staphylococcus
aureus, Klebsiella pneumoniae, and Enterobacter species a Pseudomonas aeruginosa [7,24]. Of the anaerobes,
Fusobacterium species, Peptostreptococcus species, Bacteroides species, and Prevotella species were most
predominate. Yeasts were rarely cultivated [25-27]. In our results, in agreement with the large number
of published studies on the topic [2,3,5,7,12,25,28], aerobic cultivation findings predominated (n = 557,
75.77%) and the most frequently cultured pathogen was Streptococcus pyogenes (n = 351, 36.34%).
However, this contradicts the work of Prior et al., who pointed out the predominance of anaerobic
bacteria [29]. Prior et al. found the presence of anaerobes in 84% of cultivations. However, their work
was limited by a small group of patients (1 = 53).

Insofar as successful cultivation is concerned, in our group of patients, pathogens were successfully
cultivated in 606 cases (62.73%). In the remaining 360 cases (37.27%), the cultivation finding was
negative, or contained only normal oropharyngeal microflora, which is in line with data presented by
a number of other studies [1,6,13,23-25,29]. Whether or not bacteria are cultivated successfully can
be affected by a number of factors. The most significant factor is the initiation of ATB therapy before
the collection of the material for cultivation. In the cohort we presented, there were 386 patients who
used ATB before the sample for cultivation was collected. No pathogen was cultivated in this group in
297 cases (76.94%). The effect of ATB therapy on the result of cultivation is therefore clear from our
results. However, Love et al. reported an unclear effect of ATBs use prior to material collection on
cultivation results [30]. In their group, 39% of patients used ATB before the samples for cultivation
were collected and the cultivation results did not differ in any way from the results of patients without
previous ATB treatment, which is in conflict with our results.

4.3. The Spectrum of Microbial Agents based on Gender, Age and Seasons

The broad spectrum of the bacterial microbiota associated with PTA and the age dependent
changes it undergoes have a multifactorial origin. The spaces of the oral cavity and cervical tonsils are
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both heavily, yet very differently, colonized. Bacteria that are thought to have pathogenic potential may
occur in healthy individuals [31,32]. The difference in the bacterial spectrum of tonsillitis in childhood
and adulthood is documented [33]. The impact of social history, climate and local ATB policy on the
bacterial population of the tonsils and thus their impact on the current bacterial spectrum of PTA has
to be taken into account [34,35].

The increased incidence of anaerobic agents in group III compared to I and II (31.64% vs. 14.1%
and 12.86%) has a significant clinical impact on our results. In agreement with other authors, we
do not attach clinical significance to the absence of yeast in group I (18 years or younger age group)
compared to the culture results in both older groups (1.47% and 3.77%) [13,23]. We view the absence of
yeast in group I (18 years or younger) and the higher proportion of the anaerobic spectrum in elderly
patients as a result of higher incidence of metabolic and cardiopulmonary comorbidities in elderly
patients. This is in concordance with Gavriel et al. [36]. Differences in the PTA incidence in individual
periods of the year (spring, summer, autumn, and winter) are not significant in our group (p = 0.4396),
nor were they significant in studies from Denmark, England, or the USA [13,23,37]. Other studies
have reported significant differences in the seasonal incidence of PTA in a group of pediatric patients
with the highest incidence in the spring or summer [6,38,39]. In our work, a detailed analysis revealed
that the incidence of PTA in boys in group I (0-18 years) is statistically significantly higher during the
summer and, conversely, is at its lowest in the autumn (p = 0.0023).

If we take age into account, it is possible to trace partial seasonal effects on the frequency of
individual agents. For example, in group II (19-50 age group), Streptococcus pyogenes has the highest
statistically significant incidence in the summer and the lowest in the spring (p = 0.0207). In group I
(0-18 age group) Staphylococcus aureus has the highest incidence in the summer, the lowest in the autumn
(p = 0.0192). In agreement with the literature [1,2,6,23,38,39], we consider the findings regarding the
seasonality of the individual microbial agents interesting from an epidemiological point of view. From
a clinical point of view, the treatment strategy remains the same.

4.4. The Spectrum of Microbial Agents and PTA Therapy

The basis of successful PTA therapy is an early diagnosis and initiation of abscess drainage with
concomitant empirical administration of ATB [25,40,41]. Tonsillectomy on the day of admission
to hospital is now considered a standard treatment, unless there are contraindications to the
procedure [28,42]. The ATB of first choice is parenterally administered penicillin [5,7]. In case of
allergy to penicillin ATBs, a replacement from the macrolide or lincosamide group is chosen [23,30].
The preferred ATB scheme varies from country to country. In the work of Wikstein et al. [2], which
describes treatment in the Nordic countries of Europe (Denmark, Norway, Sweden, and Finland),
penicillin was the preferred first choice in 65% of cases. In contrast, separate Danish and UK studies
preferred a combination of penicillin and metronidazole treatment in approximately 60% of cases [13,43].
Other studies yet present the combination of potentiated amoxicillin with metronidazole [44], cefuroxime
with metronidazole [45], or the administration of clindamycin alone [13]. What all these studies have
in common is that they reflect the development of PTA bacterial findings. Previously the genus
Streptococcus was considered predominant in PTA associated microbiota, whereas today a significant
proportion of anaerobic microbiota is also taken into account [27,46].

The results of our extensive cohort are in line with these trends and offer conclusions that can help
personalize ATB therapy. Our results for groups I and II (patients <50 years of age), where Streptococcus
pyogenes was present most frequently, validate the preference of penicillin as a first-choice ATB in
accordance with the scheme published by Wikstein et al. [2]. Furthermore, a significant decrease
in aerobic agents alongside an increased incidence of anaerobic agents in the oldest group, group
III. (patients >50 years), fully supports the combination of penicillin with metronidazole in older
patients [44]. If anamnestic data indicates an allergy to penicillin antibiotics, we prefer a replacement
from the macrolide or lincosamide groups [13,47].
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5. Conclusions

PTA is the most common complication of tonsillitis. We found that PTA has a higher incidence in
males in adulthood and a slightly higher incidence in girls in childhood. Aerobic agents predominated
in the cultivation findings and the most frequently cultivated pathogen was Streptococcus pyogenes.
Examining the relationship between microbial agents and age, we found an increased incidence of
anaerobes in the oldest group (over 50 years) and an absence of yeasts in the youngest group (18 years
of age or younger). The occurrence of many specific microbial agents was age related. We did not
prove a dependence of PTA incidence on the season. The current methodology in the personalization
of ATB therapy is consistent with our microbiology results. Penicillin is the first-choice ATB in patients
under the age of 50. In older age groups an increasing probability of the presence of anaerobes must be
taken into account and the therapy should be modified accordingly. A certain limitation of our study
may be its monocentricity. A significant advantage however is the high number of monitored patients
(n = 966) in a relatively short period of 4 years.
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Abstract. Aim: The aim of the study was to evaluate the
yields of 2-deoxy-2-["8F}-ﬂuora-D-g1ucose positron-
emission tomography/magnetic resonance imaging ('8F-
FDG-PET/MRI) and '®F-FDG-PET/computed tomography
(CT) for the detection of metastatic involvement of
locoregional neck nodes in patients with head and neck
malignancy. Patients and Methods: A total of 90 patients
(66 men and 24 women) met the inclusion criteria.
Preoperative staging was performed: 53 examinations using
PET/CT and 37 using PET/MRI. Results: For PET/MRI, the
study demonstrated a sensitivity of 89%, specificity of 64%,
positive predictive value of 85%, and negative predictive
value of 70%; PET/CT had a sensitivity of 95%, specificity
47%, positive predictive value of 82%, and negative
predictive value of 78%. Conclusion: Both methods have a
high yield in N-clinical staging with statistically
insignificant differences. We assume PET/MRI to be the
first-choice method in organ-targeted examinations, for
pediatric patients and repeat examinations. In cases of MRI
contraindication, PET/CT can be used with no impact on
the quality of care.
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Head and neck tumours occur with an incidence of 4-5 cases
per 100,000 population and affect twice as many males as
females (1). Over 90% of these are tumours of epithelial
origin, the rest made up of tumours of mesenchymal and
neuroectodermal origin (2). The diagnostic-treatment protocol
includes two basic modalities: Surgical resection, and
radiotherapy, sometimes in combination with chemotherapy.
Current oncology utilizes imaging techniques for staging and
therapy planning, as well as for evaluating tumour response
to therapy. The first hybrid versions of positron-emission
tomography (PET)/computed tomography (CT) were
developed in 1998 (3) and a hybrid version of PET/magnetic
resonance imaging (MRI) has been available since 2000 (4).
The hybrid versions of PET/CT and PET/MRI utilize a
combination of a given imaging technique with a positron
emitter. The most commonly used radiopharmaceutical is 2-
deoxy-2-['8F]-fluoro-D-glucose ('*F-FDG).

The aim of this study was to systematically evaluate 18F-
FDG-PET/CT imaging versus '3F-FDG-PET/MRI for the
detection of locoregional metastatic involvement of neck
nodes in epithelial tumours in patients with head and neck
malignancy, and make a comparison of clinical (¢N) and
pathological (pN) classification.

Patients and Methods

Groups of patients. Between 2017 and 2019, a retrospective,
monocentric study was conducted at the Otorhinolaryngology Clinic
to evaluate the performance of hybrid imaging methods when used
to detect the involvement of locoregional metastatic neck lymph
nodes in epithelial malignancies of the head and neck. The inclusion
criteria were: Malignant epithelial tumour in the head and neck area,
preoperative PET/CT or PET/MR staging followed by radical or
selective neck dissection, histological examination of tissue
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Table 1. Characteristics of the patient groups.

PET/CT PET/MRI
Number of patients Overall 53/100 37/100
Men 41/77 25/68
Women 12/23 12/32
Age, years* Median (range) 61 (40-82) 62 (40-79)
Location of primary tumour Diagnosis
Oral cavity Spinocellular carcinoma 2 2
Oropharynx Spinocellular carcinoma 20 15
Hypopharynx Spinocellular carcinoma 2 2
Larynx Spinocellular carcinoma 19 5
Glandula parotis Mucoepidermoid carcinoma 0 2
Myoepithelial carcinoma 1 1
Salivary ductal carcinoma 1 2
Low differentiated large cell diffuse carcinoma 1 0
Acinocellular carcinoma 0 2
Biphasic adenocarcinoma 0 1
Glandula submandibularis Epithelial-myoepithelial carcinoma 1 1
Skin Spinocellular carcinoma 2 2
Thyroid gland Papillary carcinoma 1 1
Primary tumour unknown Spinocellular carcinoma 3 1
Total 53 37

*Test of equivalence (p=0.0078).

resection with findings of a sufficient number of lymph nodes to
determine pN classification, according to the eighth edition of the
TNM classification (5). The exclusion criteria were: Non-fulfilment
of inclusion criteria and incomplete data in medical documentation.
The inclusion criteria were met by 90 patients who were divided
into two age-equivalent groups (test of equivalence p=0.0078)
according to the type of examination performed. The results
achieved in both groups were then compared with each other.
Informed consent was obtained from all the participants. The study
was approved by The Ethical Committee of University Hospital in
Pilsen on August 12th 2014.

Methods used. PET/CTs were performed using hybrid scanner
Biograph 128 mCT UltraHD (Siemens Healthineers,
Erlangen/Knoxville, Germany/TN, USA). The CT data were
acquired using a low-dose protocol during a venous phase after
injection of 80-100 ml of iodine contrast agent dosed according to
body weight (Ultravist 370, Bayer Pharma, Berlin, Germany). Data
were reconstructed at an image width of 0.75 mm and 5 mm. PET
data were acquired after injection of !8F-FDG (fluorodeoxyglucose,
UJV, Rez u Prahy, Czech Republic) at a dose of 2.5 MBg/kg in 5-7
bed positions with acquisition times of 1.5 min. per position. Total
examination time was 13 min.

PET/MRI was performed using an integrated 3T MRI and PET
system Biograph mMR, (Siemens, Healthineers, Erlangen, Germany)
using an 18 channel Total Image Matrix coil system. The dose of 7.5
ml of 1-molar contrast agent (Gadovist; Bayer Pharma) was injected
for the purpose of MRI. The targeted examination of the head and
neck was performed first including axial I T2 short tau inversion
recovery (STIR), coronal and sagittal T2 turbo spin echo, axial
diffusion-weighted imaging with b-value of 50 and 800 s/mm?2
including ADC value calculation and postcontrast dynamic T1
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Table II. Results of the clinical (cN) and pathological (pN)
classification.

Imaging technique Status cN,n pN.n Conformity, %

PET/CT NO 9 15 81.13
N1 22 16
N2a 0 2
N2b 16 15
N2c 6
N3 0 1
Total N 53 53
PET/MRI NO 10 11 81.07
N1 6 11
N2a 0 0
N2b 13 9
N2c 6 2
N3 2 4
Total N 37 37

PET: Positron-emission tomography; CT: computed tomography; MRI:
magnetic resonance imaging.

volumetric interpolated breath-hold examination (VIBE) sequences.
This was followed by a complete examination of the body (from head
to thigh) using coronal T1 VIBE Dixon two-point and axial turbo
inversion recovery magnitude T2 STIR sequences. PET data were
acquired after injection of 18F-FDG (UJV) at a dose of 2.5 MBq/kg
in 5-7 bed positions with acquisition times of 4 min per position.
Total examination time was 53 min. Lymph nodes with a maximum
standardized uptake value of 3.0 or more were considered as positive.
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Table III. Comparison of positron-emission tomography/computed tomography (PET/CT) with PET/magnetic resonance imaging (MRI).

Imaging technique n Sensitivity Specificity Positive predictive Negative predictive Odds ratio p-Value*
(%) (%) value (%) value (%)

PET/CT 53 94.74 46.67 81.82 77.78 15.75 >0.99

PET/MRI 37 88.46 63.64 85.19 70.00 13.42

*Fisher’s test.

