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1 UVOD

Predkladana habilitaéni prace v oboru otorinolaryngologie a chirurgie hlavy a krku je
koncipovana jako soubor komentovanych publikovanych praci, které jsou vénovany
prekancer6zam a karcinomu hrtanu — jejich rizikovym faktorim, diagnostice, chirurgické i
nechirurgické 1é¢be. Této oblasti se dostava diky pokroku v 1é¢ivech i technologiich v posledni
dob¢ stale vétsi pozornosti. Pracovisté autora tento trend v samotném pocatku zachytilo,
laryngologii v celé §ifi se intenzivné vénovalo, poradalo mezinarodni workshopy na toto téma
a své zkuSenosti si vyménovalo s pracovisti po celém svété. Diky tomu nejen poskytovalo péci
na urovni srovnatelné s nejvyznamnéj$imi pracovisti, ale bylo schopno podilet se na dalsim
pokroku v oboru také svym vyzkumem. Soucasti vyzkumného tymu byl také autor predkladané
prace. Publikace jsou prezentovany v druhé casti habilitaéni prace jako ,,Souhrn vlastnich
vysledka®.

V prvni ¢asti prace jsou pro lepsi piehlednost nejprve piedstaveny prekancerdzy hrtanu,
teoreticky shrnuty soucasné vysetfovaci metody hrtanu a moznosti chirurgické i nechirurgické
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2 TEORETICKA CAST

2.1 Prekancerozy a karcinom hrtanu

Ptednadorové 1éze hrtanu (prekancerdzy) jsou patologické zmény epitelu sliznice hrtanu, které

maji statisticky vyssi potencial maligni transformace smérem ke karcinomu nebo vyssi riziko

ptitomnosti mikrokarcinomu ¢i karcinomu in situ v dobé klinické diagnézy. Jedinym
spolehlivym vySetfenim k pfesnému posouzeni biologické povahy pfednadorové 1éze, ptipadné

k urceni tize dysplastickych zmén, je mikroskopické (histologické) vysetieni loZiska.

Paté vydani WHO Kklasifikace nadorti hlavy a krku z roku 2022 rozliSuje dva zakladni typy

ptednadorovych 1ézi hrtanu (WHO 2022):

o dlazdicobunécny papilom a papilomatézu (RRP);

e laryngedlni epitelidalni dysplazii.

V $ir§im slova smyslu se o prekancerdzach mluvi 1 v piipad¢ pfitomnosti makroskopickych

zmén sliznice hrtanu (napf. leukoplakie, erytroplakie, pachydermie). Skutecny potencial

maligni transformace (stupné dysplazie) vsak nelze z makroskopického charakteru 1éze urcit,

a proto ne vSechny tyto 1éze jsou prekancer6zami v pravém slova smyslu (Gale 2014).

e Leukoplakie je bélava skvrna na sliznici, kterou nelze setfit a kterou nelze klasifikovat jako
jiné diagnostikovatelné onemocnéni. Dysplastické zmény (lehké nebo téZké) byvaji
prokéazané u zhruba 50 % leukoplakii (Ali 2019, Isenberg 2008). Leukoplakie mohou byt
homogenni nebo nehomogenni. Homogenni leukoplakie je plocha, tenka, uniformné bélava.
Nehomogenni leukoplakie maji vyssi riziko maligni transformace a je potfeba je 1écit
agresivngji. Mohou mit charakter erozivni, nodularni nebo verukozni 1éze. Vyssi riziko
tézké dysplazie a karcinomu in situ bylo prok4zano u pacientll ve vyssim véku.

e Erytroplakie je rizova az Cervena nestiratelna skvrna na sliznici, mize byt hladka nebo
granulovana. Dlvodem cCerveného zbarveni je vyrazna novotvorba cév. Ve srovnani
s leukoplakii ma erytroplakie vyssi maligni potencial, frekvence jejiho vyskytu je vSak
nizsi. Pokud ma erytroplakie i bélavé okrsky oznacuje se jako erytroleukoplakie.

e Hypertrofie je prosté zbytnéni tkané, které vznika pii dlouhodobé iritaci, nejcastéji jako
nasledek vleklych zanétl, kouteni nebo traumatu.

e Pachydermie je lokalizované, obvykle nerovné zhrubnuti sliznice. V hrtanu se Casteji
vyskytuje v oblasti zadni komisury. Je povazovano za jeden z moznych znaki

laryngofaryngealniho refluxu (LPR).



e Monochorditida je popisny nazev pro nalez jednostrannych (asymetrickych) zmén na
hlasivce (zarudnuti, ztluSténi, prosadknuti, leukoplakie). Monochorditida je vzdy
onkologicky suspektni nalez, v diferencidlni diagndze se mize jednat o hematom hlasivky,
tuberkuléozu nebo dnes vzacné syfilis hrtanu, pifipadné jind napf. granulomatézni
onemocnéni hrtanu.

Prekancerdzy hrtanu maji ve Spojenych statech americkych incidenci 10,2/ 100 000 muzd a

2,1/ 100 000 zen. Karcinom hrtanu je jeden z nejcastéjSich nadort v oblasti hlavy a krku.

Vychézi nejcastéji z dlazdicobunééného epitelu. Dal§imi (pod)typy jsou papilokarcinom,

verukozni karcinom a vietenobunéény karcinom. Karcinom hrtanu postihuje vice muze, ale

stoupa i postizeni Zen. Incidence karcinomu hrtanu v Ceské republice se stabilné pohybuje mezi

3-4/ 100 000 obyvatel ro¢n¢. Pfiznaky a progndza se odviji od lokalizace nadoru.

Specifickym typem maligniho postizeni je pak chondrosarkom, ktery nejcastéji postihuje

prstencovou chrupavku. Tomuto onemocnéni byly vénovany publikace autora (Fedorova 2021,

Formanek 2013).

Problematika RRP bude probrana v samostatné kapitole (viz 2.1.1). Dal§imi prokazanymi

rizikovymi faktory prekancerdz hrtanu (dysplazii) jsou koufeni a konzumace alkoholu, pfi¢emz

je potvrzeno jejich synergické plisobeni a narGst rizika pii kombinaci obou faktord.

Za potencialni rizikovy faktor je povazovan také laryngofaryngealni (mimojicnovy) reflux (viz

2.1.2) a porucha imunity. Roli nejspis hraje i genetika.

2.1.1 Recidivujici respira¢ni papilomat6za hrtanu

Zatazeni RRP mezi prekancerdzy hrtanu je z divodu pfitomnosti rizika maligni transformace
papilomi a vzniku karcinomu. Problematice RRP autor vénoval svou monografii, ktera bude
citovana a pro potieby prace vyrazné zestrucnéna (Formanek 2022). RRP je benigni nddorové
onemocnéni infekéniho pivodu vychazejici z dlazdicobunééného epitelu. Jedna se o sexualné
pfenosné onemocnéni, které je charakterizovano vznikem dlazdicobunécnych papilomili na
sliznicich aerodigestivniho traktu. Nicméné moznosti pfenosu infekce mezi témito oblastmi je
cela fada, napt. autoinokulace nebo vertikalni pfenos z matky na dit€ s rizikem pienosu
1:80-1:1 500 pfi nekomplikovaném vaginalnim porodu (Silverberg 2003). Hlavnim rizikovym
faktorem pro vznik RRP je pfitomnost lidskych papilomavird (HPV), nejcastéji tzv. nizce
rizikového typu 6 nebo 11, které onemocnéni v drtivé vétsSing ptipadl vyvoléavaji.

Papilomaviry jsou malé neobalené viry z celedi Papillomaviridae o velikosti 55 nm. Kapsida

ikosahedralni symetrie je tvofena 72 kapsomérami a je dominantné sloZena z pentamerii



proteinu L1, s kterymi je asociovan minoritni protein L2. V souc€asnosti je znamo vice nez 220
typtt HPV. Na zaklad¢ sekvencni podobnosti genomu pro kapsidovy protein L1 se rozdéluji do
5 rodli oznacenych feckymi pismeny o, B, v, n a v (li$i se vice nez v 60 % sekvence genu L1).
Mezi klinicky nejvyznamnéjsi patii a-HPV, které infikuji bazalni bunky sliznic pfedevsim
anogenitalni oblasti muzl i zen, ale také sliznice v oblasti hlavy a krku. Podle onkogenniho
potencidlu Ize HPV rozd¢lit na nizce rizikové a vysoce rizikové.

Virovy genom je tvofen kruhovou dvouvldknovou DNA o velikosti pfiblizné 8 kpb (kilo-para
bazi). Genom HPV koéduje 7-9 virovych genti a ma podobnou organizaci u vSech znamych typa
HPV. Lze ho rozdg¢lit do tiech ¢asti. Nekodujici dlouhou regulacni oblast (long control region),
ktera obsahuje replikacni pocatek, vazebna mista pro virové proteiny E1 a E2, Casny promotor
a vazebna mista pro transkrip¢ni faktory. Dale ¢asnou (early) oblast, ktera obsahuje geny pro
nestrukturalni ¢asné proteiny E1-E8, v genu E7 je také lokalizovany pozdni promotor, a pozdni
(late) oblast, ktera obsahuje geny pro strukturalni proteiny virové kapsidy L1 a L2.

Virové proteiny E6 a E7 maji spole¢né s proteinem ES5 transformacni potencial a oznacuji se
jako virové onkoproteiny. Virovy protein E6 prostfednictvim bunééné ubikvitinové ligazy
E6AP vaZze nadorovy supresorovy protein p53, ktery je poté degradovan v proteasomu.
V disledku toho dochazi k potlaceni vstupu infikovanych bunék do apoptozy. Dale bylo
prokézéano, ze protein E6 je schopen aktivovat a udrzovat béhem opakovanych bunécnych
déleni funkci bunécné telomerazy (Galloway 2005, Ganti 2015). Virovy protein E7 zpiisobuje
destabilizaci proteinli patficich do rodiny retinoblastomového proteinu pRb (p105, pl07 a
p130), které se podileji na kontrole vstupu epitelialnich bunék do bunécného cyklu. Vazba E7
proteinu vede k uvolnéni transkripéniho faktoru E2F z pRb a ten néasledné zah4ji transkripci
bunécnych genll. Protein E7 dale u vysoce rizikovych HPV navozuje nestabilitu bunééného
genomu deregulaci bunécného cyklu. Virovy protein E6 a E7 stimuluji buné¢nou proliferaci
bazélnich a parabazalnich bunck také prostiednictvim aktivace Cetnych signaliza¢nich drah,
napi. Akt, Wnt a Notch. Virovy transmembranovy protein E5 podporuje stabilizaci receptoru
pro epidermalni rastovy faktor (EGFR), zvySeni jejich exprese a citlivosti, a tim pfispiva ke
stimulaci proliferacni signaliza¢ni drahy.

Viry infikuji vnimavé bunky piechodového epitelu, ktery se nachazi v misté¢ skvamo-
kolumnarni junkce (Herfs 2012). Skvamo-kolumnarni junkce je misto piechodu
mnohovrstevného dlazdicobunééného epitelu v epitel respiracni, vicefady cylindricky s
fasinkami. Buniky v této oblasti maji v blizkosti bazalni membrany vysokou proliferacni aktivitu
a jsou schopny se diferencovat jak do dlazdicobunécného, tak do respiracniho epitelu. Junkéni

oblast je proto také nekdy nazyvana jako metaplasticka nebo transformacni zéna. Oblasti



skvamo-kolumnarni junkce se v dychacich a polykacich cestach nachazeji v limen nasi, na ¢asti
meékkého patra obracené do nosohltanu, ve stiedni ¢asti laryngealni plochy epiglotis, pti horni
a dolni hranici ventrikulu, na hlasivkach (linea arcuata superior a linea arcuata inferior),
v oblasti kariny praduSnice a bronchidlnich chrupavek. Iatrogenné je oblast skvamo-
kolumnéarni junkce vytvofena tracheostomii, kde se nachazi v casti priduSnice pfilehlé k
tracheostomii. Dale je mozné nalézt skvamo-kolumnarni junkci v mocové trubici, na déloznim
¢ipku a anorektalnim piechodu.

Vstup viru se déje pies mikrotraumata a eroze v epitelu, pies které se dostane k méné
diferencovanym bunikdm v oblasti bazalni membrany, které jsou jesté stale schopné proliferace
(Stanley 2012, Valencia 2008, zur Hausen 1996). Samotna adsorpce viru na hostitelkou buiiku
neni zcela jasna. Dle in vitro studii se tak déje pomoci heparin sulfatovych proteoglykani, tyto
receptory nicméné nehraji specifickou roli v pfenosu infekce, protoze jsou exprimovéany na
vSech bunkéch napfi¢ epitelem, ale viry primarné infikuji pouze bunky v blizkosti bazalni
membrany. Nékterymi studiemi je v adsorpci viru zvazovana také illoha a6 integrinu, ktery je
Castgji exprimovan bunikami v blizkosti bazilni membrany, nicméné HPV jsou schopny
adsorpce také na buiiky, které tento receptor neexprimuji (Culp 2006).

Po infikovani dojde ke zméné signalnich cest v bunikach. V postizenych buikach je napiiklad
zvySena exprese EGFR a také je navysena jejich citlivost. Citlivost je zvysena do té miry, ze
prah aktivace je snizen nejméné 10krat (Johnston 1999). Byla také prokézana silnd exprese
receptort pro vaskularni endotelialni rustovy faktor (VEGF) a jeho zvySena tvorba (Rahbar
2005). Mezi dalsi zmény patii aktivace fosfoinositol-3-kinazy, p38 MAP kinazy, aktivace
jaderného faktoru kappa B a zvySeni hladiny pfenasece Racl, kterym ovliviiuje EGFR expresi
cyklooxygenazy 2, jejiho produktu prostaglandinu E», a takto reguluje diferenciaci a apoptoézu
burniky (Vancurova 2002, Wu 2005 a 2007, Zhang 2000). V burikach spodnich vrstev epitelu
dochazi k replikaci virového genomu do poctu pfiblizn¢ 50 kopii na bunku a omezené
transkripci Casnych virovych genil E1 a E2, které replikaci virovych genomt reguluji. Protein
E2 zaroven funguje jako transkripcni faktor ¢asnych virovych gend E6 a E7. Jejich produkty
interaguji ve vzajemné soucinnosti s celou fadou bunéénych proteind, coz vede k vyraznému
naruseni regulace diferenciace epitelidlnich bunék a bunécné proliferace a ke zménadm
bunééného mikroprostiedi, které miize zpétné ovlivilovat expresi virovych gentt (Mangino
2016).

Nasledkem vySe popsanych zmén je expanze bunck podobnych buitkdm v blizkosti bazalni
membrany do vysSich vrstev epitelu, zablokovani apoptdzy a urychleni mnozeni bunék. Je

blokovana také termindlni diferenciace bunck. Dochazi k akumulaci dlazdicovych buné¢k



s jejich snizenou ztratou na povrchu epitelu (Steinberg 1990, zur Hausen 2002). VVzhledem k
tomu, ze cely cyklus viru se odehrava nad bazalni membranou a bez zpisobeni lyzy bunék,
reakce imunitniho systému je minimalni (Bonagura 2010, Campo 2010, Ivancic 2019).

Zatim nedostatecné objasnéna je otazka ptirozen¢ho vyskytu HPV. Asymptomatické nosicstvi
HPV je obecné mnohem vyssi nez prevalence patologii. V duting ustni zdravé populace byla
ve studiich prevalence vSech typtit HPV sledovéana ve 2-9 % pfipadi, prevalence rizikovych
typt mensi (Simonidesova 2018, Tam 2018). U novorozenci az ve 22 % piipadi (Rintala
2005). Prevalence asymptomatické HPV infekce v hltanu dospélych je, mimo jiné z davodu
Vyuzivana jsou piedevSim data od pacienti podstupujicich tonzilektomii pro benigni
onemocnéni. Prevalence HPV v této tkani je odhadovana na 03,6 % (Combes 2017, limarinen
2017, Palmer 2014). Prevalence v hrtanu u zdravych osob neni znama. Lze pouze piedpokladat,
ze vzhledem k mechanismu pienosu by se smérem aboralnim mohla déle snizovat. Pfevazna
vétsina dospélych infekci eliminuje béhem mésict az rokt. Jen u zlomku z nich infekce
perzistuje a az po delSim, zatim tézce odhadnutelném casovém intervalu, mize dojit k vyvoji
virem indukovaného onemocnéni.

Podle veéku, ve kterém se RRP objevi, je klinicky rozliSovana détska (juvenilni) a dospéla
forma. Neexistuje vSak zcela striktni hranice, ktera by fikala, do kterého véku zacatku
onemocnéni se jesté jednd o détskou formu. Nejcastéji je zminovan ve€k mezi 18 az 20 lety.
V kontrastu s malignimi nadory hlavy a krku zptsobenymi HPV v norské studii mapujici
obdobi 1987 az 2009 nebyly potvrzeny odhady nartstajici incidence détské ani dospélé formy
RRP (Omland 2012). V rozsahlych narodnich studiich nebyl sledovan vyraznéjs$i rozdil
Vv zastoupeni jednotlivych pohlavi u pacienti s RRP.

RRP je nejcastéji lokalizovana v oblasti hrtanu. V literatufe byva popisovana bimodalni
distribuce véku pacientil, ve kterém se RRP poprvé objevuje v 5 a 30 letech. Nicméné tato
distribuce byla v posledni dobé zpochybnéna. V analyze pocatku RRP existuje veékova
distribuce trimodalni — s maximy v 7, 36 a navic v 64 letech (San Giorgi 2016). Udaj pi¥imo
koreluje s vysledky studii zabyvajicich se nosi¢stvim HPV v oblasti hlavy a krku v populaci
(Gillison 2012).

V soucasnosti je udavana incidence détské RRP 0,024—1,34 na 100 000 déti za rok, prevalence
pak 0,81-3,88 na 100 000 déti, s vysSimi pocty v africkych zemich a u vetejné (nesoukrome)
pojisténych déti ve Spojenych statech americkych (tab. 2.1). Rozdilna incidence détska formy
RRP mize souviset se skuteCnosti, ze je castéji sledovana u déti pochazejicich ze

socioekonomicky slabSich rodinnych poméri a s riznym stavem ockovani proti HPV



Vv jednotlivych zemich. Ptikladem je Australie, kterd jiz v roce 2007, jako jedna z prvnich zemi
na svété, zavedla plosny program HPV vakcinace kvadruvalentni vakcinou pro divky ve véku
12-26 let a Skolnich déti ve véku 12-13 let (chlapci 1 divky). V soucasné¢ dobé je zde
proockovanost v 15 letech u divek az 86 % a u chlapcii az 79 %. Diky tomu doslo k praktickému
vymizeni genitalnich bradavic (Osborne 2015). Pétileta prospektivni studie déti s RRP hrtanu
zde také potvrdila signifikantni pokles incidence z 0,163 ptipadt na 100 000 déti v roce 2012
(5 let po zacatku ockovani) na 0,024 piipadi na 100 000 déti v roce 2016 (Novakovic 2018).
Naopak napi. v Africe lze o¢ekavat, Ze jsou poéty spisSe poddiagnostikované, uvazime-li horsi
dostupnost 1ékatské péce v této lokalite.

Incidence dospélé formy RRP je obecné¢ méné referovana. Je odhadovana na 0,18-0,54 na
100 000 dospélych za rok (tab. 2.2). Obecné plati, ze v méné vyspélych zemich je vétsi
incidence/prevalence détské RRP nez dospélé formy. Ve vyspélejsich zemich je tomu pak

piesné obracené.

Tab. 2.1 Incidence a prevalence détské RRP na 100 000 déti v jednotlivych zemich
(Formanek 2022).
Zemé Incidence | Prevalence | Poznamka Citace
Norsko 0,17 X Castéji u chlapci, median | Omland 2012
zacatku 4 roky
USA (soukromé | 0,51 1,45 nejvyssi incidence 0—4 roky | Marsico 2014
pojisténi)
USA  (vefejné | 1,03 2,93 nejvyssi incidence 0—4 roky | Marsico 2014
pojisténi)
Kanada 0,24 1,11 Campisi 2010
Jihoafricka 1,34 3,88 median zacatku 3,2 (HPV 11) | Seedat 2018
republika a 5,4 roku (HPV 6)
Australie (2000- | X 0,81 0,9 (2007) x 0,79 (2012), )
2013) median zacatku 3 roky Novakovic 2016
Australie (2012) | 0,163 X 60 % u prvorozenych, 87 % u | Novakovic 2018
Australie (2016) | 0,024 X porodll vagindlni cestou Novakovic 2018
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Tab. 2.2 Incidence a prevalence dospélé RRP na 100 000 dospélych v jednotlivych zemich
(Formanek 2022).

Zemé Incidence | Prevalence | Poznamka Citace
Norsko 0,54 X Castéji u muz, median | Omland 2012

zacatku 34 let
Jihoafricka 0,18 0,38 median zacatku 30,7 (HPV | Seedat 2018
republika 11) a 40 let (HPV 6)

Pti porovnani ¢etnosti kolonizace hornich cest dychacich HPV viry a incidence RRP je patrné,
Ze pouze u mensiny pacientd s HPV tedy dojde ke vzniku RRP. Lze ptfedpokladat, ze do
patogeneze RRP musi byt zapojeny dalsi faktory, které potencuji HPV infekci nebo brani
eliminaci HPV z organismu, a spolupodili se tak na vzniku a progresi onemocnéni. Tyto
rizikové (ko)faktory nejsou zatim zcela znamé a existuji snahy o jejich identifikaci. Jako jedny
z takovych faktort jsou uvazovany stav imunitniho systému, koufeni, LPR a také soucasna
infekce (koinfekce) dal$imi patogeny, které, obdobné jako HPV, cili na stejné misto v lidském
téle, na bazalni vrstvu epitelu (Formanek 2019 a 2021 a 2022, Gluvali¢ 2022). Je zvazovan také
vliv genetiky (Palomares-Marin 2021).

Pribéh RRP je vysoce individualni, u kazdého jedince byva zcela odlisny. RRP ma tendenci
K astym recidivam a Sifeni. Z oblasti hrtanu, kde se vyskytuje nejcastéji, se muze sitit dale do
dolnich dychacich cest. Bez 1é€by se mulZe vyvinout az v Zivot ohrozujici stav. Bylo
vypozorovano n¢kolik faktort, které jsou obecné spojeny s horSim prubéhem RRP (Bedard
2021, Li 2022, Xi 2020):

e RRP zplsobend HPV 11,

e nizsi socioekonomicky status;

e Dbrzky zacatek onemocnéni a détska forma onemocnéni;

e pfitomnost kondylomat u matky v prubéhu téhotenstvi.

Ptiblizné u 5 % pacienti s détskou RRP dojde v priibéhu onemocnéni k Sifeni papiloma do
dolnich dychacich cest a u ¢asti az do plic. Casovy interval vyvoje je piiblizné 10-20 let.
Chirurgické odstranéni papilomi je zde problematické, proto mohou zpusobovat obstrukci
dychacich cest a zplsobit nasledny rozvoj plicni kavitace a eventualné smrt. V plicnich
papilomech mtize rovnéZ dojit k maligni transformaci a vzniku karcinomu plic.

Siteni papilomii byva vysvétlovano dvéma teoriemi:

e piima migrace postizenych bunék diky zhorSené clearance dychacich cest HPV infekci;
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e nezavisla reaktivace latentni HPV infekce v misté reparace po predchozim poranéni nebo
V mist¢ s dlazdicobunécnou metaplazii.
Obecné plati, Ze ¢im je doba trvani onemocnéni delsi, tim je riziko maligni transformace vétsi.
Lie et al. uvadi vznik karcinomu u 7,8 % z celkového poctu 102 pacientti s RRP. Vznik byl
sledovan za 4-55 let od diagnostiky RRP (Lie 1994). Z nov¢jsich studii referoval o maligni
transformaci RRP Karatayli-Ozgursoy et al., ktery retrospektivné hodnotil 159 pacient s RRP
v poslednich 10 letech (tzn. doba sledovani 10 let a mén¢) (Karatayli-Ozgursoy 2016). Maligni
transformace byla zaznamenéana u 5 % pacientd s dospélou i détskou formou RRP, u dospélé
formy byl navic sledovan vyvoj t¢zké dysplazie nebo karcinomu in situ u 10 % pacienti. Nebyl
zatim vysledovan jiny rizikovy faktor maligni transformace nez Casny vék pii zacatku

onemocnéni. Vlastni mechanismus transformace neni zatim dostatecné objasnén.

2.1.2 Laryngofaryngealni reflux

Laryngofaryngedlni (mimojicnovy, extraezofageéalni) reflux (LPR) je definovan jako stav, pfi
kterém dochazi k navratu refluxatu nad uroven horniho jicnového (Kilianova) svérace do oblasti
hornich i dolnich dychacich cest, hltanu a dutiny tstni. V refluxatu je obsazeno mnoho latek,
nékteré z nich maji velmi agresivni charakter. K hlavnim agresivnim latkam, které se podileji
na jeho patologickych vlastnostech, patii kyselina chlorovodikova (HCI), pepsin, Zlucové
kyseliny a pankreatické enzymy, piicemz HCl a pepsin jsou latky nejskodlivéjsi (Zelenik 2013).
Pepsin jako hlavni proteolyticky enzym gastrointestinalniho traktu ma na buiiky ¢etné negativni
ucinky (tab. 2.3). Ke své aktivaci potiebuje kyselé prostfedi. Jeho maximalni enzymaticka
aktivita je pfi pH 1,5-2,0, inaktivovan je az pii pH 6,5, poté zistava stabilni az do pH 8,0.
Ve studii Johnstona et al. bylo navic prokazano, Ze inaktivovany pepsin miZe byt pfi
reacidifikaci opét reaktivovan a pii pH 3,0 ziska 79 + 11 % své pavodni aktivity (Johnston
2007).
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Tab. 2.3 Negativni ptisobeni pepsinu na burnky (Zelenik 2013)

Zvysuje tkanovou permeabilitu

Zpusobuje bunécnou disrupci

Snizuje hladinu CA-III v burikach (tim omezuje produkci bikarbonatu, ktery zvysuje pH)

Snizuje produkei protektivnich stresovych proteinti Sep70 a Sep53

Poskozuje mitochondrie a Golgiho systém

Zvysuje expresi receptort a cytokinil zanétlivé reakce (CCL20, CCL26, IL8, IL1F10, IL1A,
IL5, BCL6, CCR6, CXCL14)

Ptesné urceni skutecné prevalence LPR je i ptes rychly rozvoj novych diagnostickych metod
velmi obtizné. Problémem je, Ze se jedna o vysoce nehomogenni skupinu pacientd, zavaznost
jednotlivych ptiznakl vyrazné kolisa a vétsi cast pacientti s LPR nema typické ptiznaky refluxni
choroby jicnu. Neexistuje tedy zcela typicky ptfiznak pro LPR. Neni proto mozné piesnou
prevalenci onemocnéni urcit napiiklad pomoci dotazniki (Formanek 2016, Zelenik 2013).
Vysetiovaci moznosti LPR budou blize probrany v nasledujici kapitole (viz 2.2.6). V kazdém
pripad¢ se ale jedna o patologii, kterd postihuje vyznamnou ¢ast populace a u které je dobie
znam jeji podil na mnohych onemocnénich sliznic hornich dychacich a polykacich cest, napft.
na chronické hypertrofické refluxni laryngitidé. Autor prace se mimo jiné podrobnéji zabyval
prikazem vlivu LRP na chronickou rinosinustitidu, chronicky sekretoricky stfedousni zanét
u déti a dentici (Formanek 2015, Hrankova 2022, Javorska 2023, Zelenik 2015 a 2022).

Podil LPR na vzniku prekancer6z a karcinomu hrtanu je stale zkouman. Pfesné urceni tohoto
vlivu je obtizné z divodu velmi cCasté pfitomnosti zndmych rizikovych faktort (koufeni,
alkohol) a nejednotnosti diagnostickych metod a kritérii pouzivanych v diagnostice LPR.
Mnoho studii také od sebe neodliSuje LPR od pouhé refluxni nemoci jicnu. Vysledky
jednotlivych studii se nejen proto vyznamneé lisi. Zda se, ze LPR je u prekanceroz a karcinomu
hrtanu sledovan obecné Casteji, ato i v pripade, ze je zohlednén vliv koufeni a pozivani alkoholu
(Parsel 2020, Zhang 2014). Je ale obtizné odlisit, zda je LPR skute¢nou pfic¢inou, vedlej$im
nalezem nebo az nésledkem zmén vyvolanych prekancer6zou ¢i karcinomem.

Sliznice hrtanu, na rozdil od sliznice jicnu, postrada schopnost produkovat bikarbonat, a je tak
mnohem vice nachylna k chemickému poskozeni (Lechien 2017). V ptipadé¢ LRP je hlavnim
poskozujicim faktorem pepsin (Koufman 1991; tab 2.3). Neni vSak dosud jednoznaéné
prokazané, zda LPR dokaze zpisobit samotnou tumorogenezi. Na druhou stranu tato jeho

schopnost jiz byla prokazana v ptipad¢ karcinomu jicnu (Lagergren 2000, Samuels 2019, Souza
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2016). Johnston et al. také u hypofaryngealniho karcinomu popsal, Ze pepsin signifikantné méni
expresi 27 genll zapojenych v kancerogenezi a ovliviiuje expresi 22 microRNA, u kterych je
znamo, ze jsou U karcinomii hlavu a krku zménény. Pepsin dale akcentoval proliferaci,
a to i u zdravych bunék epitelu hrtanu in vitro (Johnston 2012). Akcentace proliferace, migrace
a sekrece interleukinu (IL) 8 zpusobena pepsinem byla sledovana in vitro také u dvou
bunécnych linii (Hep-2 a Tu212) karcinomu hrtanu. Se zvysujici se koncentraci pepsinu pak
byla sledovana zména morfologie bunék, sniZzeni hladiny E-cadherinu a zvySeni
mezenchymalnich markerti ukazujicich na epitelo-mezenchymalni tranzici (vimentin a [-
catenin). Po inhibici pepsinu pepstatinem dosSlo ke snizeni sekrece IL8 a navratu tranzice.
Signifikantni efekt na snizeni proliferace, migrace a omezeni tranzice mél také inhibitor IL8
(Tan 2019). Obdobny efekt pepsinu byl sledovan také u hypofaryngealniho karcinomu a
subglotické stendzy (Kelly 2014, McCann 2020, Niu 2020). Svou roli by mohla hrat rovnéz
H+/K+ ATPaza (vodiko-draselna pumpa), jejiz pfitomnost byla prokazana také v sliznici hrtanu
a Castéji v buiikach karcinomu hrtanu (Bao 2020). Ta by mohla lokaln¢ acidifikovat prostiedi a
reaktivovat takto diive absorbovany pepsin se vS§emi navazujicimi dusledky. Tohoto procesu
by se mohl tcastnit GLUT 1 (pfenase¢ glukédzy), jehoz postupné se signifikantné zvySujici
exprese se zavaznosti 1éze byla sledovana v leukoplakiich hlasivek a karcinomu hrtanu
(Ao 2022).