Statistical methods. Statistical analysis was performed using S.A.S.
software (Statistical Analysis Software release 9.2; SAS Institute
Inc., Cary, NC, USA). The following statistical parameters are
presented: sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and odds ratio. The TOST test was
used to demonstrate age equivalence between patient groups.
Fisher's exact test was used to compare the difference in frequency
of successful determination of node positivity/negativity. A p-value
of less than 0.05 indicated statistical significance.

Results

A total of 90 patients (66 men and 24 women) met the inclusion
criteria. Preoperative staging was performed: 53 examinations
using PET/CT and 37 using PET/MRI. We have demonstrated
a high efficacy of both hybrid methods in identification of
positive lymph nodes, a base condition for subsequent
N-clinical staging. The conformity of cN and pN classification
was almost the same for both imaging techniques. The
conformity of cN and pN was 81.13% for PET/CT and 81.08%
for PET/MRI. PET/CT achieved better sensitivity than
PET/MRI (94.74% vs. 88.46%), but worse specificity (46.67%
vs. 63.64%). In both methods, the NPV, PPV and odds ratios of
positivity were comparable. Namely, PET/CT achieved PPV of
81.82%, NPV of 77:78%, and odds ratio of 15.75, and
PET/MRI achieved: PPV of 85.19%, NPV of 70.00%, and odds
ratio of 13.42. Statistically, the performance of both methods
was equal (p>0.99). The results are shown in Tables II and III.

Discussion

Determining the extent of the primary tumour as well as the
locoregional metastatic process in the head and neck area is
challenging, especially for the boundary between the tumour
and the surrounding soft tissue. Differences between CT
imaging yield and MRI are already known (6). The use of MRI
reduces the dose of radiation to the patient compared to CT (7).
A combination of CT or MRI with PET-derived metabolic
parameters improves imaging accuracy and thus makes a more
accurate determination of target tumour tissue volume for
radiotherapy planning (8, 9). The differences between the
benefits of PET/CT and PET/MR methods are currently being
evaluated by comparison with the results of histological
examinations. Kubiessa et al. (10), in a study involving 22

L

patients with head and neck cancer undergoing both hybrid
modalities, reported results with statistically insignificant
differences between PET/MRI and PET/CT in accordance with
Beyer et al. (11), Antoch ef al. (12), and Castelijns et al. (13).
Kubiessa et al. emphasised the importance of correlating
findings with anamnestic data. The absence of anamnestic data
may be one of the factors reducing the specificity of hybrid
methods; for example, when a PET examination precedes
surgery, including mini-invasive surgery or radiochemotherapy.
Results presented by Kubiessa et al. (10) are inconsistent with
the conclusions of the study by Huang et al. (14) with a set of
17 patients in which a higher yield with PET/MRI versus
PET/CT was demonstrated in patients with oropharyngeal
carcinomas. By contrast, the work of Kubiessa ef al. is in
accordance with a study by Partovi et al. (15), whereby the
authors confirmed comparable results of both methods for the
detection of locoregional and distant metastases of head and
neck tumours in a group of 14 patients. This reflected another
study by Varoquaux et al. of 32 patients. Varoquaux et al.
demonstrated the comparable capability of both methods
regarding image quality and fusion, and the imaging number,
size and anatomical localization of malignant lesions (16).
Szyszko et al. (17) and Grosse et al. (18) reported the main
benefits of PET/MRI as being the reduction of the radiation
dose and improvement in the anatomical details in the soft-
tissue area due to MRI properties. Samolyk ez al. assessed the
utility of PET/MRI in preoperative staging in a group of 21
patients with head and neck tumours, reporting sensitivity at
55%, specificity of 98%, PPV of 71%, and NPV of 97% in the
detection of metastatic neck lymph nodes (19). In accordance
with a number of authors, our study confirmed the comparable
results of PET/CT and PET/MRI for locoregional neck lymph
node detection. In concordance with Szyszko et al. (17) and
Grosse ef al. (18), we see the great advantage of PET/MRI in
its superior display of anatomical details in the soft-tissue area.
In paediatric patients and patients requiring repeated imaging,
PET/MRI offers the major benefit of lower radiation exposure.
On the other hand, PET/CT is less time consuming, which may
be an essential factor in examining patients with other health
restrictions that do not allow them to remain in the supine
position for an extended period of time.

In conclusion, we have demonstrated a high efficacy for both
hybrid imaging techniques in N-clinical staging, with
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statistically insignificant differences between PET/MRI and
PET/CT. In accordance with the above-mentioned findings of
recent studies, we assume PET/MRI to be the method of choice
for organ-targeted examinations of the brain, head and neck,
pelvic organs and liver as well as in examinations of paediatric
patients and patients requiring repeated examinations using the
hybrid imaging techniques where it is especially desirable to
reduce the radiation burden of the patient. In cases of MRI
contraindication, PET/CT can be used without any impact on
the quality of care. A larger study incorporating a larger number
of participants is required to evaluate the exact differences
between PET/CT and PET/MRI imaging techniques.
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Background: Obstructive sleep apnea syndrome (OSAS) is one of the most common sleep-related breath-
ing disorders. The aim of this study was to improve diagnostics in OSAS using blood circulating biomarkers.
We consider the potential of cardiac-specific miRNAs in the diagnosis and risk assessment of cardiovascu-
lar complications. Materials & methods: Plasmatic levels of miR-1-3p, miR-133a-3p and miR-499a-5p were
measured by reverse transcription-PCR and compared with the clinical status of OSAS patients and con-
trols. Results: The level of miR-499 was higher (p = 0.0343) in OSAS patients (mean expression: 0.00561)
compared with the controls (mean expression: 0.00003), using the multivariate logistic regression. Con-
clusion: The role of miR-499 in gene expression regulation during hypoxia and our findings indicate that
miR-499 could be a new diagnostic biomarker for OSAS.

First draft submitted: 26 November 2020; Accepted for publication: 22 April 2021; Published online:
00 June 2021
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Background

Obstructive sleep apnea syndrome (OSAS) is one of the most common sleep-related breathing disorders. In the
adult population, it affects approximately 17% of women and 30% of men (1,2). This type of sleep-disordered
breathing has been shown to be associated with a higher incidence of hypertension (3, ischemic heart disease [4],
heart failure (5], cerebrovascular (6) and metabolic disorders [7].

Repeated sleep apnea leads to a disorder of sleep architecture during which the patient’s body is intermittently
in hypoxia leading to oxidative stress, endothelial dysfunction, potentiation of atherosclerosis or lipid management
disorders (s-101. Negative intrathoracic pressure rises and arousal reactions are associated with the repeated activation
of the sympathetic nervous system. These factors potentiate the beginning, or progression, of cardiovascular disease
and heart muscle damage (11). Obesity is cited as the strongest risk factor for OSAS 1121

The diagnosis of OSAS is made on the basis of polysomnographic examination (13] or limited polygraphy
(PG) (14]. Limited PG provides smaller set of data in comparison with polysomnographic examination, but still
enables a complete diagnosis of OSAS and its significant advantage is cheaper and casier management because the
patients are monitored at home [15].

Common therapeutic steps reccommended for all levels of sleep apnea manifestation are weight loss, body position
changes in sleep, adopting a healthy lifestyle, etc. Milder forms of OSAS may be indicated for surgical treatment,
severe forms are treated conservatively by applying positive pressure (PAP) to the upper respiratory tract [16-18].

The aim of the presented study was to improve and simplify diagnostics in sleep apnea patients via a more
convenient approach that makes use of blood circulating biomarkers. Despite the extensive diagnostic possibilities,
OSAS remains an underdiagnosed disease in a part of the population [21. The current diagnostic process is time
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Table 1. Baseline characteristics of obstructive sleep apnea syndrome patients and control coho

g . .
i it
: 2 5 e 4 : i
: : § 3 3 : H £ 3
c] z 3 = a = = H =
0sAS 194 (sex: 130 male and 64 Age 60.5 13 625 53.0 69.0 27.0 88.0
female) BMI 36.0 7.2 350 315 0.2 16.4 65.8
AHI 455 213 a6 269 62.4 5.0 104.9
opl 29.0 244 473 289 66.8 17 115
Mean 90.9 20 920 0.0 93.0 73.0 96.0
Sa0;
T30 244 258 15.0 10 37.0 0.0 100.0
Control 50 (sex: 37 male and 13 Age 61.3 8.7 60.5 55.0 67.0 41.0 81.0
female) BMI 279 41 78 257 27 203 0.0

AHI - the average number of apnea-hypopnea events per hour of sleep; ODI - average number of Sa0; dips in 1 h of sleep, mean Sa0, (average saturation) — average oxygen
saturation over the duration of sleep; T90 - percentage of sleep time in less than 90% oxygen saturation.
AHI: Apnea-Hypopnea Index; ODI: Oxygen Distress Index; OSAS: Obstructive sleep apnea syndrome; SD: Standard deviation.

consuming and requires the centralization of OSAS patients in specialized departments [13,19]. The goal was to find
biomarkers that are able to detect obstructive sleep apnea syndrome and our results were published in 2019 [20]
point in the direction of protein biomarkers. In the present work, we studied the relationship between myomiRs and
obstructive sleep apnea syndrome in patients indicated to continous positive airway pressure (CPAP) treatment and
non-OSAS probands of the same age. Three circulating miRNAs -miR-1-3p (miR-1), miR-133a-3p (miR-133a),
miR-499a-5p (miR-499)—previously found to be specific for the cardimomyocytes (myomiRs) [21], were measured

in plasma and their levels were compared with their clinical status in sleep apnea patients and in the control group.

Materials & methods

Patient group

Sleep apnea syndrome consecutive patients (n = 194, median age 62.5; 130 men and 64 women) with newly
diagnosed moderate or severe obstructive sleep apnea syndrome (Apnea-Hypopnea Index [AHI] > 15) were
monitored. At the time of study all patients were without any received treatment. Inclusion criteria: AHI >15, no
previous OSAS treatment, complete sleep monitoring results, sleep monitoring by limited PG. Exclusion criteria:
incomplete documentation of sleep monitoring, chronic obstructive pulmonary disease, previous OSAS treatment,
previous upper respiratory tract surgery, patient noncompliance. Clinical parameters of sleep monitoring were
defined for each patient: Apnea is defined as the cessation of airflow for at least 10 s. Apnea has to be followed
by desaturation >3% (related to the level before decrease) with arousal or desaturation >4% without arousal.
Hypopnea is defined as a reduction of airflow >30% with desaturation >4% lasting 10 s or more or a reduction
of airflow >50% with desaturation >3%. AHI - the average number of apnea-hypopnea events per hour of sleep,
Oxygen Distress Index (ODI) — average number of SaO; dips in 1 h of sleep, mean Sa0; (average saturation)
— average oxygen saturation over the duration of sleep, T90 — percentage of sleep time in less than 90% oxygen
saturation.

The OSAS group was compared with a control cohort of 50 patients (median age 60.5; 33 men, 13 women) with
no history of sleep apnea syndrome and with outcome of low risk of sleep pane syndrome in Berlin Questionnaire.
The control cohort consist of patients who underwent minor noncardiovascular surgery. The blood samples
and clinical data were collected before intervention. The age of the participants in the two groups did not differ
significantly. The occurrence of common cardiovascular complications was described for patients from both groups,
OSAS and control, including hypertension (occurrence in apnea group: n = 122, i.e., 62.9%; in control group
n = 20, i.e., 40%), heart attack (apnea n = 4, i.e., 2.1%, control: n = 0); ischemic heart disease (apnea n = 14,
i.e., 7.2%; control n = 0) stroke (apnea n = 8, i.e., 4.1%, control n = 1, i.e., 2%); cardiac arrhythmia (apnea n = 13,
i.e., 6.7%, control n = 0). For detailed group characteristics, see Table 1.
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Table 2. Characterization of the studied miRNAs.

miRNA miRBase accession number RNA sequence of mature miRNAs Assay ID
hsa-miR-1-3p MI0000651 UGGAAUGUAAAGAAGUAUGUAU 002222
hsa-miR-133a-3p MI0000450 UUUGGUCCCCUUCAACCAGCUG 002246
hsa-miR-499a-5p MI0003183 UUAAGACUUGCAGUGAUGUUU 001352
Spike cel-miR-39-3p MI0000010 UCACCGGGUGUAAAUCAGCUUG 000200

TTaqMan mIRNA Assays available from Thermo Fisher Scientific (CA, USA)

Blood sampling

The peripheral blood samples (4 ml) were taken routinely by venipuncture from the cubital vein using KsEDTA
Vacutainer tubes (Greiner Bio-One, Kremsmiinster, Austria). Plasma was separated after centrifugation at 1700 g
(relative centrifugal force) for 10 min. Plasma samples were stored frozen at -80°C up to analysis.

Measurement of miRNAs plasma levels

The plasma levels of the selected three candidates for cardiac-specific miRNAs, miR-1, miR-133a and miR-499
(see Table 2 for specification), were quantified using a reverse transcription real-time polymerase chain reaction
(reverse transcription [RT] real-time PCR). Total RNA (including miRNAs fraction) was extracted manually using
miRNeasy® Serum/Plasma Kit (Qiagen, Hilden, Germany) from 200 pl of blood plasma with an additional 3.5 pl
of a 1.6 x 108 copies/ul working solution of cel-miR-39 (Qiagen). Exogenous cel-miR-39 was used as a spike-in
control to adjust the extraction efficiency.

A quantitative estimation of selected miRNAs was performed by an RT real-time PCR method. The assays
only target mature miRNAs, not their precursors. The analysis consisted of a cDNA template preparation by RT
reaction using TagMan MicroRNA Reverse Transcription kit (Thermo Fisher Scientific, CA, USA) with TagMan
miRNA Assays (Thermo Fisher Scientific), followed by cDNA quantification by PCR using TagMan miRNA
Assays (Thermo Fisher Scientific) in technical duplicates on a LightCycler® 96 System (Roche, Basel, Switzerland).
The PCR thermal profile followed manufacturer protocol. Inter-run calibrators were used to avoid plate-to-plate
variation [22]. The deltaCt approach was used to calculate the plasma levels of the miRNAs of interest. The results are
presented as relative values of expression calculated as 2 -(Ct of miRNA of interest - Ct of normalizer). Cel-miR-39,
an exogenous reference, was used as a normalizer 23-25].

Statistics

The groups’ characteristics were described. An ROC analysis was performed and ROC curve was plotted in order to
assess the differences in levels of studied miRNAs between the OSAS group and the control group. A multivariate
logistic regression model — stepwise selection with all three studied miRNAs and the BMI was applied to describe
the relation of studied miRNAs and OSAS diagnosis. Further univariate logistic regression models adjusted for BMI
were used to evaluate the relationship between miRNAs levels, diagnosis and clinical parameters. The Spearman
rank correlation was used among markers and the following clinical parameters: AHI, ODI, mean SaO;, T90 and
age.

Results

We have found BMI in apneic patients (OSAS group — BMI mean 36.0 & 7.2, median 35.0) to be significantly
(p < 0.0001) higher than in the control group (BMI mean 27.9 + 4.1, median 27.8). Moreover, 82.3% of apneic
patients (OSAS group) had BMI 30 or higher, contrary to 24.4% of the patients in the control group (p < 0.0001).
The statistical methods were selected based on these findings.

The multivariate logistic regression model stepwise selection shows that of the studied miRNAs, only miR-499
contributes to the distinction between OSAS and the control group (p = 0.0343), with higher levels of expression
in OSAS group (miR-499 level OSAS group mean: 0.00561; control group: 0.00003). The OSAS group exhibited
44% miR-499 expression positivity, whereas the control group exhibited a more 2%. See Table 3 for the levels of all
the studied miRs in individual groups and Figure 1 for miR-499. The univariate logistic regression model adjusted
for BMI confirms this fact with the same p-value (p = 0.0343).

The ROC analysis provides values of area under the curves (AUCs) for miR-499 as: AUC = 0.7105 (95% CI:
0.6714-0.7495) (see Figure 2), miR-133a: AUC = 0.5533 (95% CI: 0.4676-0.6390) and miR-1: AUC = 0.5982
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Table 3. Plasma expression levels of the studied miRNAs in obstructive sleep apnea syndrome and control group.

Group of patients N Variable Mean sD

OSAS 194 miR-1 0.00148 0.00310
miR-133a 0.06585 0.14149
miR-499 0.00561 0.01737

Control 50 miR-1 0.00247 0.00490
miR-133a 0.03016 0.04820
miR-499 0.00003 0.00021

OSAS: Obstructive sleep apnea syndrome; SD: Standard deviation.

Q
0.125 e
0.100
[a]
0.075-
0.050]
0.025- 5
o
0.000 —a8

I
0SAS | Controls

Figure 1. Distribution of miR-499 in group of obstructive sleep apnea syndrome patients and control group.

Table 4. Spearman rank correlation - correlation coefficients of miRNA expression level and hypertension within

obstructive sleep apnea syndrome group.

miRNAs Hypertension miR-1 miR-133a miR-499
(Spearman correlation (Spearman correlati (Sp correlati (Spearman correlation
coefficients/p-value) coefficients/p-value) coefficients /p-value) coefficients /p-value)
miR-1 -0.08140 0.57201 0.25199
p=0.2592 p <.0001 p = 0.0004
miR-133a -0.18481 0.57201 0.34127
p =0.0099 p < .0001 p < .0001
miR-499 -0.05367 0.25199 0.34127
p=0.4573 p = 0.0004 p <.0001

Significant correlations are underlined

(95% CI: 0.5075-0.6889). At the 98% specificity level, the sensitivity of 40% (95% CI: 33-47%) was observed
with cut-off expression value >0.0002 or the sensitivity of 44% (95% CI: 37-51%) with cut-off expression value
>0.

A correlation among the three miRNAs was observed within the apneic group (see Table 4). Furthermore,
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Figure 2. ROC curve for miR-499. Area Rils 0.50
under the curve is 0.7105. 1 - specificity

miR-133a correlates with hypertension (see Table 4), but this relation was not proven in logistic regression with
adjustment to BMI. Within the control group, a correlation was shown only between the levels of miR-133a
and miR-1 (Spearman correlation factor: 0.62403, <0.0001). No relationship was found between the clinical
severity parameters of OSAS (AHI, ODI, mean-SaO;, T90) and levels of either miR-1, miR-133a or miR-499.
No correlation was found between age or BMI and miRNA expression levels either.

Discussion

The goal of the study was to find easily determinable biomarkers, which could be used to identify patients with OSAS
in a group of suspect patients and which could complement the procedures traditionally used in the diagnostics of
OSAS. If the biomarkers will have been shown as beneficial, they could even replace polysomnographic examination
and limited polygraphy. We have decided to search for these biomarkers in a class of a small regulatory noncoding
RNA: miRNA. miRNA is easily measurable in periphery blood derivate (plasma) in low levels. In this arricle, we
have focused on a cardiac-specific group of miRNAs: miR-1, miR-133a and miR-499. The decision to focus on
these specific miRNAs was based on the hypothesis that these molecules may be released into the blood circulation
from cardiomyocytes damaged by short-term hypoxia episodes during OSAS. Simultaneously, a strong link between
obstructive sleep apnea and cardiovascular diseases was described (26].

In our study, the plasmatic levels of miR-499 distinguish between the OSAS and control group (p = 0.0343),
with higher levels of expression in the OSAS group and AUC = 0.7105. The miR-499 molecule is an intronic
miRNA encoded by the myosin gene family member: Myh7b. It is constitutively expressed at high levels in the heart
myocardium. Jointly with miR-208a and miR-208b, it is assigned to a group of myoMiRs. miR-499 is differentially
regulated and plays a role in heart development; mainly in controlling the maturation of cardiac progenitor cells 271.
The expression of miRNA-499 and some cardiac enriched transcription factors are linked by a positive feedback
loop [28].

We assume that a significant pathophysiological link exists between higher levels of miR-499 and apnea and
suspect a strong connection between oxidative stress and the role of miR-499. The culprit in OSAS pathophysiology
is intermittent hypoxia, which causes high levels of oxidative stress via mitochondrial dysfunction, NADPH oxidase
or xanthine oxidase, resulting in higher levels of superoxide anion radical, which, in turn, further interacts with
biomolecules and the antioxidant defense system. Obesity is very often linked with OSAS and is another source
of oxidative stress. Superoxide dismutase transforms further superoxide into a reactive oxygen species — hydrogen
peroxide [29). MiR-499 was shown to protect cardiomyocytes from hydrogen peroxide-induced apoptosis and so
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has a protective role in oxidative injury of cardiomyocytes during heart infarction via its suppressive effect on
Pdcd4 and Pacs2 expression in rats. Vice versa, higher hydrogen peroxide levels upregulated the expression of
miR-499 by phosphorylating the c-Jun regulator of the Myh7b gene promoter (30]. The effect of oxygen radicals
in cardiac injury causes cellular membrane disruption and the irreversible alteration of cardiac integrity [31], which
could be followed by a release of cytoplasmaric miRNAs. Also Yingging Li and his team found that MiR-499-5p
protects cardiomyocytes against ischemic injury via anti-apoptosis by targeting Pdcd4 (321. Yujie Shi et al. further
complement that miR-499 plays a role in the process of cardiomyocytes injury induced by hypoxia/reoxygenation.
miR-499-5p inhibited hypoxia/reoxygenation-induced cardiomyocytes injury by targeting SOX6. MiR-499-5p
could upregulate the level of Bcl-2 and downregulate the expression levels of Bax and caspase-3. However, SOX6
partially reversed these effects of miR-499-5p 33.

There could also be another pathophysiological link: the higher levels of miR-499 in apnea patients could be a
result of the reactivation of the fetal miR program in cardiovascular lesions caused by apnea. Thuma et 2/, describe
this phenomenon as occurring after cardiac transcriptome analyses that reveals the expression analogy between fetal
and failing human heart tissue (341 Our study has, however, failed to demonstrate a correlation between miR-499
levels and the cardiovascular conditions of patients.

Though a Santamaria-Martos ez 2/. found 14 OSAS biomarker candidates, chosen from 188 studied miRNAs in
their study. After validation and adjustment to BMI and age, miR181-a, miR-199b, miR-345, miR-133a, miR-340
and miR-486-3p were confirmed to be differentially expressed in non-OSAS and OSAS patients. Furthermore, a
combination of NoSAS score and miRNAs was proposed to be the best model for discriminating the OSAS patients
with an AUC above 0.8 35].

The expression levels of miR-485-5p, miR-107 and miR-199-3p were described by Li ez @/. to be downregulated
and miR-574-5p was upregulated in the OSAS patients compared with controls [36]. These miRNAs are known to
be regulators in hypoxia via HIF-1 or in metabolism.

Li Kun ez 4. have shown serum levels of miR-664a-3p to be downregulated in OSAS patients compared with
a control group and demonstrated that its expression level was correlated with AHI, lowest oxygen saturation and
carotid intima media thickness in OSAS patients [37].

The potential role of circulating higher plasmatic levels of miR-499 as a diagnostic in acute myocardial infarction
patients were proposed by several studies [28,38-43]. The diagnostic value seems to be universal in terms of the
myocardial infarction type concerned: ST elevation myocardial infarction patients [41], or geriatric non-ST elevation
myocardial infarction patients [43). The potential use of miR-499 as a diagnostic marker in OSAS patients is not in
conflict with its elevation in acute myocardial infarction disease where miR-499 is increased only during the acute
stage.

On the other hand, lower levels of miR-499 are potential clinical biomarkers for noncardiovascular conditions
— for example, an independent prognostic biomarker in non-small-cell lung cancer patients (44 or distinction of
depression episodes in bipolar patients [45].

In our study, higher expression of miR-499 seems to be OSAS marker with high specificity but with lower
sensitivity. Anyway this could be precisely judged on further studies with higher numbers of participants and
different (various) control groups. No relationship was found between the clinical severity parameters of OSAS
and cardiac miRINAs levels. Although the correlation between miRINAs and cardiac disease history was explored in
our study, and a correlation was indeed found between miR-133a and hypertension, it was nevertheless not proven
using logistic regression adjusted to BMI and is, therefore, not discussed further.

Study limitations

Although it is true that the patients and control groups used for the comparison of novel biomarker levels should be
comparable in their elementary parameters, in other words, age, sex, BMI, the study of OSAS biomarkers inevitably
involves a group of OSAS patients that exhibits higher levels of severe obesity due to the disease’s pathophysiology.
It is, therefore, very difficult to obtain a comparable control group. In our study, apneic patients (OSAS group)
are age and sex matched to controls but have a higher BMI. The statistical methods used were selected in order to
overcome this discrepancy. This is a challenge that applies to OSAS studies in general and has received mention
from other authors, for example, Santamaria-Martos er /. [35]. Sleep apnea syndrome in the control group was
eliminated using the Berlin Questionnaire (published sensitivity is 58.8—76% and specificity 40.5-74%). Another
limit of our work can be the focusing of the study on the patients indicated to the CPAP treatment (OSAS, AHI
> 15).
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Conclusion

In our analysis we have shown that the plasma level of miR-499 is significantly higher in obstructive sleep apnea
syndrome patients in comparison with the control group. Based on the role of miR-499 in gene expression regulation
during hypoxia and our findings, we propose that miR-499 could be a new diagnostic biomarker for obstructive
sleep apnea syndrome.

Future perspective

‘We have focused on cardiac-specific miRNAs as potential biomarkers in OSAS. Future research would benefit
from focusing on other pathophysiological processes linked to hypoxia that can potentially affect the miRNA gene
expression regulation and the release of miRNAs to bloody fluids. The clinical usefulness of miRNA-499 as a
diagnostic biomarker for OSAS has to be proven in subsequent studies with an emphasis on proband requirements
in the control group and taking in to account the higher BMI of OSAS patients.

Summary points

What is already known about this subject?

e miRNAs could be potential biomarkers in apnea diagnostics [35].

e miR-499, miR-133, miR-1 are described as cardiac-specific miRNAs.

e miR-499 play a role in the cause of hypoxia?

What is this study’s contribution to the existing body of knowledge?

e This analysis is the first to demonstrate that the levels of miR-499 are significantly higher in obstructive sleep
apnea syndrome patients in comparison to a control group.

e Levels of miR-499, miR-1 and miR-133 were not shown to be connected to the clinical severity parameters of
obstructive sleep apnea syndrome.
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Purpose: The aims of this work were the retrospective analysis of a cohort of patients with
acute mediastinitis treated at the authors’ worksite over a 15-year period and the identi-
fication of factors that significantly affect the outcomes of the therapy.

Methods: During the period 2006-2020, 80 patients with acute mediastinitis were treated.
‘Within the cohort, the following were observed: the causes and the type of acute medias-
tinitis, length of anamnesis, comorbidities, diagnostic methods, time from the diagnosis to
surgery, types and number of surgical procedures, results of microbiological tests, compli-
cations, and outcomes of the treatment.

Results: The most common type of acute mediastinitis was descending mediastinitis
(48.75%). A total of 116 surgical procedures were performed. Ten patients in the cohort
died (12.5%). Patients older than 60 years were at a 6.8 times higher risk of death. Patients
with more than two comorbidities were at a 14.3 times higher risk of death. The presence
of yeasts in the culture material increased the risk of death by 4.4 times.

Conclusion: Early diagnosis, removal of the cause of mediastinitis, sufficient mediastinal
debridement, and multiple drainage thereof with the possibility of continual postopera-
tive lavage are essential for the successful treatment of acute mediastinitis.