Na druhou stranu ve studii Filha et al., ktera zkoumala 32 pacientt s leukoplakii hlasivek, byly
znaky LPR obecné spojeny s nizsi expresi cathepsinu B (proteolyza) v dysplaziich hlasivek
ve srovnani s koufenim a abusem alkoholu. Vysoka hodnota cathepsinu B a koufeni byly
naopak cCast&ji spojeny s recidivou onemocnéni (Filho 2021). Dale pak ve studii Cuia et al.,
které retrospektivné hodnotila 555 leukoplakii hlasivek, z¢ehoz 233 piedstavovalo
prekancerézu nebo karcinom, nebyl LPR prokazan castéji nez u benignich 1ézich. Jeho

prevalence byla ale obecné velmi vysoka, dosahujici az 78 % (Cui 2017).

2.2 VySetfovaci metody hrtanu

Nejcastejsi obtize v oblasti hrtanu, které pfivedou pacienta k vysetteni, jsou problémy s hlasem
(chrapot, hlasova tunava), pocit ztizeného nadechu (dusnosti), kaSel a bolesti v krku.
Podrobnéjsi obraz o nemoci hrtanu dostavame anamnestickymi dotazy a peclivym rozborem
pfiznakil onemocnéni. Diagnéza je zpravidla stanovena vizudlnim vySetfenim hrtanu. Kvalitu

hlasu Ize posoudit specialnimi vySetfovacimi metodami (Formanek 2022, Zelenik 2022).
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2.2.1 Anamnéza a priznaky

Zékladem kazdého diagnostického procesu je odebrani anamnézy. Nesmi byt vynechén udaj

0 nikotinismu pacienta a okoli, dulezity je kvantitativni udaj. Prekancerdzy a karcinom hrtanu

se nejCastéji projevuji zménou charakteru hlasu (chrapotem), bolesti v krku, ztizenym

polykanim, kaslem a ztizenym dychanim. Pro potteby prace jsou dale uvedeny jen specifické

otazky kladené pii podezieni na onemocnéni spojené s infekci HPV, ktera piichazi do uvahy

v piipadé RRP (tab. 2.4, Formanek 2022).

Tab. 2.4  Specifické otazky pti podezieni na onemocnéni spojené s infekci HPV

pritomnost imunodeficience u vysetfované osoby i v roding;

aktivni 1 pasivni koufeni;

pracovni anamnéza se zaméfenim na hlasovou profesionalitu;

v piipad¢ chrapotu také na jeho subjektivni vnimani;

u déti na okolnosti porodu (vaginalni versus cisatfsky fez, vék matky pfi porodu) a na to,
zda se jedna o prvorozené dite;

u déti na pritomnost kondylomat u rodi¢ti (v minulosti i nyni) a pfitomnost projevii HPV
infekce u sourozencu;

historii ockovani proti HPV (v ptipadé ditéte také u rodict a sourozencil);

historii adjuvantni terapie v ptipadé¢ RRP;

pocet chirurgickych vykont a opera¢ni techniku, kterou byly provedeny.

2.2.2 Vizualni vySetfovaci metody

2.2.2.1 Ambulantni vySetieni

Zakladnim vizualnim vySetfenim hrtanu je laryngoskopie, ktera slouzi predevsim K posouzeni

morfologie a hybnosti hrtanu.

Neprima laryngoskopie laryngoskopickym zrcatkem umozni zékladni hodnoceni
morfologie a pohyblivosti hrtanu, je ovsem mén¢ detailni. Hlavni vyhodou je jednoduchost
a dostupnost vySetieni.

Zvetsovaci laryngoskopie umoziiuje zvétSeny pohled do hrtanu optikou se 70° nebo 90°
uhlem vidéni. Umoznuje detailni hodnoceni jednotlivych oblasti hrtanu, hodnoceni povrchu

a pohybu hlasivek a orienta¢ni hodnoceni jejich kmitani. VySetfeni obecné probihd bud’ bez
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pouziti videofetézce (vysSetiujici se diva do okuladru), nebo s nasazenou endoskopickou
kamerou na okularu endoskopu a obraz je poté pozorovan na monitoru. Vyhodou vysetieni
je, ze lze provést 1 videozaznam.

e Flexibilni laryngoskopie umoziiuje vySetfeni hrtanu za pfirozenéjSich podminek (davivy
reflex je omezen zavedenim endoskopu transnazaln€) a ze vzdalenosti jen nékolika
milimetrti. Diky tomu je dosahovano vyrazného zvétSeni obrazu a zobrazeni mnoha detailt.

o Fibroskop je pristroj, ve kterém je obraz ohebnou ¢asti veden pomoci optickych
vlaken a je poté pozorovatelny pouhym okem ptilozenym k okuléru. Takovy obraz
je zatizen artefakty — ¢ernou mozaikou, ktera je zptisobena mrtvymi prostory mezi
jednotlivymi optickymi vladkny.

o Videoendoskopy poskytuji nejkvalitngjsi zobrazeni. V distalni ¢asti jsou vybavené
digitdlnim Cipem, ktery zachycuje obraz, ktery je dale veden télem endoskopu jiz
jako elektricky signal dale zpracovany kamerovou jednotkou a zobrazeny
na monitoru. Diky absenci optickych vldken neni oproti fibroskopiim vysledny
obraz zatizen artefakty.

e Optické videoendoskopické zobrazovaci metody vyuzivajici filtrovaného svétla nebo
softwarovou upravu obrazu

o Narrow Band Imaging (NBI) (firma Olympus) je metoda, ktera vyuziva
charakteristik svételného spektra ke zlepSeni zobrazeni povrchu sliznice,
povrchovych slizni¢nich a podslizni¢nich cév. Zobrazuje zmény v kvalité
epitelu a zmény ve slizni¢ni vaskularizaci (obr. 2.1). To je dulezité
pii zobrazovani slizni¢nich 1ézi, které vykazuji zmény ve vaskularizaci, jako je
napiiklad papilomatéza. VySetieni je neinvazivni, v ambulantnim rezimu
se vyuziva nejvice pomoci flexibilnich videoendoskopt, kdy jej lze provadét
bez nutnosti sedace pacienta, ¢asto i bez nutnosti uziti lokalniho anestetika.

o Autofluorescence byla pouzita k diagnostice hrtanovych 1ézi poprvé v 90. letech
minulého stoleti. Ve sliznici hrtanu se béZné nachdzeji porfyriny, elastin,
kolagen a nikotinamid adenin dinukleotid. Tyto molekuly maji schopnost
fotoluminiscen¢niho zafeni, tzv. autofluorescence a jsou nazyvany fluorofory.
Umoznuje lepsi detekci drobnych 1€zi, které nemusi byt patrné v bilém svétle,
zaroven také umoziuje presné urCeni rozsahu léze. Autofluorescence
neumoziuje presn€jsi rozliSeni charakteru 1éze ve smyslu odliSeni benignich

od malignich nalezu.
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o IMAGEl S (firma K. Storz) je metoda artificialn¢ zlepSujici kontrast
endoskopického obrazu sliznice, ktera je osvétlovana kompletnim bilym
svétlem a je obrazovym procesorem digitalné prebarvena, a tim je docileno
vysledného obrazu, ktery kontrastné zvyrazni cévni struktury vic¢i okolnimu
epitelu (obr. 2.2). Je mozno volit z n¢kolika rezimti zobrazeni. V ptipadé
flexibilni videoendoskopie je vysSetfeni limitovano dosazenym zvétSenim a
rozliSenim. Zobrazeni je proto také vyuzivano v kombinaci se zvétSovaci nebo

kontaktni endoskopii v celkové anestézii.

Obr.2.1 Obraz recidivujici respiracni papilomatdzy postihujici ob& hlasivky pii flexibilni

videoendoskopii s NBI. Je zvyraznéna typicka cévni kresba papilomi, kdy v kazdé epitelové

papile probiha vlnit4 centralni kapilara (Formanek 2022).
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Obr. 2.2 Obraz recidivujici respira¢ni papilomatdzy postihujici obé hlasivky pii zvétSovaci

videoendoskopii s IMAGEL S. Je zvyraznéna typicka cévni kresba papilomu, kdy v kazdé

epitelové papile probiha vinita centralni kapilara (Formanek 2022).

e Laryngostroboskopie je opticka vySetfovaci metoda hrtanu umoznujici detailni posouzeni
pravidelnosti a amplitudy kmitani hlasivek, jejich fazového posunu a kompletnosti uzavéru.
Veli¢iny, které jsou béznym okem nepozorovatelné, a tedy nehodnotitelné. Posouzeni
kmitani hlasivek je umoznéno diky optickému klamu ,,zpomaleni“ pohybu hlasivek.
Provedeni je shodné jako u laryngoskopie. Stroboskop muze byt soucasti flexibilni nebo
rigidni endoskopie. V pribéhu vysetieni pacient fonuje v riiznych frekvencich, modulacich
a intenzitach. Hodnocenim kmitdni hlasivek jsme schopni mimo jiné urcit, zda patologie
zasahuje do hlubsich vrstev hlasivky, coz ukazuje na maligni charakter.

¢ Videokymografie umoznuje piimé vysetfeni kmitavého pohybu hlasivek. Princip je zalozen
na vysokorychlostnim snimani pohybii hlasivek. Kamera sniméd zvolenou oblast (fadek)

hlasivek rychlosti az 8 tisic snimka za sekundu, vysledné snimky klade pod sebe, a tak
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vytvaii graficky zaznam (kymogram) zobrazujici kmitani hlasivek ve zvoleném misté.
Vysetieni umoziuje podrobné hodnoceni pravidelnosti a symetrie kmiti, jejich fazového
posunu a synchronicity. Zakulaceni a zaSpicaténi vrcholit kmitlh napovida o poddajnosti
sliznice a vertikalni tloust'ce hlasivek. Ve srovnani se stroboskopii nabizi lep$i moznosti
analyzovani a kvantifikovani. Na druhou stranu je mozné vysetfit pouze jedno zvolené uzké

misto hlasivek, a ne hlasivku jako celek.

2.2.2.2 Operacni vySetieni

Ptima (direktni) laryngoskopie je operacni technika vysetieni. Provadi se v celkové anestézii.

Vedle diagnostického cile umoziuje i terapeuticky zasah na hrtanu. Byva dopliovana 0

mikroskopii a uziti thlovych rigidnich endoskopti (standardné 0°, 30° a 70°), a to v kombinaci

s endoskopickymi zobrazovacimi metodami zmifiovanymi vyse. VySetieni pomoci NBI nebo

IMAGET S systémll umoziluje vyuzit i tzv. zvétSovaci endoskopii a kontaktni endoskopii.

o Zvétsovaci endoskopie s NBl nebo IMAGEL S poskytuje vyrazné lepsi zobrazeni, nez
standardni (nezvétSovaci) endoskopy. Diky tomu mohou byt detailnéji zobrazeny zmény
ve vaskularizaci. Uzivany jsou optické rigidni endoskopy pro direktni laryngoskopie
a vySetfeni je provadéno z minimalni dosazitelné¢ vzdalenosti, ktera je vétSinou mensi
nez 1 mm. Dosahovéno je az 150nasobného zvétSeni (pii vyuZiti 24palcového monitoru),
a tim detailniho zobrazeni slizni¢ni kapilarni mikroarchitektury in vivo.

e Kontaktni endoskopie s NBl nebo IMAGEL S je opticka endoskopicka zobrazovaci metoda,
ktera umoziiuje pozorovat sliznici in vivo s rozlisenim na bunéc¢né trovni. VyuZzivany jsou
specialni rigidni endoskopy vybavené ostficim mechanismem, ktery poskytuje zvétSeny
obraz po pfiloZzeni pfimo na povrch sliznice. Dosahované zvétSeni je pifi pouziti
endoskopické kamery a 24palcového monitoru az 1100nasobné. Dle stupné zmén
mikrovaskularizace 1ze odlisit 1éze charakteru papilomd, hyperplazie, dysplazie, karcinomu
in situ €1 invazivniho karcinomu.

Nevyhodou pfimé laryngoskopie je kromée celkové anestézie 1 nemoznost posoudit pohyblivost

a kmitani hlasivek.

19



2.2.2.3 Hodnoceni cévni architektoniky u videoendoskopickych metod vyuZivajicich

vyuzivajici filtrovaného svétla nebo softwarovou upravu obrazu

Prvni klasifikaci epitelialni vaskularizace pro hodnoceni patologickych zmén v oblasti hrtanu
byla klasifikace dle Ni (2011). Jedna se o modifikaci klasifikace dle Inoue vyuzivané pii
hodnoceni cévni architektoniky sliznice jicnu (Inoue 2001). Charakter zmén kapilarnich kli¢ek
v slizni¢nim epitelu ve videoendoskopickém obraze je rozdélen do 5 typi od fyziologického
vzhledu (typ I) az po zmény vaskularizace typické pro nadorové zmény (typ V). Typ V je dale
rozdélen do tfech podskupin (tab. 2.5). Pi#i vzniku klasifikace bylo vychazeno
z videoendoskopie s NBI.

Tab. 2.5 Kilasifikace epitelialni vaskularizace pro hodnoceni patologickych zmén v oblasti
hrtanu (Ni 2011).

Typ Popis vaskularnich zmén

I tenké, Sikmé, rozvétvené, propojené klicky

I roz§itené klicky

Il cast veétveni kli¢ek kryto bilou sliznici

v jemné teckovité klicky

a intraepitelidlni kapilarni kli¢ky jako vyrazné hnédavé skvrny

V |b klicky nepravidelné, klikaté, hadovité

c hnédavé nepravidelné skvrny roztrousené na povrchu tumoru

Klasifikace dle Arense (2016) je vysledkem konsenzu Evropské laryngologické spole¢nosti. Ve

srovnani s predchozi klasifikaci podle Ni et al. (2011) je jednodussi a dominuje v ni popisné

hodnoceni zmén. Arensova klasifikace rozliSuje kromé fyziologické cévni kresby pouze dva

typy cévnich zmén, a to longitudinalni a perpendikulérni.

e Longitudinalni vaskularni zmény — prabeh 1 vétveni cév je v rovin€, cévy mohou byt
ektatické, dilatované, jejich pribéh byva meandrovity az vietenovity. Mohou byt pfitomny
i konvoluty drobnéjsich kapilar. Zvyseni poctu a hustoty cév je spojeno s dalsim vétvenim
cév a anastomdzami mezi nimi.

o  Perpendikularni vaskularni zmény — prubéh a vétveni cév je v prostoru, vytvareji skutecné
klicky, mohou mit vietenovity nebo spirdlovity tvar, ptipadné bizarni pribeh s Cervovitym

vzhledem. Pro karcinomy jsou typické symetricky uspofadané smycky vzhledu tecek
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s ostrym thlem zaktiveni pod prisvitnym epitelem vyrtstajici z hlubSich vrstev hlasivky.

V procesu karcinogeneze cévni klicky dostavaji vice spiralovity tvar.

2.2.3 Histologicka diagnostika

Definitivni diagno6za je vzdy stanovena az histopatologickym vysetienim odebraného vzorku.
V piipadé RRP je mikroskopicky dlazdicobunéény papilom tvofen fibrovaskularnimi papilami,
které jsou kryty dlazdicobunéénym epitelem, Casto s rozSifenim zény parabazalnich bunék.
Koilocyty jako morfologickd zndmka produktivni HPV infekce jsou patrné v povrchovych
vrstvach epitel.

Makroskopicky vzhled laryngealni epitelialni dysplazie je velmi variabilni a nekoreluje
s mikroskopicky zjisténym stupném ptipadnych dysplastickych zmén dlazdicobunééného
epitelu. Klasifikace dysplazie neni stale zcela uspokojivé vyfeSena, coz nejlépe doklada
skute¢nost, ze existuje né€kolik paralelné pouzivanych klasifika¢nich schémat, ktera jsou
vétSinou zalozena na dvoustupiiovém, resp. tfistupiiovém hodnoceni tize dysplastickych zmén
dlazdicobuné¢ného epitelu (tab. 2.6). Uréujicim rozdilem mezi low grade dysplazii a high grade
dysplazii je rozsah architektonickych a cytologickych abnormalit dlazdicobuné¢ného epitelu.
Zatimco u low grade dysplazie jsou tyto abnormality omezeny na dolni polovinu epitelu, u high
grade dysplazie je ve variabilnim rozsahu postizena také horni vrstva epitelu. V piipadé

karcinomu in situ je epitel abnormalni v celé své tloust'ce (WHO 2022).

Tab. 2.6 Laryngealni epitelialni dysplazie — zékladni klasifikace (WHO 2022)

Klinicky vyznam Rozsah abnormalit | T¥istupiovy Dvoustupriovy
epitelu hodnotici systém hodnotici systém
Nizce rizikova 1éze | Dolni polovina Low grade dysplazie | Low grade dysplazie

Vysoce rizikova 1éze | Vice nez  dolni | High grade dysplazie | High grade dysplazie

polovina

Cela tloust’ka Karcinom in situ

Diagnostika je v soucasné dobé stale jeSté€ zaloZena na pec€livém zhodnoceni 1éze v klasickém
barveni hematoxylinem a eozinem; imunohistochemické markery (napt. p53, Ki-67, pl6,
EGFR, cytokeratin 19, MAGE-A) maji zatim pouze podpurny vyznam a jejich pouziti pro
vlastni  klasifikaci dysplazii neni doporu¢ovano (Hellquist 2020). Dysplasticky

dlazdicobunécny epitel byva vétSinou v rizné mife ztluStély, muaze vSak byt i normalni
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tloustky, popt. atroficky. Na povrchu epitelu mize byt pfitomno rohovéni v podobé
ortokeratozy nebo parakeratdézy. U high grade dysplazie Ize podle piitomnosti ¢i absence
maturace epitelu jesté rozliSit bazaloidni podtyp (bez maturace) a velkobunéény/ spindzni
podtyp (s maturaci). V subepitelidlni vazivové tkani byva rizné intenzivni zanétlivy infiltrat.
Velmi dulezitym znakem low grade i high grade dysplazie je intaktni bazalni membrana
dlazdicobunécného epitelu, ¢imz se tyto léze odliSuji od invazivniho dlazdicobunécného
karcinomu. Rovnéz desmoplasticka reakce, pomérné typicka pro invazivni dlazdicobuné¢ny

karcinom, u pfednadorovych 1ézi chybi (WHO 2022).

2.2.4 Diagnostika lidskych papilomavira

K rozsitfené diagnostice pfednddorovych a nddorovych onemocnéni hrtanu patii v souc¢asnosti
jednoznaéné také prikaz piitomnosti HPV. Diagnostika HPV je ve vétSiné piipada zalozena na
pfimém prikazu viru. Diky detailni znalosti sekvence HPV byla vyvinuta celd fada molekularné
biologickych testl, které¢ umoziuji nejen detekci viru, ale také urceni konkrétniho typu HPV.
Ptimy prikaz se provadi detekci virové DNA/ RNA amplifika¢nimi (polymerazova fetézova
reakce; PCR) ¢i neamplifikaénimi metodami, pficemzZ nékteré amplifikaéni metody mohou
urcit 1 virovou nalozZ (napf. kvantitativni PCR v redlném case) (Formanek 2022).

K nepfimému prikazu viru jsou fazeny imunohistochemicky prikaz exprese nadorového
supresorového proteinu p16 a detekce HPV-specifickych protilatek (Formanek 2022).

Testy se 1i8i fadou parametrtl, klinickou a analytickou citlivosti, specificitou a spektrem typt,

které jsou schopné detekovat (tab. 2.7). Jejich blizsi popis piesahuje moznosti této prace.
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Tab. 2.7 Citlivost a specifita nejcastéji pouzivanych metod detekce HPV (Formanek 2022).

Klinicky . e :
Metoda Citlivost | Specificita | Citace
material
Imunohistochemie (p16) 94 % 83 % Prigge 2017
. , ) . Kerr 2015,
Fixovana In situ hybridizace DNA 65 % 94 %
o Schache 2013
tkan
In situ hybridizace RNA 91-97% |93-94% | Kerr 2015
PCR DNA 98 % 84 % Prigge 2017
ureishi 2018
Nefixovans |PCR DNA 9% |986% |Q
thean PCR RNA E6 a E7 100% |1009  |Rotndglova 2011
Protilatky proti HPV 16 E6 a E7 | 89 % 96-98 % |Rotnaglova 2011
Krev/ sérum i
Protilatky proti HPV 16 E6 96 % 98 % Holzinger 2017

2.2.5 Diagnostika laryngofaryngealniho refluxu

Typickymi ptiznaky laryngofaryngeéalniho refluxu (LPR) jsou zahlenéni, chrapot, pocit ciziho
télesa v krku, pokaslavani a chronicky kasel. Obtize pacientti s LPR trvaji zpravidla dlouho
dobu (mésice az 1éta). K odebrani anamnézy lze vyuzit dotaznik Reflux symptom index, ktery
ma presné&jsi diagnostickou hodnotu nez jednotlivé symptomy (tab. 2.8). Pii jeho vypliovani
ma pacient za kol k jednotlivym problémiim pfiradit ¢islo 0 az 5 podle toho, jak moc jej
jednotlivé problémy obtézovaly v poslednich mésicich. Pokud je celkovy soucet bodového
ohodnoceni jednotlivych polozek vétsi nez 13, je velka pravdépodobnost, ze jeho obtize jsou
zpisobeny LPR (Belafsky 2002, Zelenik 2013). Nevyhodou dotazniku je, ze vysoké skore
Vv ném vykazuji pacienti v akutnim stadiu respiracniho infektu, kutéci, pacienti po radioterapii
a neurotiCti pacienti. Dal$i nevyhodou je jeho hlavni zaméteni na problémy tykajici se hrtanu.

Nejsou v ném tedy obsazeny dalsi ptiznaky a nemoci, které mize patologicky LPR zpiisobovat.
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Tab.2.8 Dotaznik Reflux symptom index (Zelenik 2013).

v poslednich mésicich?

Jak vyznamné Vas obtéZovaly nasledujici problémy | O - bez obtiZi

5 - zavazné problémy

Chrapot nebo jiny problém s hlasem

0 1

Casté odkaglavani, nutnost odstranit hleny z krku

Nadmeérna tvorba hlenu v krku a nosohltanu

Ztizené polykani jidel, napoji nebo tablet

Kasel po jidle nebo ulehnuti

Obtézujici, t€zko ovlivnitelny kasel

Pocit ciziho télesa (knedliku) v krku

o| o] o o] o ©
I I I
N NN NN NN
w| W w| w w| w| w
E N N I S
ol o o1 o1 o1 o1 o1

potravy do dutiny ustni

Péleni zahy, bolest na hrudi, pocit plnosti ¢i navrat 0 1 2 3 4 5

Naésleduje vysetfeni hrtanu s posouzenim moznych znamek refluxni laryngitidy, jako nafaseni,

otok a zarudnuti zadni komisury, otok hlasivek, pfitomnost granulomt, pseudosulcus vocalis

(subgloticky otok) a dal$i. Belafsky se snazil hodnoceni nalezli na sliznicich standardizovat a

za timto uéelem vytvofil nastroj na hodnoceni - tzv. Reflux finding score (tab. 2.9). Pti

endoskopickém vySetfeni hrtanu je hodnoceno 8 vybranych patologii a jejich bodové

ohodnoceni odrazi jejich zavaznost. Pokud je celkové skore vétsi nez 7, je dle Belafského 95 %

jistota, ze nalez v hrtanu je zpisoben LPR (Belafsky 2001). Nasledujici studie ovSem takto

vysoko udavanou jistotu nepotvrdily.

Tab. 2.9 Reflux finding score (Zelenik 2013).

Hodnoceny nalez

Bodové ohodnoceni

Subgloticky otok (pseudosulcus)

0 - nepfitomen, 2 - pfitomen

Obliterace Morganského ventrikulu

0 - neni, 2 - ¢asteCn4, 4 - uplna

Erytém/hyperémie

0 - neni, 2 - pouze arytenoidni hrboly, 4 - difizni

Otok hlasivek

0 - neni, 1 - mirny, 2 - stfedni, 3 - tézky, 4 - polypoidni

Diftizni otok hrtanu

0 - neni, 1 - mirny, 2 - stfedni, 3 - t¢Zky, 4 - obturujici

Hypertrofie zadni komisury

0 - neni, 1 - mirn4, 2 - stfedni, 3 - tézka, 4 - obturujici

Granulom/granulace hrtanu

0 - nepfitomny, 2 - pfitomny

Husty hlen v hrtanu

0 - nepfitomen, 2 - pfitomen
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Jako dalsi krok v diagnostice LPR je nejcastéji doporucovan diagnosticko-terapeuticky test
pomoci inhibitorti protonové pumpy. Pro diagnostiku LPR je vSak odliSny v porovnani s testem
pouzivanym gastroenterology. Davka je vys$si (2x denn¢€) a délka trvani ma byt minimalné
3-6 mesicti. Divodem je, ze zhojeni mimojicnovych tkani trvd mnohem déle nez zhojeni
sliznice jicnu (Vaezi 2006). Samotny vysledek testu je obtizné hodnotit. Doba 6 mésictu je
pomérné dlouhd a je velmi pravdépodobné, ze pokud mély obtize jinou pficinu nez LPR (napf.
alergii nebo infekci), miize za tuto dobu dojit k jejimu vymizeni nezavisle na terapii inhibitory
protonové pumpy. Vysledek mtize v tom piipadé byt hodnocen jako faleSné€ pozitivni (Belafsky
2006). Obdobn¢ komplikovana situace také nastava, pokud po testu nedojde k vymizeni
symptomi. V této situaci neni jisté, zda je divodem to, Ze obtize nejsou zpusobeny LPR nebo
$patna compliance nebo nizka davka 1éka (Belafsky 2006, Numans 2004, Zelenik 2013).

Nejpiesnéji Ize predstavu o epizodadch LPR ziskat 24hodinovou monitoraci jicnové impedance
S pH-metrii a umisténim proximalniho senzoru nad uroven horniho jicnového svérace (Hoppo
2012). Jednokanélova pH-metrie se senzorem umisténym 5 cm nad uroven dolniho jicnového
svérae (provadéna gastroenterology) je pro diagnostiku LPR nevhodna, protoze neposkytuje
informaci o tom, zda se refluxat dostava mimo jicen (nad Groven horniho jicnového svérace).
V poslednich letech je zvazovano k diagnostice LPR také pouziti 24hodinové méteni
orofaryngealniho pH a vySetfeni pepsinogenu/ pepsinu v sekretech a tkanich (Formanek 2015,

Jiang 2011). Pfinosnost téchto metod vSak nebyla zatim dostate¢né ovétena.

2.2.6 VySetieni hlasu

Kvalitu hlasu je mozné hodnotit pomoci riznych metod. Je mozné je rozdélit na subjektivni
a objektivni.
o Subjektivni hodnoceni hlasu
o Hodnoceni pacientem — pro posuzovani kvality hlasu je dilezity subjektivni nazor
nemocného na vlastni kvalitu hlasu. K subjektivnimu hodnoceni kvality hlasu
pouzivame standardizovany dotaznik Voice Handicap Index v ¢eském piekladu,
ktery obsahuje 30 otazek (Svec 2009). Vyplnéni dotazniku v plném znéni miize byt
nepiijemné casovou naroc¢nosti. Existuje proto tzv. zkracena verze dotazniku, ktera
obsahuje pouze 10 vybranych otazek (tab. 2.10).
o Hodnoceni vySetiujicim (percepce) — medicinské subjektivni vySetieni hlasu

hodnoti béZznou konverza¢ni mluvu. Hodnocen je nejCastéji podle skaly GRBAS
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(stupen, drsnost, dysnost, slabost, napéti) dle Hirana (Hirano1981). Jinou moznosti

je hodnotit hlas podle vizualné-analogové skaly.

Tab. 2.10 Voice Handicap Index-10, ¢eska verze.

Otazka 0112 (3 |4

P1. Stava se, ze se me lidé ptaji, co to mam s hlasem.

P2. Abych ze sebe vydal/a hlas, musim vynalozit usili.

P3. Stava se, Ze doptedu nevim, jak mij hlas bude znit, kdyZ promluvim.

F4. Stava se, Ze muj hlas lidé Spatné slysi.

F5. V hluéném prostiedi mi lidé Spatn€ rozuméji.

F6. PotiZe s hlasem m¢ omezuji v osobnim a spolecenském Zzivotg.

F7. Kvili potizim s hlasem se citim vyloucen/a, kdyZ si ostatni povidaji.

F8. M¢ potize s hlasem maji neptiznivy dopad na mé vyd¢elky.

E9. Potize s hlasem mi zpisobuji rozladéni/ roz¢ileni/ nespokojenost.

E10. Kviili potizim s hlasem se citim znevyhodnén/a, hendikepovan/a.

e Objektivni hodnoceni hlasu

o VySetfeni hlasového pole mluvniho hlasu pfindSi informace o frekvenénim
a dynamickém rozsahu hlasu vySetfovaného a zejména o umisténi mluvniho hlasu
vzhledem ke hlasovému rozsahu. Plati zdsada, ze zdravy mluvni hlas je tvofen
na dolnim okraji frekven¢niho hlasového spektra. K vysSetfeni hlasového pole se
pouziva pocitatovy program a mikrofon.

o Krom¢ vysSetfeni hlasového rozsahu je mozné pomoci pocitacového programu
a mikrofonu vysetfit i nepravidelnosti hlasu. To znamena, neni-li v hlase pfitomno
nepfiméfené mnozstvi tzv. neharmonickych zvukii. Neharmonické zvuky nelze
piesné frekvencné specifikovat. Jsou charakteristické nepravidelnym pribéhem
zvukové viny. Oznacuji se také terminem Sramoty nebo Sumy. Je-li pfimés

neharmonickych tonii vyssi, nalez svéd¢i pro poruchu hlasu.
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o Maximalni fona¢ni ¢as je méten nékolikrat po sobé (obvykle 3krat) pii fonaci vokalu
[a] ve vySetfovanému piijemné a pfirozené poloze a hlasitosti. Je u dospélych
nejéastéji kolem 15 sekund, za patologicky je povazovan ¢as krats$i nez 10 sekund
(Hirano 1981). Nizky fonaéni ¢as detekuje neschopnost uzavieni fona¢ni $térbiny
na piiméfen¢ dlouhou dobu, a tudiz neschopnost vytvofit kvalitni zékladni frekvenci
zvuku hlasu. Vysetteni je vhodné jako srovnavaci metoda u jednoho vysetiovaného,
napf. pfed a po chirurgickém zakroku nebo pfed a po hlasové terapii. Fonacéni
kvocient hodnoti uzavér glottis pfi fonaci pomoci vypoctu primérné spotieby
vzduchu pfi fonaci. Vztahuje maximalni fonacni ¢as k vitalni kapacité plic.

o Index kvality hlasu se velmi dobie hodi pro klinickd hodnoceni hlasu. Hodnota je
vypocitand z akustickych (hlasové pole, periodicita hlasu) a aerodynamickych

parametri (fonacni Cas).