Keywords: acute mediastinitis, esophageal perforation, descending necrotizing mediastinitis,
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Introduction

Acute mediastinitis (AM), which occurs relatively
rarely, is a potentially fatal diffuse inflammatory process
in the mediastinum. The causes include esophageal per-
foration, descending infection from the neck (descending
mediastinitis or descending necrotizing mediastinitis
[DNM]), infection of the sternotomy, infection spreading
from the pleural cavity during empyema, or bloodstream
spread of infection from other locations.! Esophageal
perforation is usually reported as the most common cause
of AM (together with infection of the sternotomy), with
an annual incidence of three cases per 1 million peo-
ple.239 The majority (50%-75%) of these perforations
are iatrogenically sustained during an endoscopic proce-
dure (diagnostic or dilation), whereby the most common
cause of spontaneous esophageal perforation is the Boer-
haave syndrome (up to 33% of all perforations).!*-7 In
the past, DNM was mainly of odontogenic origin. How-
ever, with advancements in dental hygiene, the predomi-
nating infections are currently oropharyngeal.>™'" AM
mainly affects individuals in their 50s or 60s, more often
men, with risk factors such as diabetes mellitus type 2,
alcohol or drug abuse, obesity, immunodeficiency, renal
failure, or liver cirrhosis.!*!%!? The infection is usually
polymicrobial, aerobic and anaerobic, in which case the
dominating strains are Streptococcus sp., followed by
mycotic superinfections in up to half of the cases.!*"-1%
The originally high mortality rate for AM of up to 50%
has today fallen to below 20%.7'

The aims of this work were the retrospective analysis
of a cohort of patients with AM treated at the authors’
worksite over a 15-year period and the identification of
factors that significantly affect the outcomes of the
therapy.

Materials and Methods

During the period 20062020, 80 patients with AM of
various types and causes were treated. Postoperative
mediastinitis after sternotomies (cardiosurgical proce-
dures) and surgeries of the esophagus (failed anastomo-
sis), which we, like Kluge,” consider to be individual
entities, were not included.

Twenty-one patients (26.25%) underwent their first
surgical procedure at a different facility before treatment
of AM. Of these, 19 people had DNM (nine tonsillecto-
mies + drainage of the deep neck spaces, eight individual
drainages of the neck, and two individual tonsillectomies)
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and two people had esophageal perforation (drainage of
the pleural cavity was performed in both the cases).

Diagnosis and treatment strategy

The diagnosis of AM was determined based on the
medical history, clinical examination, computed tomog-
raphy (CT), magnetic resonance imaging, and esophago-
scopy. The diagnosis of DNM was determined according
to the criteria defined by Estrera et al.!> The extent of
DNM was evaluated by CT perioperatively and was clas-
sified according to the criteria defined by Endo et al.'®

The patients were hospitalized in the intensive care
unit (ICU) or the Department of Resuscitation. They
were cared for by a thoracic surgeon, anesthesiologist-in-
tensivist, otorhinolaryngologist, dental surgeon, pulmon-
ologist, roentgenologist, endoscopist, and microbiologist.
The treatment plan was drawn up in agreement with this
multidisciplinary team, always with the goal of con-
trolling the source of the infection, surgical debridement
of the affected area, and the administration of antibiotics;
it was updated daily. The strategy for the surgical
approach was determined individually based on the cause
and type of AM, its extent according to CT findings, and
the clinical state of the patient. The CT exam was per-
formed at regular intervals or repeated as needed. Based
on the result, the treatment plan was potentially adjusted,
including possible indicated reoperations. All the patients
in the ICU or Department of Resuscitation were moni-
tored in the standard way with nutrition applied parenter-
ally, later also enterally; standard laboratory parameters
and blood cultures checked regularly; and samples of the
tissue affected by the inflammation taken repeatedly for
microbiological assessment. The patients were initially
given broad-spectrum bactericidal antibiotics, with the
treatment later adjusted based on the results of the micro-
biological examination of the harvested samples.

Surgical therapy

When treating DNM Type I according to Endo (injury
to the upper mediastinum up to the level of the tracheal
carina), transcervical drainage from the collar medias-
tinotomy (cervicotomy) was performed as standard. If
maximum inflammation occurred around the trachea, we
indicated videomediastinoscopy. We proceeded the same
way when treating AM developed by per continuitatem
spread. Type IIA according to Endo, which affected
upper and lower anterior mediastinum, just like Type IIB
(affected posterior lower mediastinum), was treated by
anterolateral, posterolateral, or bilateral thoracotomy.

Ann Thorac Cardiovasc Surg Vol. 28, No. 3 (2022)
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If the perforation of the esophagus was spontaneous or
iatrogenic or caused by a foreign body, with anamnesis
less than 12 hours, primary suture of the defect (if possi-
ble) was performed, which in some cases was secured by
implanting a stent. If anamnesis of the perforation was
longer (>12 hours) and the result of esophageal suture was
considered to be uncertain, a primary stent was implanted.
Using a stent was always accompanied by adequate
debridement and drainage of the mediastinum via thora-
cotomy, thoraco-phreno-laparotomy, laparotomy, or cer-
vicotomy. In the case of a concurrent pathology of the
esophagus (tumor, untreated achalasia, stricture) or in the
cases of delayed diagnosis of advanced AM, esophagec-
tomy without immediate replacement was indicated, i.e.
with a cervical esophagostomy, gastrostomy, or jejunos-
tomy. In critically ill (unstable) patients, only drainage of
the mediastinum was undertaken, with the definite man-
agement of the esophageal perforation delayed.

Sufficient debridement and drainage of the mediasti-
num, including establishment of a continuous lavage,
were an integral part of the surgical management of AM.
During the cervicotomy, soft drains (no pressure on the
vessels) were exclusively used and in such numbers that
would perfectly drain all the areas affected by the inflam-
mation. The drains were then used to lavage these areas
one to two times a day with a disinfectant solution (e.g.
Betadine solution, Prontosan solution, Microdacyn solu-
tion) until the bacterial cultures were negative; due to the
risk of erosion of the vessels, the drains were left in the
wounds for a maximum of 3 weeks. Wide Tygon drains
with a diameter of at least 32 French were used during the
transthoracic drainage. A continuous retrosternal drainage
from the suprasternal notch to the xiphoid process
proved useful in Endo Type IIA (Fig. 1 on the right), as
did the so-called rendezvous cervical-mediastinal-thoracic
drainage (Fig. 1 on the left) in Endo Type IIB. During
the upper drain (irrigation) runs from the suprasternal
notch to the mediastinum paratracheal or paraesopha-
geal to the level of the azygos vein, the two lower drains
usually derive the lower mediastinum and pleural cav-
ity. There are lateral holes along the drain that are
spaced 2-3 cm apart for irrigation or suction. In both
cases, the mediastinum is continuously or intermit-
tently lavaged from the jugular ends of the drains with
disinfectant solution.

Statistical analysis
We statistically analyzed the effect of age, duration
of anamnesis, time from making the diagnosis to the

Ann Thorac Cardiovasc Surg Vol. 28, No. 3 (2022)
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Fig.1 Diagram of lavage drain of mediastinum — type Endo IIB
(left) and type Endo ITA (right).

surgery, number of performed interventions, number
of comorbidities, and number of positive bacteriology
results on the treatment outcome of AM. A statistical
analysis was performed using SAS software (SAS
Institute Inc., Cary, NC, USA). The Kruskal-Wallis
test was used to compare the distributions of the inves-
tigated variables among the tested groups. The fre-
quency differences were examined by applying the
chi-squared test and Fisher’s exact test. The clinical
impact of the examined factors on the success of the
treatment was expressed using the odds ratio. The
appropriate cut-off values for the age, duration of
anamnesis, time from making the diagnosis to the sur-
gery, number of performed interventions, number of
comorbidities, and number of positive bacteriology
results were found by applying logistic regression.
Statistical significance was set to alpha = 5%. This ret-
rospective study did not require any consent from the
Ethics Committee.
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Table 1 Etiology of AM

Descending mediastinitis 39 48.75
Peritonsillar/retropharyngeal abscess 23 28.75
Odontogenic 13 16.25
Others 3 379

Esophageal perforation 34 4250
Iatrogenic 15 18.75
Boerhaave syndrome 10 12.50
Foreign body 5 6.25
Others (tumor, diverticulum, ulcer) 4 5.00

Per continuitatem 7] 875
Sternoclavicular joint infection 5 6.25
Others 2 250

AM: acute mediastinitis

Results

Table 1 shows the classification of types and causes of
AM. A detailed analysis of the cohort is presented in
Table 2. A total of 116 surgical interventions were per-
formed. A detailed overview thereof, their relation to the
individual types of AM, and respective outcomes are pre-
sented in Table 3. Fifty-two patients (65%) underwent
only one surgery, 20 patients (25%) underwent two surger-
ies, and eight patients (10%) underwent three surgeries.

A total of 54 different pathogens were identified
during the microbiological examination of the sampled
materials. The most common pathogenic strain in the
whole cohort was Streptococcus sp. (47 cases) and Strep-
tococcus anginosus (17 cases). A detailed overview of
the microbiological outcomes is presented in Table 4.

A statistical analysis was conducted for the whole
cohort and for the individual subgroups of AM on the
basis of esophageal perforation and DNM. The analysis
of the whole cohort revealed that the oldest patients were
statistically significantly in the subgroup of esophageal
perforations and the youngest in the subgroup of DNM
(p-value = 0.0296). The statistically significant shortest
anamnesis of AM occurred in patients with esophageal
perforation (p-value = 0.0023). A statistically significant
higher number of pathogens was found in patients with
DNM (p-value = 0.0024). The patients with DNM also
had a statistically significantly higher incidence of
gram-positive aerobic organisms and gram-negative
anaerobic organisms (p-value = 0.0103, more precisely
p-value = 0.0001). In contrast, the patients with esopha-
geal perforation had a statistically significantly higher
incidence of yeast (p-value = 0.0417). The risk factors
for death are presented in Table 2.
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Discussion

As severe as AM is, it occurs relatively rarely. For
instance, Deu-Martin et al. reported that the incidence of
DNM in Barcelona in 2006 was 5.1 patients per 1 million
people.!” This corresponds with our annual incidence rate,
which is on average 4.8 patients per 1 million people.
Abbasi et al. reported the incidence rate of DNM with deep
neck infection to be between 1.5% and 3.6%.'® Although
the majority of references in literature point to perforation
of the esophagus as the most common cause of AM (disre-
garding infection of the sternotomy as a separate entity),
our cohort was slightly predominated by DNM cases.”
61319 In agreement with the cited authors, we observed
almost half of the esophageal perforations to be iatrogenic
and one-third to be spontaneous. Congruently with the lat-
est trends, inflammations of oropharyngeal origin predom-
inated among the DNM cases (59%).!>-11

The fundamentals of AM therapy are early removal of
its cause, sufficient surgical debridement and mediasti-
nal drainage, administration of broad-spectrum bacteri-
cidal antibiotics, and intensive care, including mechanical
lung ventilation.">!'%!®) Qur opinion on how to treat
DNM Type I according to Endo corresponds with the
majority of recommendations, i.e. to perform drainage
from cervicotomy or via videomediastinos-
copy.!#59-1114202) However, when treating Type IIA
and IIB according to Endo, we prefer access by thoracot-
omy, which in our opinion provides the best view in the
mediastinum and also allows the best debridement and
drainage.'? It is also faster for an easier adhesiolysis and
palpation during dissection and debridement of the
mediastinum.' On the other hand, it should be noted
that the debridement and drainage of the whole medias-
tinum often require bilateral thoracotomy, which poses
an additional risk of possible contamination of the so far
uninfected pleural cavity (although in our experience, it
is usually already infected in Type II according to
Endo).® In agreement with Kang et al. and others, during
sternotomy and clamshell thoracotomy, we fear osteo-
myelitis of the sternum or its dehiscence. We also con-
sider these approaches problematic in terms of
subsequent healing should repeated revision surgeries be
needed (unlike thoracotomy).!5!114202123)  Cutting
through a healthy bone (i.e. sternum) in infected terrain
is not, not just in our opinion, the correct surgical
approach.” Although access into the posterior mediasti-
num is limited with sternotomy (more on the left), the
anterior mediastinum is easily accessible.! 2?2
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Table 2 Characteristics of the patient group

No. %  No. ofall o No. %ofAl %ofEP No. %ofall % ofPC
Gender
Male 53 66.25 25 31.25 64.10 23 28.75 67.65 5 6.25 71.40
Female 27 33.75 14 17.50 35.90 11 13:75 32.35 2 2.50 28.60
Total 80 100 89 48.75 100 34 42.50 100 7 8.75 100
Median of age 56 (19-85) 51 (19-85) 63 (38-83) 55 (20-78)
(years)
Comorbidities 60 75.00 27 SELE 69.25 29, 36.25 85.30 4 5.00 ST
(patients)
Arterial 34 42.50 13 16.25 33.35 18 22.50 52.95 3 3.75 42.90
hypertension
(cases)
Type II diabetes 15 18.75 7 8.75 17.95 6 7.50 17.65 2 2.50 28.60
mellitus
(cases)
Obesity (cases) 17 21.25 9 11.25 23.10 5 6.25 14.70 3 3175 42.90
Median of body 29 (17-43) 29 (19-43) 27 (17-39) 30 (27-32)
mass index
Median length 2 (0-12) 3(0-9) 1(0-8) 3.5(0-12)
of case history
(days)
Diagnostics
CT 74 92.50 39 48.75 100 29 36.25 85.30 6 7.50 85.70
CT + 4 5.00 0 0 0 4 5.00 11.75 0 0 0
esophagoscopy
MRI 1 125 0 0 0 0 0 0 1 1.25 14.30
Esophagoscopy 1 1.25 0 0 0 1 1.25 2.95 0 0 0
Median number 4 (1-10) 4 (1-10) 3 (1-10) 3 (2-5)
of CT
examinations for
one patient
Median time from  4:55 (0:00-21:42) 4:51 (0:09-21:42) 4:47 (0:00-21:21) 9:31 (4:14-20:09)
diagnosis to op-
eration (hours:
minutes)
Complications 51 63.75 23 28.75 59.00 26 32.50 76.50 2 2.50 28.60
(patients)
Sepsis (cases) 25 31.25 12 15.00 30.80 12 15.00 35.30 1 1.25 14.30
MOF (cases) 13 16.25 5 6.25 12.80 7 8.75 20.60 1 1.25 14.30
Pneumoniae 13 16.25 6 7.50 15.40 7k 8.75 20.60 0 0 0
(cases)
Median length of 14.5 (0-89) 13.5 (1-34) 17 (0-89) 12 (8-22)
drainage (days)
Median length of 28 (1-148) 30 (1-91) 28 (3-148) 27 (14-45)
hospitalization
(days)
Ann Thorac Cardiovasc Surg Vol. 28, No. 3 (2022) 175
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Table2 Continued

No. % No. % of all [?Nl‘:; No. % of Al % of EP No. % ofall % of PC
Exitus 10 12.50 3 46 7.70 i 8.75 20.60 0 0 0
Risk factors for death
Age >60 years OR: 6.8; CI: OR, CI: n/a; - -
1.33-34.33; p-value = 0.0241
p-value = 0.0154
>2 OR: 14.3; CL: OR, CI: n/a; - -
comorbidities 1.72-119.57; p-value = 0.0498
p-value = 0.0042
>3 - - OR: 7.1; CI: 1.12-45.52; -
comorbidities p-value = 0.0375
Diabetes mellitus OR: 6; - - -
type 2 CIL: 1.47-24.55;
p-value =0.0173
Presence of yeasts OR: 4.4, - - -
in the culture CI: 1.11-17.40;
material p-value = 0.0407
Coronary heart OR: 8.7; - OR: 19.5; CI: 1.61-236.61; -
disease CI: 1.82-41.17; p-value = 0.0211
p-value = 0.0120
Cardiac OR: 8.5; - - -
arrhythmia CI: 1.05-68.89;
p-value = 0.0742
Stroke OR: 8.5; - - -
CI: 1.05-68.89;

p-value = 0.0742

DNM: descending necrotizing mediastinitis; EP: esophageal perforation; PC: per continuitatem; CT: computed tomography; MRI: mag-
netic resonance imaging; MOF: multi-organ failure; OR: odds ratio; CI: 95% confidence interval; n/a: not available (zero frequency)

Understandably, video-assisted thoracoscopic surgery is
associated with a lower morbidity rate than open proce-
dures and, according to some, provides a better view.
However, in advanced cases, it may not allow the neces-
sary extent of debridement.?2"?» It is for this reason that
it is not performed in our facility. However, we do agree
with the opinion of Sandner and B&rgermann, and
others that it should be reserved for the initial stages
of AM with minor findings and should be indicated
selectively.2*10:11.2021 Percutaneous CT-guided drainage
is used to manage smaller residual inflammatory collec-
tions. In our cohort, there was not a single patient in
whom the extent of AM was so small that CT-guided
drainage alone would be enough.

The use of stents in the treatment of esophageal perfo-
rations is still subject to discussions. Abu-Omar et al.
recommend using them only in selected cases — for
example in stable patients with minor contamination of
the mediastinum within 24 hours after the perforation, or
to limit a large leakage from the perforation or to bridge
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the time to final management in unstable patients.” We
are aware of the controversy surrounding our approach
to using stents. However, like some other authors, our
experience has been quite positive.**%! In our facility,
we indicate stents mainly for perforations that are spon-
taneous, iatrogenic, or caused by a foreign body, insofar
as the duration of perforation anamnesis does not allow
its safe suture and insertion of a stent is technically pos-
sible. We also implant them individually as a backup in
cases of primary suture of the esophageal perforation if
the outcome of the suture is deemed to be uncertain.
Unfortunately, in our clinic, the incidence of patients in
whom the safe suture of the esophagus is impossible or
uncertain is relatively high, which means we indicate the
placement of a stent more frequently than usual. We
endoscopically implant fully coated nitinol stents with
sufficiently wide openings on the proximal and distal
ends. This ensures the required tightness and signifi-
cantly reduces the risk of stent migration. The stents are
left in situ for 6-8 weeks, followed by extraction. Using
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Table 3 Surgical treatment of AM

Etiology of AM 1st surgery
DNM EndoI CM

CM +PST
CM + RTM

CM + BTM

RTM

Endo ITA CM
CM + BTM
Endo IIB CM +RTM

Esophageal Iatrogenic CM
perforation LT™M
LPM
S+TD
RTM + S
CM+LPM+S
TPLM + S + NFP
C
LPM + 8§
TPLM
S
E
Boerhaave LPM+ES+S
syndrome
LTM+S

TPLM + ES + S + NFP

S
RTM + 8
Foreign body VMS + 8§
TPLM + ES + S + NFP
CM +RTM + S
CM
Others CM
E
S
RTM + ES + RLL
Per cont. SC joint CM
infection
Others CM

No.
24

[ O SO SN NS R ) 00 = = )

r

E

W om DD R e e e

2

2nd surgery  No. 3rd surgery No. QOutcome
VMS 1 - - 22%
RTM 2 - - 2F
LT™M 2 = -
CM 3 LT™M 1
= — - *
LT™ 1 RTM 1 .
RTM 1 - - s
RTM 1 - - b4
= e - - *®
RTM 1 LT™M 1 X
LTD 1 - - 5
CM 1 - - ax
LT™ 2 RTM 1 1f
CM + BTM 1 CM 1
s i i ! *
LT™M 1 - - ¥
iy . - —_ *
. o . . *
- oy - _ *
- - = a— *
= e - _ *
e s - s *
LT™ 1 - - b
iy o i e *
- = - - ¥
- - - o *
LTD 1 - - ¥
LPM 1 - - X
S 1 RTM +ES + NFP 1 T
LT™M 1 - - L
= s - e 3%
1F
- - - - T
= = = = t
—_ - . —_ *
LT™ 1 LT™M 1 »
RTM 1 - - *
= = - _ *
RTM 1 - - =
= = - = T
G g = 23 *
RTM + ES 1 S 1 *
CM 1 - - b4

*

AM: acute mediastinitis; Per cont.: per continuitatem; DNM: descending necrotizing mediastinitis; SC: sternoclavicular; CM: cervical
mediastinotomy; VMS: videomediastinoscopy; RTM: right thoracotomy + mediastinotomy; LTM: left thoracotomy + mediastinotomy;
PST: partial sternotomy; BTM: bilateral thoracotomy + mediastinotomy; LTD: left thoracotomy + decortication; LPM: laparotomy +
mediastinotomy; S: stent; TD: thoracic drainage; TPLM: thoraco-phreno-laparotomy + mediastinotomy; NFP: Nissen fundoplication;
C: clipping; E: esophagectomy; ES: esophageal suture; RLL: right lower lobectomy; *: alive; ¥: death

coated biodegradable stents did not prove successful for
us due to the more difficult insertion and, in our opinion,
insufficient radial pressure on the esophageal wall, which
causes looseness and a high risk of migration. We think
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that by implanting a stent, it is possible to preserve the
native esophagus for the patients, even in those cases
where safe suture of the perforation is not possible. We
consider this to be more beneficial for the patient
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Table 4 Bacteriology of AM

Number of identified pathogens
Gram-positive aerobes
Gram-negative aerobes
Gram-positive anaerobes
Gram-negative anaerobes
Yeasts

Total

Number of AM cases including stated pathogens
Gram-positive aerobes
Gram-negative aerobes
Gram-positive anaerobes
Gram-negative anaerobes
Yeasts
Number of identified pathogens in one case of AM
None
One
Two
Three
Four
More than four

19 10 15 2
9 6 S 0
7 7 1 0

14 11 7 0
5 3 5 0

54 37 38 2

58 32 19 7

12 5 7 0

15 14 6 0

26 21 5 0

18 6 13 0

14 1 13 0

20 10 3 7

13 7 6 0

15 11 4 0

16 7 0
2 1 1 0

DNM: descending necrotizing mediastinitis; EP: esophageal perforation; PC: per continuitatem; AM: acute mediastinitis

compared to possible resection and replacement of the
esophagus. We primarily used a stent in 21 patients (out
of which seven served as a backup for the suture of the
esophagus), with only one case of failure due to migra-
tion; the other repeated surgeries in these patients were
performed out of the necessity to manage persisting
inflammatory changes in the mediastinum, not the need
to remediate the respective esophageal perforations. Of
the patients with esophageal perforation who were
treated by implantation of a stent, five died. However,
the causation in all the cases was unresponsive sepsis in
polymorbid patients in whom the perforation of the
esophagus had already been managed. In our facility, we
do not have any experience with endoscopic vacuum
therapy, which has been increasingly recommended in
recent years.!>!? Clipping was successfully used in one
case of an immediately diagnosed iatrogenic perforation
during an endoscopic dilation of a benign esophageal
stenosis.

Due to the small number and diversity of patients,
prospective studies of AM are not possible in practice.
The statistical processing of relatively small, heteroge-
neous groups is also considered difficult. Nevertheless,
certain conclusions can be found in literature. The
factors resulting in a poor prognosis of AM usually
include age of the patient, causation of AM, presence of
severe comorbidities, delay in diagnosis and treatment,
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wrongly chosen treatment, and microbiological find-
ings.! 461017200 The extent of DNM directly affects
mortality, whereby the difference between the injury to
the upper and lower mediastinum is determinant.!7:10-20)
The highest lethality among esophageal perforations
occurs in combination with the Boerhaave syndrome
(which corresponds with our results — four deaths out
of seven cases of esophageal perforations occurred in
patients with the Boerhaave syndrome). This is proba-
bly due to the frequent delay in determining the right
diagnosis, followed by perforation of the esophageal
tumor.'#® Delayed diagnosis, i.e. over 24 hours, sig-
nificantly increases lethality.!3#. In our cohort, as in
the case of Jabtoriski et al. and de Oliveira et al., we
found a statistically significant increase in the number
of pathogenic species, more precisely the gram-positive
aerobic organisms, in patients with DNM compared to
other types of AM.*!3 When making comparisons with
the same work of Jablonski et al., it should be noted
that they did not identify any specific pathogen or
pathogenic strain that correlates with a higher risk of
death, whereas in our patients with esophageal perfora-
tion, the presence of yeast in the cultures statistically
significantly increased lethality.¥ All the other out-
comes are in agreement with the above cited authors,
whereby the risk of death was statistically significantly
higher in patients over 60 years of age and with three or
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more comorbidities. We did not confirm the effects of
the other discussed factors.

Conclusion

The successful treatment of AM depends on the early
diagnosis and rapid surgical management of this not so
common disease, whereby the aim is to remove the cause
and to provide sufficient debridement of the mediasti-
num, including quality drainage.
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Abstract: The aim of this study was to compare the reliability of five sleep questionnaires in detect-
ing the occurrence of obstructive sleep apnea (OSA). The study was conducted on a group of 201
patients. The patients completed five sleep questionnaires: the Epworth Sleepiness Scale (ESS), the
STOP-Bang questionnaire, the STOP questionnaire, the Berlin questionnaire (BQ) and the Pittsburgh
Sleep Quality Index (PSQI). Subsequently, the patients were examined using limited polygraphy,
and the sensitivity and specificity of the questionnaires were evaluated. The STOP-Bang, Berlin and
STOP questionnaires had the highest sensitivity for OSA detection (81.6%, 78.7%, and 74.2%, respec-
tively), while the sensitivities of PSQI and ESS were low (50.8% and 34.5%). The ESS, STOP-Bang,
STOP and Berlin questionnaires had the highest specificity (82.6%, 75%, 61.9%, and 61.9%). In our
sample, we found the STOP-Bang and Berlin questionnaires to be the most suitable for OSA screen-
ing with the highest sensitivities (81.6%, 78.7%) and satisfactory specificities (75%, 61.9%). The STOP
questionnaire was also relatively reliable, especially given its time-saving nature; though short, it
preserved satisfactory sensitivity (74.2%) and specificity (61.9%). The ESS and PSQI were unsuitable
for OSA screening.

Keywords: obstructive sleep apnea; Berlin questionnaire; STOP-Bang questionnaire; STOP
questionnaire; Epworth Sleepiness Scale; Pittsburgh Sleep Quality Index

1. Introduction

Obstructive sleep apnea (OSA) is the single most important preventable medical
cause of excessive daytime sleepiness and driving accidents. OSA may also adversely af-
fect work performance through a decrease in productivity and an increase in the injury
rate. The odds of having a work-related accident were found to be nearly double in work-
ers with OSA in comparison to controls [1]. An appropriate screening questionnaire for
OSA could help identify high-risk workers and reduce the risk of accidents at work
through therapy.

The severity of OSA is determined by the apnea hypopnea index (AHI) value (num-
ber of apneas/hypopneas per hour) and is divided into three grades of severity. An AHI
range of 5-14.9 (with the presence of subjective difficulties) is indicative of mild OSA in
the adult population, while patients with an AHI of 15-29.9 are considered to have mod-
erate OSA, and those with an AHI of 30 and above are considered to have severe OSA.

The prevalence of obstructive sleep apnea (OSA) is estimated at one billion people
worldwide, including over 400 million who have moderate-to-severe symptoms [2]. A
number of screening methods for OSA exist: questionnaires, clinical screening models,
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and blood biomarkers to help identify patients with OSA [3-10]; however, until now, the
gold standard for the diagnosis of OSA remains overnight monitoring performed by lim-
ited polygraphy (PG) or polysomnography (PSG).

This study aimed at comparing five established sleep questionnaires regarding their
predictive probabilities for OSA: the Epworth sleepiness scale (ESS), STOP-Bang question-
naire, STOP questionnaire, Berlin questionnaire (BQ) and Pittsburgh Sleep Quality Index
(PSQI).

2. Materials and Methods
2.1. Materials

In a prospective study carried out between September 2018 and March 2020, we ex-
amined a cohort of 237 consecutive patients in an outpatient clinic for snoring and sleep-
disordered breathing at the ENT department. Patients were most often referred by a gen-
eral practitioner, cardiologist, or an ENT physician. Some of them requested an observa-
tion following their partner’s complaints and/or their partners observing sleep apnea.

Thirty-six patients were excluded from the study: three patients due to the presence
of central sleep apnea, 11 patients that did not undergo a limited polygraphy examination,
and 22 patients that did not complete at least 3 of the 5 questionnaires. A total of 201 pa-
tients were included in the study. We present the inclusion/exclusion process in Figure 1.