2.2.7 VySetieni polykani

Nemoci hrtanu, zejména supraglotické a glotické oblasti mohou vést k dysfagii ve faryngeélni
fazi polykani, zejména aspiracim. Dotaz na polykaci problémy a kasel pfi piti ¢i jidle by proto
m¢él byt soucasti vySetfeni hrtanu. Anamnestické podezieni na poruchu polykani 1ze ovéfit
neékterym z testd pro poruchy polykéni. Charakter polykacich obtizi je mozné upiesnit

flexibilnim endoskopickym vySetienim polykani nebo videofluoroskopii.

2.3 Lécba

Lécba prekanceroz a karcinomu hrtanu mtize byt rozdélena na nechirurgickou a chirurgickou.

2.3.1 Nechirurgicka lé¢ba

K nechirurgické 1é¢b&€ onemocnéni hrtanu je fazena hlasovéa terapie, reZimova opatieni

a medikamentdzni terapie.

e ReZimova opatreni
Rezimova opatieni jsou nedilnou soucasti 1é€by mnohych hrtanovych patologii. At uz se
jedna o dodrzovani hlasového klidu (nekficet, neSeptat) napt. po chirurgickych operacich
nebo antirefluxni rezimova a dietni opatieni, ktera jsou v piipadé LPR stejna jako u refluxni
nemoci jicnu. Mezi zékladni obecnd rezimova doporuceni pak patii vyvarovani se

cigaretovému koufti a alkoholu.
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e Medikamentozni terapie
Medikament6zni terapie ma své misto dominantné v 1€cb¢ zanéti hrtanu a RRP.
o Chronické zanéty
Medikamentozni terapie je V piipadé chronickych zanéti hrtanu vyuzivano
dominantné u laryngitidy zptisobené LPR, kde se kromé dietnich omezeni a
rezimovych opatfeni vyuzivaji zejména inhibitory protonové pumpy, nejcastéji
podavané dvakrat denné. Dale je vyuzivano prokinetik (napft. itoprid-hydrochlorid).
o Recidivujici respiracni papilomatoza

Zvlastni kapitolou je adjuvantni (doplitkovd) 1é€ba RRP. Souvisi s nemoznosti
radikalni resekce. Nabizi Siroké spektrum vice ¢i méné efektivnich moznosti
(Formanek 2022). Latky jsou podavany mistné nebo systémoveé. V této oblasti
probihd intenzivni vyvoj, ktery Cerpa z vyzkumu terapeutik uzivanych v 16¢b¢ jinych
nadorovych onemocnéni. Pravé v oblasti adjuvantni 1é€by je v soucasnosti nejvice
neznamych. Neni jednozna¢na shoda na tom, kdy adjuvantni terapii indikovat.
Obecné je ale doporuc¢ovano zvazit tuto terapii, kdyz:

* pacient potiebuje vice nez Ctyfi operace ro¢né;

* papilomy zplsobuji respiracni obtiZe;

= papilomy se $ifi distaln€ do pradusnice;

= pokud chirurgické metody nejsou mozné.
Neni ani jednoznac¢na shoda na tom, jaky preparat a jaké jeho podani zvolit
(tab. 2.11). V soucasnosti je snaha tuto terapii, je-li indikovana, co nejvice
individualizovat pomoci vySetfeni genomu, genové exprese a somatického a
germinalniho exomu. Jedné se nicméné potad o zcela vyjimecné piipady.
K adjuvantni terapii mize byt fazeno 1 o€kovani proti HPV. Indikace ptichazi do
uvahy u rozsahlejsiho postizeni t€mi papilomy, které jsou uzce spjaty s jejich
infekci. Zatimco profylakticky ucinek ockovani je dobfe znam, jeho terapeuticky

efekt nebyl zatim jednoznacéné prokéazan.
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Tab. 2.11 Zakladni ptehled latek pouzivanych v adjuvantni terapii RRP (Formanek 2022)

Latka Zpusob podani
cidofovir intralezionalné,
inhala¢né,
intraven6zné
Nejcéastéji pouzivané bevacizumab intralezionalné,
intravenozné
inosine pranobex peroralné
vakcina proti HPV intramuskularné
Malo pouzivané aciclovir peroralné
indol-3-karbinol peroralné
inhibitory protonové pumpy peroralné
pembrolizumab intravenozné
ultafiltrovany praseci leukocytarni extrakt | peroralné
interferon o intraven6zné
) propranolol peroralné
JiZ nepouzivané
vakcina proti pfiuSnicim, spalnickdm, | intramuskularné
zardénkdm a pfiusnicim

2.3.2 Chirurgicka 1écba

Chirurgicka 1é¢ba prekancerdz a karcinomu hrtanu je zpravidla provadéna transoralné.

2.3.2.1 Obecné zasady mikrochirurgie hrtanu

Operace v oblasti hrtanu zaznamenaly v poslednich letech vyznamny vyvoj. V soucasnosti by
vSechny operace v oblasti hrtanu mély byt provedeny pii mikroskopickém nebo endoskopickém
zvétSeni. Existuji obecné zédsady hrtanové mikrochirurgie. Jejich cilem je provést operaci
€O nejSetrnéji, s co nejmensimi riziky pro pacienta a za co nejkratsi dobu.
o Fonochirurgicky pristup
U vSech operaci hrtanu by mél operatér provadét operaci tak, aby pooperacné byla
zachovana co nejlepsi kvalita hlasu. Mezi obecné principy fonochirurgie patii zejména
pravidlo fikajici, Ze pfi odstranovani patologie hlasivky se snazime nezasahovat ani do okoli
patologie, ani do hlubSich vrstev hlasivky. Zbytecna manipulace v mistech, kde se jiz

nenachazi patologie, vede kriziku jizveni podslizni¢ni lamina propria superficialis
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a zhorSeni hlasu. Ke zbytecné traumatizaci, zejména predni komisury, vede také pfiilis
hluboké zasunuti ptimého laryngoskopu pfi tvodni manipulaci a nasledné fixaci. Muze zde
dojit ke srustu hlasivek. Chybou proto neni ani operovat v této oblasti pro nemaligni
diagnozu dvoudobé — tedy oSetfit nejprve jednu hlasivku a pifi dal§i operaci piipadné
druhou. Velmi opatrné je nutné postupovat v oblasti zadni komisury z divodu rizika vzniku
zadni glotické stendzy.

Spravnad velikost a tvar primého laryngoskopu

Prilis velky laryngoskop zbyte¢né traumatizuje supraglotis a vede k hematomim a otokdm.
Ptili§ maly laryngoskop zase zhorSuje piehlednost operacniho pole a ztézuje operatérovi
manipulaci s nastroji. To mize mit za nésledek chybny pohyb néstrojem a prodlouzeni doby
trvani operace. Neni chybou na zacatku operace vyzkouset nékolik laryngoskopti a vybrat
ten nejvhodnéjsi (obr. 2.3). Pro lepsi expozici predni komisury lze vyuzit
tzv. .. komisuroskop, ktery je delsi v pfedozadnim rozméru. Pro operaci v oblasti epiglotis
lze vyuzit tzv. Benjaminlv laryngoskop, kdy je pfedni okraj laryngoskopu zavedeny
do glosoepiglotickych valekul (obr. 2.4). Zasadam piimé laryngoskopie se autor vénoval
Vv oficialnim doporuceni pro praxi odborné spolecnosti a v kapitole v knize (Formanek 2021
a 2022).
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Obr. 2.3  Dospély laryngoskop (a), laryngoskop pro expozici piedni komisury hlasivek (b),
distan¢ni laryngoskop (Weerda) (c), Benjamintv laryngoskop (d) (Formanek 2021).

@ d

Obr. 2.4 Pohled do hrtanu pies standardni piimy laryngoskop (a) a pies Benjamintv

laryngoskop (b) (Formanek 2021).
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o  Kvalitni expozice hrtanu
Zajisténi kvalitni expozice hrtanu je zasadni. Je potieba vénovat mu dostatek casu
a zvysuje jeji rizika. Pokud neni expozice predni komisury dostatecna, lze pouzit zatlaceni
na hrtan nebo jeho ptitazeni naplasti (obr. 2.5). Pfi nedostate¢né expozici zadni komisury
1ze vyuzit uvolnéni fixace laryngoskopu, coz vede k vytvoteni lepSiho ihlu pro piehlednost
zadni komisury. Hrtan je dalezité vzdy na zac¢atku operace podrobn¢ prohlédnout, nejlépe

endoskopem, a posoudit rozsah 1éze ¢i vyloucit dalsi patologii subgloticky.

Obr.25 Piima zavésna laryngoskopie, orotrachealné¢ intubovana pacientka ulozena
do ,,sniffing” polohy. Trup a krk ve vzajemné flexi, krk a hlava v extenzi (Cervena linie).
Zaveden laryngoskop a fixovan na zevni fixator. Pomoci tahu néplasti pfes kryti na ptedni

strané krku je zlepSena piehlednost pfedni komisury hrtanu (Formanek 2021).
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Zasady poucziti laserit v hrtanu a priidusnici
Pti pouziti laserti v oblasti hrtanu je dilezité dodrzovat pravidla, kterd snizuji nezadouci

ucinek laseru na pacienta i zdravotnicky personal (tab. 2.12).

Tab. 2.12 Pravidla pro pouzivani laserti v chirurgii hrtanu.

pouzivat intubacni rourky urcené k laserové chirurgii (specialni materidl, dva obturacni
balonky napusténé fyziologickym roztokem);

na intubacni rourku/ obtura¢ni balonky aplikovat prouzky s fyziologickym roztokem;

pfi operaci udrzovat frakci exspirovaného kysliku do 30 %;

zalepit pacientovi o¢i a ,,oblozit* pacientliv obli¢ej vlhkymi prostéradly;

ptipravit stiikacku s fyziologickym roztokem k okamzitému pouziti v piipad¢ vzplanuti
dychacich cest;

chranit o¢i personalu ochrannymi brylemi;

minimalizovat pocet osob na opera¢nim séle a upozornit osoby pied vstupem na operacni

sal na pouzivani laseru.

2.3.2.2 Operacni techniky vyuzivané pro chirurgickou lécbu

V soucasnosti neni zadna z technik (studené néstroje, laser, mikrodebridor, koblace)

povazovana za vyznamné lepSi v porovnani s dal§imi. Porovnani vysledkt chirurgické 1é€by je

obtizné z dlivodl velmi heterogennich skupin pacientt. Jednotlivé techniky se ¢asto kombinuyji.

wev

Studend technika (chapaky, niizky) je nejdéle vyuzivand. Kromé toho, Ze je levna, je jeji
vyhodou to, Ze neni produkovano teplo, které pii priniku do hlubsich vrstev mtize zptisobit
poskozeni tkani. Nevyhodou je, Ze je ¢astéji odstranéna i okolni zdrava sliznice, a zbyte¢né
tak dochézi k jizveni vetsi ¢asti hlasivek.

CO: a KTP (draslik-titan-fosfat) laser jsou pii operacich v hrtanu vyuzivané déle nez 25
let. Vyhody byly prezentovany fadou autori (Dedo 2001, Karamzadeh 2004, Remacle
1999). Laser umoznuje presnou vaporizaci slizni¢nich 1ézi s minimalnim krvicenim a
minimalnim poskozenim okolni sliznice a hlubSich vrstev hlasivky. CO> laser musi byt
pouzit v nejSetrnéjSich rezimech (kratké pulzy o malé energii) s SirSim nastavenim paprsku
(vaporizacni mody), aby nedochdzelo k priniku tepla do hlubsich vrstev. Vyhodou KTP
laseru je fotoangiolyticky efekt s popsanym lepSim koagulacnim efektem (Franco 2003).

Kontrolované studie, které¢ by porovnavaly vysledky KTP a jinych laserti zatim nebyly
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provedeny (Lechien 2020). Pti pouziti lasert je potieba dodrzovat vSechny bezpecnostni
postupy spojené s laserovou hrtanovou chirurgii (tab. 2.12).

Mikrodebridor (shaver) zacal byt vice vyuzivany pii operacich v hrtanu az v poslednich
10 letech. Zejména Vv oblasti hlasivek musi byt pouzity S velkou opatrnosti, aby nedoslo
k poskozeni hlubsich vrstev ¢i dokonce k proniknuti mimo hrtan. Vyhodny je zejména
k odstranéni perifernich ¢asti velkych papilomu (Carifi 2015, Gallagher 2008, Holler 2009).
Koblace je v 1é¢bé hrtanovych 1ézi (zvlasté papilomt) vyuzivana v poslednich 3—4 letech.
Prezentovany byly zatim jenom kratkodobé vysledky u malého poctu pacientli (Awad

2019), vysledky se jevi podobné jako u jinych technik.

2.3.2.3 Komplikace chirurgické 1écby

Ke komplikacim a dlouhodobym nasledktim jakékoliv formy chirurgické 1é€by hrtanu patii

jizveni hlasivek se ztratou jejich vibracnich schopnosti, vznik synechie pfedni komisury,

mustkt a sulcus vocalis, zhorSeni hybnosti hlasivek a vznik zadni glotické stenozy.

Jizveni hlasivek

Nesetrné odstranéni 1ézi vede K jizveni podslizni¢nich tkani (zejména Reinkeho prostoru)
a chrapotu. Tento stav (jizvy hlasivek, mlstky, sulcus vocalis) nelze v soucasné dobé& 1éc¢it
a dysfonie vznikla ztohoto duvodu je proto trvala. Pokud se jednalo o ,zbyte¢ny*
peroperacni zasah do hlubs$ich vrstev hlasivky, 1ze mluvit o iatrogennim poskozeni hlasivek.
Bylo prokazano, Ze pfi pouziti zdsad maximalniho Setieni tkdni, maji 1 pacienti po mnoha
operacich pro RRP pomérné dobrou kvalitu hlasu (Parker 2019).

Gloticka a subgloticka stenoza

Mezi velmi zavazné komplikace papilomatdzy a zejména jeji chirurgické lécby patii
glotickd nebo subgloticka stenéza. Ta mlize vést aZ k nutnosti provedeni tracheotomie.
V tomto piipadé lze provést nékterou z laryngotrachealnich rekonstrukénich operaci,
naptiklad pferuseni zadni Césti prstencové chrupavky s vlozenim chrupavky ze Zebra
(tzv. posterior split; Scatolini 2018).

ZkuSenosti s operacemi snizuji pocet komplikaci

Ptitomnost dlouhodobych nasledkii po opakovanych operacich (jizvy hlasivek zplsobujici
trvaly chrapot) byla zjiSténa u pacientil s vy$§im poctem provedenych operaci, u pacientt
operovanych na pracovistich s mensimi zkuSenostmi a u pacientl, u kterych bylo nutné

provést urgentni opera¢ni vykon (Scatolini 2020).
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3 SOUHRN VLASTNICH VYSLEDKU

Vlastni vyzkum hrtanovych prekancerdz a karcinomu jsme zacilili na nékolik oblasti. Prvni
oblasti je zlepSeni diagnostiky. Podrobné¢ jsme se zaméfili pfedev§im na rozsifeni diagnostiky
RRP o identifikaci moznych rizikovych faktort, které by mohly toto onemocnéni spoustét nebo
zhorSovat. Dale byl vyzkum vénovan vyuZiti novych optickych metod K detekci hrtanovych
patologii a zpiesnéni diagnostiky LPR ve smyslu urceni, kdy je relevantni a skutecné ovliviiuje
sliznici hrtanu, a ovéfeni vhodnosti novych diagnostickych metod LPR.

Druha oblast je vénovana 1é¢bé prekanceréz a karcinomu hrtanu — pievazné chirurgické,
transoralni, a to véetné jejich nasledka a komplikaci.

Vysledkem nasich vyzkumnych projekti je soubor publikaci predkladanych a komentovanych
V této Casti habilita¢ni prace. V uvodu kazdé oblasti nebo piipadné podoblasti shrnujeme danou
problematiku se zaméfenim na objasnéni vzniku jednotlivych studii. Nasledné jsou
ve struc¢nosti piedstavena nastaveni jednotlivych studii a jejich vysledky. Podstatna zjisténi jsou

pak v nejzasadnéjsich bodech rekapitulovana na zavér kazdé studie.

3.1 Diagnostika prekancero6z a karcinomu hrtanu

3.1.1 Vyzkum rizikovych faktoru recidivujici respirac¢ni papilomatozy

K rozvoji RRP dojde pouze u velmi malého poctu nakazenych osob HPV (viz 2.1.1). Existuji
proto snahy o identifikaci dal§ich moznych faktort, které by mohly u daného jedince HPV
infekci potencovat nebo branit jeji eliminaci imunitnim systémem a spolupodilet se tak na
vzniku onemocnéni.

Kromé obecnych rizikovych faktora, které jsou zmilovany témét u vSech onemocnéni, jako je
napt. koufeni a diabetes mellitus, a které nebyly u RRP zatim prokazany — nejsou u RRP
sledovany ¢astéji nez u jiné ¢asti populace a ani ptipadny mechanismus nebyl identifikovan, je
jako jeden z faktor uvazovana soucasna infekce (koinfekce) dal$imi patogeny, které, obdobné
jako HPV, cili na stejné misto v lidském téle — na bazalni vrstvu epitelu. Vzhledem k tomu, ze
vliv HPV na karcinom délozniho ¢ipku je prokazan delsi dobu a tyka se vétsiho poctu pacientl
nez v piipadé patologii v oblasti hlavy a krku, pochazi tyto dosud publikované experimentalni
udaje dominantné z vyzkumu karcinom délozniho ¢ipku. Nicméné i zde se stale jedna o
experimentalni data, ktera je nutné ovéfit dalSimi studiemi. Mezi hlavni zvazované patogeny

patfi:
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Virus lidské imunodeficience (HIV), ktery zhorSuje sniZzenim imunitni odpovédi lidského
organismu prub¢h vsech infekei, tedy i HPV. HIV infekce pozitivné koreluje s perzistujici
infekci HPV d¢lozniho hrdla a sincidenci intraepitelidlnich neoplazii i karcinomu
(De Vuyst 2008). Celosvétove je u HIV pozitivnich Zen sledovan invazivni karcinom hrdla
d€lozniho 2—40krat Castéji. Byla také prokdzana zvySena clearance a snizend perzistence
HPV i regrese low-grade intraepitelidlnich neoplazii hrdla délozniho (ale ne snizeni
prevalence karcinomu) pii efektivni antiretrovirové terapii u HIV pozitivnich zen.

HIV infekce ma také vliv na zvysenou prevalenci vysoce rizikovych HPV (nejéastéji typ
16) a incidenci kondylomat v duting ustni. Bylo rovnéZz prokazano, ze vice nez 60 % nadort
orofaryngu HIV pozitivnich pacientii vykazovalo HPV pozitivitu a karcinom mandle, ktery
je ve vétsiné pripadd spojen s HPV infekei, se u HIV pozitivnich pacientii vyskytoval
statisticky Casté&ji (1,5-4krat). Ale obdobné jako u karcinomu délozniho ¢ipku ani v ptipadé
karcinomu mandle nebylo sledovano snizené riziko jeho vzniku pii antivirové terapii
Vv prib¢hu 10letého sledovani (Frisch 2000).

Je predpokladano, ze HIV a HPV spoluptisobi na nékolika urovnich. Na urovni
imunosuprese, ktera snizuje schopnost imunitniho systému eliminovat HPV infekci. Dale
HIV miiZze svymi glykoproteiny rozpojit tésné bunécné spoje (tight junction) epitelu a timto
poskozenim epitelové bariéry usnadnit vstup HPV k epitelovym buiikam v blizkosti bazalni
membrany.

Herpetické viry jsou skupinou vird, ktera tvofi latentni dozivotni infekci u dlouho zijicich
bun¢k svého hostitele. Faze replikace se miize odehravat ve velkém mnozstvi typt bunék,
prevazné ale v bunkéch epitelu. VétSina herpetickych viri je pfendsSena slinami, ale mohou
byt pfenaseny také pohlavné. Maji tedy podobné cesty pienosu a cilové buniky jako HPV.
Prevazné se jedna o virus Epstein-Barrové (EBV), herpes simplex virus (HSV) typ 1 a2 a
cytomegalovirus (CMV).

EBV je opakované prokazovan v karcinomu délozniho hrdla (vice nez 60 % ptipadi) a jeho
pfitomnost koreluje se zdvaznosti nalezu. EBV pozitiva také znamend 5—7nasobné vétsi
pravdépodobnost na integraci HPV 16 do hostitelského genomu bun€k hrdla délozniho.
V oblasti hlavy a krku je EBV prokazovan v ruzné velkém procentu také u karcinomu
orofaryngu (0-100 %). Velky rozdil v EBV pozitivité je davan do souvislosti s regionalnimi
a etnickymi rozdily. Studie zabyvajici se pozitivitou EBV v orofaryngeélnich dysplaziich a
karcinomech zjistila Cast&jsi pozitivitu v pripad¢ dysplazii, coz by mohlo ukazovat na
moznou roli EBV spiSe v po¢atecnich stadiich karcinogeneze. Pouze mensina studii vSak

zkoumala piitomnost EBV u HPV pozitivnich orofaryngeédlnich karcinomt, prosta
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ptitomnost obou virt byla sledovana v 15-20 % ptipada (Jalouli 2012, Polz-Gruszka 2015),
pfitomnost aktivnich infekei s vylouenim falesné pozitivity EBV infiltrujicimi lymfocyty
byla v 25-70 % (Jiang 2015). Jednou z dal$ich patologii, ve které je koinfekce HPV a EBV
v oblasti hlavy a krku sledovana, je karcinom nosohltanu.
HSV koinfekce (ptevazné HSV-2) se v ptipadé karcinomu délozniho hrdla jevi jako
rizikova, obdobné vlastnosti nebyly zatim sledovany pii infekci HSV-1. Bylo sledovano, ze
pozitivita HSV-2 v séru byla spojena s 2-9krat vy$§im rizikem onemocnéni karcinomem
nebo adenokarcinomem hrdla délozniho. Koinfekce HSV-2 a HR HPV byla sledovana
u 25-30 % intraepitelialnich neoplazii a u 13-25 % karcinomu hrdla d€lozniho ve srovnani
s 0—4 % u zdravé tkan¢ (DiLuca 1987, Zhao 2012). VIiv HSV na nadory v oblasti hlavy a
krku nebyl dosud dostate¢né zkouman.
CMV byl detekovan v riznych typech malignich nadord, jako naptiklad gliobastoma
multiforme, karcinomech prostaty, tlustého stfeva a prsu. Asociace CMV s témito nadory
vSak neni konstantni a skute¢ny vliv na kancerogenezi ziistdva nejasny.
V oblasti hlavy a krku je ddle zvazovdna moznd rizikovost LPR na vznik a pribéh RRP.
Hypotéza, Ze LPR by se mohl podilet také na vzniku RRP, vznikla na podkladé vysledkt
nckolika studii. Holland et al. retrospektivné hodnotil 31 déti s RRP, u 12 z nich byla
v minulosti provedena diagnostika refluxu pH metrii a u vSech zaznamenana alespon jedna
epizoda LPR. Dé&ti byly léCeny inhibitory protonové pumpy a pii zpétném hodnoceni bylo
zjisSté€no, Ze se u této skupiny pacientli objevilo méné pooperacnich komplikaci na mékkych
tkanich v hrtanu (Holland 2002). Nebyly vSak vySetfeny vSechny déti v souboru, samotné
vySetieni prob&hlo kdykoliv v minulosti, a tedy ve chvili po¢atku RRP uz LPR nemusel byt ani
pfitomen.
McKenna et al. dale referoval o ¢tyfech pacientech s détskou RRP, u kterych doslo na hranici
dospélosti k akcentaci onemocnéni. U vSech téchto pacientii byl pomoci neptimych ukazatelt
(anamnéza a klinické vySetfeni) diagnostikovan LPR. Byla nasazena terapie inhibitory
protonové pumpy a u jednoho pacienta bylo navic nutné provést fundoplikaci Zaludku. Po této
terapii doslo k remisi onemocnéni (McKenna 2005). LPR tedy nebyl skute¢né objektivizovan

u za4dného pacienta. V obou studiich nebyla pfitomna kontrolni skupina pacientd.
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FORMANEK, M.*(corresponding author)*, D. JANCATOVA, P. KOMINEK, P.
MATOUSEK a K. ZELENIK. Laryngopharyngeal reflux and herpes simplex virus type 2
are possible risk factors for adult-onset recurrent respiratory papillomatosis (prospective
case-control study). Clinical Otolaryngology [online]. 2017, 42(3), 597—601. ISSN 1749-
4478. Dostupné z: doi:10.1111/coa.12779. (IF = 2,696; Q1) (Priloha 1).

Prospektivni série ptipadl a kontrol byla provedena s cilem zjistit mozné rizikové faktory
RRP, které by se mohly podilet na jejim vzniku. Bylo uvazovéano o viru herpes simplex
typ 2 (HSV-2), chlamydii trachomatis (ChTr) a laryngofaryngealnim refluxu (LPR). Volba
patogenil vychdzela z prvnich dat studii zamé&fujici se na vyzkum karcinomu délozniho
¢ipku. Jednalo se o prvni studii zvazujici zminéné rizikové faktory u RRP.

Do studie byli zatazeni dospéli pacienti s RRP. Do kontrolni skupiny byli zatazeni dospéli
pacienti s cystou hlasivky. U obou skupin byly v pribéhu piimé mikrolaryngoskopie
odebrany bioptické vzorky — u pacientli s RRP papilomy z hlasivek, u kontrolni skupiny
prebyvajici sliznice hlasivky po odstranéni cysty. Vzorky byly nésledné¢ hodnoceny
imunohistochemicky — pifitomnost LPR byla stanovena nepiimo pomoci prukazu pepsinu
Vv cytoplazmé bunék, ptitomnost HSV-2, ChTr a HPV pfimym prikazem.

Celkem bylo zatazeno 22 pacientl s RRP a 20 pacienti do kontrolni skupiny. Dva pacienti
S RRP museli byt nésledné z hodnoceni vylou€eni. Ve skupiné¢ s RRP bylo vice muzi,
v kontrolni skupiné pak vice kufakt (aktivnich i pasivnich). Nebyl zjiStén rozdil mezi
skupinami ve véku, BMI, imunodeficienci, diabetu mellitu, astma bronchiale, chronické
obstruk¢ni plicni nemoci, alergii, refluxni nemoci jicnu.

Byl prokazan signifikantni rozdil v ptitomnosti LPR a HSV-2. Patologicky LPR byl
prokazén u 8 z20 (40 %) pacienti s RRP a u zddného pacienta v kontrolni skupiné
(p =0,003). HSV-2 byl ptitomen u 9 z 20 (45 %) pacientll s RRP a u zadného pacienta
Vv kontrolni skupiné (p = 0,001). P&t pacientl bylo zaroven pozitivnich na LPR i HSV-2.
ChTr nebyla prokazana v zadné biopsii. HPV byl pfitomen ve vSech vzorcich RRP au dvou
z 20 (10 %) pacientd v kontrolni skupinég.

Zaver

Pacienti s RRP maji dle imunohistochemického hodnoceni biopsie signifikantn¢ Casté&ji
LPR a koinfekci HSV-2 ve srovnani s kontrolni skupinou. Na zakladné téchto prvnich
vysledkil je mozné predpokladat, Ze by se mohlo jednat o rizikové faktory RRP, které¢ se
mohou u ¢asti pacientl podilet na aktivaci latentni HPV infekce a zptsobit tak pocatek

onemocnéni. Vzhledem k tomu, Ze infekce HSV-2 a HPV jsou sexudlné pfenosné, neni
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vyloucen spole¢ny pfenos a spolecné ptisobeni také v hrtanu. HSV ma sofistikovany systém
blokovani odpovédi hostitelské buniky na infekci (Dobbs 2005, Whitley 2001). Mozné
spoluptisobeni HPV a ChTr v hrtanu nebylo prokazano.

Nelze vyloucit, Ze prikaz HSV-2 neni pouhym nahodnym/ vedlej$im nalezem. Jednalo se
o prvni studii sledujici tuto problematiku, a proto nebylo mozné jeji vysledek srovnat
s vysledky jinych studii. K osvétleni skutecného efektu koinfekce je nutné nastavit dalsi
studie, které budou sledovat vice pacientd, zkoumat piesnéji virovou piitomnost. Dale je
nutné sledovat zmény v genomu a transktriptomu bunék papilomu ve srovnani se zdravou
sliznici a ve srovnani s buitkami papilomt, které HSV-2 neobsahuji. Rovnéz neni mozné
s jistotou fict, Ze piitomnost patologického LPR, tiebaze byl diagnostikovan jednou
Z nejptesnéjsich diagnostickych metod, neni az nasledkem zmén vyvolanych RRP nebo
intubaci a direktni mikrolaryngoskopii. Na druhou stranu stanoveni pfitomnosti pepsinu
V cytoplazmé bunék by meélo eliminovat mozny faleSn¢ pozitivni vysledek dany
bezprostiednim LPR pfi operacnim vykonu. Toto potvrzuje také negativita pepsinu
u kontrolni skupiny pacientd, kterd podstupovala prakticky totozny chirurgicky vykon.

Jak bylo probrano diive, v dobé vzniku studie nebyl LPR v pfipadé RRP redlné
diagnostikovan, pouze nepiimo obtizné¢ odhadovan. V roce 2022 byla publikovana dalsi
studie, do které bylo zatazeno 106 dospélych pacientd, kteti byli rozdé€leni do tfi skupin —
pacienti s RRP (36 pacientt), pacienti s LPR (28), zdravi dobrovolnici (42), a byla u nich
prokazovana piitomnosti LPR pomoci dotazniku (Reflux symptom index), endoskopického
nalezu (Reflux finding score) a stanoveni pepsinu ve sliné. Byly sledovany signifikantni
rozdily mezi RRP a zdravymi dobrovolniky ve vSech sledovanych parametrech, coz vedlo
k zavéru, ze je LPR u pacienti s RRP castéjsi nez u zdravé populace (Gluvajic 2022).
Tiebaze stanoveni pepsinu ve slin€ ma své limity a neodrazi presny stav v oblasti hrtanu —
je prokazan az vyrazny LPR dosahujici do dutiny Gstni, jsou vysledky této studie ve shod¢

S prezentovanymi vysledky.
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Adela VRTKOVA a Pavel KOMINEK. Epstein-Barr virus may contribute to the
pathogenesis of adult-onset recurrent respiratory papillomatosis: A preliminary study.
Clinical Otolaryngology [online]. 2021, 46(2), 373-379. ISSN 1749-4478. Dostupné z:
doi:10.1111/coa.13681. (IF = 2,729; Q2) (Priloha 2).