Total number of patients: Patients included in the study:

Patients with
central sleep

n=237 apnea s s n=201

Patients excluded from the study

n=36

Figure 1. Flow chart—the inclusion/exclusion process.

2.2. Descriptive Statistics and OSA of the Sample

A total of 143 men and 58 women were enrolled in the study. The mean age in years
was 51.56 and the median was 52. The mean age was higher for women: 55, in contrast to
50 for men. The youngest patient was 19 years old, and the oldest was 75 years old. The
mean and median BMI of patients were 30.9 and 30.5 kg/m?. The mean neck circumference
in the patients was 41.8 cm, and the median 42 cm (for details, see Table 1).

Table 1. Basic indicators found in the whole group of patients (n =201).

Indicators Mean Median SD Min Max
Age (years) 516 52 12.32 19 75
BMI (kg/m?) 30.9 30.5 5153 17.6 53
Neck circumference (cm) 41.8 42 4.33 20 57

SD—standard deviation.
In our sample, OSA was not present in 11.9% of the patients (AHI below 5). We found

mild OSA (AHI 5-14.9) in 13.9% of the patients, moderate OSA (AHI 15-29.9) in 32.3%
and severe OSA (AHI 30 and over) in 41.8% (for details, see Table 2).
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Table 2. OSA in the sample group examined by limited polygraphy.

Total Men Women

Al Number % Number % Number %
Total 201 100 143 100 58 100
<5 24 11.9 10 7 14 24.1
>5 177 88.1 133 93.0 44 759
Mild OSA 28 13,9 19 13.3 9 55
Moderate OSA 65 323 48 33.6 17 293
Severe OSA 84 41.8 66 46.2 18 31.0
2.3. Methods

Patients completed five written sleep questionnaires individually and were subse-
quently examined by limited polygraphy at the Department of Neurology. Manual pol-
ygraphy validation was performed.

BMI (body mass index) —defined as body weight divided by the square of height.

AHI (apnea-hypopnea index) —defined as the total number of apnea and hypopnea
episodes in the course of 1 hour.

Mild OSA —defined as 5< AHI < 14.9.

Moderate OSA —defined as 15 < AHI <29.9.

Severe OSA —defined as AHI > 30.

2.4. Sleep Questionnaires Used in The Study
2.4.1. The Epworth Sleepiness Scale (ESS)

The ESS was developed and validated by Johns [11] as a simple tool to assess exces-
sive daytime sleepiness. The ESS consists of eight items that list various daily situations
in which the patient evaluates the probability of falling asleep or napping using a scale of
0-3. The total score is the sum of the individual responses and is, therefore, in the range
0-24. Excessive daytime sleepiness and a greater likelihood of OSA are observed in pa-
tients with an ESS value > 10 [11,12]. In other studies, the sensitivity and specificity of the
ESS vary, between 39-66% and 33-71%, respectively [13-16].

2.4.2. STOP-Bang Questionnaire

The STOP-Bang questionnaire was developed by Chung et al. as a screening ques-
tionnaire for OSA [17]. It contains eight questions related to snoring, fatigue during the
day, sleep apnea, high blood pressure, BMI, age, neck circumference and gender. It is pos-
sible to receive 0-1 points for each question. The total score is the sum of the individual
answers and ranges from 0 to 8.

A score of 0-2 points indicates a low risk of obstructive sleep apnea (OSA), whereas
3—4 points indicate a medium risk, and 5-8 points indicate a high risk. A high risk can
alternatively be indicated by a score of 2 for the first four questions plus BMI >35 kg/m?,
or a score of 2 for the first four questions plus neck circumference (43 cm for men, 41 cm
for women), or a score of 2 for the first four questions plus male gender.

Shrestha et al. found the sensitivity and specificity of the STOP-Bang questionnaire
to be 92 and 33%, respectively. In a systematic review and meta-analysis by Bianca Pivetta
et al., the sensitivity and specificity were found to be 91% and 28%, respectively. In the
study by Costa et al., the sensitivity was lower, 68.4%, and the specificity was 85%
[16,18,19].

2.4.3. STOP Questionnaire

The STOP questionnaire is a simpler version of the STOP-Bang questionnaire. It was
developed in 2008 in an attempt to establish an easy-to-use questionnaire for OSA screen-
ing in surgical patients [17]. It contains four questions about snoring, fatigue during the
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day, sleep apnea and high blood pressure. It is possible to receive 0-1 points for each
question. The total score is the sum of the individual answers and is, therefore, in the
range of 0-4. A high risk of OSA is indicated by a score 22. In the studies of Chung et al.
and Patel et al., the sensitivity of the STOP questionnaire varied from 66 to 89% [17,20].

2.4.4. Berlin Questionnaire (BQ)

The Berlin questionnaire was developed in 1996 at the Conference on Sleep in Pri-
mary Care in Berlin, Germany. It is a validated instrument that is used to identify individ-
uals who are at risk for OSA in primary and some non-primary care settings. It contains
10 questions, which are divided into three categories. In the first category, there are five
questions about snoring and breathing during sleep. In the second category, there are
three questions about increased daily fatigue and drowsiness. In the last, third category,
there are questions about hypertension and BMI. Each category is evaluated separately;
the total score is calculated as the sum of points for each category and ranges from 0 to 3.
A score of 22 indicates a risk for OSA [21,22]. Two previous studies found varying degrees
of the sensitivity and specificity for the BQ: 73-83% and 22-44%, respectively [14,23].

2.4.5. Pittsburgh Sleep Quality Index (PSQI)

The PSQI was not originally designed to screen for OSA. Rather, it is focused on sleep
quality (sleep latency, sleep duration, sleep efficiency, sleep interruptions, use of sleep-
inducing drugs, and daily dysfunction related to poor sleep) [24]. It contains 10 questions,
which are divided into seven categories. Each category is evaluated separately using 0 to
3 points, and the total score is calculated as the sum of points for each category and ranges
from 0 to 21. Poor sleep quality, which is also expected in patients with OSA, is noted for
scores >5. The sensitivity of PSQI was shown to be low in two different studies (38-51%),
and the specificity was shown to be 67-76% [16,25].

Inclusion criteria: (1) age over 18 years, (2) OSA assessment (diagnosis, follow-up)
using PG, (3) completed three or more sleep questionnaires.

Exclusion criteria: (1) diagnosed with central sleep apnea, (2) OSA assessment per-
formed using methods other than PG, or incomplete data from PG, (3) completed less than
3 sleep questionnaires, or questionnaires that were not answered completely.

2.5. Statistical Methods

Descriptive statistics (numbers, arithmetic mean, median, standard deviation, min.
and max. value) were used to describe the data. Correlations between the results were
evaluated using Spearman’s correlation coefficient. Furthermore, the sensitivity and spec-
ificity of individual screening questionnaires were evaluated. Statistical tests were evalu-
ated at a significance level of 5%. The statistical program Stata version 13 was used for
processing.
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3. Results

For the Epworth Sleepiness Scale, 197 questionnaires were included and four ex-
cluded (for details, see Table 3). The sensitivity of ESS was 34.5%, and specificity 82.6%.

Table 3. Results of Epworth Sleepiness Scale.

Epworth Sleepiness Scale (n =197)

0-10 11-12 13-15 16-24
Sedie 133 25 23 16
Mean Median SD Min. Max.
8.3 7 4.69 1 22
PG 0-4.9 5-14.9 15-29.9 30-
23 28 63 83

In the case of the STOP-Bang questionnaire scale, 183 questionnaires were included
and 18 not included, with the best sensitivity of 81.6% and specificity of 75% (for details,
see Table 4).

Table 4. Results of STOP-Bang questionnaire.

STOP-Bang Questionnaire (1 = 183)
Low Risk Intermediate ~ High Risk

Bt 45 68 70
Mean Median SD Min. Max.
4.3 4 1.71 1 8

PG 04.9 5-149 15-29.9 30-
20 25 60 78

The STOP questionnaire scale had 184 included questionnaires and 17 not included
questionnaires, with sensitivity of 74.2% and specificity of 61.9% (for details, see Table 5).

Table 5. Results of STOP questionnaire.

STOP Questionnaire (1 = 184)
Low Risk High Risk

Gare 55 129
Mean Median SD Min. Max.
2.2 2 1.16 0 4

PG 0-4.9 5-14.9 15-29.9 30-
21 25 60 78

For the Berlin Questionnaire Scale, there were 185 questionnaires included and 16
not included, with the second-highest sensitivity of 78.7% and specificity of 61.9% (for
details see Table 6).

Table 6. Results of Berlin questionnaire.

Berlin Questionnaire (1 = 185)
Low Risk High Risk

Shora 48 137
Mean Median SD Min. Max.
2.0 2 0.79 0 3

PG 04.9 5-14.9 15-29.9 30-
21 25 61 78
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The Pittsburgh Sleep Quality Index had 147 included and 54 not-included question-
naires, and had the worst results, sensitivity of 50.8%, and specificity of 47.4% (for details,
see Table 7).

Table 7. Results of Pittsburgh Sleep Quality Index.

Pittsburgh Sleep Quality Index (n =147)

0-5 6-21
Score = i
Mean Median SD Min. Max.
6.4 6 3.5 1 19
PG 0-4.9 5-149 15-29.9 30-
19 21 47 60

The highest sensitivity was found in the STOP-Bang questionnaire, the Berlin ques-
tionnaire, and the STOP questionnaire (81.6%, 78.7%, and 74.2%, respectively). The ESS
and the PSQI had the lowest sensitivity (34.5% and 50.8%, respectively).

The ESS had the highest specificity (82.6%), followed by the STOP-Bang, STOP and
Berlin questionnaires (75%, 61.9%, and 61.9%, respectively). The PSQI has the lowest spec-
ificity (47.4%) (for details, see Table 8).

Table 8. Sensitivity and specificity of questionnaires.

Sensth‘vllty and ESS BO PSQI STOP STOP
Specificity Bang

Test Number % Number % Number %  Number %  Number %
False neg. 65.5 35 21.3 63 49.2 30 184 42 25.8
True pos. 345 129 78.7 65 50.8 133 81.6 121 74.2
Total 100 164 100 128 100 163 100 163 100
Sensitivity 34.5% 78.7% 50.8% 81.6% 74.2%

Test Number % Number % Number %  Number % Number %
False neg. 82.6 13 61.9 9 47.4 15 75 13 61.9
True pos. 174 8 38.1 10 52.6 5 25 8 38.1
Total 100 21 100 19 100 20 100 21 100
Specificity 82.6% 61.9% 47.4% 75% 61.9%

4. Discussion

The aim of this study was to compare the predictive capabilities of five established
sleep questionnaires for OSA. The questionnaires tested in this study were the ESS, BQ,
STOP and STOP-Bang, as well as the PSQI. All questionnaires were filled in by patients
presenting sleep disorders. The scores were evaluated against limited polygraphy based
on AHL

One of the most commonly used questionnaires in sleep medicine, the Epworth
Sleepiness Scale, deals with only one of the presumed risk factors for OSA: excessive day-
time sleepiness [11,26]. The advantage of ESS is clarity; it is a simple evaluation method.
According to Johns et al., ESS scores significantly distinguished patients with primary
snoring from those with OSA, and ESS scores increased with the severity of OSA [27].
However, the association between AHI and ESS scores was not confirmed by Laub et al.
According to Laub et al., ESS is not a good questionnaire for the evaluation of the presence
or severity of obstructive sleep apnea [28]. Similarly, in a study by Mediano et al., exces-
sive daytime sleepiness measured by ESS was not invariably present in patients with OSA.
Patients with OSA and excessive daytime sleepiness were characterized by worse noctur-
nal oxygenation than those without excessive daytime sleepiness. Both groups exhibited
a similar AHI [29].
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In other studies the sensitivity and specificity of ESS varied between 39-66% and 33—
71% [13-16,30]. The results of our study demonstrated that ESS had a lower sensitivity for
OSA (34.5%) and higher specificity (82.6%) in comparison to the findings by other authors.
The low sensitivity was not surprising given that the ESS is a standard questionnaire de-
signed to measure subjective excessive daytime sleepiness, which can occur secondary to
multiple causes other than OSA.

The STOP-Bang questionnaire is widely used worldwide. [30] It is quick and simple.
According to a meta-analysis by Chiu et al. from 2017, it had a high sensitivity (88%), but
the specificity was low (42%) [30]. In an earlier study, it was found that the STOP-Bang
questionnaire had high sensitivity for detecting moderate and severe OSA (93% and 100%,
respectively), but the specificity of the STOP-Bang questionnaire was still low: 47% and
37% for moderate and severe OSA, respectively, resulting in fairly high false-positive rates
[17]. Silva et al. reported that the STOP-Bang questionnaire had the highest sensitivity for
moderate-to-severe (87.0%) and severe (70.4%) OSA in comparison to the ESS and the
STOP [13]. In other studies, the sensitivity and specificity of the STOP-Bang questionnaire
varied between 91-92% and 28-33% [16,18]. In our study, the sensitivity of the STOP-Bang
questionnaire for OSA was found to be 81.6%, and its specificity 75%, which was higher
compared to the study by Kee et al. (60% and 69%, respectively) [31].

The STOP questionnaire contains the first four questions from the STOP-Bang ques-
tionnaire. According to a meta-analysis from 2016, it had a sensitivity of 87% and a speci-
ficity of 42% [30]. In other studies, the sensitivity of the STOP questionnaire varied be-
tween 66 and 89%. In a systematic review article, Abrishami et al. recommended the use
of the STOP-Bang and STOP questionnaires for their high-quality methodology and accu-
rate results, although the sensitivity and specificity were not significantly higher com-
pared to other questionnaires [32]. In our sample, the sensitivity of the STOP question-
naire for OSA was found to be 74.2%, and the specificity 61.9%. According to the results
of our study, the STOP-Bang and STOP questionnaires were relatively suitable screening
tools in comparison with other questionnaires.