Navazujici prospektivni série ptipadi a kontrol je pokracovanim ptedchozi studie
(Formanek 2017) s cilem zjistit mozné rizikové faktory RRP, které by se mohly podilet
na jejim vzniku u dospélych pacientl. Byl rozsifen seznam testovanych patogenti a bylo
vyuzito piesngjSiho vySetieni pomoci real-time PCR DNA, které umoZiluje rovnéz
kvantitativni hodnoceni, a PCR DNA s reverse line blot ke stanoveni a typizaci HPV. Byla
stanovovana pfitomnost cytomegaloviru (CMV), viru Epstein-Barrové (EBV), HSV-1
a HSV-2, lidského herpesviru 6 (HHV-6), viru varicella zoster (VZV) a HPV v biopsii.
V biopsii byla ddle imunohistochemicky sledovéna proliferacni aktivita v riiznych vrstvach
epitelu (dolni, stiedni a horni tfetina) pomoci stanoveni prolifera¢niho markeru Ki67 vzdy
stejnym patologem.

Do studie byli zatazeni dospéli pacienti s RRP. Do kontrolni skupiny byli opét zarazeni
dospéli pacienti s cystou hlasivky a jinak klidnou sliznici hrtanu. U obou skupin byly
Vv pribéhu piimé mikrolaryngoskopie odebrany bioptické vzorky — u pacienti s RRP
papilomy z hlasivek, u kontrolni skupiny ptfebyvajici sliznice hlasivky po odstranéni cysty.
Celkem bylo zatazeno 18 pacientli s RRP a 18 pacientli do kontrolni skupiny. Skupiny byly
ve vSech sledovanych parametrech homogenni. HPV byl pfitomen ve vSech biopsiich
pacientit s RRP a v Zadné v kontrolni skupiné. HPV 6 byl prokdzan ve 13, HPV 11
v 5 piipadech. Zadny jiny genotyp nebyl prokazan. P¥itomnost ani typ HPV nebyla zavisla
na expozici cigaretovému koufi.

Byl prokdzan signifikantni rozdil v pfitomnosti EBV. Jeho pfitomnost byla sledovéana
u6z 18 (33 %) pacientil a u zddného pacienta v kontrolni skupiné (p = 0,019). Pocet kopii
viru se pohyboval mezi 350 a 180 000 IU/ml. Pfitomnost EBV nebyla zavisla na expozici
cigaretovému kouti, HPV genotypu ani koncentraci HPV. Pfitomnost EBV byla naopak
siln€ spojena s bunétnou proliferaci ve vSech vrstvach epitelu a poctem operaci z diivodu
RRP v poslednich dvou letech. Proliferaéni marker Ki67 byl u EBV pozitivnich papilomt
Vv dolni tfetiné epitelu 90, ve stiedni 20, v horni 7,5 a v praméru 40, u EBV negativnich
papilomu pak 80, 7, 5, 2 a v pruméru 31 (p = 0,010; 0,023; 0,032; 0,005). Pacienti s EBV

pozitivni RRP prodélali primérné za posledni dva roky z diivodu progrese onemocnéni dva
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a pul opera¢niho vykonu ve srovnani s primérnym jednim vykonem u pacientu s EBV
negativnimi papilomy (p = 0,039). Tyto vysledky ukazuji na mozné synergické ptisobeni
EBV a HPV v rozvoji RRP u ¢asti pacienti. EBV pozitiva naopak nesouvisela se stupném
dysplazie papilomd.

Dale byla ve studii prokdzana ptfitomnost HHV-6 u tfech z 18 (16,7 %) pacientti s RRP
a u zadného v kontrolni skupiné. V jednom ptipadé se jednalo o falesnou pozitivitu
z diivodu ptitomnosti neinfekéni virové DNA, ktera byla integrovana do somatického
genomu. Dvé biopsie byly pozitivni na EBV 1 HHV-6 (vcetné jedné zminéné faleSné
pozitivni biopsie).

Nebylo prokazana ptritomnost zadného jiného viru, véetné HSV-2. Na podklad¢ vysledkii
téchto presnéjSich diagnostickych metod se nejevi, Ze by jiné herpetické viry pfispivaly
ke vzniku RRP.

Zaver

EBV muze synergicky piisobit s HPV v rozvoji RRP u ¢asti dospélych pacientil, u kterych
pak zvysuje bunénou proliferaci a piispiva k patogenezi a progresi RRP. Bylo navrzeno
mnoho moznych mechanismt, kterymi mohou HPV 1 EBV interagovat, na jejich potvrzeni
ale budou nutné dalsi studie. U obou virti byl prokézan vztah k dlazdicobunéénému epitelu,
ve kterém se odehrava Zivotni cyklus HPV 1 lyticka reaktivace EBV (Makielski 2016).
Tvrzeni je také podloZeno vysledky malignich nadort z oblasti orofaryngu a délozniho
¢ipku, kde byla koinfekce EBV a HPV spojena s €astéj$Sim vznikem, vyrazngj$i progresi
a veétsi invazivitou nadora (deLima 2018, Drop 2017, Jiang 2015, Turunen 2017).

Na druhou stranu neni stale jesté dostate¢né objasnéno, zda EBV piimo/ nepiimo ovliviiuje
danou patologii, nebo je jen vedlejSim nalezem ¢i disledkem obecné snizené lokalni
imunity. EBV muze byt také pouze ptfitomen v B lymfocytech, které v ramci reakce
organismu napf. na invazivni karcinom do mista nadoru migruji. Ne vSechna vysetfeni
detekujici jeho piitomnost jsou totiz schopna rozlisit, zda se EBV nachazi ptimo v epitelu/
nadorovych buiikach nebo jen v migrujicich lymfocytech, kde je jeho pfitomnost velmi
Casta. Zda se tedy jedna o infekci aktivni, nebo latentni. Tato faleSna pozitiva by méla byt
Vv ptipadé RRP eliminovéana tim, Ze se jedna o ptisné slizni¢ni patologii nepfechazejici pies
bazalni membranu a bioptické vzorky jsou brany pfisné z Casti papilomt, ktera ¢ni nad
urovni epitelu, a tedy z oblasti nad bazalni membranou. V prezentované studii byl stupen
dysplazie obecné nizky, navic nezavisly na EBV pozitivité. V piipad¢, ze by se jednalo
0 falesnou pozitivitu, musela by ta pak byt sledovana i v bunikach zdravé sliznice u kontrolni

skupiny pacientd, uvazime-li, ze u této skupiny nebyly brany vzorky pouze z prostoru nad
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bazalni membranou (odebrana cela tloustka sliznice) a je odhadovano, ze pozitivni na
latentni EBV infekeci je az 90 % populace (Tzellos 2012). Pocet papilomti s EBV pozitivitou

by v piipadé falesné pozitivity mél byt ze stejného divodu rovnéz vyssi.

FORMANEK, Martin*(corresponding author)*, Pavel KOMINEK, Debora JANCATOVA,
Lucia STANIKOVA, Radoslava TOMANOVA, Jana VACULOVA, Milan URIK, Ivo
SLAPAK a Karol ZELENIK. Laryngopharyngeal Reflux Is a Potential Risk Factor for
Juvenile-Onset Recurrent Respiratory Papillomatosis. Biomed Research International
[online]. 2019, 2019, 1463896. ISSN 2314-6133.Dostupné z: doi:10.1155/2019/1463896.
(IF = 2,276; Q3) (Priloha 3).

Tato prospektivni studie ve formé série ptipadd, ktera navazuje na piedchozi prvotni
vysledky u dospélych pacientli s RRP (Formanek 2017), byla zaméfena na identifikaci
moznych rizikovych faktorti détské formy RRP. Do studie byly zatazeny déti s RRP,
u kterych byly v pribéhu ptimé mikrolaryngoskopie odebrany bioptické vzorky papilomi
hlasivek. Kontrolni skupina nebyla zatazena z divodu malé prevalence jinych chirurgicky
feSenych hrtanovych patologii u déti, u kterych by bylo mozno jako soucéast vykonu vzit
vzorek zdravé sliznice. Jednalo se o prvni publikovanou studii, ktera skute¢né prokazovala
pritomnost patologického LPR u déti.

Vzorky byly hodnoceny imunohistochemicky — piitomnost LPR byla stanovena nepiimo
pomoci prikazu pepsinu V cytoplazmé bunék papilomd.

Celkem bylo zatazeno 11 déti s RRP, 6 divek a pét chlapct v praimérném véku 8 let (4-10
let). VSechny déti v minulosti podstoupily z davodu RRP nejméné tii chirurgické vykony
(4-13 vykont) a byly terapeuticky ockovany proti HPV vakcinou Silgard® v o¢kovacim
schématu 0, 2 a 4 mésice od prvni aplikace. P& déti bylo léceno antiviroticky a
imunomudulancii. Zadné dité nebylo doma vystaveno cigaretovému koufi, u zadného ditdte
nebyla sledovéana ptedporodni nebo porodni rizika. Tfi déti se narodily matce prvorodicce,
zadna matka neméla v anamnéze kondylomata ani pozitivni test podle Papanicolaoua na
ptritomnost HPV DNA vysoce rizikovych HPV genotypt v bunkach délozniho ¢ipku. Veék
matek pii narozeni ditéte se pohyboval mezi 22 a 30 lety.

HPYV byl prokazan ve vSech 11 vzorcich — HPV typ 6 v 9 ptipadech a HPV typ 11 ve dvou
ptipadech. Patologicky LPR byl zji§tén u péti z 11 (45 %) déti, ve Ctyfech piipadech byl
spojen s HPV 6 pozitivitou, v jednom ptipadé s HPV 11 pozitivitou.
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Zaver

Vysledky prvni studie, ktera realn¢ prokazovala piitomnost patologického LPR u déti,
naznacuji, Zze by LPR mohl byt rizikovym faktorem RRP také u Casti déti a podilet se
spolecné s HPV infekci na jejim vzniku a ovliviiovat jeji prabéh. Toto podezieni je
umocnéno také faktem, ze u déti ve sledovaném souboru nebyly pfitomny zadné z jinych
znamych rizikovych faktord, které jsou spojeny s Castéjsi pritomnosti a hor§im prubé¢hem
RRP. Piestoze byla k diagnostice LPR vyuzita jedna z nejptesnéjSich diagnosticich metod,
obdobn¢ jako v dfive diskutovanych studiich i tato prvotni studie ma své cetné limity. Neni
mozné s jistotou fict, ze pritomnost LPR neni az nasledkem zmén vyvolanych RRP nebo
nefyziologickymi podminkami pii intubaci a direktni mikrolaryngoskopii, pfi které je
obecné risk aspirace (Warner 1993). Na druhou stranu stanoveni pfitomnosti pepsinu
Vv cytoplazme bun€k by meélo eliminovat mozny faleSné pozitivni vysledek dany timto
bezprostiednim LPR pfi opera¢nim vykonu. K limitim u této studie navic patii absence
kontrolni skupiny pacientt. Ta by byla s velkou vyhodou zvlasté proto, ze je odhadovana
obecné vysoka prevalence refluxni nemoci jicnu u déti, kterd by dle anamnestickych udaja
o regurgitacich od rodi¢i mohla dosahovat maxima ve 4 mésicich, kdy by mohla postihovat
az dv¢ tietiny déti (Nelson 1997). Na druhou stranu s ptibyvajicim vékem ditéte pocet
regurgitaci dramaticky klesd a v 7 mésicich véku je uddvana jen u 14 % déti. Nejmladsi
dité, které bylo zatfazeno do studie, mélo 4 roky a prevalence LPR v tomto veéku by jiz méla
byt vyrazné niz$i. Vysledek by tedy nemél byt zkreslen fyziologicky se vyskytujicim

refluxem v détském véku.

3.1.2 Diagnostika refluxni laryngitidy a laryngofaryngealniho refluxu

Laryngofaryngealni reflux (LPR) je velmi castou patologii (viz kapitola 2.1.2). Nicmén¢ jeho
diagnostika a uréeni skute¢ného podilu LPR na nemocech hrtanu u konkrétniho pacienta nejsou
snadné.

Dotazniky zamé&fené na odhaleni pfitomnosti LPR jsou pfevazné cileny na "hrtanové ptiznaky"
LPR. Tyto pfiznaky se ale velmi ptrekryvaji s event. ptiznaky samotnych hrtanovych patologii
- napt. chrapot, nuceni na odkaslavani a pocit ciziho télesa v krku. Tyto pfiznaky mohou byt
pfitomné jak usamotného patologického LPR, tak u vSech pacient s hrtanovou patologii
zpusobenou jinym patofyziologickym mechanismem. Dotazniky proto poskytuji velké

mnozstvi falesné pozitivnich vysledkti. Také hodnoceni zndmek ptitomnosti patologického
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LPR podle endoskopického nalezu na sliznicich hrtanu je pfitomnosti 1ézi v hrtanu ztizeno,
mnohdy zcela znemoznéno (Formanek 2017).

Vhodné&jsimi diagnostickymi metodami LPR u pacientii s hrtanovymi patologiemi proto
zustava jicnova nebo orofaryngealni pH-metrie, jicnovd impedance a prikaz pepsinu
v sekretech nebo tkanich (viz kapitola 2.2.5). Zlatym standardem v diagnostice LPR
V soucasnosti zastava 24hodinova jicnova impedance (Hoppo 2012). Jedna se nicméné
0 metodu, ktera neni pacienty vzdy idealn¢ tolerovana a je pomérné zatézujici. Nejsou navic
ustalena hodnotici kritéria, ktera by jednoznacné urcila, Ze je pritomen patologicky LPR.
Ve studii Oelschlagera et al. byl u 10 zdravych pacienti median péti faryngealnich refluxnich
epizod (Oelschlager 2006). Na druhou stranu Hoppo et al. ve své studii u 34 zdravych pacientl
nalezl maximaln¢ pouze jednu faryngealni refluxni epizodu (Hoppo 2012).

Priikaz pepsinu v tkanich je ve srovnéani s ostatnimi metodami piesnéjsi, poskytuje informaci
0 skute¢ném a dlouhodobém efektu LPR na danou tkan, a tedy o tom, zda je jeho pisobeni
relevantni (Formanek 2015, Jiang 2011). Za fyziologickych okolnosti neni totiz v tkanich nad
hornim jicnovym svéra¢em piitomen. Nevyhodou vySetfeni je nutnost odebrat biopticky vzorek
(s rizikem jizveni), ktery v ptipadé hrtanu vétSinou vyzaduje celkovou anestézii.

Stanoveni hladiny pepsinu v sekretech (napf. ze slin) by odbouralo vyse zminénou nevyhodu.
Je proto v soucasnosti zkoumana ptesnost a vhodnost této metody Vv diagnostice LPR. Dosud
publikované prace srovnavaly stanoveni pepsinu ve slindch s vysledky dotaznikl
a endoskopickymi nalezy (Barona-Lleo 2019, Spyridoulias 2015, Yadlapati 2016) nebo
s vysledky jicnové impedance hodnocenych podle diagnostickych kritérii pro refluxni nemoc

jicnu (Dy 2016, Hayat 2015, Weitzendorfer 2020). Vysledky jsou velmi rozdilné.

e FORMANEK, Martin*(corresponding author)*, Debora JANCATOVA, Pavel KOMINEK,
Radoslava TOMANOVA a Karol ZELENIK. Comparison of Impedance and Pepsin
Detection in the Laryngeal Mucosa to Determine Impedance Values that Indicate
Pathological Laryngopharyngeal Reflux. Clinical and Translational Gastroenterology
[online]. 2017, 8, e123. ISSN 2155-384X. Dostupné z: doi:10.1038/ctg.2017.49.
(IF = 4,621; Q1) (Priloha 4).

Cilem prospektivni studie bylo srovnat vysledky 24hodinové jicnové impedance
s dvoukanalovou pH metrii a prikazu pepsinu v biopsii (jako nejpiesnéjsi metody)

u stejného pacienta a srovnanim urcit hodnoty (hranici) pro vysledek jicnové impedance,
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které jsou pro postizeni hrtanu jasn¢ patologické. Hodnotici kritéria pro jicnovou impedanci
dosud totiz nejsou ustalena a neni ziejmé, kdy je jeji vysledek jiz patologicky. Urcity pocet
refluxnich epizod nad horni jicnovy svéra¢ jesté nemusi poSkozovat sliznice a je pfitomen
i u zcela zdravych jedinci (Hoppo 2012, Oelschlager 2006).

Do studie byli zatazeni dospéli pacienti s patologii hrtanu, u které miize byt zvazovan vliv
LPR (jako granulom nebo polyp hlasivek a RRP) a ktera byla indikovéana k chirurgickému
vykonu (mikrolaryngoskopii) Vv celkové anestézii. Jeden den pied vykonem byla vSem
pacientim provedena za hospitalizace 24hodinova jicnova impedance s dvoukanalovou pH
metrii. Pfi ndsledném vykonu byla ¢ast biopsie zaslana k imunohistochemickému priikazu
piitomnosti pepsinu V cytoplazmé bunék, a tim k nepiimé diagnostice patologického LPR.
Celkem bylo zatfazeno 30 pacientd (16 muzli a 14 Zen) S primérnym vékem 43,7 let.
Pacienti byli rozdéleni do dvou skupin v zavislosti na pozitivité pfitomnosti pepsinu
v biopsii. Pocet celkovych refluxnich hltanovych epizod u pacientii bez prikazu pepsinu
byl v praméru 2,4 a pohyboval se v rozmezi 0-5 epizod, u pacientd s prikazem pepsinu pak
byl praimérny pocet 16 v rozmezi 6-39 epizod (p < 0,001). Byl také sledovan signifikantni
rozdil v poétu kyselych, slabé kyselych i zasaditych epizod (p < 0,001; 0,0216; 0,0281).
Byla stanovena hranice patologického vysledku impedance (a patologického LPR) na pocet
6 avice celkovych hltanovych refluxnich epizod, které méla 100procentni senzitivitu
i specificitu (interval spolehlivosti 73,5-100 % a 81,4-100 %).

Data z jicnového senzoru, ktery diagnostikuje refluxni nemoc jicnu, prokazala v priméru
9 jicnovych refluxnich epizod (pii rozmezi 2 az 23 epizod) u pacientli bez prikazu pepsinu
v biopsii a v priméru 25 epizod (pii rozmezi 8 az 58 epizod) u pacientt s prukazem pepsinu
(p = 0,001). Byl sledovan také signifikantni rozdil v poméru kyselych a zasaditych
jicnovych refluxnich epizod s vétsim poctem v pepsin-pozitivni skupiné (p = 0,0004;
0,0281). Rovnéz celkovych ¢as straveny v kyselém prostiedi a DeMeesterovo skore bylo
signifikantné vyss§i u pacientd s pozitivnim pepsinem v biopsii (p = 0,0002; 0,0015). Byla
stanovena hranice patologického vysledku impedance pro jicnovy senzor pro patologicky
LPR na pocet 16 a vice celkovych jicnovych refluxnich epizod, které méla 83,3procentni
senzitivitu a 88,9procentni specificitu (interval spolehlivosti 51,6-97,9 % a 65,3-98,6 %).
Data z jicnového senzoru méla tedy ocekavané senzitivu i specificitu diagnosticky LPR
nizsi.

Zaver

Prvni studii svého druhu byla srovnanim s nejpiesnéjsi diagnostickou metodou

vyznamného LPR zjiSténa hranice patologického vysledku jicnové impedance na pocet 6 a
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vice celkovych hltanovych refluxnich epizod. Tato hodnota znamend piitomnost
patologického LPR a mé¢la by byt pouzivana pii hodnoceni vysetfeni v ptipad¢ hrtanovych
patologii. Podezieni na patologicky LPR by mél vzbudit také nélez celkového poctu 16 a
vice jicnovych refluxnich epizod pii vysetiovani refluxni nemoci jicnu. Je tfeba ale mit na
zieteli, ze do studie byl zafazen relativné maly pocet pacienti a zcela jednoznaény
patologicky vysledek poctu hltanovych epizod pii jicnové impedanci, ktery ukazuje na
patologicky LPR je spiSe piekvapivy. Ze znalosti LPR lze o¢ekavat, Zze zafazenim vétSiho
poctu pacientl a diagndz by se hranice pro patologii stala méné jednoznacnou, a je ji proto
nutno brat spiSe jako odrazovou hranici a kazdy vysledek jicnové impedance je nutno

posuzovat individualné a korelovat s ostatnimi hodnotami a obtizemi pacienta.

ZELENIK, Karol, Viktoria HRANKOVA, Adela VRTKOVA, Lucia STANIKOVA, Pavel
KOMINEK a Martin FORMANEK*(corresponding author)*. Diagnostic Value of the
Peptest(TM) in Detecting Laryngopharyngeal Reflux. Journal of Clinical Medicine
[online]. 2021, 10(13), 2996. Dostupné z: doi:10.3390/jcm10132996. (IF = 4,964; Q2)
(Priloha 5).

Prospektivni navazujici studie (Formanek 2017) byla zaméfena na ovétfeni vhodnosti
pouziti stanoveni pepsinu ve slin¢ jako diagnostické metody LPR, coz by vyrazné
zjednodusilo, zpfijemnilo a zefektivnilo cely diagnosticky proces. Hlavni nevyhodou
stanoveni pepsinu je totiz nutnost odbéru vzorku, coz v ptipad€ hrtanu znamend invazivni
vykon s jeho moznymi nésledky, ktery je navic mnohdy nutno provést v celkové anestézii.
Tato nevyhoda by byla odbourana, pokud by stanoveni pepsinu ve snadno ziskatelném
sekretu (napf. slina) spolehlivé diagnostikovalo LPR ovliviiujici sliznice hrtanu. Vysledky
stanoveni pepsinu ze slin byly proto v této studii srovnavany s vysledky 24hodinové jicnové
impedance s dvoukanalovou pH metrii u stejného pacienta. K hodnoceni patologického
LPR pii jicnové impedanci bylo mimo jiné vyuzito pti pfedchozi studii zjisténé patologické
hranice 6 celkovych refluxnich hltanovych epizod (Formének 2017).

Do studie byli zafazeni dospéli pacienti jdouci k vySetfeni 24hodinovou jicnovou impedanci
S dvoukanalovou pH metrii. Pfed zavedenim sondy byl odebran vzorek slin a vyhodnocen

komeréni metodou Peptest™

na pritomnost pepsinu. Byla zhodnocena pfitomnost LPR
dotazniky (Reflux symptom index) a endoskopickym nalezem (Reflux finding score).

Nasledn¢ probéhlo zavedeni sondy a standardni vysetfeni jicnovou impedanci.
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Celkem bylo hodnoceno 46 po sob¢ jdoucich pacienti (30 Zen a 16 muzi) ve véku 36—62
let. Srovnani bylo provedeno na dvou patologickych hodnotich 24hodinové jicnové
impedance. V prvnim pfipadé byla povazovana za patologickou jakakoliv hltanova refluxni
epizoda (Hoppo 2012), v druhém piipadé bylo pak povazovano 6 a vice celkovych
hltanovych epizod jako patologicka hodnota (Formanek 2017).

Piesnost Peptestu'™ pii srovndni sjednou hltanovou refluxni epizodou pfi jicnové
impedanci byla 35 %, sensitivita 33 %, specificita 100 %, pozitivni prediktivni hodnota
100 % a negativni prediktivni hodnota 3 %. Pfesnost Peptestu'™ pii srovnani
se 6 celkovymi hltanovymi refluxnimi epizodami pfijicnové impedanci byla 48 %,
sensitivita 37 %, specificita 82 %, pozitivni prediktivni hodnota 87 % a negativni
prediktivni hodnota 29 %.

Piesnost dotazniku Reflux symptom index pifi srovnani sjednou hltanovou refluxni
epizodou pfi jicnové impedanci byla 39 %, sensitivita 40 %, specificita 0 %, pozitivni
prediktivni hodnota 95 % a negativni prediktivni hodnota 0 %. Ptesnost dotazniku pii
srovnani se 6 celkovymi hltanovymi refluxnimi epizodami pfi jicnové impedanci byla
39 %, sensitivita 37 %, specificita 46 %, pozitivni prediktivni hodnota 68 % a negativni
prediktivni hodnota 19 %.

Piesnost endoskopického stanoveni piitomnosti LPR (Reflux finding score) pfi srovnani
s jednou hltanovou refluxni epizodou pfi jicnové impedanci byla 57 %, sensitivita 58 %,
specificita 0 %, pozitivni prediktivni hodnota 96 % a negativni prediktivni hodnota 0 %.
Ptesnost endoskopického stanoveni pii srovnani se 6 celkovymi hltanovymi refluxnimi
epizodami pfi jicnové impedanci byla 52 %, sensitivita 57 %, specificita 36 %, pozitivni
prediktivni hodnota 74 % a negativni prediktivni hodnota 21 %.

Zaver

Na zikladé vysledki studie vySetieni piitomnosti pepsinu ve slinaich metodou Peptest™
neodpovida dostatecn€, obdobné jako dotazniky ¢i endoskopické hodnoceni, vysledkiim
24hodinové jicnové impedance, a nemize proto toto vySetieni v diagnostice LPR zcela
nahradit. Mohl by ale slouzit jako screeningovy test, ktery v pfipad¢ své pozitivity odhali
zavazny LPR a umozni indikovat jeho 1é€bu. V piipadé€ jeho negativity je nutno pokracovat
v dalsi diagnostice. Pfed rutinnim vyuzitim Peptestu™ jako screeningové metody bude ale
nutno dofesit spravné nastaveni vysetieni. Vysledky stanoveni pepsinu v rannich slinach se
totiz jevi zavislé mimo jiné na potravé, kterd byla konzumovana v piedveCer odbéru

(Lechien 2021).

47



3.1.3 Vyuziti novych optickych metod

3.1.3.1 Optické metody vyuzivajici filtrovaného svétla nebo apravu obrazu

V poslednich letech dochazi diky pokroku v technologiich také ke snaze o vylepSeni vlastnosti
endoskopie a endoskopického obrazu. Cilem je zlepSit jejich diagnostické moznosti (Viz
kapitola 2.2.2). NejpouzivanéjSimi systémy jsou V soucasnosti optické metody vyuZzivajici
filtrovaného svétla (NBI) a metody vyuzivajici postprocesingovou softwarovou ipravu obrazu
(IMAGEL S) (Piazza 2008, Puxeddu 2015).

Obé optické metody maji za cil detailné zobrazit slizni¢ni ndlez a zarovenn umoZnit hodnoceni
podslizni¢ni vaskularizace. Zhodnoceni vaskularizace pak umoziuje zachytit asnéji hrtanovou
patologii a piesngji urcit, kdy je sledovana patologie spiSe benigni a kdy je naopak podeziela
z eventualni maligni transformace (Piazza 2008). V piipad¢ hrtanu je tak mozné snizit pocet
celkovych anestézii, které musi pacienti podstupovat k odebrani biopsie a verifikaci procesu,
at’ uz v ramci primarni diagnostiky nebo nasledné dispenzarizace.

Zminéné systémy jsou ale potad jesté pomérné nové a stale je ovéfovana jejich senzitivita
a specificita a upravovano hodnoceni nalezi (Stanikova 2018). Dosud zatim také nebyla
srovnana piesnost a vytéznost jednotlivych systémi mezi sebou, coz by byla, vzhledem k jejich
vyrazn¢ rozdilné ndkladnosti, velmi ptinosna data. V posledni dobé& je také soustiedéna
pozornost i na jiné (pre)maligni procesy a postupem ¢asu jsou popisovany typické nalezy pro

jiné, Casto velmi vzacné, diagnozy.

e STANIKOVA, L., R. WALDEROVA, D. JANCATOVA, M. FORMANEK, K. ZELENIK a
Pavel KOMINEK. Comparison of narrow band imaging and the Storz Professional Image
Enhancement System for detection of laryngeal and hypopharyngeal pathologies. European
Archives of Oto-Rhino-Laryngology [online]. 2018, 275(7), 1819-1825. ISSN 0937-4477.
Dostupné z: doi:10.1007/s00405-018-4987-3. (IF = 1,750; Q2) (Priloha 6).

Prospektivni studie méla za cil srovnat nalezy hrtanové vaskularizace hodnocené pomoci
optické metody vyuzivajici filtrovaného svétla (NBI) a metody vyuzivajici
postprocesingovou softwarovou Upravu obrazu (IMAGE!1 S) u stejného pacienta. Systém
NBI byl vyuzivan ambulantné pii flexibilni videoendoskopii, syst¢émem IMAGE]1 S pak pii

zvétSovaci videoendoskopii v celkové anestézii. Jednalo se o prvni praci svého druhu.
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Do studie byli zatazeni dospéli pacienti, ktefi z dlivodu hrtanové patologie podstoupili
pfimou laryngoskopii v celkové anestézii. Nalez byl nejprve hodnocen flexibilni
videoendoskopii s NBI dva az tii tydny pied chirurgickym vykonem. Nalez byl néasledné
peropera¢n¢é hodnocen zvétSovaci endoskopii s IMAGEL S. Vaskularni zmény byly vzdy
rozdéleny do stupii dle Arense (Arens 2016). Optické nalezy byly srovnany s vysledkem
histologie.

Celkem bylo do studie zafazeno 73 pacient (50 muzu a 23 Zen) V pramérném véku 51 let.
Histologicky bylo prokazano 26 (35,6 %) benignich 1ézi, ke kterym pattily polypy, cysty,
chronické zanéty a hyperkeratozy, 16 (21,9 %) papilomi v ramci RRP, 7 (9,6 %) lehkych
dysplazii a 24 (32,9 %) ptipada tézké dysplazie nebo karcinomu in situ nebo invazivniho
karcinomu. Benigni léze byly spravné identifikovany obéma systémy shodné ve 20 (76,9 %)
ptipadech. Systém NBI spravné identifikoval 15 (93,8 %) ptipadii RRP, syst¢ém IMAGE1 S
spravné identifikoval vSechny piipady RRP. Lehka dysplazie byla spravné identifikovana
obéma systémy shodné v 6 (85,7 %) piipadech. Léze s vys$sim stupném dysplazie byly
spravné identifikovany systémem NBI v 19 (79,2 %) ptipadech, systém IMAGE1 S v 18
(75 %) ptipadech.

Senzitivita systému NBI byla 83 %, specificita 98 %. Senzitivita syst¢tmu IMAGE]1 S byla
86 %, specificita 96 %. Mira shody s vysledkem biopsie byla u systému NBI 81,43 %
(x=0,7428; p<0,001), u syst¢tmu IMAGE1S 81,16 % (x=10,7379; p <0,001). Mira shody
vysledkd téchto dvou optickych systémi navzajem pak byla téméf dokonald 92,54 %
(x =0,8965; p < 0,001).

Zaver

Vysledky prvniho srovnani endoskopického hodnoceni hrtanové vaskularizace a jejim
prostfednictvim ur¢eni charakteru hrtanové patologie se jevi u systému NBI a IMAGE1 S
jako srovnatelné. Je nutné poznamenat, ze vysledek mize byt ovlivnén technikou provedeni
jednotlivych vySetfeni — flexibilni videoendoskopii V lokalni a zvétSovaci endoskopii

v celkové anestézii, a jejich specifiky.
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STANIKOVA, Lucia, Martin FORMANEK, Pavel HURNIK, Peter KANTOR, Pavel
KOMINEK a Karol ZELENIK. Diagnosis of Laryngeal Pemphigus Vulgaris Can Be
Facilitated Using Advanced Endoscopic Methods. Medicina-Lithuania [online]. 2021,
57(7), 686. ISSN 1010-660X. Dostupné z: doi:10.3390/medicina57070686. (IF = 2,948;
Q3) (Priloha 7).

Bylo zjisténo, Zze u pacientli s pemphigus vulgaris je Castéji sledovan karcinom hrtanu
(Kridin 2018). Tato série ptipadt retrospektivné analyzuje obraz histologicky (a pfimou
imunofluorescenci) potvrzenych diagnéz pemphigus vulgaris na sliznicich hrtanu pfi
optickych metodach vyuzivajicich filtrovaného svétla nebo softwarovou Upravu obrazu.
Moznost diagnostikovat tuto diagnézu endoskopicky by znamenala uSetfit pacienta jedné
az dvou celkovych anestézii, pomérné dlouhého ¢ekani na histologicky vysledek a zacatek
l1écby. Jednd se o natolik vzacnou diagnozu (zvlasté v hrtanu), Ze na ni neni vétSinou
primarn¢ mysleno a biopsie je zaslana ve formaldehydu na standardni histologické
zhodnoceni. Pro definitivni prukaz pemphigus vulgaris je ale nutné provést piimou
imunofluorescenci z nativné zaslaného bioptického vzorku, kdy jsou prokazana
intracelularni depozita IgG a C3. Proto je vétSinou nutnd dalsi celkova anestézie s dal§im
odbérem tkané z hrtanu.

Z 278 hrtanovych nalezt byly identifikovany tii pfipady pemphigus vulgaris na sliznici
hrtanu. Byly identifikovany typické znaky obrazu pemphigus vulgaris pii optickych
metodach vyuZivajicich filtrovaného svétla nebo Gpravu obrazu. Léze je mirné vystoupla
nad povrch a je caste¢né kryta rizné Sirokou vrstvou leukoplakie. V mistech, kde neni
leukoplakie, jsou ptitomny velmi tenké a kratké intraepitelialni papilarni kapilarni klicky,
které bézi k povrchu, jsou symetricky a pravideln¢ uspofadany, neostie ohrani¢eny. Svym
celkovym vzhledem ptfipominaji mapu vrstevnic. Obdobny obraz nebyl sledovan u zddné
Z jinych hrtanovych patologii.

Zaver

Pemphigus vulgaris ma v hrtanu pfi pouziti pokro¢ilych videoendoskopickych metod zcela
typicky obraz, ktery umoziuje vyslovit jasné podezieni na tuto patologii, a tak urychlit

diagnostiku 1 1écbu.
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3.2 Lécba prekancerdz a karcinomu hrtanu a jejich nasledki

3.2.1 Chirurgicka lécba

Obdobné jako diagnostika, tak také chirurgickd 1écba hrtanovych patologii doznala
Vv poslednich nékolika dekadach vyrazny posun. Posun byl umoznén pokrokem v materialech
a technologiich. Rozvojem endoskopti a laserové chirurgie doslo ke zméné provadéni vykont,
a to z vykonu provadénych ze zevniho pfistupu (laryngofisura), které byly v minulosti
dominantni, na vykony provadéné transoraln¢ endo/ mikrolaryngoskopicky (viz kapitola 2.3.2).
V ptipadé¢ malignich procestt dostavaji vice prostoru nechirurgické metody v podobé
radio(chemo)terapie.

Resekéni vykony jsou obecné vice cilené, snazici se dosazeni zddané radikality za maximalniho
Setfeni okolni zdravé tkang. Castéji se jedna o vykony parcialni. Protoze se ale stile jedna
0 relativné novy trend, a protoze se dale a dale rozsifuji indikace pro tyto vykony, jsou jesté
zjistovany jejich 1é¢ebné moznosti a S nimi spojené mnozstvi komplikaci. Ty v ptipadé hrtanu,
a zvlasté hlasivek, reprezentuje nejcastéji stav hlasu. Nejen proto se hlasu zacala vénovat vétsi
pozornost a doslo k rozvoji celého chirurgického piistupu k hlasu s nazvem fonochirurgie
(Vilaseca 2008). Jeho soucasti jsou mimo jiné techniky zlepSujici nedostatecné kvalitni hlas.
Patrné nejvyraznéjsi vyvoj je sledovan v ptipadé augmentacnich technik hlasivek, které jsou
obecné indikovany pii nekvalitnim hlasu z divodu fonaéni insuficience 0 velikosti pfiblizné t¥i
milimetry a mensi pii nedostate¢ném efektu hlasové terapie. Fona¢ni insuficience velmi casto
souvisi se stavem po resekénich vykonech prekancerdz a karcinomu hrtanu. Vyzkum je v téchto
ptipadech cilen na efekt riznych typt kratkodobych 1 trvalych augmentaénich materialt jako

moznych nahrad za autologni tukovou tkan (Mallur 2010, Rosen 2009).
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STANIKOVA, Lucia, Karol ZELENIK, Martin FORMANEK, Jana SEKO, Radana
WALDEROVA, Peter KANTOR a Pavel KOMINEK. Evolution of voice after transoral laser
cordectomy for precancerous lesions and early glottic cancer. European Archives of Oto-
Rhino-Laryngology [online]. 2021, 278(8), 2899-2906. ISSN 0937-4477. Dostupné z:
d0i:10.1007/s00405-021-06751-3. (IF = 3,236; Q2) (Priloha 8).

Cilem prospektivni studie bylo zhodnotit vyvoj kvality hlasu pacientii po transoralni
laserové chordektomii provedené pro tézkou dysplazii, karcinom in situ nebo T1 a T2
invazivni karcinom hlasivky. Podle dosud uvetejnénych vysledkii byla za 6 az 24 mésict
od operace sledovana dobra vysledna kvalita hlasu po subepitelidlnich a subligamentdznich
chordektomiich, ale Spatna kvalita hlasu u rozsahlejSich vykond, kterd je srovnatelna
s predoperac¢nim stavem (Peretti 2003, Vilaseca 2008, Roh 2007). Dosud ale nebyly studie
zaméfeny na Casnou pooperacéni dynamiku vyvoje hlasu, a nebylo tak mozné pacientim
poradit, za jak dlouho se jejich hlas upravi.

Do studie byli zatazeni dospéli pacienti, ktefi podstupovali jednostrannou transoralni
laserovou chordektomii z divodu premaligni nebo maligni (do rozsahu T2 dle TNM
klasifikace) 1éze hlasivky. Hlas byl hodnocen tfemi kliniky dle GRBAS skore (0 = norma,
1 = mirna postiZzeni, 2 = stfedni postizeni, 3 = t€zké postizeni), dale byly hodnoceny
aerodynamické (maximalni fonacni ¢as) a akustické (jitter a schimmer) hlasové parametry
(Hirano 1981). Hodnoceni prob¢hlo ptedoperacng, za 6 tydnt a za 6 mésicti po operaci.
Celkem bylo zafazeno 25 pacienti, hodnoceno bylo 18 pacientii (17 muzi a jedna Zena) ve
véku 48-83 let. Pacienti byli rozdéleni do dvou skupin dle rozsahu provedeného vykonu.
Nebyl rozdil ve véku pacientli mezi skupinami.

Do prvni skupiny bylo zafazeno 11 pacienti po subepitelidlni nebo subligament6zni
chordektomii. Dle GRBAS skore byl hlas u téchto pacientti 6 tydni po operaci bez zlepseni,
6 mésict po operaci byl kvalitnéjsi nez pred operaci. Nebyla sledovana signifikantni zména
v aerodynamickych parametrech pted, ani v zddnych métenich po operaci. Nebyl sledovan
signifikantni rozdil v akustickych hlasovych parametrech pfed a po vykonu, pouze
signifikantni zlepSeni mezi stavem za 6 tydnti a 6 mesici po operaci.

Do druhé skupiny bylo zatazeno 7 pacientl po rozsahlejsim typu chordektomie. GRBAS
skore 1 aerodynamické parametry hlasu byly u t€chto pacienti signifikantné horsi za 6 tydnti
1 6 mésicti po operaci. Akustické hlasové parametry byly po 6 tydnech jesté zhorSeny,
po 6 mésicich pak doslo k jejich signifikantnimu zlepSeni na pfedoperacni troven.

U zadného pacienta nebyla po roce sledovani odhalena recidiva onemocnéni.
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Zaver

Vysledky studie ukazuji, ze vysledna kvalita hlasu je zavisla na rozsahu resekce hlasivky.
Subepitelidlni a subligament6zni chordektomie je spojend s dobrou pooperacni kvalitou
hlasu, ktery mize byt postupem casu lepsi nez pied operaci. Je proto mozno doporucit
chirurgickou terapii tohoto rozsahu také u hlasovych profesionalti. Nicméné je nutné
pacienty pfipravit na to, Ze Uprava hlasu bude trvat déle nez 6 tydnti. V piipad¢ rozsahlejSich
vykonii by méli byt pacienti pouceni, ze vysledna kvalita hlasu bude Spatna, u hlasovych
profesionalli je proto ke zvazeni pti védomi obdobného 1écebného efektu primarni 1écba

radioterapii.

ZELENIK, Karol, Martin FORMANEK, Radana WALDEROVA, Debora FORMANKOVA
a Pavel KOMINEK. Five-year results of vocal fold augmentation using autologous fat or
calcium hydroxylapatite. European Archives of Oto-Rhino-Laryngology [online]. 2021,
278(4), 1139-1144. ISSN 0937-4477. Dostupné z: doi:10.1007/s00405-020-06479-6.
(IF = 3,236; Q2) (Priloha 9).

Retrospektivni analyza méla za cil porovnat dlouhodobé vysledky augmentace hlasivky
autolognim tukem z umbilikalni krajiny provedené pti pfimé mikrolaryngoskopii v celkové
anestézii S vysledky augmentace hlasivky trvalym materialem kalcium hydroxyapatitem
(Radiesse® Voice) provedené ambulantné v lokalni anestézii. Byly srovnavany vysledky
po péti letech. Takto dlouhodoba data nebyla dosud publikovéna, nej¢astéji jsou uvadény
vysledky po jednom roce (Mallur 2010, Rosen 2009). Nebylo proto mozné pacientim
odpovédné sdélit, o jak dlouhodobé feseni jejich hlasového problému se jedna.

Do analyzy byli zafazeni pacienti s fonacni insuficienci 0 velikosti tfi milimetry a mensi.
Byla sledovéana subjektivni spokojenost pacientii se svym hlasem, voice handicap index
(VHI) a maximalni fonaéni Cas.

Celkem bylo zatazeno 36 pacientd, z toho 7 pacientti bylo postupné ztraceno ze sledovani
do kontroly po péti letech a tfi pacienti museli v priibéhu této doby podstoupit opakovani
vykonu — tito pacienti museli byt z hodnoceni vytazeni. Analyzovano bylo tedy 26 pacienti
(15 Zen a 11 muza) — 13 (8 Zen, 5 muzu) pacientt po augmentaci tukem v praimérném véku
56,5 let a 13 (7 zen, 6 muzl) pacientd augmentovanych kalcium hydroxyapatitem
v prumérném veéku 63,3 let. Celkem byla po 5 letech subjektivni spokojenost s hlasem v 19

(73,1 %) ptipadech. ZlepSeni ve VHI ve skupiné augmentované autolognim tukem bylo
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pramérmé o 28,8 + 17,82 bodl, ve skupiné augmentované kalcium hydroxyapatitem
pramérné 0 33 + 26,24 bodi (p = 0,458). V maximalnim fona¢nim ¢asu bylo ve skupiné
augmentované tukem zlepSeni primémné o 6 + 3,42 sekund, ve skupiné augmentované
kalcium hydroxyapatitem o 6,3 + 4,34 sekund (p = 0.667). Nebyl tedy sledovan
signifikantni rozdil mezi skupinami v zddném hodnoceném parametru.

Zaver

Obe¢ techniky augmentace a materialy dosahuji velmi dobrych vysledku i po péti letech, tyto
vysledky jsou u obou materialii srovnatelné. Ob¢ techniky Ize proto doporucit a o preferenci
jedné nebo druhé by mély rozhodovat dalsi faktory jako moznost provedeni v lokalni

anestézii, financni a ¢asova narocnost, rizikovost celkové anestézie.

3.2.2 Nechirurgicka lécba

.....

v laryngologii. Plati to hlavné v pfipadé¢ medikament6zni adjuvantni 1é¢by RRP (viz kapitola
2.3.1). Jejim hlavnim cilem je co mozna nejvétsi snizeni poctu chirurgickych vykont. Latky
jsou podavany vétsinou mistné nebo vzacnéji systémoveé. Vyvoj v této oblasti tézi z rozvoje
1é¢by jinych onkologickych onemocnéni a poznatki o HPV. Vzhledem k tomu, Ze se v pfipadé
hrtanu jedna o nové indikace, které jsou stale celosvétove v rezimu off-label pouziti a u kterych
nejsou dostate¢né prozkoumané nezadouci U€inky, neni jesté ustaleno doporuceni kdy a jakou
latku zvolit.

Nejcastéji je pouzivana lokalni aplikace latky bevacizumab do oblasti vyskytu papilomt, ktera
dle dosud uvefejnéné literatury nebyla pii lokalnim podani v hrtanu spojena s vyskytem
zadnych komplikaci (Sidell 2021, Zeitels 2011). Jedna se o humanizovanou monoklonalni
protilatku technologii DNA v ovaridlnich buiikdch cinskych kieciki. Vaze se selektivné
na vaskularni endotelovy rtstovy faktor A. Bevacizumab byl pivodné vyvinut (schvalen

v USA roce 2004) pro 1é¢bu metastatického kolorektalniho karcinomu (Starling 2004).
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ZELENIK, Karol, Pavel KOMINEK, Lucia  STANIKOVA a Martin
FORMANEK*(corresponding author)*. Local Bevacizumab Treatment of Juvenile-Onset
Respiratory Papillomatosis Might Induce Multiple Tracheal Pyogenic Granulomas.
Laryngoscope [online]. 2021, 131(2), E518-E520. ISSN 0023-852X. Dostupné z:
doi:10.1002/lary.28928. (IF = 2,970; Q2) (Priloha 10).

Prace prezentuje kazuistické sd€leni dvouleté pacientky s détskou formou RRP, kterd pro
svij uporny pribéh vyzadovala za poslednich 6 mésict pét chirurgickych vykont. Ty byly
V poslednich tfech ptipadech vzdy doplnény o lokalni aplikaci bevacizumabu (12, 16 a
16 mg). Pti poslednim vykonu bylo navic nutno pouzit supraglotickou tryskovou ventilaci
na misto klasické orotrachealni intubace. Pti dal$im (Sestém) chirurgickém vykonu, ktery
bylo nutno provést za dalsi tfi mésice pro opétovny vyrazny nardst papilomil na hlasivkach,
byly nalezeny vicecetné pyogenni granulomy v pradusnici. Ty byly nasledné potvrzeny
i histologicky. Bylo indikovano sledovani a p#i kontrolnim vykonu (sedmém) za 4 mésice
jiz byl nélez v pridusnici klidny. Jedna se o prvni publikovany nezddouci ucinek lokalni
aplikace bevacizumabu do oblasti hrtanu. Autofi pfedpokladaji, ze vznik granulomi byl
podpoien soucasnym pouzitim supraglotické tryskové ventilace, které umoznila Sifeni
bevacizumabu do sliznice pridusnice.

Zaver

Préace dokumentuje na kazuistickém sdé€leni pacientky s ipornou détskou formou RRP prvni
dosud publikované nezadouci ucinky lokalni aplikace bevacizumabu do oblasti hrtanu —
vznik vice€etnych pyogennich granulomt v pradusnici. Jevi se, Ze vznik granulomt byl
podpofen soucasnym pouzitim supraglotické tryskové ventilace a jeji pouziti pfi soucasné

lokalni aplikaci bevacizumabu musi byt peclivé zvazeno.
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4 ZAVER

Vyzkum rizikovych faktorii recidivujici respiracni papilomatozy

Byly zkoumany mozné nové rizikové faktory RRP, které¢ by mohly spoluptsobit s HPV
ve smyslu aktivace latentni infekce a zpisobit tak poc¢atek onemocnéni. Dle vysledkti nasich
studii by mohl byt timto rizikovym faktorem RRP u dospélych i déti LPR. U dospélych by
pak mohla byt dalsim rizikovym faktorem koinfekce herpetickymi viry, zvlasté EBV, ktery
mize synergicky pusobit s HPV, zvySovat bunétnou proliferaci a prispivat k patogenezi
a progresi RRP.

Diagnostika refluxni laryngitidy a laryngofaryngealniho refluxu

Nase studie byly zacileny na zptfesnéni a zjednoduseni diagnostiky LPR k ovéteni
jeho skute¢ného efektu u daného pacienta. Byla zjisténa hranice jasné patologického
vysledku jicnové impedance na pocet 6 a vice celkovych hltanovych refluxnich epizod. Tato
hodnota znamena pfitomnost patologického LPR a mé¢la by byt pouzivana pfi hodnoceni
vySetfeni v pfipad¢ hrtanovych patologii. Dale bylo zkouméano stanoveni pepsinu ve slinach
jako vhodné diagnostické metody LPR. Bylo zjisténo, ze toto vySetieni by mohlo slouzit
jako screeningovy test, ktery v ptipadé své pozitivity odhali zdvazny LPR a umozni
indikovat jeho 1é¢bu. V piipad¢ jeho negativity je nutno pokraCovat v dalsi diagnostice.
Vyuziti novych optickych metod k detekci hrtanovych prekanceroz a karcinomu

Byly srovnany vysledky riiznych endoskopickych systému, které zlepsSuji moznosti
hodnoceni hrtanové vaskularizace a jejim prostfednictvim ur€eni charakteru hrtanové
patologie. Bylo zjiSténo, ze vysledky systémil vyuZivajicich filtrované svétlo a systémi,
které obraz nasledné softwarové upravuji, se jevi jako srovnatelné. Dale byl pii pouziti
téchto metod popsan zcela typicky obraz Pemphigus vulgaris v hrtanu, ktery by mohl
urychlit diagnostiku 1 1é€bu tohoto onemocnéni.

Chirurgicka lécba prekanceroz a karcinomu hrtanu a jejich nasledki

Vysledky studie hodnotici ¢asny vyvoj kvality hlasu po chordektomii ukazuji, Ze vysledna
kvalita hlasu je zavisla na rozsahu resekce. Subepitelialni a subligament6zni chordektomie
jsou spojeny s dobrou pooperaéni kvalitou hlasu a je mozno je proto doporuéit. Uprava
hlasu bude ale trvat déle nez 6 tydnd. V piipadé rozsahlejsich vykond je kvalita hlasu Spatna
a u hlasovych profesionalti by méla byt preferovana radioterapie. V ptipad€ pooperacné
zhorSeného hlasu je mozné doporucit jeho kompenzaci augmentaci hlasivky autolognim

tukem i umé€lym trvalym materidlem, které maji shodné vyborny dlouhodoby efekt.
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e Nechirurgicka lécba prekanceroz hrtanu
S ur¢itou mirou obezietnosti by méla byt indikovana lokalni adjuvantni 1é¢ba détské RRP
bevacizumabem, protoze muze vést ke vzniku komplikaci ve smyslu rozvoje vicecetnych

pyogennich granulomd.
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Clbjtc‘ti\rt: The human papillomavirus (HPV) causes recur-
rent respiratory papillomatosis (RRP). Although HPV preva-
lence is high, the incidence of papillomatosis is low. Thus,
factors other than HPV infection probably contribute to RRP.
This study investigated whether patients with papillomatosis
are more often infected with herpes simplex virus type 2 and
chlamydia trachomatis (ChT) and whether laryngopharyngeal
reflux (LPR) occurs in this group of patients more often.
Design: Prospective case—control study.

Setting: Department of Otorhinolaryngology of University
Hospital.

Participants: The study included 20 patients with adult-
onset REP and 20 adult patients with vocal cord cyst and no
pathology of laryngeal mucosa (control group).

Main outcome measures: Immunohistochemical analysis
of pepsin, HPV, herpes simplex virus type 2 and ChT was
performed in biopsy specimens of laryngeal papillomas and
ufhealthy laryngeal mucosa (control group) obtained from

medial part of removed vocal cord eyst during microlaryn-
goscopy procedures.

Results: Pathologic LPR (pepsin in tissue]) was diagnosed in
B/20 (40.0%) patients with papillomatosis and in 0/20
control patients (P = .003). Herpes simplex virus type 2 was
present in 920 (45.0%) patients with papillomatosis and in
020 control patients (P = _001). Five specimens were
positive for both pepsin and herpes simplex virus type 2. No
samples were positive for ChT. There were no significant
differences between groups for age, body mass index,
diabetes mellitus and gastrooesophageal reflux disease.
Tobacco exposure was not more frequent in RRP group
either (P = 01).

Conclusions: Results show that LPR and herpes simplex
virus type 2 are significantly more often present in patients
with RRP. LPR and herpes simplex virus type 2 might
activate latent HPV infection and thereby be possible risk
factors for RRP.

Recurrent respiratory papillomatosis (RRP) isa chronic viral
disease that affects both children and adults. It is character-
ized by the growth of squamous cell tumours on the mucosa
of the acrodigestive tract, especially on the larynx. RRP is the
most common benign neoplasm of the larynx in children and
the second most frequent cause of childhood hoarseness.
RRP shows an incidence 4.3 per 100 000 children and 1.8 per
100 000 adults in the United States.'” Although it is a
benign disease, RRP has an unpredictable clinical course: it
tends to recur and spread, and it can undergo malignant
conversion.™ RRP is categorized as juvenile or adult RRP
according to the age of the patient at disease onset.

Correspondence: M. Forminek, Department of Otorhinolaryngology,
Universaty Hospatal Ostrava, 17, Istopadu 1790, Ostrava 70852, Crech
Republic. Tel.: +420 597 375 812; fax- + 420 597 375 B05; e-mail:
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Recurrent respiratory papillomatosis is caused by the
human papillomavirus (HPV); however, in contrast to
the relatively low incidence of RRP, asymptomatic HPV
in the respiratory tract is common.™® Therefore, it seems
likely that other factors contribute 1o the pathogenesis of
RRP in terms of activating or reactivating HPV.

The aim of this study was to investigate possible risk
factors for RRP. We investigated whether patients with RRP
more often have herpes simplex virus type 2 (HSV-2) or
chlamydia trachomatis (ChT) infections and whether laryn-
gopharyngeal reflux (LPR) occurs in this group of patients
more often. To our knowledge, this is the first study 1o
actually investigate these factors as risk factors for RRP.

Materials and methods

This case—control study was approved by the Ethics Com-
mittee of the University Hospital Ostrava and was performed

597

74

FIJILEY IVNIDIYO



598 M. Formuinek et al.

in accordance with the Declaration of Helsinki using good
climical practice and following the applicable regulatory
requirements. The study was registered at Clincial Trials.gov
under the identifier NCT02592902. Written informed con-
sent was obtained from the patient before initiating any
procedure.

Patients 19-84 years old who had been diagnosed with
REP of the larynx and patients with vocal cord cyst and no
other pathology of laryngeal mucosa (control group) were
included in the study. Only patients with recurrent (at least
two times during the previous two years) and histu-lugitall:r
confirmed squamous cell papillomas on the laryngeal
mucosa were included in the study. The control group
consisted of pal[:nis with vocal cord cyst who underwent
microlaryngoscopy with cyst removal. Healthy mucosa was
obtained from medial part of the cyst after its removal.

All patients underwent the same diagnostic tests. The
following were excluded: patients with contraindications for
general anaesthesia; patients with ].a.qrngfal papﬂ.luma.s
undergoing micrularynbmscu]:ry for the first time; and
patients who did not consent to be included in the study.

Biopsy specimens of laryngeal papillomas and of healthy
laryngeal mucosa (control group) were obtained during
microlaryngoscopy procedures. Paraffin-embedded sections
(2-3 um thick) were prepared from the biopsy samples
(Benchmark XT, Roche, Ventana Medical Systerns, Basel,
Switzerland) and analysed at the Department of Pathology by
a single pathologist. Immunohistochemical analysis was
performed after endogenous peroxidase blocking with
hydrogen peroxide (Roche) and antigen revitalization by
CCl1 buffer (Roche). A pepsin antibody (NB100-66518,
Movus BiU]u'giCHJj., Littleton, Colorado, USA, concentration
1 : 100) was used as the primary antibody to detect pepsin.
Rabbit polyclonal zntfbudy h:rpcssimp]txvi.rusﬂ (382A-15,
Cell Marque, Rocklin, California, USA, 1 : 100 dilution) was
used as the primary antibody to detect HSV. A ChT antibody
(ILM16710005, Immunologic, USA, 1 : 10 dilution) was
used as the primary antibody to detect ChT. The monoclonal
mouse HPY anlibud.y Clone K1HS (Code M3528, DAKO,
Glostrup, Denmark, 1: 100 dilution) was used as the
primary antibody for detecting HPV. The incubation period
for the primary antibodies was 32 min. The iView DAB
Detection Kit (Roche) was used 1o visualize the antigens.

Age, body mass index (BMI), tobacco exposure, a history
of immunodeficiency, gastrooesophageal reflux disease
(GERD) or diabetes mellitus, and the presence of HSV-2,
pepsin and ChT were compared between the groups. The
statistical analysis was performed using Stata 13 software
(Stata Corp., College Station, Texas, USA). The fuﬂuwing
statistical tests were used: Pearson's chi-squar:rj test, and
Fisher's exact test. The statistical tests were assessed using a
significance level of 5%.
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Results

A total of 42 patients were included in the study: 22 patients
with laryngeal RRP and 20 patients with healthy laryngeal
mucosa. The study was conducted between April 2014 and
December 2015, Two patients with RRP were excluded from
the study: in one patient, the histological examination
resulted in a diagnosis of squamous cell carcinoma; in the
other patient, the specimen was very small and immunchis-
tological analysis was not puss[bl:_ Thus, a total of 20 patients
with laryngeal RRP were compared with 20 patients with
healthy laryngeal mucosa.

The average agein the RRP group was42.2 £ 1633 years,
and  the the control
41.6 + 16.45 years. There were more men in the REP group
(75%) than in the control group (35%). There were no differences
between the groups in terms ul":lg:. EMI, history of immunod-
:ﬁci;mq'. diabetes mellitus or GERD. Tobacco EXPOSUTNE Was
more frequent in the control group (P = 01) {Table 1).

average  age i]'l group was

Pathologic LPR (pepsin in mucosa) was present in 8/20
(40.0%) patients with RRP and in 0/20 patients in the control
group (P = 003). H5V-2 was present in 9/20 (45.0%)
patients with RRP and in 0/20 patients in the control group
(P = 001). Moreover, five specimens from patients with
RRP were positive for both pepsin and HSV-2. No biopsy
specimen was positive for ChT by immunohistochemical
examination (Table 2). HPV was found in all of the biopsies
from patients with RRP and in 2/20 (10.0%4) patients in the
control group.

Discussion

Recurrent respiratory papillomatosis is a chronic viral
disease cansed b:,' HPV, which infects cells within the basal
layer of the mucosa” This DNA capsid virus was first
deseribed in laryngeal papillomas by Gissmann and
Mounts."® Over 120 types of HPV have been identified

Table 1. Characteristics of the study participants

Average age = sp 422 + 1633 416 £ 1645 901
Male 15 7 a1
Female 5 13 011
Average BMI + sp 262 + 559 268 £ 552 7297
Immunodeficiency 0 0 -
Diabetes mellitus 2 2 1.000
Tobacco exposure 4 12 010
GERD L 4 342

BMI, body mass index; GERD, gastrooesophageal reflux disease;
RRP, recurrent respiratory papillomatosis; so, standard devia-
tion.

© 2016 John Wiley & Soms Ltd + Climical Otolaryngology 42, 597601



Pepsin 8 0 003
HS5V-2 9 o ool
ChT o o -

ChT, chlamydia trachomatis; HSV-2, herpes simplex virus-2;
RRP, recurrent respiratory p.apiLlom.atnsis.

and grouped based on genetic homology. The groupings
correlate with pathophysiology and tissue distribution.?
Notably, RRP is caused 1:}' HPV types 11 and 6.1 Sp:ciﬁc
viral subtypes may correlate with disease severity and clinical
course; for example, HPV 11 infection is related to worse
course and pru-gnusis_”

However, in contrast to the r:laii\.rcl}' low incidence of
RRP, HPV prevalence is quite high. Seydlowski et al
reported that HPY was present in the respiratory tracts of
19.6% of healthy preschool children.” Rintala et al.® reported
that 10% of healthy children had HPV in their respiratory
tracts at their medical check-up at age 3 years. In a large
study by Krystle et al., HPV was present in the oral mucosa of
1.5% of healthy women."” In a study by Rautava et al,"
HFV was present in the oral mucosa of 15.1%-24.1% of
women during a six-year follow-up. Similar asymptomatic
HPFV presence was found in our study as well. Altogether
10% of healthy patients were diagnosed having HPV in their
laryngeal mucosa. Therefore, it is likely that factors other
than HPV contribute to the pathogenesis of RRP.

Laryngopharyngeal reflux can cause or facilitate many
pathologies, such as acute or chronic otitis media, rhinosinusi-
tis and chronic laryngitis. """ The presence of pepsin in gastric
refluxate is considered a main pathogenetic factor that causes
proteolysis and cell damage. It is possible that LPR contributes
to the development of RRP during HPV infection.

It is very important to use the best diagnostic method for
LPR in order to evaluate whether LPR is actually relevant.
Although many LPR. questionnaires have been developed in
the past few years, Ih:]r do not seem to be the best way to
evaluate LPR, as the symptoms of LPR are both heteroge-
neous and very com mon.'®¥ RRP questionnaires are even
]mnﬁlablcbcﬂu&cﬁqaskahuulamixuww pcmblcms,
which are always presentin RRP. Moreover, RRP could cause other
symptoms related to reflux, like globus pharyngeus and cough.
Therefore, there would be a high ﬁskuffals::—pﬂiv: results.