The Berlin questionnaire is more time-consuming compared to the ESS, STOP-Bang
and STOP questionnaires. Ahmadi et al. [33] tested the BQ with patients in a sleep clinic,
retrospectively. Out of the 130 individuals tested, only 26.2% had a respiratory disturb-
ance index (RDI) >10, whereas the BQ identified 58.5% as being at high-risk of having
sleep apnea, with a 62% sensitivity and 43% specificity. The discrepancy between these
results and our study could be attributed to the use of RDI rather than AHI at a higher
cut-off (i.e., >10). In other studies, the sensitivity and specificity of BQ varied between 73—
83% and 22-59%, respectively [14,23,30,31]. In our study, the sensitivity of the BQ for OSA
was found to be 78.7%, and its specificity was established as 61.9%. Due to its satisfactory
sensitivity and specificity, the BQ appears to be a suitable tool for OSA screening.

The PSQI is one of the most frequently used sleep questionnaires worldwide. Com-
pleting and evaluating the questionnaire is complex and time-consuming. The PSQI ad-
dresses psychological symptoms and correlates OSA with the occurrence of depression,
anxiety or stress [34,35]. The PSQI is unsuitable for OSA screening. According to a study
by Scarlata et al., the sensitivity of the PSQI was only 37.8%, and its specificity 76.1% [25].
In a different study by Amado-Garzon, the sensitivity for OSA and central apnea was 80—
85% [36]. Based on our results, the PSQI had lower sensitivity in comparison to the STOP-
Bang, STOP and BQ (50.8%,). The specificity was the lowest among all our questionnaires
(47.4%).

A certain limitation of the study can be its monocentricity and the fact that not all
patients filled in all five questionnaires completely. Patients that completed less than (or
did not completely answer) three sleep questionnaires were excluded (see exclusion crite-
ria). Another limit of the study could be the missing gender differences evaluation for the
relatively small number of respondents (143 men and 58 women).

148



Life 2022, 12, 1416 8 of ¢

5. Conclusions

The STOP-Bang and Berlin questionnaires, which had the highest sensitivity (81.6%,
78.7%) and satisfactory specificity (75%, 61.9%), were found to be the most suitable for
OSA screening in our sample. The STOP questionnaire was also relatively reliable, espe-
cially given its time-saving nature, which did not impair its satisfactory sensitivity (74.2%)
and specificity (61.9%). The Epworth Sleepiness Scale and the Pittsburgh Sleep Quality
Index had the lowest sensitivity (34.5%, 50.8%) and are unsuitable for OSA screening.
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Abstract: The gold standard for treating obstructive sleep apnea in adults is continuous positive
airway pressure (CPAP). However, it can be difficult to convince patients to adhere to this therapy.
The aim of this study was to determine the relationship between nasal endoscopy findings/nose
patency and CPAP adherence. Material and methods: A cohort of 450 consecutive patients suspected
of having OSA were prospectively enrolled. For further analyses, 47 OSA patients undergoing
CPAP treatment were selected (13 females and 34 males, average age, 65.3 years, BMI 34.1, apnea-
hypopnea index. AHI 51.0). The patients were divided into two groups: patients with good CPAP
adherence (n = 35) and patients who did not adhere to CPAP therapy (n = 12). The influence of nasal
endoscopy and flow measurement on CPAP adherence was explored. Results: We found a statistical
independence between adherence to CPAP and AHI (p = 0.124), T90 (p = 0.502), endoscopic findings
(p = 0.588) and nasal patency measured by a flowmeter (p = 0.498). Conclusions: In our studied
sample, endoscopic findings and nasal patency measured by a flowmeter were not predictors of
CPAP non-adherence in the first year of the treatment. Qur data show that while an endoscopic
finding in the nasal cavity could indicate that a patient has a severe obstruction, compliance with
CPAP therapy is not reduced in these patients and neither is it reduced with a decrease in nasal flow,
according to our observation.

Keywords: CPAP; flow measurement; nasal obstruction; OSA

1. Introduction

Adult obstructive sleep apnea (OSA) is a sleep-related breathing disorder. Its diag-
nostic criteria according to the ICSD-3 are the presence of one or more of the following:
the patient related daytime or nighttime symptoms (e.g., sleepiness, non-restorative sleep,
waking with breath holding etc.) and/or bed-partner observations (snoring, breathing
interruptions, etc.) and/or medical condition associated with OSA (hypertension, mood
disorder, cognitive dysfunction, coronary artery disease, stroke, congestive heart failure,
atrial fibrillation or type 2 diabetes mellitus) and at the same time a polysomnography
(PSG) or an out-of-center sleep-testing (OCST) demonstrated five or more predominantly
obstructive respiratory events per hour of sleep. Alternatively, the diagnosis is made when
a PSG or an OCST demonstrates 15 or more predominantly obstructive respiratory events
per hour of sleep [1].

Sleep-related disordered breathing is highly prevalent in our population. The Hyp-
noLaus study which based its data on a cohort of 3043 patients, suggests a prevalence of
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moderate or severe OSA as high as 23.4% in women and of 49.7% in men [2]. The severity
of OSA proportionately raises the risk for OSA-related comorbidities in multiple organ
systems. OSA has been shown to contribute to cardiovascular, respiratory and neurologic
impairments; notably, OSA and cardiovascular disease are strongly correlated [3,4].

The role nasal obstruction plays in the pathophysiology of OSA is yet to be fully
elucidated. A number of pathophysiological mechanisms can potentially explain the role
of nasal pathology in OSA. These include: the Starling resistor model, the unstable oral
airway, the nasal ventilatory reflex and the role of nitric oxide [5]. Yet, we observe that
the more severe the sleep-related breathing disorder, the less the patients tend to breathe
through their mouth alone [6].

Continuous positive airway pressure (CPAP) remains the gold standard for the treat-
ment of moderate or severe OSA in adults [7,8]; oral appliances and surgical treatment are
preferred for milder forms of OSA [9,10]. Despite the efficacy of CPAP, many patients find
it hard to adhere to this form of therapy [11,12]. Adherence to CPAP therapy is defined
as using the therapy for at least four hours a day and for at least 70% of the nights in a
year [13,14]. Among the most common reasons for CPAP failure are claustrophobia, mask
discomfort, difficulties sleeping, an inability to keep the mask on, sensations of suffocating
and nasal congestion. Nasal congestion has been reported as the cause of the failure to
adhere to the therapy in multiple studies [15-18].

Despite the fact that nasal surgery itself does not reduce obstructive respiratory events,
nasal surgery may reduce daytime and nighttime OSA-related symptoms (excessive day-
time sleepiness, snoring) and may improve CPAP adherence [19-24].

According to several studies, the objective confirmation of the presence of a nasal
obstruction can be used as a predictor of CPAP therapy non-adherence [25,26]. The aim
of this study was to determine the impact of clinically significant nasal septal deformities
and/or an inferior turbinates’ hypertrophy on CPAP therapy adherence.

2. Material and Methods
2.1. Material

A total of 450 patients were enrolled in our prospective, monocentric, analytical study.
The study ran from 6/2018 to 3/2021 in the tertiary referral hospital. Finally, a sample of
47 patients fulfilled the inclusion criteria and were included in the study. The study was
approved by the Ethics Committee of the Hospitals of Pardubice region (reference number
6/2015). All the subjects signed a consent form before being enrolled in our study.

The inclusion criteria were defined as: suspicion of OSA, sleep monitoring performed
by PSG or limited polygraphy (PG), AHI > 15, CPAP therapy with a nasal mask, being
over 18 years of age. The exclusion criteria were: sleep monitoring performed by tools
other than PSG or PG, nasal injury or prior surgery in the upper airways (patients who
underwent adenectomy in childhood were not excluded), chronic disease of the paranasal
sinuses, chronic pulmonary disease, CPAP therapy with a full-face mask, incomplete data
and lack of cooperation. For details, see the flowchart in Figure 1.

Enrolled
OSA st. 1111, Nasal endoscopy n

- and flowmetry
= T T T 1] T

CPAP not Full-face ""‘(”,Z!,‘\‘P'“" Incomplete

indicated mask data

n=50 n=s6 ffact n=7
i n=10

Primary
snoring
or
OSA st
n=187

1

Refused
CPAP
before
titration
n=68

Refused
CPAP
after

titration

n=17

Nasal
surgery
n=2

1

i

1

Lost
follow-up
n=6

i

Excluded n=403

Figure 1. Flowchart of the inclusion/exclusion process.
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The selected sample included 34 men and 13 women whose mean age was 56.3 years
(for details, see Figure 2), and whose mean BMI was 34.1 kg/ m2.
14

12

10
: 1 II
0

1830 3140 4150 5160 6170 7180 81-90
Age

00

o

Number of patients

IS

m Male ® Female
Figure 2. Age and gender distribution of the patients.

Eight patients suffered from moderate OSA, whereas thirty-nine patients suffered
from severe OSA, as defined by the AHI The mean airway pressure of the CPAP they
received was 10.3 cm of water pressure (6-18 cm H,O). For details, see Table 1.

Table 1. Input data of studied sample.

Group Female Male Total
n=13 n=34 n=47
Mean SD Median IQR  Range Mean SD Median IQR Range MeanSD Median IQR Range
Age (years) 616 177 615 18 19-74 542 269 550 168 36-74 563 107 56 170 36-74
BMI (kg/mz) 354 5.1 36.5 7.4 27.8-44.4 336 75 335 6.2 25.7-44.7 341 7.0 343 6.8 25.7-44.7
AHI (n/h) 400 342 434 229 186-1192 552 268 579 330 185958 510 237 474 361 185-119.2
30 > AHI > 15(n) 4 30.8% 4 11.8% 8 17.0%
AHI > 30 {n) 9 69.2% 30 88.2% 39 83.0%
ODI (n/h) 403 264 317 226 185-1187 519 230 551 363 160-1160 486 242 452 340 16.0-1187
Basal O2sat. (%) 909 34 920 25 830950 905 160 920 50 79.0-960 906 137 920 50 79.0-960
8‘;;‘:5&')"” 856 42 870 55 770920 841 159 8.0 85 650920 845 137 865 80 65.0-920
T 90 (%) 198 189 103 224 07-636 297 250 262 466  10-693 269 236 149 430 0.7-69.3
ﬂgg,’)‘ CPAP(em 155 18 106 20 60130 101 31 100 375 60-180 103 28 100 30 6.0-180

2.2. Methods

The diagnosis of OSA was determined by using the ICSD-3 diagnostic criteria; the
sleep testing was performed using a NOX Al (Resmed Inc., San Diego, CA, US.) or a
MiniScreen Plus (Saegeling Medizintechnik GmbH, Heidenau, Germany). The CPAP
titration was performed using machines from the The AirSense 10 series (Resmed Inc., San
Diego, CA, U.S.) or a Philips Dreamstation (Saegeling Medizintechnik GmbH, Heidenau,
Germany). The indication for positive airway therapy was determined using the criteria
defined by the guidelines of the Czech Sleep Research and Sleep Medicine Society [27].
CPAP therapy is recommended for patients with moderate to severe OSA (AHI/RDI > 15).

Before having the patient use the machine, subjective nasal patency was measured
using a visual analogue scale (VAS). The objective nasal patency was measured by a
flowmeter (Elmet s.r.o., Pfelout, Czech Republic). Respiration data were analyzed, and
the mean value of the inspirational peaks was evaluated. A pathological and clinically
significant decrease in flow was defined as a flow of 4.57V or lower [28].
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Nasal endoscopy was performed, and anatomical abnormalities that might cause
nasal obstruction were recorded; our assessment was based on work published by Mladina
et al. in 1987 and 2015 [29,30]. Each side of the nasal cavity was divided into one of six
groups (endoscopic score ES6, see Table 2), and an ES6 score of 4 or more was defined as
pathological and clinically significant for causing nasal obstruction [28].

Table 2. Endoscopic score ES6.

Group Septal Deformity Inferior Turbinate Hypertrophy
1 No No
2 No Yes
3 Non-significant (type 1,3,6) No
4 Non-significant (type 1,3,6) Yes
b Significant (type 2,4,5) No
6 Significant (type 2,4,5) Yes

After three months of CPAP treatment, the patients filled out a Sinonasal Outcome
Test [31,32]. For the purposes of this study, questions targeting sleep and emotions were
excluded. A score between 0 and 40 was calculated for each questionnaire. A score of 14.5
or more was taken to indicate a significant nasal intolerance [33].

The data of CPAP therapy adherence were evaluated after 12 months of CPAP treatment.

2.3. Statistics

Statistical analyses were performed using NCSS 2021 Statistical Software (2021), NCSS,
LLC. Kaysville, Utah, USA, ncss.com/software/ncss. The groups’ characteristics were
described. Non-parametric tests were used for the subsequent analyses of the quantitative
variables. A comparison of the quantitative values between groups according to compliance
was performed. The hypothesis of agreement was tested against the alternative of disagree-
ment. A two-sample t-test and non-parametric Mann-Whitney and Kolmogorov-Smirnov
tests were used. The hypothesis of independence was tested in a contingency table against
the alternative of dependence to compare genders between the groups. The Fisher’s exact
test was used. p values < 0.05 were considered statistically significant.

3. Results

Of a total of forty-seven patients, only twelve patients showed low compliance to
CPAP therapy after 12 months of treatment. The failure of CPAP therapy was statistically in-
dependent of all the measured variables: gender (p = 0.713), age (p = 0.427), BMI (p = 0.621),
AHI (p = 0.124), ODI (p = 0.495), T90 (p = 0.502), basal saturation (p = 0.066), mean CPAP
pressure (p = 0.057). For details, see Table 3.

The use of the ES6 yielded a score of 4 or more in at least one side of the nasal cavity
in 20 patients. These 20 patients had a mean compliance of 79.0 % and had a mean score of
3.7 points on the questionnaire for CPAP nasal tolerance. The remaining 27 patients were
without significant nasal obstruction, as shown by an endoscopy (an ES6 score of less than
4) and had a mean compliance of 73.6 % and a mean score of 1.9 points on the questionnaire
for CPAP nasal tolerance. The difference between the groups was not statistically significant
for either parameter (p = 0.498 for compliance, p = 0.588 for the questionnaire). For details,
see Table 4 and Figures 3 and 4.