Cu rn:ml}'. 24-h m:s‘.rphagcal impedance is considered the
best method for di.a.g;n.using LPR. However, this method has
several disadvan tages. It may not be tolerated well, c:sp:cia]]}r
in children, and it allows only shurt-!crmanal}'sjﬁum atime
Span of just 24 h. Therefore, MEASUTING Pepsin in fluid or
tissue samples (even better and more precise) appears to be
the most suitable method for evaluating a possible

© 2016 John Wiley & Soms Lid « Climcal Oralarnmgology 42, 597601
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relationship between p:ﬂhulugy and LPR, not only in the
larynx but alse in the middle ear."* The advantage of pepsin
detection compared with oesophageal impedance is that
pepsin can be detected in tissues and fluids even when reflux
has not occurred in the previous several dz}rs.ls Moreover,
the presence of pepsin in the cytoplasm of mucosa cells
signiﬁ:s that LPR is relevant. Therefore, this method
provides the most accurate data.

Patients with vocal cord cyst with healthy laryngeal
mucosa on its medial part were selected for control growp.
Healthy mucosa was obtained from medial part of the eyst
after its removal. Therefore, no side effect from biupsy was
seen. Conversely, all patients reported improving of their
voice after surgery. There are minor histological differences
between papﬂlum,a and hrallh]r laryngeal mucosa. However,
it should not affect our results.

Pepsin was detected in the eytoplasm of 8/20 patients with
RRP and in 0/20 patients in the control group (P = .003),
even though four patients in the control group had a history
of gastrooesophageal reflux disease (not LPR) that was
proven by oesophageal pH monitoring. In these four
patients, reflux of (duodeno)gastric content above lower
oesophageal sphincter was diagnosed. However, reflux did
not reach laryngeal mucosa (there was no LPR). It shows,
how important is selection of accurate diagnostic method to
see whether reflux can affect given tissue and also how
essential is to strictly differentiate terms gastrooesophageal
reflux disease and LPR."* Intracellular presence of pepsin in
patients with RRP in our study suggests that LPR could be a
possible risk factor for RRP. It can be assumed that LPR
could activate latent HPV infection and worsen course of
RRP. HPV activation could be caused by chronic irritation
and oxidative stress. However, the mechanisms involved
need to be revealed. Conversely, possibility of HPV increas-
ing pepsin cell membranes permeability cannot be excluded.
However, studies clarifying such a mechanism are missing.
In addition, no patient in the control group was positive for
intracellular pepsin [inclurjing HPV-positive ones].

HSV-2 is considered to be another possible risk factor for
REP. HSV iz a member of the Herpesvinidae fa.mﬂ\lr. which
fn:qu:r.lﬂ\lr infects humans and causes a range of diseases,
from mild uncomplicated mucocutaneous infections to life-
threatening infections.™ HSV-2, along with HSV-1, 1 a
serious human pathogen. HSV-1 is generally associated with
orofacial infections and rnc:phzliﬁs, whereas HSV-2 usually
causes genital infections and can be transmitted from
infected mothers to neonates.®” HSV-2 has been implicated
as a co-factor in conjunction with HPV for cervical cancer.”!

HSV has an elaborate system for blocking host responses
to infection. It blocks the presentation of peptides and also
blocks programmed cell death. In addition, HSV destroys
cellular mRMNA, inhibits DNA tramscription and blocks
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mRNA splicing, thereby hindering the cellular response to
infection. ™

HSV-1 presence in aero-digestive tract is common. The
presence of HSV-2 in the rt-pmduc‘tiv: system is commaonn, its
prmra]:n.a- in the oral cavity is very low, and its pr:\ralt-nct in
the upper respiratory tract and especially in the larynx is not
known. In a study by Maki ef all of 304 asymptomatic
pregnant women, none of the rpitht]ial brush sampl:s
collected from the oral cavity were positive for HSV-2, but
11.4% of the sampl:s were positive for HSV-1. However,
HSV-1-positive women were almost invariably HPV-nega-
tive: only 0.2% of the samples showed HSV-HPV co-
infection.™ A meta-analysis showed that 0.4% of otherwise
healthy individuals had asymptomatic shedding of HSV-2
from the oral ﬂvil}'_u We can assume that the prevalence of
HSV-2in the larynxes of asymptomatic patientsis likely to be
very similar to its prevalence in the oral cavity. Indeed, the
results of our stud.)' confirmed this, since HSV-2 was not
detected inany patients in thecontrol group. Dnlhcmntmry,
it was found in 9/20 (45.0%) of the patients with REP
(P = .001). This suggests the possibility that HSV-2 co--
infection could be a possible risk factor for RRP.

Sim.ilar]y. Pos&iblc negative effect of viral co-infection
[HSV-1, Epstein—Barr virus and cytomegalovirus) on HPV-
positive laryngeal cancer was reported by Polz-Gruszka
et @l.®® On the other hand, we and also Polz-Gruseka ef al.
cannot surely extrude that HSV-2 other viral presence could
be unly result of affected local host immune system.
Immunohistochemical HSV-2 detection has also its limita-
tion and we cannot sur\c].y extrude presence of very small
amount of HSV-2 in more samplcs. However, such positive
samples could be in both groups.

Chlamydia trachomatis infection is also considered a
possible risk factor for RRP based on gynaecological records.
Spttiﬁc,ally, infection with ChT increases the risk of infection
by carcinogenic g:n:ilal HFPWV types, and it may enhance the
persistence of some HPV types.™ Alternatively, ChT could
increase the susceptibility to genital HPV co-infection or it
could impede efficient clearance of an existing HPV genital
infection, thereby increasing the chance that cancer devel-
ops.""*"** The prevalence of ChT in the respiratory system is
unknown, and it is also unknown whether it could act as a
co-factor of RRP. ChT was not detected in any of the RRP
patients or in any control patients. It indicates that ChT does
not play role in the development of RRP.

Immunodeficiency and smoking are currently considered
to be risk factors for RRP. Immunodeficiency and smoking
history was not often present in study group when compared
with control group, so that we can consider both groups
homogenous in this respect. If immunodeficiency and
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srnﬁk'ing were present in RRP group more often, there could
be higher risk of possible bias of many potential risk factors.

Immune deficiency (local and general) probably plays the
most important role in the manifestation of viral infection
(such as HPV and also HSV) and development of papillo-
matosis. However, there still must be present some factors
which lead to papilloma formation. Local or general immune
deficiency itself does not initiate papilloma growth. And our
results suggest HSV-2 and reflux might be such factors
because their presence in papillomas is significantly higher
when compared with control group.

Conclusion

Patients with RRP more often suffer from LPR and H5V-2
co-infection compared with controls. This suggests that LPR
and HSV-2 co-infection might be possible risk factors for
RRP. Our data also indicate that ChT does not seem to bea
risk factor for RRP. These results must be interpreted with
caution, and additional studies with ]arg::'r cohorts are
warranted to confirm these findings and to elucidate the

mechanisms involved.

Keypoints

* Patients with RRP more often suffer from LPR
compared with controls.

= Patients with ERP are more often co-infected with
HSV-2 compared with controls.

= LPR and HSV-2 co-infection might activate latent
HPV infection.

= LPR and HSV-2 co-infection might be possible risk
factors for RRP.
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1 | INTRODUCTION

Recurrent respiratory papillomatosis (RRP) is a chronic viral disease
characterised by the exophytic growth of squamous cell tumours on

Abstract

Objective: Human papillomavirus (HPV) causes adult-onset recurrent respiratory
papillomatosis (AORRP), but AORPP prevalence is much lower than HPV prevalence.
Thus, HPV infection is necessary, but not sufficient, to cause AORRP and other fac-
tors likely contribute to its pathogenesis. The present study aimed to investigate
whether co-infection with herpetic viruses may contribute to the pathogenesis of
AORRP.

Design: Prospective case-control study conducted from January 2018 to November
2019.

Settings: Tertiary referral centre.

Participants: Eighteen consecutive patients with AORRP and 18 adults with healthy
laryngeal mucosa (control group) undergoing surgery.

Main outcome measures: Cytomegalovirus, Epstein-Barr virus (EBV), herpes simplex
viruses 1 and 2, human herpesvirus 6, varicella zoster virus and HPV (including gen-
otyping) were detected in biopsies of papilloma or healthy mucosa using real-time
polymerase chain reaction and reverse line blot. Dysplasia and Kié7 levels were de-
termined in papilloma specimens.

Results: EBV was present in 6 (33.3%) AORRP patients and no control patients
{P =.019). Presence was not dependent on tobacco exposure (P = .413) or HPV geno-
type or concentration (P > .999). EBV presence was strongly related to increased cell
proliferation (P = .005) and number of previous surgeries (P = .039), but not dysplasia
(P > 999). Human herpesvirus 6 was found in 3 (16.7%) AORRP biopsies, with one
false positive. No other herpetic virus was found.

Conclusions: Unlike other herpetic viruses, EBV seems to interact with HPV, enhanc-
ing cell proliferation and contributing to the pathogenesis and progression of AORRP.
Further research is required to elucidate specific interactions and their role in the
pathogenesis of AORRP.

the mucosa of the aerodigestive tract. The disease is categorised
as juvenile or adult RRP according to the age of the patient at dis-
ease onset. Although it is a benign disease, RRP has an unpredict-
able clinical course; it tends to recur and spread, and it can undergo
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mialignant conversion.™? RRP is caused by human papillomavirus
[HPFV] types & and 11, which infect cells within the basal layer of the
mucosa.* HPV 11 positivity is associated with worse disease course
and prognosis.’

In contrast to the relatively low incidence of RRP, asymptomatic
HPV infection is common.**" The mechanism underlying the pro-
gression from HPY infection to RRP ks unclear, but it seems likely
that other factors contribute to pathogenesis in terms of activating
or reactivating HPV. The roles of tobacco exposure and immuno-
deficiency hawe been considered, but these risk factors are present
in a very small group of patients with RRP.3*%%2 In a recent study,
herpes simplex virus (H5V) type 2 [H5V-2) co-infection was signifi-
cantly more freguent in biopsies from patients with adult-onset
recurrent respiratory papillomatosis (AORRP) than patients with
healthy laryngeal mucosa.® This suggests that HSV-2, and perhaps
other herpetic viruses, may be one of the possible risk factors for
AORRF contributing to its development in terms of the activation of
latent HPY infection. Howewver, less suitable, non-guantitative im-
munohistochemical detection was used and other herpetic viruses
were not detected. The present study aimed to investigate the risk
potential of all of the main human herpetic viruses. Cytomegalowvirus
[CMV], Epstein-Barr wirus (EBV), HSV-1, H5V-2, human herpesvi-
rus & [HHW-&) and varicella zoster virus (VZV) were guantitatively
detected in biopsies from patients with AORRP and compared to
patients with healthy respiratory tract mucosa. To the best of our
knowledge, this is the first study to investigate these factors as risk
co-factors for AORRP.

2 | METHODS

2.1 | Ethical considerations

This case-control study was approved by the Ethics Committee of
the University Hospital and was performed in accordance with the
Dieclaration of Helsinki using good clinical practice and following
the applicable regulatory reguirements. The study was registered
at ClincialTrials gov under the identifier NCTO2592%02. Written
informed consent was obtained from each patient before initiat-
ing any procedure. The study was conducted from January 2018 to
Mowvember 201% at a tertiary referral hospital.

2.2 | Participants

Adult patients who had been diagnosed with RRP of the larynx were
included in the study. Only patients with recurrent (at least one re-
currence during the previous 2 years) and histologically confirmed
squamous cell papillomas on the laryngeal mucosa were included in
the study. The control group consisted of patients with a vocal cord
cyst who underwent microlaryngoscopy with cyst removal and had
na other pathology of the laryngeal mucosa. Healthy mucosa was
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obtained from the abundant part of the mucosal microflap after cyst
removal. Patients with contraindications for general anaesthesia,
who had laryngeal papillomas undergoing microlaryngoscopy for the
first time or who did not consent to be induded in the study were
excluded.

2.3 | Endoscopy

The extent of the disease was evaluated perioperatively using a
#4-mm rigid HD endoscope (Mympus Europa SE & Co., Hamburg,
Germany) and & months after the surgery at the outpatient clinic
using a 2.7-mm flexible HD endoscope (Olympus). The Derkay!
Coltera score was used for scoring.™

2.4 | Virus detection

Biopsy specimens of the laryngeal papillomas and of healthy laryn-
geal mucosa [control group) were obtained during microlaryngos-
copy. The presence of CMY, EBV, H5W-1, H5V-2, HHV-4 and VZV
in the biopsies was detected by real-time polymerase chain reaction
{PCR). HPV testing and genotyping was performed using single-step
PCR and reverse line blot.

Qlaamp® DMA Mini Kit (Qiagen, Hilden, Germany) was used for
DMA isolation. The manufacturers recommended protocol was fol-
loweed. The GeneProof® CMV PCR Kit (GeneProof as., Brno, Czech
Republic) was used for CMV detection. This kit has a specificity of
100% and sensitivity (limit of detection) of 122.594 1U/ml with 95%
probability [target sequence: specific conservative DNA sequence of
a single-copy gene encoding the 4 |E antigen). The GeneProof® EBV
PCR Kit was used for EBV detection: it has a specificity of 100% and
sensitivity [limit of detection) of 194,088 1U/ml with 5% probability
({target sequence: DNA sequence of the single-copy gene encoding
the nuclear antigen 1). The GeneProof® H5W-1 PCR Kit was used for
HS5W-1 detection: it has a specificity of 100% and sensitivity (limit of
detection) of 122.124 cp/ml with $5% probability {target sequence:
specific conservative DNA sequence of a single-copy gene encoding
the glycoprotein B). The GeneProof® H5V-2 PCR Kit was used for
HS5W-2 detection; it has a specificity of 200% and sensitivity (limit of
detection) of 197.215 cp/ml with 95% probability target sequence:
specific conservative DNA sequence of a single-copy gene encoding
the glycoprotein B). The AmpliSens® HHV&-screen-titre-FRT PCR
kit (InterLabService Ltd., Moscow, Russian Federation) was used for
HHW-& detection: it has a specificity of 100%, sensitivity 400 cp/
miv. The GeneProof® VZV PCR Kit was used for VZV detection; it
has a specificity of 100% and sensitivity {limit of detection) of 113.05
cp'ml with 5% probability {target sequence: specific conservative
DMA sequence of the single-copy gene ORFA2). Ampliguality HP-
Type Express w.3.0 (AB AMALITICA srl., Padova, Italy] was used for
HPY testing and genotyping with a diagnostic sensitivity of 9%
and specificity of $8.6%. The test allows identification of 40 HPV
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TABLE 1 Characteristics of the study

participants
Age, years
Male
Female
Immunodeficiency
Diabetes mellitus
Voice professional
Allergy
Tobacco exposure

Note: Data are presented as arithmetic mean (st

WILEY-2Z

46.6(13.5) 524(12.5) 0.185*

11 6 0.182*

7 12 0.1a2**

o 1 0999
o 1 >0.999***
& 5 >0.999**
2 1 >0.999***
Yes Stop No  Yes Stop No  0.741°*

& 3 9 4 3 11

Aol dandadk

[SD]) or absolute freq Y.

RRP = recurrent respiratory papillomatosis.

*Two-sample t test:

**Pearson's chi-squared test

“**Fisher's exact test.

genotypes: HPV 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45,
51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69,70, 71, 72,
73, 81, B2, 83, 84, 87, 89. and 90. There is potential cross-reactivity
of HPV 18 with HPV 45, HPV 26 with HPV 44, HPV 51 with HPV
82 and HPV 62 with HPV 81. HPV positivity is evaluated as minor,
moderate or strong.

2.5 | Histopathology

An additional biopsy specimen of each laryngeal papilloma was sent
to the Department of Pathology, where histopathological i
tion was performed. During tion, the diagnosis of sq

cell papilloma was confirmed and the level of dysplasia and Kié7 de-
termined. Dysplasia was evaluated as none (0), mild (1), moderate (2)
or severe (3).

2.6 | Statistical analysis

The primary analysis was performed using standard tools of ex-
ploratory data analysis. For the description of numerical variables,
the mean and standard deviation (SD) or the median and inter-
quartile range (IQR) are used. Categorical variables are presented
with absolute and/or relative frequencies. Observed groups were
compared in terms of demographics (eg age, sex), medical history
{eg history of immunodeficiency, presence of diabetes mellitus)
and the presence of risk factors (eg tobacco exposure, presence of
herpetic viruses and HPV). A patient was labelled a stop-smoker if
he or she quit smoking at least 2 years ago. The statistical analysis
was performed using R software (version 3.6.0). The following sta-
tistical tests were used: two-sample t test, Mann-Whitney U test,
Pearson's chi-squared test and Fisher's exact test with a 5% signifi-
cance level.
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TABLE 2 Number of herpetic viruses present in biopsies

g s
MV 0 A O
EBV 6 0
HSV-1 o o
HSV-2 0 o
HHV-6 3 0
vzv 0 o
Abbreviations: CMV = cytomegalovirus; EBV = Epstein-Barr

virus; HSV = herpes simplex virus HHV = human herpesvirus;
RRP = recurrent r y papillomatosis; VZV = varicella zoster
virus.

TABLE 3 Human papilloma virus (HPV) and Epstein-Barr virus
(EBV) presence in biopsies

Minor 2 2 1500-11000
Moderate 1 4 350

Strong 3 3 11000-1.8 x 10°
3 | RESULTS

A total of 36 patients were included in the study: 18 patients with
laryngeal RRP and 18 patients with healthy laryngeal mucosa. We
found no significant differences between the groups (Table 1). No
side effect from biopsy was noted in either group. Conversely, all

EBV+ EBV-
No. 6 12
D/C score before 75(5.0-16.0) 12.0(7.5-15.0)
surgery
D/C score before/ 0.55 (0.29-0.60) 0.64 (0.25-0.70)
6 months after
surgery

Level of dysplasia 0 1 2 3 ] 1 2
3 2 1 0 6 5 1

No. of surgeries last 25(1.3-3.8) 1.0(1.0-1.0}
2 years

Ki67 lower third of 90.0 (90.0-93.8) 80.0 (78.8-86.3)
the epithelium

Ki67 middle thirdof  20.0(16.3-23.8) 7.5(4.516.3)
the epithelium

Ki67 upper third of 7.5(3.5-10.0) 20100.0-3.5)
the epithelium

Kié7 total 40.0(37.0-41.3) 31.0(27.4-35.0)

Note: Data are pr ted as absolute y or
Coltera; EBV = Epstein-Barr virus; HPV = human papillomavirus.
*Mann-Whitney U test,

**Fisher's exact test.
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patients reported improvement of their voice after surgery because
healthy mucosa was obtained from the abundant part of the mucosal
microflap after cyst removal.

3.1 | Virus presence

HPV was found in all of the biopsies from patients with RRP. Thirteen
patients were positive for HPV 6, and 5 patients for HPV 11, no
other genotype was found. HPV genotype and presence were not
dependent on tobacco exposure (Fisher's exact test, P = 567 and
0.897, respectively). HPV was found in none of the patients in the
control group.

EBV was present in 33.3% of patients in the RRP group and in no
patient in the control group (P = .019; Figure 1: Table 2). The number
of EBV copies varied from 350 to 1.8 x 10° IU/ml. EBV presence was
not dependent on tobacco exposure (Fisher's exact test, P = 413)
or HPV genotype (Fisher's exact test, P > 999) or concentration
(Table 3). EBV presence was strongly related to increased cell prolif-
eration in all layers of the epithelium and to the number of surgeries
performed in the last 2 years. Ki67 in all layers across the epithelium
was 40.0 in EBV-positive compared to 31.0 in EBV negative patients
{P = .005). The significantly higher Ki67 was observed in lower, mid-
dle and upper third of the laryngeal epithelium (Table 4).

HHV-6 was found in 16.7% (3/18) of biopsies in the RRP group,
but in one case it was a false positivity due to the presence of
non-infectious DNA integrated into the tic genome (Figure 2).
Two biopsies were positive for both EBV and HHV-6 (including the
false-positive case). One biopsy was positive for HHV-6 only. No other
herpetic virus was found in the biopsies of either group (Table 2).

TABLE 4 AORRP characteristics

L g according to EBV presence

0.636"

0.679"

0.039*
0.010*
0.023*
0.032*

0.005*

dian (interquartile range). D/C = Derkay/
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4 | DISCUSSION

In Europe, ACORRP is more frequent than juvenile-onset RRP, with
an incidence of 0.54 per 100,000 adults.*® In contrast to this rela-
tively low incidence, HPY was present in the oral mucosa of 1.9%
of healthy women in a large study by Lang Kuhs et al® In a study by
Rautava at al., HPV was present in the oral mucosa of 15.1%-24.1%
of women during a &-year follow-up.® Data about the asymptomatic
presence of HPW in the respiratory tract of adults from large cohorts
are missing. Previously, we found asymptomatic HPY in the larymx
in 10% of adults, but no case in the current control group, indicat-
ing a possible cumulative presence in = 5% of healthy adults.® Data
from children indicate asyrmptomatic HPY in the respiratory tract
of 10%-19.56% %7 Accordingly, ADRRP seems to develop only in ap-
proximately 1 of 4,000 to 44,000 adults infected by HFW. Thus, HPV
infection is necessary, but not sufficient, to cause AORRP, and other
factors likely contribute to the pathogenesis of AORRP.

It seems that EBV may interact with HPW and contribute to the
pathogenesis and progression of AORRP in up to one-third of pa-
tients. & synergistic effect between two or more viruses interacting
at different stages of tumour development has been described.’5*
Although the EBY life cycle in epithelial cells remains poorly under-
stood, its neoplastic potential is clear, as it is the main cause of naso-
pharyngeal carcinoma and is associated with an increased risk of oral
squamous cell carcinema. '™ EBV is found in other head and neck
carcinomas as well, but its exact role in pathogenesis has not yet
been clarified. ™! However, HPV and EBV co-infection has already

been shown to enhance the invasiveness of head and neck cancer
cells and is associated with poor prognosis.®® 22 EBV co-infection is
also supposed a co-factor in the penesis and/or progression of cer-
vical carcinoma.®?

HPFY and EBV both infect and replicate in upper aerodigestive
tract epithelia.®*** Their life cycles share a relationship with the
stratified epithelium, where the productive phase of the HPV life
cycle and kytic reactivation of EBV are both induced wpon differen-
tiation of epithelial cells. 1" Although the exact mechanisms of inter-
action still need to be revealed, results from the oral cavity have
revealed several potential mechanisms that could be considered.'”
Findings indicate that HPV infection has the potential to stabilise
EBY in latently infected oral epithelial cells and increase EBY wviral
yield upon differentiation of the same cells by promoting EBV lytic
reactivation ' It could also lead to an increase in the likelihood
of neoplasm and in the number of subsequent infection events.
Induction of the kytic cycle in a fraction of cells can also increase the
expression of viral and cellular cytokines and growth factors, such
as vascular endothelial growth factor, which can enhance the prolif-
eration of neighbouring cells. *** The enhanced proliferation corre=
sponds to the results of our study, as EBV co-infection was stromgly
related to a significant increase in antigen Ki&7 in all layers across
the epithelium. Ki&? is a protein associated with cellular proliferation
and ribosomal RNA transcription, and is a clinically important prolif-
eration marker for grading multiple types of cancers, with well-es-
tablished prognostic value.™ The enhanced proliferation was also
confirrmed by a significantly higher number of previous papilloma
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surgeries in EBV-positive patients with AORRP. We found no sig-
nificant difference in the extent of disease. However, the authors
consider it a marginal parameter that can be misleading, as it is very
dependent on patient compliance. Less compliant patients wsually
hawe severe findings regardless of risk factors, as more time is given
fior the papillomas to grow and spread. Interestingly, EBV presence
did not relate to dysplastic papilloma changes. Further research is re-
quired to elucidate the specihic interactions between EHY and HEV
and their role in pathogenesis.

According to the current results, CMVY, HSV and VZV do not
seem to contribute to the onset or course of AORPR. The effect of
HHW-& remains unclear, but the virus is very common in adults, and
no sample was positive solely for HHV-& when the false-positive re-
sult was excluded.

There are several issues that could potentizlly influence our re-
sults and need to be discussed. First, some authors consider EBV
DMA detection using PCR to be & less suitable method with higher
risk of false positivity because EBY could reside in B-lymphocytes
that infiltrate tumour sites.** However, this could be the case only
for malignant tumours, in which cell invasion occurs through the
basement membrane. ADRRP is strictly a pathology of the epithe-
liurn, where enly antigen-presenting cells are found, and their numn-
ber is reduced by HPV infection.®® If false positivity were the case,
the number of EBV-positive samples would have to be much higher
in both groups considering that latent EBV positivity is estimated in
maore than #0% of the world's population.™

Second, the results should not be influenced by tobacco expo-
sure, &s tobacoo exposure was not often present in the study group
and neither HFV presence nor EBY presence was dependent on it.

Third, in contrast to the results of our previous study, H5V-2
co-infection does not seem to be a co-factor for AORRP, as it was
present in none of the biopsies. To elucidate this issue, all papil-
loma biopsies sent for histopathological examination were subse-
quently evaluated by a single pathologist for the presence of H5V
using immunohistochemistry with the same methodology as in our
previous study.® Biopsies of healthy mucosa could not be immuna-
histechemically evaluated because only one biopsy was obtained in
each patient in the control group, which was used for PCR detection.
The pathologist was blinded to the PCR results. Mine samples were
slightly positive for HSW in both the nuceus and cytoplasm. Falseim-
munohistochemical HSW positivity was caused by the presence of an
artificial tissue alteration (artefacts) considering that every positivity
was slight and diffuse {nuclear and cytoplasmic). Artefacts could be
caused by many different factors. According to the producer of HSV
antibody, false-positive results may be seen because of non-immu-
nological binding of proteins or substrate reaction products, or they
may be caused by pseudoperoxidase activity, endogenous perox-
idase activity, or endogenous biotin. In addition, the producer did
not offer a positive contrel, and antibody dilution was the lowest
recommended.

The main limit of our study is the sample size, which allows her-
petic wirus presence to be addressed as the primary aim of our study,
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as well as essential subgroup characteristics, but it is too small to
compare all characteristics of subgroups of patients with AORPP.
Additional studies with larger cohorts are necessary.

5 | COMNCLUSIONS

Unlike other herpetic viruses, Epstein-Barr vinus seems to interact
with human papillomavirus, enhancing cell proliferation and contrib-
uting to the pathogenesis and progression of adult-onset recurrent
respiratory papillomatosis. Further research is reguired to elucidate
gpecificinteractions and their role in the pathogenesis of adult-onset

recurrent respiratory papillomatosis.
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Fitrodsction. Human papillomavirus (HPV) causes juvenile-onset recurrent respiratory papillomatosis (JORRP). Although HPV
s common in children. the prevalence of JORRP is low. It is likely that other factors contribute to the pathogenesis of JORRP,
during either activation or reactivation of a latent HPY infection. There is evidence that laryngopharyngeal reflux (LPR) might be
such a risk factor for adult-onset recurrent respiratory papillomatosis. This study investigated if LPR might also be a risk factor
fior JORRP. Marerial: and Methods. Children with JORREP of the larynx that required microlaryngoscopy at a tertiary referral
Isospital were included in this prospective case-series study from November 2005 to November 2017 Using immunohistochemistry,
HPV infection and pepsin associated with LPR were diagnosed from laryngeal biopsies. Resadis. Eleven children (aged 4-14 years)
were analyzed. No patient had a history of immunodeficiency or tobacco smoke exposure. All patients underwent at least three
previous surgeries due to JORRP and had been vaccinated u.tl;a.i:ll.il HFY inthe prast. Five children were treated ll.‘n.i.l!ltl; antivirotics and
immunomodulators. The only known maternal risk Bactor was that three mothers were primiparous. All 11 sumples were infected
with HPYV I:I::f'pe & or 11 Pa[h:‘rlﬁtl;ia.‘ LPR wu.idiuﬁ:tuseﬂ in 5/11 children {45.5%). Conclision. LPFR may be a risk factor for JORRE
contributing to its development by activating or reactivating a latent HPY infection. Results are in accordance with those from our
previous s.l.ml:r im adults.

1. Introduction

Javenile-onset recurrent respiratory papillomatosis (JORRF)
is a chronic viral disease affecting children. It is characterized
by the growth of squamous cell tumors in the mucosa of the
aerodigestive tract, with a predilection for the larynx. JORRP
iz the most common benign neoplasm of the larynx among
children and the second most frequent canse of childhood
hoarseness. Its incidence is 0.7-1.34 and prevalence 169-
3.88 per 100,000 children. These values are higher in Africa
than in Europe, North America, or Australia [1-6] and no
difference in prevalence was found between the sexes [7].
In addition to hoarseness, the most common symptoms are
stridor and respiratory distress [8]. JORRP is potentially very
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aggressive and tends to recur. Although it is benign, it has an
unpredictable clinical course, can spread into the respiratory
tract, and can undergo malignant conversion [9, 10].

JORRP is caused by human papillomavirus (HPV) infec-
tion. It is a sexually transmitted disease, and children are
maostly infected from HPV-positive mothers during vaginal
delivery [11]. The risk of transmission is elevated among
young primiparous mothers with condylomas [12]. Diespite
the low incidence of JORRE, the presence of asymptomatic
HFV is relatively common in the respiratory tracts of chil-
dren [13, 14]. Therefore, other factors have to contribute
to the pathogenesis of JORRE, during ecither the activation
or reactivation of HPV. It is unclear how HPY infection
progresses to JORRE The roles of local laryngeal irritants (ie.,



tobacco, reflux, and secondhand smake) in the acquisition,
progression, and aggressiveness of disease are controversial.
Some data question the dogma that active and passive
smoking plays a role in recidivistic disease [15-17]. Several
authors have also questioned the role of laryngopharyngeal
reflux (LPR), mainly because of the lack of well-designed
studies and less than ideal diagnostic methods of LPR, which
were mostly limited to questionnaires or indirect signs of
reflux, in existing studies [16, 13, 19].

In our recent study in adults, LPR was significantly more
frequent in patients with adult-onset recurrent respiratory
papillomatosis (AORRP) than control patients with healthy
laryngeal mucosa, indicating LPR might be a risk factor for
AORRP [15]. This study aimed to investigate if LPR might
also be risk factor for JORRP using the same diagnostic

scheme.

2. Materials and Methods

This prospective case-series study was approved by the Ethics
Committee under identifier: 315/2014. It was performed in
accordance with the Declaration of Helsinki, with good
clinical practice, and it followed the applicable regulatory
requirements. The study was registered at Clincial Trials.gov
under the identifier: NCT02592902 Written informed con-
sent was obtained from the parents before initiating any
procedure. The study was conducted from MNovember 2015 to
November 2017 at a tertiary referral hospital.

Children who had been diagnosed with JORRP of the
larynx were included in the study if they had histologically
confirmed, recurrent (at least two times during the previous
two years) squamous cell papillomas in the laryngeal mucosa.
Exclusion criteria were patients with contraindications for
general anesthesia; patients with laryngeal papillomas under-
going microlaryngoscopy for the first time; and patients
whose parents did not consent to participation in the smdy.
Altogether there were 14 eligible patients. Two patients did
not meet the inclusion criteria and one patient was excluded
because his/her parents did not consent to participation in
the study:

Biopsy specimens of laryngeal papillomas were obtained
during microlaryngoscopy procedures. Paraffin-embedded
sections (2-3um thick) were prepared from the biopsy
samples (Benchmark XT, Roche, Ventana Medical Systems,
Switzerland) and analyzed at the Department of Pathology by
a single pathologist. In preparation for immunchistochem-
istry, samples were treated with hydrogen peroxide to block
endogenous peroxidase (Roche) and with Cell Conditioning
1 buffer (Roche) for antigen revitalization. Papillomavirus
Mouse Monoclonal Antibody (types 6, 11, and 18) (NCL-
HPV-4C4, Leica Biosystems, Germany, concentration 15}
was used as the primary antibody to detect HFV. Anti-pepsin
antibody (NB100-66518, Novus Biologicals, USA, concentra-
tion 1:100) was used as the primary antibody to detect pepsin.
Samples were incubated with primary antibody for 32 min.
The results were visualized with the iView DAB Detection
Kit (Roche). The presence of any antibody positivity in the
cytoplasm of the cells was considered pathological and the
sample was identified as pepsin positive.
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The following variables were examined: the childs age,
tobacco smoke exposure, history of immunodeficiency, HPY
vaccination and previous treatment, the number of previous
JORRP surgeries, whether the mother was primiparous,
the age of the mother at delivery, the mothers history of
condylomata, the results of Papanicolaou test in the period
around childbirth, the presence and type of HPV, and the
presence of pepsin in the biopsy. Statistical analysis was
performed using Microsoft Excel.

3. Results

This study included eleven children with JORRE six girls
and five boys. The average age was 8 years. No patient had
a history of immunodefidency or tobacco smoke exposure.
All patients had voice problems and coughs, while no patient
suffered from heartburn or dysphagia. All patients underwent
at least three previous surgerics due to JORRE All patients
had been vaccinated against HPV (Silgard®) in the past. Five
children were treated by antivirotics and immunomodula-
tors. The only known maternal risk factor was that three
mothers were primiparous (Table 1). Histological findings
confirmed squamous cell papillomas in all samples. There was
no malignity. Immunohistochemical analyses showed that
HFV had infected all 11 samples; HFV type 6 was confirmed
in nine samples and HPY type 11 in two samples. Pepsin was
detected in five samples, indicating the presence of relevant
pathologic LPR (Table 1).

4. Discussion

JORRP is a chronic viral discase caused by HPV. Currently,
over 120 types of HPV have been identified. They are grouped
according to pathophysiology and tissue preference [8, 20].
JORRP is mostly caused by HPV types 6 and 11, which are
the etinlogical agents of over 90% of genital warts [8, 21].
In addition, specific viral subtypes may be correlated with
disease severity and the clinical course; for example, an HPV
type 11 infection is associated with a poor course and a poor
prognosis [22]. In the present study, HFY (type 6 and 11) was
confirmed in all biopsy specimens in children with JORRE,
despite the fact that all children were vaccinated against HPY
with three doses of Silgard® vaccine (0, 2, and 4 month
intervals) before the beginning of our study. This finding
is consistent with the vaccine not being therapeutic, as all
children were vaccinated after the onset of JOREP

Although the risk of HPV transmission is higher for
children with young, primiparous mothers with condylomas,
no mother in our case series had a history of condylomata
and three mothers were primiparous. In addition, no mother
reported a pathological Papanicolaou test in the period
around childbirth. However, we did not have the exact results;
therefore we had to rely only on anamnestic data that may
not be accurate. In contrast to the relatively low incidence
of JORRP, the reported prevalence of HPV is relatively high.
Szydlowski et al. [13] reported that HPV was present in
the respiratory tract in 19.6% of healthy preschool children,
while Rintala et al. [14] reported that 10% of healthy children
had HPV in the respiratory tract at a 3-year follow up after
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TanLE 1: Characteristics of the study participants.

Patient 1 2 3 4 5 ] 7 B 9 10 n
Sex F M F F F F M M F M
Age [}E:rs} 4 & -] ] ] B 4 B 14 @ 10
Mo of previous -

3 7 13 ] 3 7 1 4 4 3
JORRF surgeries B
Primiparous mother yes no no no no no yes yes no no no
Age of mother at bl P b 2 30 29 n b 2% 25 26
delivery [years)
Mother with hlstory o no no no no no o no no no no
of condylomata
Inosine pranobex o no no yes no yes o yes ves yes no
HPV type 11 B 6 L3 6 B B 6 ] 1] &
Pepsin pos. pos. neg. neg. pos. neg. pos. neg. neg. neg. pos.

F = female, M = male, JOREP = juvenile-onset recurrent respiratory papillomatosis, pos. = positive, and neg. = negative.

birth. Durzynska et al. found that HPY was present in the
oropharynx in L0&% of asymptomatic children aged 10-18
years. The most frequent HPV genotypes were types 6 and
11 [23]. Those findings suggested that additional risk factors
might contribute to the development of JORRF by activating
or reactivating a latent HPY infection.

It was previously shown that LPR could cause or facilitate
many pathologies in children, including acute or chronic oti-
tis media and laryngitis [24, 25]. Many studies demonstrated
that contact between refluxed material and the mucosa
caused local inflammation and edema. The presence of
pepsin in the refluxate is considered a primary pathogenic
factor, which causes proteolysis and cell damage. LPR could
potentially induce JORRP by a very similar mechanism.
Evidence has shown that gastroesophageal reflux occurs in
approximately two-thinds of infants at 4 months of age, but
decreases as the child matures [26-28]. All children in our
study were 4 years and older; therefore, LPR should not be
present in these patients. The diagnosis of LPR is challenging.
(uestionnaires are not suitable and the symptoms of LPR are
bath heterogeneous and very common. The situation is even
maore complicated in case of JORRE Voice problems are very
often symptoms of LPR, but they are always present in JORRE
Moreover, JORRP can cause other symptoms related to reflux,
like globus pharyngeus and cough. Symptoms of JORRF
were the dominant complaints in our study. As expected, no
children suffered from heartburn as it is only pathognomanic
for gastroesophageal reflux.

Therefore, it is very important to choose the proper
diagnostic method for evaluating whether LPR is a relevant
factor. Measuring pepsin in fluids or tissues appears to be the
maost suitahle method for evaluating a possible relationship
between a pathology and LPR [24, 29]. The advantage of
pepsin detection over esophageal impedance is that pepsin
can be detected in tissues and fluids, even in the absence of
a reflux event within the past several days [24]. Moreover,
the presence of pepsin inside the mucosal cell cytoplasm
indicates that LPR is a relevant factor, because it is typically
ahsent in the cytoplasm of healthy laryngeal mucosa. Thus,
this is one of the benefits of this test compared with the more

often used lavage of the laryngeal/tracheal mucosa, in which
pepsin is assayed in the aspirate and only intraluminal pepsin
is tested. An intraluminal presence does not necessary mean
that the pepsin overcame the cell’s protecting mechanism and
LFR is a relevant factor. In our case, intraluminal pepsin
could also provide false positive results, considering the
nonphysiological conditions during intubation and general
anesthesia, in which there is significant risk of aspiration
[30]. Therefore, the pepsin measurement used in our study
provided the most accurate data. The disadvantage is that
the technique is invasive. However, that was not an issue as
the papillomas had to be removed. In our study, pepsin was
detected in the cell cytoplasm in 5 of 11 children with JORRE,
regardless of the HPV type. Accordingly, these patients
suffered from relevant pathologic LPR affecting the larynx.
This finding indicated that LPR could be a risk factor for
JORRP in these patients and may affect its course.

In accordance with previously reported data, passive
smoking was not a factor in our study. No child was exposed
to tobacco in his or her family. In addition, no child had a
history of immunodeficiency. Thus, these general risk factors
did not affect the results. Qur observations suggested that the
LPR could be a potential risk factor for JORPE contributing
to its development by activating or reactivating a latent
HPV infection. To our knowledge, this is the first report to
demonstrate a possible relationship.

A limit of our study is the small sample size. However,
the aim was to evaluate another risk factor of JORRP and to
encourage the initiation of other studies. Another limitation
was the absence of a control group, which would be dearly
beneficial. However, any biopsy of children's healthy laryngeal
mucosa or any LPR diagnostic procedure (eg., esophageal
impedance) in healthy children would be unethical. Children
with vocal cysts could be induded in the control group.
Healthy mucosa would be obtained from reduction of the
mucosa flap after cyst removal, as was done previously in
a study of adults [15]. However, this pathology is very rare
in children and such a small biopsy specimen is not always
suitable for analysis. We believe children with other glottic or
subglottic pathologies would not be suitable for inclusion in
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the control group because of a risk of bias due to LPR being
a potential etiopathogenetic factor of such pathologies. Thus,
healthy mucosa distant from the pathology would have to be
removed and this would not be approved. However, no pepsin
should be present in the cell cytoplasm of healthy laryngeal
mucosa. Therefore, any pepsin positivity shows relevant LPR
affecting the examined tissue. This was also confirmed in
our previous study where no adults in the control group
with healthy laryngeal mucosa were pepsin pasitive [15].
Case-control studies are needed to confirm these preliminary
results in children. It remains unclear how and whether
LPR should be treated in cases of JORRP. It is unknown if
treatment of LPR alters the course of the disease, as it could
also play a role only in its onset. Further studies addressing
this issue are needed.

5. Conclusions

LPR may be a risk factor for JORRP by activating or
reactivating a latent HPV infection. The findings here are in
accordance with results of our previous study in adults.
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All anonymized clinical and histopathological data that have
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Comparison of Impedance and Pepsin Detection in the
Laryngeal Mucosa to Determine Impedance Values that
Indicate Pathological Laryngopharyngeal Reflux

Martin Formdnek, MO, PhD", Debora Janéatova, MD', Pavel Kominek, MD, PhD, MBA', Radoslava Tomanovd, MD® and
Karol Zelenik, MD, PhD'

QBJECTIVE: Recently, a 24-h impedance was used to detect laryngopharyngeal reflux (LPR). However, not every case of LPR is
pathological. Thus, pathological pharyngeal impedance values need to be clearly establizshed to diagnose pathological LPR. The
aim of our study was to establish pathological 24-h pharyngoesophageal impedance’pH values for the diagnosis of LPR.
METHODS: The study was conducted in a tertiary care setting. A total of 30 patients who were referred to microlaryngoscopy for a
laryngeal pathology that might be caused by LPR were included in this prospective study. All patients were off proton-pump
inhibitor therapy. The 24-h pharyngoesophageal impedance-pH monitoring was performed 1 day before surgery. A biopsy of
laryngeal tissue was obtained during microlaryngoscopy and was analyzed by immunohistochemistry to detect pepsin. The
patients were divided into two groups: pepsin negative and pepsin positive (which indicated pathological LPR). The results of 24-h
multichannel intraluminal impedance-dual-channel pH monitoring were compared between the groups. The number of LPR
episodes in the pepsin-positive group was analyzed to establish a cutoff value for pathological LPR.

RESULTS: There were 18 participants in the pepsin-negative group and 12 in the pepsin-positive group. The median total
pharyngeal refluxes detected were two (0-5) in the pepsin-negative group and 14 (6-39) in the pepsin-positive group (P - 0.001),
although the groups were otherwise homogeneous. There was a statistically significant difference in the number of all types of
refluxes between groups. Six or more pharyngeal refluxes were the cutoff for the presence of pepsin in the laryngeal mucosa and,
thereby, for the diagnosis of relevant/pathological LPR.

CONCLUSION: Six or more pharyngeal reflux episodes registered during the 24-h impedance/pH monitoring seem to be the cutoff
for diagnosing pathological LPR. Therefore, it is possible to suggest establishing this value as the pathological impedance value
indicating pathological LPR. These results must be interpreted with caution due to the small sample size.

Clinical and Translafional Gastroenterology (2017) 8, @123, doir10.1038/ctg.2017 49; published onling 26 October 2017

Subject Category: Esophagus

INTRODUCTION However, detecting pathological LPR can be difficult. Soms
episades of LPR are prasant in healthy individuals; therefora,
nat every apisode is pathalogical (causing extrassophageal
raflux disease). Thera may be saveral episodas of reflux above
the upper esophageal sphincter that do not harm the mucosa.
Oalschlager & al reported a median number of five
pharyngeal reflux episodes in 10 asymplomatic conftrals
during 24-h monitoring.” On the other hand, Hoppo &f al

Laryngopharyngeal reflux (LPR) is defined as the reflux of
(duodeno)gastric contents abowve the upper asophageal
sphinctar. The protecting mechanisms in nonasophageal
mucosa are insufficient; therefore, LPR can cause or facilitate
many pathologies of the asrodigestive tract, such as chronic
laryngitis and pharyngitis, acute or chronic olitis media, and
mingsinus'rljs._"“ Many movel methods have recently been o racenty raported only one pharyngeal reflus eventin 34
available for diagnosing LER. However, an ideal method does by subjects during 24-h moenitoring.? Zerbib ef al
nataxist. Currantly, 24-h multichannal intraluminal esophageal detected during 24-h monioring a total of 32 pharyngeal
impedance or pH monitoring is considered 10 be the gold  rafyx events in 12 healthy subjects with one subject having 12
standard for diagnosing gastroesophageal reflux disease  pharyngeal reflux events. However, the median number of
(GERD).S Combined pH and impedance monitoring can pharyngeal reflux events was zero?

detect all typas of reflux episodes (acidic, weakly acidic, and These discrepancies clearly damanstrale how the analysis of
alkaline) within tha esophageal lumen and their compasition pharyngeal impedance fracings and diagnostics of LPR are
(hquid, gas, or mixed). Moreover, 24-h multichannel intralum- challenging and require accurate and reproducible diagnostic
inal esophageal impadance or pH monitoring seems lo be very criteria. The most accurate diagnostic method of relevant LPR
promising for diagnosing pathalogical LPRF ramains to ba pepsin detection in tissues® However, this
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Pathological impedance values in LPR diagnostics
Formének ef al.

requires a biopsy of the larynx, usually under general
anesthesia that carries a risk of tissue scarring. Thus, it is not
suitable for routine diagnostics, unlike pharyngeal impedance.

There is also a new diagnostic method of LPR—salivary
pepsin test, which is questioned for a routine diagnostic.'®!"
Pepsin detection in saliva is much less invasive. On the
contrary, there are several disadvantages. Pepsin positivity is
measured in the oral cavity; therefore, a lot of pharyngeal
refluxes, which reach only the hypopharynx, larynx, or
oropharynx could be missed. Saliva samples must be
obtained soon after a reflux event. Furthermore, even
asymptomatic subjects have pepsin positivity in saliva and
the cutoff for pathological LPR is missing. In the study of
Yadlapati ef al., neither oropharyngeal pH testing nor salivary
pepsin analysis were able to distinguish between healthy
volunteers and subjects with a combination of laryngeal and
reflux symptoms.'!

Accordingly, the best way to improve routine LPR diagnos-
tics is to improve the accuracy of pharyngeal impedance for
the detection of relevant pathological LPR. Therelore, the aim
of our study was to use pepsin detection in laryngeal mucosa
for the identification of relevant pathological LPR and compare
these findings to the results from 24-h pharyngoesophageal 8-
channel intraluminal impedance/2-channel pH monitoring
performed in the same patient 1 day before surgery to
astablish pharyngeal impedance values for pathological LPR.

METHODS

This prospective study was approved by the Ethics Committee
of the University Hospital Ostrava. It was performed in
accordance with the Declaration of Helsinki and good clinical
practice, and it followed the applicable regulatory require-
ments. The study was registered at ClincialTrials.gov under
the identifier: NCT02592902. Written informed consent was
obtained from the patients before initiating any procedure. The
study was conducted between January 2015 and December
2016. All authors had access to the study data and had
reviewed and approved the final manuscript.

Adult patients with a diagnosed laryngeal pathology, in
which a reflux might be considered as an etiopathogenetic
factor such as vocal cord granuloma, recurrent laryngeal
papillomatosis, and vocal cord polyp, who were referred for
microlaryngoscopy were included in the study. Voice pro-
blems, breathing problems, and the necessity of histological
verification of the pathology were the main indications for
surgical treatment. All patients were off proton-pump inhibitor
therapy. The exclusion criteria were patients with contra-
indications for general anesthesia, patients who did not
consent to be included in the study, patients with a history of
thoracic or digestive surgery (except appendectomy), gastro-
intestinal disease, consuming 40 g/day alcohol, smoking 20
cigarettes/day, and patients treated with medications that alter
intragastric acidity or esophageal motility.

24-h multichannel intraluminal impedance-dual-channel
pH monitoring. The 24-h multichannel intraluminal impe-
dance-dual-channel pH monitoring, using the Digitrapper pH-
Z Testing System (Medtronic, Minneapolis, MN, USA), was
performed 1 day before surgery. A VersaFlex LPR ZNID19
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+8R impedance catheter (Medtronic) was used with pH
sensors at Ocm (proximal) and 19cm (distal), and eight
impedance rings were located—1, 2, 5, 7, 9, 18, 20, and
22c¢m from the proximal pH sensor (Figure 1). Before
recording, the catheter was calibrated using buffer solutions
at pH values of 4.0 and 7.0. The proximal pH sensor was
placed in the hypopharynx 2 cm above the upper esophageal
sphincter. The right sensor position was always verified using
a flexible laryngoscope. A Digitrapper Recorder (Medtronic)
was used for data recording. Patients were instructed to use
the device to record the time they spent on eating, drinking,
and in a horizontal position. Tracings were analyzed (after a
visual check) using AccuView Reflux Software (Medtronic).
The number of acid (pH<4), weakly acid (pH 4-7), and
alkaling pharyngeal reflux episodes were obtained.

Figure 1 Scheme of the \ersaFlex® LPR ZNID1S+ER impedance catheter
placement (green rectangle = impadance sensor, red drcle = pH sensor).



Pepsin detection. Biopsy specimens of the laryngeal tissue
ware obtained during microlaryngoscopy  procedures.
Faraffin-embedded sections (2-3-pm thick) were prepared
from the biopsy samples (Vantana Medical Systems, AZ,
USA) and analyzed at the Department of Pathaloay by a
single pathologist. Immunohistochemical analysis was per-
farmed after endogenous peroxidase blacking with hydrogen
peraxida (Ventana) and antigen ravitalization in CC1 buffer
(Ventana). A pepsin antibody (MB100-86518, Novus Biclogi-
cals, CO, USA, diluted at a ratio of 1:100) was used as the
primary antibody to detect pepsin. The incubation pericd for
the primary antibody was 32 min. The iView DAB Detection
Kit (Roche, Switzedand) was used o visualize tha antigans.
The presence of any antibody positivity in the cytoplasm of
the calls was considered to be pathological and the sample
was evaluated as papsin positive.

Statistical analysis. Tha patients were divided into two
groups, pepsin positive and pepsin negative. The results of
the 24-h multichannel infraluminal impedance—dual-channal
pH monitoring were compared between the groups. The
number of LPR episodes in the pepsin-posiive group was
analyzed to establish a pathological cutolf value for LPR.
Descriptive slatistics, such as the arithmeatic mean, standard
deviation, and absolute and relative frequency lables, weare
used for data processing. The Shapiro-Wilk test was used to
tast far norrmality. The two-sample Mest, Mann—Whitney test,
and Pearsor’s x° test were consequently used based on the
normality resulls. Fisher's exact test was used when
Pearson's y° test could not be used.

The calculation of sensitivity, specificity, and negative and
positive pradictive values with likelihood ratios were used for
evaluation of the reliability of pepsin detection. Kaplan—Meier
survival estimate, CHAID (Chi-squara Automatic Interaction
Detactar), and Youden's index were used as well. Racaiver-
opearating curve was used for data visualization. The statistical
tasts wers assassed using a significance leveal of 5%, The
stafistical analysis was performed using Stata 13 software
(Stata Corp., College Station, TX, USA). Risk groups
identification was perormed using SPSS Answer Tree 3.1
(IBM Corp., Armonk, NY, USA).

RESULTS

The sludy was conducted between January 2015 and
December 2016. A total of 30 adult patients wera included in
the prospective study. Sixteen patients had vocal cord
granuloma, 8 patients suffered from recurrent laryngeal
papillormatosis, and 6 patients had vocal cord polyp. The
average age of the participants was 43.7 + 15.66 years. Thara
were more men (53.3%) than womean (46.7%).

Groups. Participants ware divided into two groups according
to the pepsin negativitypositivity determined from the
laryngeal biopsy. There were 18 participants in the
pepsin-negative group and 12 in the pepsin-positive group.
There were no differences between the groups in terms of
age, bodyweight, BMI, sex, histary of immunodeficiency,
allergy, diabstes mellitus, or tobaceo exposure (Tables 1
and 2). There wera more women in tha pepsin-negative
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group (11/18; 61%) than in the pepsin-positve group
(312; 25%), bul this difference was not significant
(P=0.072).

Comparison of 24-h pharyngoesophageal intraluminal
impedance=pH monitoring results with pepsin detec-
tion-pharyngeal sensor. The median of all pharyngeal
reflux episodes defected by infraluminal impedance—pH
monitoring was two in the papsin-negative group and 14 in
the pepsin-positive group. Tha range of pharyngeal reflux
gpisodes varied from 0 1o 5 in the pepsin-nagative group and
frem & to 389 in the pepsin-positive group (P<0.001)
(Figure 2, Tabla 3). Thera was a significant differance in the
number of all types of refluxes. Six or more pharyngeal reflux
episodes were identified as the cutolf for the presence of
papsin in the laryngeal mucosa and, thereby, for the
diagnosis of relevantpathological LPR (Figures 3 and 4).
The sensitivity for identitying pepsin (and diagnosing rele-
vant/pathalogical LPR) using six or more pharyngeal refluxes
as the cutoff was 100% (confidence interval (Cl): 73.5-100%)
and the specificity was 100% (C1:81.4-100%). The negative
and positive pradictive valuas were 100%.

Comparison of 24-h pharyngoesophageal intraluminal
impedance—pH monitoring results with pepsin detec-

tion-esophageal sensor. The median of all esophageal
reflux episodes detected by infraluminal impedance—pH

Table 1 General characteristios of the study participants according o pepsin
nesgativityipositivity

Pepsin Mo, Median Mean SD Min Max  Pwvalue
Age

Meg. 18 41.0 443 16.09 20 72 0.8022"
Pos. 12 30.5 428 1564 19 74

Haight

Meg. 18 168.0 1708 1238 152 185 0Q.091"
Pos. 12 178.0 1781 B3 164 182
Boayweaight

Meg. 18 B1.0 827 18895 57 114 0.2068°
Paos. 12 B40 1.4 15,00 60 112

BMI

Meg. 18 278 282 43 21 0.4981"

Paos. 12 301 285 378 2.

B, body mass index S0, standard deviation.

*Twa-sample Fbest.
"Mann—Whitney best.

Table 2 Medical hisicry afthe study participants according ba pepsin negabivity,

positivity

Pepsin Pepsin P walue®

negative positive

Yes Mo Yes Mo

Allergy 2 16 3 g9 0364
Tobaooo exposure B 10 3 g9 0442
Immunodeficiency o 1B o 1B —
Diabetes mellius 1 7 1 1 1.000

*Fisher's comct fest
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monitoring was 9 in the pepsin-negative group and 25 in the
pepsin-positive group. The range of esophageal reflus
episodes varied from 2 to 23 in the pepsin-negalive group
and from 8 to 58 in the pepsin-positive group (P<0.001)
{Table 4). There was a significant differanca in the number of
acid and alkaline refluxes. The esophageal acid exposure
tima and DeMeester Score were significantly higher in the
pepsin-positive group (Table 4).

Sintean or more esophageal reflux episodes were identified
as the cutoff for the presence of pepsin in the laryngeal
mucosa and, therety, for the disgnosis of relevantipathologi-
cal LPR (Figure 5). The sensitivity for identifying pepsin using
16 or more esophageal refluxes as the cutolf was 83 3% (CI:
51.6-87.9%) and tha specificity was 88.9% (C1: 65.3-88_6%).
The negative and positive prediclive values were B8.9% and
83.3%, respactively.

GERD was diagnosad if the number and type of the
saophageal episcde or DeMesater Score wera pathologi-
cal. There was one patient (5.6%) sulfering from GERD in
the pepsin-negative group and seven palients (58.3%) in
the pepsin-positive group (P=0.001, Pearson’s x°).

DISCUSSION

The aim of aur study was to establish pathological values from
24-h pharyngoesophageal impedanceipH monitaring for the
diagnosis of LPR. Pathological LPR was defined as the

40 1 5
=

i

.

2 m

B

2

:.E 0 4

| —
negaive postre
Pepsin

Figure 2 Mumber of &l pharyngeal reflux episodes In patients in e pepsin-
negatveipoaiive groups.

presence of pepsin in the cytoplasm of the laryngeal
mucosa calls.

The advantage of pepsin detection over pharyngeal or
esophageal impedance is thal pepein can be detected in

FEPSIN
1 Mode 0 ]
|_Categery % n f
= 4000 12
im0 60.00 18 f
|~ Toa  (100.00) 30 F
| =

TOTAL

Adi Povalue=0.0000, Chi-square=30.0000, df=1

<=5 »5
| |
Mode 1 MNaode 2
Category % n Category % n
m1 000 0 ] 100.00 12
|0 100.00 18 |0 0.00 0
Total (60.00) 18 Total (40.00)12

Figure 3  auiomsSic interaction detector (pepsin 0=negative, pepsn
1 = posiive) showing Six or more pharyngeal refux episodes s the cutoff for the
peesence of papsin in e larnyngeal mucosa,

Kaplan-Meler survival estimate
T

075 4

Frebabiiy of Fepsin= nep

—

L

0004

2n 41
Hembar of reflux epsodes

Figure 4 Kaplan-Meler survval estimate.

Table 3 Comparison af the type and rumber af pharyngsal refluxes in patients in the pepsin-negativelpositive groups

Pharyngeal pH-metry results Pepsin Medlan Mean S0 Min Max Palusa®

Acidic reflux events Meg. 1.0 08 D.86 o 2 < 0001
Pos. 7.0 a0 5.62 D 20

Weakly acidic reflux events Meg. 1.0 16 1.42 o 4 0021e
Pos. 4.0 76 B8.73 0 35

Akcabne reflux events Meg. 0.0 oo 0.00 D o 00281
Pos. 0.0 15 147 D 4

Total reflux events MNeg. 2.0 2.4 1.68 0 5 < 0,001
Pos. 135 16.0 1030 E 33

S0, standasd deviation.

“Sann—Whitnery test.
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Table 4 Companson of the type and number of asophageal refluces in patients in the pepsin-negativeipositive groups

Esophageal pH-metry results Pepain Median Mean S0 Min Max P value®
Acadic reflux events Meg. 20 23 2,00 o B 0.0004
Pos. 1.5 14.3 10.66 ] a7
Weakly ackdic reflux events Meg. 75 7.5 5.08 1 20 04742
Fos. 9.0 128 11.98 2 45
Alkaline reflux events Neg. 0.0 0.0 0.00 ] ] 0.0281
Pos. 0.0 05 147 ] 4
Total reflux events Neg. as 98 577 2 23 0.0005
Pos. 250 77 15.33 B 58
Esophageal ackd exposune time (min) Meg. 95 121 11.18 1 43 0.0002
Pos. 525 56.4 38 67 ] 11
Drefdeester scone Neg. 4.6 5.1 4.02 03 16.7 0.0015
Pos. 121 18.6 13.55 29 42.3
S0, standard dievi atcn.
“Manr-Whitrsey test.
healthy individuals. On the other hand, every pepsin
120 1 presanca in the call cytoplasm is pathological
- The results of papsin detection wera comparad with the
ays | results from 24-h pharyngoesophageal 8-channel intralum-
P inal impedance/2-channel pH monitoring perfarmed in the
E same pafient 1 day belora surgery to establish pathological
E e pharyngeal impedance values for LPR. A special impadance
& catheater far LPR diagnostics was used. The main disadvan-
o tage of the catheter is that GERD diagnostics can be difficult.
Distal sensors are several centimelers higher in the
esophagus than those in a standard esophageal impedance.
Therefare, some minor esophageal refluxes that do not reach
- = : . thase slightly higher placed sensors might be missed. On the
a e ] o other hand, LPA diagnostics using this cathater is very
SewsurerBOC mre s banl ¢ Spedlioly

Figure 5 Receiver-operaiing curve showing the sensifvity and speciicity for
ideraifying pepsin in laryngesl mucoss considering the ionsl esophageal refises.

tissues and fluids even when reflwe has nol occurred in
the previous several days Thus, it reflects a long-term
situation. Papsin is also present in all types of LPR (liquid,
gas. or mixed) and is detected right in the examined tissue.
Furthermore, the presence of pepsin in gastric refluxate is
the main pathogenstic factor that causes proteclysis and
cell damage. It is important to emphasize thal pepsin was
datected in the cytoplasm of laryngeal mucosa cells. For
papsin to be present in the cyloplasm, the reflux has fo
aclually reach the larynx and overcome all the cells
prolecting mechanisms. Thus, il the cell's cytoplasm is
positive for pepsin, it has already damaged the cell and the
LPR can be considered to be pathological Tharsfore, the
presence of pepsin was diagnosed using immunohisto-
chemical analysis. Although it was not possible to establish
pepsin concentration values, analysis enables a mare
precise evaluation of the samples. Other detection methods
could provide pepsin concentration walues; however, a
sample is evaluated by these methods as a complex, and it
cannot be established if the sample's papsin positivity is
because of its extracellular or infracellular presance. Small
extracelular pepsin concentrations could be normal in

precise. Thus, it was almost ideal for our study. ts exact
placemant was wverified using flexible endoscopy in
every casa.

The participants were divided into two groups according to
pepsin positivity/negativity in the laryngeal mucosa. The
groups were homogenegous in terms of age, bodyweight,
BMI, sex, history of immunodeficiency, allergy, diabetes
mellifus, or tobacco exposure. Patients who were positive for
pepsin in the laryngeal mucosa were considered fo have
pathological LPA.