Twenty-one patients had a significant decrease in flow measurement (less than 4.57 V
measured with the flowmeter) in at least one side of their nasal cavity. These patients had a
mean compliance of 79.7% and a mean of 2.9 (3.8 SD) points scored on the CPAP nasal
tolerance questionnaire. No significant flow drop was observed in twenty-six patients.
These patients had a mean compliance of 72.9% and a mean of 2.5 (+4.0 SD) points
scored on the CPAP nasal tolerance questionnaire. The difference between the groups was
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not statistically significant for either parameter (p = 0.754 for compliance, p = 0.657 for
questionnaire). For details, see Table 4 and Figures 3 and 4.

Table 3. Comparison of the CPAP compliant and CPAP non-compliant patient groups.

Compliant Non-Compliant
Group
n=35 n=12 P
Male Female Male Female
Gender 28 74.3% 7 25.7% 8 66.7% 4 33.3% 0.713
Mean SD  Median IQR Range Mean SD  Median IQR Range
Age (years) 55.7 111 54.0 18 36-74 57.8 9.7 56.5 11.8 36-72 0.427
BMI (kg/m2) 343 77 34.7 7.6 25.7-44.7 335 4.2 32.8 6.3 28.3-432 0.621
AHI (n/h) 54.1 243 52.0 36.2 18.5-119.2 41.9 19.7 33.6 378 18.6-71.8 0.124
30 > AHI > 15(n) 4 11.4% 4 33.3%
AHI > 30 (n) 31 88.6% 8 66.7%
ODI (n/h) 50.4 264 45.6 379 16.0-118.7 43.6 164 414 232 18.6-64.4 0.495
Basal O2 saturation (%) 90.1 15.7 91.0 5.3 79.0-96.0 92.1 2.7 93.0 2.8 86.0-95.0 0.066
Average low O2 sat. (%) 842 155 86.0 8.0 70.0-92.0 85.5 5.7 87.5 88.0 75.0-92.0 0.501
T 90 (%) 28.4 240 23.2 45.3 1.0-69.3 22,6 23.0 11.2 38.8 0.7-65.8 0.502
Mean CPAP (cm H20) 9.9 21 10.0 24 6.0-13.5 114 3.0 10.7 38 8.0-18.0 0.057
Table 4. Compliance to CPAP therapy in relation to ES6 and flow measurement.
>4 <4 p
N =20 N=27
ES6 Mean SD  Median IQR Range Mean SD  Median IQR Range
CPAP compl.  79.0% 235 857 243  16.0-100.0 736 268 864 356  0.0-100.0 0.498
questionnaire 3.7 5.0 1.0 6.3 0.0-15.0 19 27 1.0 30 0.0-12.0 0.588
<4.57V >4.57V
N=21 N=26
Flow
measurement  Cpap compl, 7;'7 181 870 244  38.0-100.0 73'9 209 861 417  00-1000  0.754
questionnaire 2.9 3.9 1.0 40 0.0-12.0 25 40 10 33 0.0-15.0 0.657
— o0 — —
1
g 604 ? 604
21 il = 3 204
) 0
nan sgmhant wgnificant non-significant sigificant
nasal obsirustion accoraing 1o endascopy e S BRG  Boaiet
(2) (b

Figure 3. Relationship between CPAP compliance and nasal obstruction according to the endoscopy
(a) and flowmetry (b) results..
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Figure 4. Relationship between the CPAP nasal tolerance questionnaire and nasal obstruction
according to the endoscopy (a) and flowmetry (b) results..

4. Discussion

Unobstructed upper airways are an important condition for an uncomplicated PAP
treatment of OSA [15,18,24]. In some nasal obstruction cases, we can provide treatment by
applying PAP through a full-face mask, but compliance is higher when the patients use a
nasal mask [34-36].

Balsalobre et al. compared patients with nasal polyps to otherwise healthy subjects;
both groups underwent CPAP. The control group showed a significant worsening of the
nasal obstruction symptoms, as measured by VAS and the NOSE questionnaire (p <0.01),
and a significant decrease in nasal patency, as measured by the peak nasal inspiratory flow
and acoustic thinometry (p < 0.01) [37].

Qur research was aimed at revealing the relationship between CPAP adherence and
nasal obstruction, as assessed and evaluated by nasal endoscopy (ES6) and nose cavity flow
measurement [28]. We employed a strict exclusion process: only 47 out of 450 patients met
the demands of the inclusion criteria. For details, see the flowchart in Figure 1.

The final sample of our study represented the real-world population: 13 female and
34 male patients with mean a BMI of 35.4 and 33.6 and a mean AHI of 40.0 and 55.2,
respectively. CPAP failure was associated neither with demographic data such as gender
(p =0.713), age (0.427) or BMI (p = 0.621), nor with sleep-monitoring data, such as AHI
(p = 0.124) or T90 (p = 0.502).

The guidelines of the surgical division of the Czech Sleep Research and Sleep Medicine
Society [38] were complied with based on the premise that nasal surgery does not sig-
nificantly affect obstructive respiratory events [39,40]. This assumption is based on the
fact that only 16.7% of the patients with OSA who undergo nasal surgery meet the Sher
criteria [19]. Several works present findings that indicate that a reduction in obstructive
respiratory events can be achieved by intranasal corticosteroids application, particularly in
children and allergic individuals [41,42]. According to two pooled randomized, placebo-
controlled clinical trials, nasal steroids where shown to improve CPAP adherence—the
studies recorded an overall 0.4 h per night increase in the usage of the machine. However,
this increase did not reach statistical significance (p = 0.19). There was no increase in the
percentage of nights during which CPAP was used, nor was there a significant difference
in nasal symptoms [43].

Nasal surgery can positively influence subjective sleep parameters, e.g., snoring or
excessive daytime sleepiness [19,44,45], and nasal patency improvement can be useful for
reducing the level of PAP when treating OSA, resulting in better adherence to CPAP ther-
apy [46,47]. However, the positive effect of surgery on CPAP tolerance was not confirmed
in all the published literature [48]. Therefore, prudence should be applied when selecting
candidates for nasal interventions.
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Nasal procedures with the aim of improving nasal patency, e.g., septoplasty, are
frequently performed. These operations carry only a low risk with low morbidity and a
low rate of complications; we rarely encounter complications such as the formation of nasal
septal perforation or nasal synechiae [49,50]. Van Egmond et al. compared the effectiveness
of septoplasty combined with turbinate surgery with the efficacy of septoplasty on its
own in the treatment of nasal obstruction due to a deviated nasal septum. Subjective
and objective outcomes generally appeared to improve after the treatment. However, the
additional benefit of turbinate surgery was not evident. Moreover, the subjective benefit
was not always accompanied by an objective improvement, and vice versa. Despite the
routine application of septoplasty in clinical practice, the body of evidence does not support
firm conclusions on its effectiveness [49]. Nasal packing after septoplasty was even more
likely to cause adverse events, including respiratory distress, pain, sleep disturbance,
crusting, epiphora, dysphagia and adhesion. Routine nasal packing after septoplasty
should therefore be avoided [51].

In general, isolated nasal treatments are the least effective in treating OSA, but multi-
level surgery may provide an alternative to CPAP treatment [52]. The effect of multi-
level surgery (multiple surgeries to include nasal surgery, tonsillectomy, palate surgery,
pharyngeal surgery and tongue surgery) on OSA was evaluated by Lin et al., who observed
a reduction in the apnea hypopnea index in 1978 patients. They recorded a reduction of
29 events per hour: from 48.0 to 19.0 events /hour (a 60.3% reduction, p-value < 0.0001) [53].

Nasal surgery may be offered to CPAP-intolerant patients—adjunctive nasal surgery
may facilitate improved postoperative CPAP adherence due to lower CPAP requirements
(average of 2-3 cm H,O) or improved tolerance of nasal-type masks without the necessity
of a chin strap [54].

Kempfle et al. concluded that nasal surgery (septoplasty or turbinate reduction) would
be a cost-effective way to increase CPAP adherence. In the short term, septoplasty surgery
was not a cost-effective way to improve CPAP adherence in patients who had a great
baseline difficulty using CPAP, but over a longer time span of 10 or 15 years, septoplasty
became increasingly more cost-effective. The cheaper turbinate reduction would be a cost-
effective way to increase CPAP adherence regardless of the time span in question. Notably,
perioperative and postoperative surgical complications did not unfavorably influence the
cost-effectiveness of either surgery. Therefore, surgical intervention for non-adherent CPAP
users, or partially adherent CPAP users, should be considered a part of a multifaceted
approach to improve CPAP adherence [55].

CPAP adherence and endoscopic findings assessed by ES6 (modified Sinonasal Out-
come Test), as well as the objective assessment of air flow by a flowmeter were shown to be
independent of each other in our group.

We compared our results to those of similar studies published in 2019 by Inoue
etal. [21] and in 2017 by Park et al. [56]. While Inoue et al. studied a larger sample (n = 543),
they reported the same results in their long-term follow up (more than 1 year). Their short-
term results (less than 1 year follow up), however, differed. Park et al. used a cohort whose
size was similar to that of ours and, like us, they concluded that CPAP non-adherence was
independent of sleep parameters (p = 0.671). Their results differed in the evaluation of nose
patency influence (p < 0.0001). Our conclusions concerning the nasal flow measurement
are in agreement with a systematic review authored by Brimioulle and Chaidas in 2022 [57]
but in conflict with the study by Sugiura et al. from 2007, which was performed on a similar
sample (n = 51). Sugiura’s work [24] concluded that nasal obstruction is a significant factor
for CPAP non-adherence (p = 0.002) but, surprisingly, showed the same association with the
AHI (p = 0.003). We attach more reliability to the systematic review by Brimioulle because
they evaluated 63 works and pointed out some contradictory results.

The limits of our study are its monocentricity and a strict exclusion process (47 out
of 450 patients were enrolled). However, the studied sample represents the real-world
population with OSA. For details, see Figure 1 and Table 1.
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5. Conclusions

Our study demonstrated independence between CPAP adherence and endoscopic
findings/nasal patency. Our data show that although the endoscopic findings in the nasal
cavity could indicate an obstruction, compliance to CPAP therapy was not reduced, and
neither was it reduced with a decrease in nasal flow, according to our observation.
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AHI apnea-hypopnea index

BMI body mass index

CPAP  continuous positive airway pressure

ES6 endoscopic score 6

ICSD-3  international classification of sleep disorders—third edition
OCST  out-of-center sleep testing

ODI oxygen desaturation index
OSA obstructive sleep apnea
PAP positive airway pressure
PG polygraphy

PSG polysomnography

VAS visual analogue scale
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3 Berlinsky dotaznik [Sulc et al., 2020]

Berlinsky dotaznik
. Chrapete? KAT 1
Ano

Ne

. Nevim

W N = -

. Vase chrapani je:

. Lehce hlasitéj3i nez dychani
. Hlasité asi jako mluveni

. Hlasitéj3i nez mluveni

. Velmi hlasité. MlzZe byt sly3et ve vedlejsi mistnosti.

B WN=N

. Jak ¢asto chrapete?

. Téméf kazdy den

. 3-4krat tydné

. 1-2krat tydné

. 1-2krat mési¢né

. Nikdy nebo témér nikdy

Uuh WN=W

. ObtéZovalo nékdy vase chrapani jiné lidi?
. Ano

Ne

. Nevim

WN = A

5. VSiml si nékdo, Ze byste pfestal/a
na néjakou dobu dychat

v pribéhu spanku?

1. TémérF kazdy den

2. 3-4kréat tydné

3. 1-2krat tydné

4. 1-2krat mésicné

5. Nikdy nebo téméf nikdy

KAT 2

6. Jak ¢asto citite unavu nebo vycerpanost rano po
vzbuzeni?

1. Témér kazdy den

2. 3-4kréat tydné

3. 1-2krat tydné

4. 1-2krat mésicné

5. Nikdy nebo témér nikdy

7. Jak casto citite béhem dne tinavu, vycerpani (stav
nepfiméreny konkrétni ¢asti dne)?

1. TéméF kazdy den

2. 3-4krat tydné

3. 1-2kréat tydné

4. 1-2krat mésiéné

5. Nikdy nebo téméf nikdy

8. Zaklimbal/a nebo usnul/a jste nékdy pfi fizeni mo-
torového vozidla?

1. Ano

2. Ne
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9. Jak ¢asto se to déje?

1. Témér kazdy den

2. 3-4krat tydné

3. 1-2krat tydné

4. 1-2krat mésicné

5. Nikdy nebo téméf nikdy
10. Mate vysoky krevni tlak? KAT 3
1. Ano

2. Ne

11. Obezita
1. Ano
2. Ne

12. Kolik hodin denné (béhem 24 hodin) spite?
.5 hodin a méné

. Okolo 6 hodin

. Okolo 7 hodin

. Okolo 8 hodin

. Okolo 9 hodin

. Okolo 10 hodin

. 11 hodin a vice

Nouvbhs,WN =

13. Pokud spite méné nez 6 hodin, je to kvuli
(vyberte jednu nebo vice moznosti)

1. Nespavosti (nemohu v noci spat)

2. Nedostatku ¢asu

3. Sledovani televize

4. Praci

5. Détem

14. Byla vam nékdy diagnostikovana obstrukéni
spankova apnoe na zdkladé noéni spankové studie?
1. Ano

2. Ne

15. Pouzivate CPAP (maska na obliéeji s vhanénym
vzduchem) pfi spanku?

1. Ano

2. Ne

HODNOCENJ:

Kategorie 1:

Pozitivni pfi 2 a vice pozitivnich odpovédich na
otazky 1-4

Kategorie 2:

Pozitivni pfi 2 a vice pozitivnich odpovédich na
otazky 5-8

Kategorie 3:

Pozitivni pfi obezité nebo hypertenzi
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