According to the results of our study and previous data, the
type of LPR does not play such an important role in its
pathogenicity.” There was a significant difference in the
number of all types of refluxes in the study. It is likely that
pepsin is tha main pathoganetic factor presant in every type
of LPR. It is wall known thal pepsin is inactive but stable at a
pH of 7.0 {alkalne pharyngeal reflux), and that it can be
reactivated upon reacidification, retaining 79+ 11% of its
original activity at a pH of 3.0." The reacidification could
happen anytime due lo acid reflux or simply by eating
acidic food,

Tha total number of all pharyngeal reflux episodes seems
to be the most crucial factor for relevant LPR identification.
Pharyngeal reflux episcdes were relativaly rare events in the
pepsin-negative group with a median of two episodes. This
finding is in agreament with previous studies in asymplomatic
pationts.” Howewver, there were reports of up o five
episodes. The madian number of pharyngeal reflux episodes
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in the papsin-positive group was 14 (range 6-33). Statistical
analysis confirmed thal six or more pharyngeal reflux
apisodes was the cutoff value for pepsin in the laryngeal
mucosa and, thereby, for the diagnosis of relevant
LPR affecting the larynx. The sensitivity and specificity for
the pathological LPR diagnosis reached 100%. Howewer,
the Cls were 73.5-100% and 81.4—100%, respectively. This
was due to the small cohort, which ig also the main limitation
of sur study. On the confrary, statistical power for pharyngeal
reflux test is 100%. A clear-cut resull in the case of
pharyngeal reflux is surprising, and the authors suppose
that with a growing cohorl, the cutolf becomes much
less clear.

Data fram a slightly higher placed distal sensor are not
absolutaly comparabla understanding that the technigue is not
oplimized for GER evaluation. Stalistical analysis revealed
that 16 esophageal episcdes could be the cut point valua for
tha diagnosis of relevant LPR aMfecting the larynx. The
sansitivity and specificity is lower than that in the case of the
detection of pharyngeal reflux episodes. Patiants with a higher
esophageal acid exposure time and DeMesaster Score weare
mora likely to reprasent pathologic LPR.

Six pharyngeal reflux episodes registered during 24-h
impedance-pH monitoring seem to be the cutoff for
diagnosing pathological LPR. Therefora, it is possible to
sugges! establishing of this value as the pathological 24-h
impedanca value indicating pathological LPR. This result is
based on a comparison with papsin detection in laryngeal
mucasa, which is the most accurafe way to diagnose LPR.
These results must be interpreled with caution, and
additional studies with larger cohorts are warranted to
confirm thase findings.
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WHAT IS CURRENT KNOWLEDGE
« Detecting pathological laryngopharyngeal reflux is
challenging.

# There are siill discrepancies in the analysis of phanyngeal
impedance tracings.

¢ Pathological pharyngeal impedance values need to be
clearly established.

WHAT IS NEW HERE

¥ Six or more phanyngeal refluxes were the cutoif for relevant’
pathotogical lanyngopharyngeal refluce

¢ The results could help in establishing pathological
pharyngeal impedance values and improve the accuracy of
pharyngoesophageal impedance
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Abstract: Background: The Peptest™ is a non-invasive diagnostic test for measuring the pepsin
concentration in saliva, which is thought to correlate with laryngopharyngeal reflux (LPR). The aim
of this study was to investigate the diagnostic value of the Peptest in detecting LPR based on 24-h
multichannel intraluminal impedance-pH (MIl-pH) monitoring using several hypopharyngeal reflux
episodes as criterion for LPR. Methods: Patients with suspected LPR were examined with the Reflux
Symptom Index (RSI), Reflux Finding Score (RFS), fasting Peptest, and MII-pH monitoring. We
calculated the accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) of the Peptest, RSI, and RFS based on the threshold of one and six hypopharyngeal reflux
episodes. Results: Altogether, the data from 46 patients were analyzed. When one hypopharyngeal
reflux episode was used as a diagnostic threshold for LPR, the accuracy, sensitivity, specificity, PPV,
and NPV were, respectively, as follows: 35%, 33%, 100%, 100%, and 3%, for the Peptest; 39%, 40%,
%, 95%, and 0%, for the RSI; and 57%, 58%, (1%, 96%, and (%, for the RFS. The accuracy, sensitivity,
specificity, PPV, and NPV of the Peptest for diagnosing gastroesophageal reflux disease (GERD) were
46%, 27%, 63%, 40.0%, and 48%, respectively. Conclusions: A positive Peptest is highly supportive of
a pathological LPR diagnosis. However, a negative test could not exclude LPR.

Keywords: laryngopharyngeal reflux; gastroesophageal reflux disease; Peptest™; 24-h multichannel
intraluminal impedance-pH; Reflux Finding Score

1. Introduction

Laryngopharyngeal reflux (LPR) is often involved in the development of laryngeal,
pharyngeal, rhinological, and otological conditions [1-4]. The precise diagnosis of LPR
remains challenging, particularly in patients with mild to moderate symptoms, because the
symptoms and findings are nonspecific, and an accepted gold standard does not exist, as
every diagnostic method shows false positive and false negative results. Therefore, multiple
methods are used for most patients. The most validated diagnostic tool, which is deemed
to be the “gold standard”, is the 24-h multichannel intraluminal impedance-pH (MIl-pH)
monitoring tool, which provides useful information about the severity, number, and type
(acid, nonacid, mixed, upright/recumbent) of hypopharyngeal reflux episodes. However,
MIl-pH monitoring might be inconvenient for some patients, is costly, and is not available
at all institutions [1]. Moreover, the possibility that probe insertion might influence the LRP
could not be completely excluded. Therefore, new non-invasive diagnostic approaches have
been developed, including the detection of pepsin in saliva samples with the Peptest™
(RD Biomed, Hull, UK) [5]. The Peptest measures the pepsin concentration in saliva, which
is thought to correlate with recent (i.e., within hours) hypopharyngeal reflux episodes.
The Peptest has been widely used around the world as a non-invasive, economic, and
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easy method for diagnosing LPR. However, its diagnostic value has been questioned,
and currently, it is an issue of ongoing debate. In fact, no single study has evaluated the
diagnostic value of the Peptest compared to that of MII-pH monitoring based on the LPR
diagnostic criterion, which is the number of hypopharyngeal reflux episodes detected.

The present study aimed to investigate the diagnostic value of the Peptest compared
to that of the gold standard LPR diagnosis based on MII-pH monitoring. To provide a
more in-depth analysis, we used two different criteria for diagnosing LPR: the detection of
one or six hypopharyngeal reflux episodes. Moreover, the diagnostic value of the Peptest
was compared to those of the Reflux Symptom Index (RSI) and the Reflux Finding Score
(RFS). Furthermore, we investigated the diagnostic value of the Peptest for diagnosing
gastroesophageal reflux (GERD) based on a positive DeMeester score. These results were
expected to provide a basis for using the Peptest for LPR screening in situations where
performing the MII-pH is not possible.

2. Materials and Methods

This prospective study was performed in accordance with the Declaration of Helsinki,
the requirements of good clinical practice, and all applicable regulatory requirements.
It was approved by the Institutional Review Board and registered at Clinicaltrials.com,
identifier: NCT03904758. Written informed consent was obtained from all participants
before any procedure was initiated.

2.1. Patient Selection, Inclusion/Exclusion Criteria, and Basic Examination

Consecutive adult patients with symptoms and signs of LPR were prospectively
recruited from April 2019 to December 2020. Exclusion criteria were as follows: history
of head and neck cancer, patients with diagnosed esophageal motility disorder, patients
with an upper respiratory infection in the prior 4 weeks, smokers, patients with an alcohol
dependency, and patients that refused to stop anti-reflux medication for the purpose of
the study.

Enrolled patients were asked to complete a questionnaire for the RSI. Then, a flexible
laryngoscopy was performed to determine the RFS. For performing the RFS, we randomly
selected one of two physicians experienced at diagnosing LPR.

2.2. Pepsin Sample Collection

The pepsin concentration was measured in saliva samples with the Peptest. Patients
were instructed to keep their standard food and drink regimen the day before examination
and fast overnight before examination. Patients provided a saliva sample (1-5 mL; throat
sputum) at the office, the morning after an overnight fast, and directly before introducing
the MII-pH probe. The saliva sample was collected in a 30 mL universal sample collection
tube and immediately analyzed with a standardized procedure described previously [6].

2.3. Multicharmel Intraluminal Impedance-pH Monitoring

Patients that were taking anti-reflux medication chronically were asked to stop taking
the medication before the study as follows: proton pump inhibitor therapy was stopped
for 1 week; Hj blockers were stopped for 48 h; and drugs containing CaCO; were stopped
for 1 day before the study. Furthermore, all patients were asked to maintain normal
daily activities. We performed MIl-pH monitoring with the Digitrapper pH-Z Testing
System (Medtronic, Minneapolis, MN, USA). A VersaFlex LPR ZNID22 + 8R impedance
catheter (Medtronic, Minneapolis, MN, USA) was equipped with pH sensors located at
0 cm (proximal) and 22 cm (distal), and eight impedance rings located at -3, -1, 1,13, 15,
17,20, and 23 cm from the proximal pH sensor. Before recording, the catheter was calibrated
with buffer solutions at pH values of 4.0 and 7.0. The proximal pH sensor was placed in the
hypopharynx in the retrocricoid region, 2 cm above the upper esophageal sphincter, with
flexible laryngoscopy guidance. A Digitrapper Recorder (Medtronic, Minneapolis, MN,
USA) was used to record the data. Patients were instructed to record the time they spent

98



J- Clin. Mad. 2021, 10, 299

3of9

eating, drinking, and in a horizontal position. Two physicians experienced in the technique
manually analyzed the tracings with AccuView Reflux Software (Medtronic, Minneapolis,
MN, USA) and a standardized method [7].

A hypopharyngeal reflux event was defined as an episode that was detected by
two impedance sensors in the hypopharynx. An acidic event consisted of a gaseous
or liquid reflux with a pH <4.0. A non-acid event was a gaseous or liquid reflux with
a pH >4.0. Accordingly, a group of non-acid reflux covers weakly acidic, neutral, and
alkaline reflux events. We defined acid, non-acid, and mixed LPR according to the work of
Lechien et al. [8], based on the ratio of the number of acid reflux episodes to the number of
non-acid reflux episodes. Acid LPR was defined as a ratio >2; non-acid LPR was defined
as a ratio <0.5; and mixed reflux LPR was defined as a ratio of (.51 to 2.0 [S]. For this
study, one hypopharyngeal reflux event and then 6 hypopharyngeal reflux episodes were
considered as the threshold for pathological LPR (for more details, see Section 2.4 below).

2.4. Statistical Analysis

Demographic parameters are expressed as the median and interquartile range (IQR),
the absolute frequency, or the relative frequency (%). The significance of differences
between groups was tested with the Mann-Whitney test or the chi-square test of indepen-
dence for contingency tables. According to a study by Hoppo et al., the LPR diagnosis
was first based on the occurrence of >1 hypopharyngeal reflux episode detected with
MIl-pH [7]. The diagnostic accuracies of the Peptest, RSI, and RFS were evaluated in terms
of the accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predic-
tive value (NPV) with corresponding confidence intervals. Then, to evaluate the diagnostic
value of the Peptest with more restrictive criteria, we performed the same calculations for
the Peptest, RSI, and RFS, but the diagnosis was based on a threshold of six hypopharyn-
geal reflux episodes detected with MII-pH monitoring. This latter threshold was based
on a previous study by Formanek et al. [%]. Moreover, we calculated the evolution of the
accuracy, sensitivity, specificity, PPV, and NPV of the Peptest over a span of thresholds that
ranged from 1 to 70 hypopharyngeal reflux episodes. Finally, the diagnostic value of the
Peptest in diagnosing GERD was determined based on the threshold for the DeMeester
score. The significance level was set to 0.05, and the statistical analysis was performed
using R software, version 4.0.3 (R foundation, Vienna, Austria).

3. Results

We enrolled 52 consecutive patients with suspected LPR in the study. Six patients
were excluded (four of them did not tolerate the MII-pH probe, and in two patients, the
record of MII-pH was broken and could not be used), and 46 were analyzed (Table 1).

Table 1. Characteristics of the study group.

Characteristic  Peptest (+) (1=15)  Peptest (—) (1 =31)  Total (1 = 46) p
Age (years) 48 (38-64) 49 (37-62) 49 (36-62) 0.953
BMI (kg / m?) 23.7 (23.2-26.6) 242(218-277) 24.2(221-271) 0.69%9
Sex
female 10 (67) 20 (65) 30 (65) >0.999
male 5(33) 11(35) 16(35)

Values are the median ‘mhuqua?s]e range) or absolute and relative freg 05 (in %), as indicated. pvalues wene
evaluated with the Mann-Whitney test or the chisq test of independ BMI—Body mass index.

When one hypopharyngeal reflux episode was used as the diagnostic threshold for
LPR, the accuracy, sensitivity, specificity, PPV, and NPV for the Peptest (Table 2) were as
follows: 35%, 33%, 100%, 100%, and 3%, respectively. In comparison, the results for the
RSI were as follows: 39%, 40%, 0%, 95%, and 0%, respectively; and the results for the RFS
were as follows: 57%, 58%, 0%, 96%, and 0%, respectively (Table 2). When the diagnostic
threshold for LPR was six hypopharyngeal reflux episodes, the Peptest accuracy, sensitivity,
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and NPV increased slightly, and its specificity and PPV decreased slightly (Table 3). The
RFS had a higher sensitivity than that of the Peptest when either one or six hypopharyngeal
reflux episodes were used as the diagnostic threshold for LPR. When the LPR threshold
was changed from 1 to 70 episodes, the best accuracy, sensitivity, specificity, PPV, and NPV
for the Peptest were observed with an LPR threshold of 16 episodes detected with MIl-pH.
However, despite this, the results were only moderate (Figure 1). The diagnostic accuracy,
sensitivity, specificity, PPV, and NPV for the Peptest in diagnosing GERD were as follows:
48%, 27%, 63%, 40%, and 48%, respectively (Table 4).

Table 2. Diagnostic evaluations of the Peptest, RSI, and RFS in patients with (+) or without (—) a
laryngopharyngeal reflux diagnosis based on a threshold of one hypopharyngeal reflux episode.

Parameter Peptest(+)  Peptest () RSI(#) RSI(-) RFS (+) RFS ()

LPR (+) 15 30 18 bsj 26 19
LPR(-) 0 1 1 0 1 0
Accuracy 35(21.4;50.2) 39 (25.1; 54.6) 57 (41.1;71.1)
Sensitivity 33 (20.0; 49.0) 40 (257;55.7) 58(422;723)
Specificity 100 (2.5; 100.0) 0{0.0;97.5) 0(0.0; 97.5)
PPV * 100 (78.2; 100.0) 95 (74.0; 99.9) 96 (81.0;99.9)
NPV 3(0.1;167) 0(0.0;12.8) 0(0.0; 17.6)
Values are the ber of pati or di with the 95% confidence interval, as indicated. Rel—

Reflux Symptom Index, RFS—Reflux Fmdu\gSmm U’R—hryngq:hﬂrvng!al reflux, PPV-—positive predictive
value, NPV—negative predictive value. *—important resul

Table 3. Diagnostic evaluations of the Peptest, RS1, and RFS in patients with (+) or without () a
laryngopharyngeal reflux diagnosis based on a threshold of six hypopharyngeal reflux episodes.

Parameter Peptest(+)  Peptest () RSI () RSI(-) RFS (#) RFS ()

LPR (+) 13 2 13 2 20 15
LPR(-) 2 9 6 5 7 4
Accuracy 48 (32.9; 63.1) 39 (25.1; 54.6) 52(36.9;67.1)
Sensitivity 37 (215; 55.1) 37(215;55.1) 57 (394;73.7)
ity 82 (48.2;97.7) 46 (16.7; 76.6) 36 (10.9; 692)
PPV 87 (59.5; 98.3) 68 (43.4;87.4) 74 (53.7; 88.9)
NPV 20 (14.2; 48.0) 19 (6.3; 38.1) 21(6.1; 45.6)
Values are the ber of pati or di with the 95% confidence interval, as indicated. RSI—

Reflux Symptom Index, RFS—Reflux FmdmgSmn‘ LPR—laryngopharyngeal reflux, PPV—positive predictive
value, NPV-—negative predictive value. *—important result.

Table 4. Evaluation of the Peptest for the diagnosis of gastroesophageal reflux disease in patients
with (#) or without (—) gastroesophageal reflux disease based on the DeMeester score.

Parameter Peptest (+) Peptest (—)
DeMeester score (+) 6 16
DeMeester score (—) 9 15

Accuracy 46 (30.9; 61.0)

Sensitivity 27(10.7;50.2)

Specificity 63 (40.6;81.2)

PPV 40(16.3;67.7)
NPV 48 (30.2; 66.9)

Values are the ber of p with the 95% confidence interval, as indicated. PPV—
positive predictive value, NW—nqwh\'e pmdlctl\'e valuoe.
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Figure 1. Evolution of the accuracy, sensitivity, specificity, positive predictive value (PPV), and

negative predictive value (NFPV) af the Peptest when the threshold for a laryngopharyngeal reflux
diagnesis was changed incrementally from 1 to 70 episodes.

4. Discussion

Many medical specialists (e.g., general practitioners, allergists, chest physicians, gas-
troenterologists, otolaryngologists, and others) widely use the Peptest around the world,
which highlights the importance of this study. To date, this study was the first to compare
the diagnostic value of the Peptest to that of MII-pH monitoring based on appropriate
diagnostic criteria for LPR.

Previous studies compared the diagnostic value of the Peptest to those of the RS1
and RFS [10-12]. Barona et al. found 8% specificity and 40% sensitivity for the Peptest
when saliva samples were collected from fasting subjects. In studies that performed two
Peptest examinations (one fasting and one an hour after the main meal), the Peptest showed
95% specificity and 48% sensitivity compared to the RSL. However, studies have shown
that the RSl was not specific for LPR, and its diagnostic weaknesses have been discussed
repeatedly [1,13]. Therefore, a comparison between the Peptest and the RSl cannot be taken
as sufficient evidence of the diagnostic value of the Peptest. Similar results were found
when the Peptest was compared to the RFS [12]. However, the RSF is also nonspecific, and
laryngeal signs cannot be used to determine reflux changes in many situations (e.g., in
smokers, after radiation, after an upper airway infection, etc.).

Other studies evaluated the diagnostic value of the Peptest compared to that of MII-
pH or pH monitoring [6,14,15]. However, all those studies used the diagnostic criteria for
GERD, not LPE. Dy et al. compared the MII-pH and the Peptest with criteria for GERD
in a pediatric population. They stated that “pepsin lacks sensitivity as a diagnostic tool
for evaluating extraesophageal reflux disease” [14]. Similarly, other authors employed
the “gastroenterological” methodology when performing MI-pH monitoring. In that
methodology, the proximal sensor was positioned 5 cm above the level of lower esophageal
sphincter [6,15]. Mevertheless, it has been repeatedly shown that GERD and LPR are
different diagnoses, and a GERD diagnosis does not prove or exclude LPE [1]. Therefore, it
is not reasonable to investigate the diagnostic value of the Peptest in diagnosing LPR by
comparing it to GERD MII-pH criteria.

Other studies that used MIl-pH monitoring to evaluate hypopharymgeal reflux episodes
(LPR criteria) employed a method other than the Peptest for detecting pepsin in saliva [16,17].
Ma et al. performed ELISA to examine the total pepsin levels in saliva collected upon waking.
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They found that pepsin levels were significantly higher in patients with LPR symptoms and
demonstrated at least one episode of proximal esophageal reflux during MlI-pH monitoring.
Furthermore, they found that the average pepsin level upon waking was higher than that
measured at any other time. They concluded that measuring pepsin levels in the saliva upon
waking may be a useful method for diagnosing LPR [16]. A similar study was conducted
by Kimara et al., who performed MIl-pH monitoring by placing the proximal sensor above
the level of the upper esophageal sphincter. Those authors observed a significant correlation
between salivary pepsin levels measured (with ELISA) in waking samples and MIl-pH
measurements [17]. Consistent with the study conducted by Na et al,, they found that
pepsin was most frequently detected in the specimen collected upon waking [17]. Although
those results are interesting and promising, they did not predicate the diagnostic value of
the Peptest.

A meta-analysis conducted by Wang et al. included some studies that compared signs
(RSI) and symptoms (RFS), which were not specific for LPR, and other studies that used
MIl-pH or pH monitoring with diagnostic criteria for GERD, not LPR. Therefore, based on
those pooled data, the sensitivity of 64% and specificity of 68% found for the Peptest in
their meta-analysis were burdened with significant bias; consequently, the results of that
meta-analysis must be interpretated with great caution [15].

The best-designed study on the subject of LPR was conducted by Bobin et al. Those
authors concluded that they could not identify any significant associations between the
RFS, the key symptoms observed during the test period, the MII-pH findings (with LPR
methodology), the gastrointestinal endoscopy characteristics, or the pepsin concentrations
in saliva samples determined with the Peptest [19]. Some “raw” data for testing the
diagnostic value of the Peptest compared to that of MII-pH are missing. Consequently, we
could not compare results between that study and the present study.

Another interesting study, conducted by Lechien et al., examined patients with the
Peptest and with the MII-pH monitoring based on correct LPR methodology [20]. Those
authors divided the patients into positive and negative Peptest groups. They concluded
that the occurrence of pharyngeal reflux events during MII-pH monitoring was similar
between groups. However, the diagnostic value of the Peptest was not stated [20].

To the best of our knowledge, no previous study has compared the Peptest to MIl-pH
monitoring based on diagnostic criteria for LPR (i.e., the number of hypopharyngeal reflux
episodes) and provided data on diagnostic value of the Peptest. Many factors can influence
the results of a comparison between the Peptest and MII-pH monitoring, but two factors
are most important: first, the MIl-pH protocol, probe placement, and criteria; second, the
time of saliva collection for the pepsin analysis and diet within a 24 h period before sample
collection [21,22].

To date, there is no consensus about the best time for collecting the saliva sample. In
fact, there is significant heterogeneity among studies concerning the timing of saliva collec-
tion, and the results differ among the different studies [21,22]. However, well-designed
studies from the last few years have supported the notion that saliva for pepsin exami-
nations should be collected upon waking, and we used this methodology in the present
study [16,17,20,22]. Regarding the diet within the 24 h period before saliva collection, it
was confirmed by Lechien et al. that the saliva pepsin concentration was significantly
associated with foods and beverages consumed during the evening dinner and during the
testing period [22]. In our study, patients were instructed to have their standard food and
drink regimen the day before examination and during MIl-pH study to determine whether
their standard diet and habits lead to LPR. We are aware that this approach can lead to
some bias. On the other hand, information provided by tests reflect the “real situation”
of patients.

There is a relatively strong consensus regarding the MIl-pH protocol for diagnosing
LPR. It has been shown that LPR can be diagnosed with the highest degree of exactness
when the upper impedance and pH probes are positioned above the level of the upper
esophageal sphincter and the number of hypopharyngeal LPR episodes is counted. How-
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ever, a strong consensus has not been reached about how to interpret the hypopharyngeal
data (extraesophageal reflux episodes) provided by MIl-pH monitoring [1]. The widely
accepted criterion for diagnosing pathological LPR is at least one hypopharyngeal reflux
episode detected with MIl-pH monitoring, as described by Hoppo et al. [7]. That threshold
was established by examining 34 healthy individuals. On the other hand, it has been
shown that some pharyngeal reflux episedes ocour in healthy individuals. Oelschlager et al.
reported a median of five pharyngeal reflux episodes in 10 asymptomatic controls during
24 h pH monitoring [23]. Additionally, Zerbib et al. detected 32 pharyngeal reflux events
during 24 h pH monitoring in 12 healthy subjects, and 12 pharyngeal reflux events oocurred
in 1 subject. Mevertheless, the median number of pharyngeal reflux events was zero [24].
These discrepancies clearly demonstrated the challenges involved in clinical interpretations
of MIl-pH data in the diagnosis of LPR. Thus, we need accurate, reproducible diagnostic
criteria and a broader consensus.

Accordingly, in the present study, we evaluated the diagnostic value of the Peptest
with more than one criterion. We emploved two different LR thresholds: one and six
hypopharyngeal reflux episodes, as described by Hoppo et al. [7] and Formanek et al. [9],
respectively. Both analyses showed that the Peptest had high PPV but low sensitivity
and MNPV,

There are some unresolved issues concerning the role of pepsin examinations in saliva.
First, it has been demonstrated that pepsin may enter epithelial cells and become reactivated
in the Golgi system, where the pH is 5.0 [19,25]. The reactivation of pepsin may lead to
mitochondrial and Golgi complex damage and, subsequently, cell destruction [19,25].
Therefore, the saliva pepsin concentration might not reflect the actual concentration of
active pepsin in laryngopharyngeal tissues. In other words, only a limited proportion of
harmful pepsin might be measurable with the Peptest. On the other hand, we hypothesize
that the presence of pepsin in saliva might reflect relatively severe reflux, because it is
unlikely that all extracellular pepsin is immediately internalized into mucosal cells. Second,
pepsin is probably only one of many gastrointestinal enzymes (trypsin, lipase, and bile
salts) that can cause LPR symptoms. Its role in the development of LPR must be studied
more in the future. Third, the level of saliva pepsin in the morning is likely to reflect
the quantity of pepsin refluxed over the last 12 to 24 h. In other words, moming pepsin
levels are likely to be associated with the foods and beverages consumed for dinner the
day before and their refluxogenic potential [22,26]. Therefore, it is important to advise
patients to maintain their normal daily and food habits on the day before the examination.
More precisely, they should be instructed not to fast or indulge on the day before the
saliva examination.

A limitation of our study is the relatively small number of included patients. Moreover,
the low number of patients with LPR-negative results on MIl-pH makes the results of
some statistical results (particularly, specificity of the Peptest) inconclusive. In addition, the
keeping of patients on regular diet regimen before saliva collection for Peptest examination
can cause some bias and was discussed above. In addition, patient selection bias cannot
be completely reduced when performing studies on LPR. Furthermore, a limitation of all
current studies on LPR, including ours, is the lack of a gold standard for the diagnosis of
LPR and a consensus on how many LPR reflux episodes are pathological. We attempt to
reduce this kind of bias using two thresholds of hypopharyngeal reflux events in analysis.

Despite its limitations, our study results suggested that a positive Peptest should be
considered a strong indication that the patient has LPR, and the patient should be treated
accordingly. Therefore, the Peptest could serve as a good screening test for physicians that
cannot visualize the larynx, such as general practitioners, allergists, gastroenterologists,
and chest physicians, in cases that do not require an upper gastrointestinal endoscopy
or bronchoscopy.  Another advantage of using the Peptest in the COVID-19 era is its
non-invasive nature when compared with flexible laryngoscopy or MIl-pH testing. In
contrast, a negative Peptest cannot rule out LPR. Therefore, when the Peptest is negative,
the patient should be examined by otolaryngologist with the RFS, which has 57% sensitivity
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according to our findings, or the Reflux Sign Assessment, which is expected to have greater
sensitivity [8].

To obtain more robust data and more conclusive results on the Peptest’s diagnostic
value, future studies on the subject should be of multicentric nature. Important infor-
mation regarding whether the Peptest can predict a response to treatment (diet, lifestyle
modification, and medication) is needed. This point should be studied in the close future.

5. Conclusions

A positive Peptest is very specific for diagnosing LPR, whereas a negative Peptest
cannot exclude LPR. Therefore, the Peptest could serve as a screening test for physicians
who cannot visualize the larynx, for whatever reason.
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Abstract

Objective The aim of this study was to compare narrow band imaging (MBI endoscopy and Storz Professional Image
Enhancement System (SPIES) in observing epithelial and/or subepithelial microvascular irregularities and pathologies.
Methods A total of T3 patients with laryngeal or hypopharyngeal lesions were investigated using high-defininion NBI endos-
copy preoperatively in local anesthesia and using SPIES system intraoperatively in general anesthesia from August 2016 to
October 2017. Superficial vascular structures were classified preoperatively (NBI) and intraoperatively (SPIES) according
to descriptive guidelines of vascular changes by Arens. All lesions were endoscopically evaluated and divided according to
the histological examination into four groups (A—benign lesions, B—recurrent respiratory papillomatosis, C—low-grade
dysplasia, D—high-grade dysplasia, carcinoma in situ or invasive squamous cell carcinomal, and results were compared
with NBI and SPIES optical biopsy.

Results Bemgn lesions (polyps, cysts, chronic inflammation, hyperkeratosis) were histologically confirmed in 2673 (35.6%)
cases and identified by NBI in 20026 lesions (76.9% ) and in 20626 cases (76.9%) by SPIES, respectively. Recurrent respiratory
papillomatosts was confirmed in 1673 (21 9% ) and detected in 15/16 cases (93.8%) by NBI and in 16/16 cases ( L00.0%) by
SPIES. Low-grade dysplasia (mild and moderate dysplasia) was histologically detected in 7/73 patients (9.6% ) and accurately
identified by NBI in &7 (85.7%) and by SPIES in 6/7 (85.7%) cases, respectively. Histopathological features of severe dys-
plasia, carcinoma in situ or invasive squamous cell carcinoma were detected in 24/73 (32.9%) patients. According to the NBI
endoscopy the suspected vascular neoangiogenesis was recognized in 1924 cases (79.2%) and in 18/24 cases (75.0% ) using
SPIES endoscopy. Sensitivity and specificity of NBI endoscopy and SPIES system in correct prediction of histological diag-
nosts of already detected lesions were 83.0 and 98.0% and 86,0 and 96.0%. respectively. Results of NBEISPIES endoscopy and
histopathological features of laryngeal and hypopharyngeal lesions were compared and the level of agreement was 81.43%,
kappa index x=0.7428 (95% CI 0.682-0.832) (p-0.001) by NBI endoscopy and 81. 16%, kappa index x=0.7379 (95% CI
(Le3E-0.880) (p = 0LO01) by SPIES endoscopy, respectively. The agreement was confirmed as substantial and strong. Level
of agreement of both endoscopic methods was 92_54%. kappa index o= (08965 (95% C10.877-0.954) (p < (.001), agreement
wis confirmed as almost perfect. Berween NBI and SPIES endoscopic imaging methods is no significant differentiation.
Conclusion Both methods, NBI endoscopy and SPIES system, are comparable in detection and analysis of superficial neo-
angingenesis, typical for benign lesion and for precancerous or cancerous changes in larynx and hypopharynx.
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more recently, narrow band imaging (MBI} [1] or the Storz
Professional Image Enhancement system (SPIES) [2].

NBI (Olympus Corporation, Tokyo, Japan) has a wide
application in otorhinolaryngology (ENT) for preoperative
and perioperative workup [3-5] and is effective for the fol-
low-up of patients with ENT cancer after surgical treatment
andfor chemoradiotherapy [6, 7).

SPIES (Karl Storz, Tutthingen, Germany) 1s a new digi-
tal technigue wsed to improve endoscopic visual-digital
reprocessing, based on the spectral separation of the record
within a high-definition camera system. SPIES enhances
the appearance of the mucosal surface, and the epithelial
vascular architecture is characterized by five defined spec-
tral ranges (Clara, Chroma, Clara + Chroma, Spectra A, and
Spectra B) [2, §].

The main target of analysis in these techniques is neo-
angiogenesis, and observation of thick dark spots within a
well-demarcated brownish area with proliferation of dilated
and abnormal intraepithelial capillary loops (IPCLs) is gen-
erally considered o hallmark of epithelial precancerous or
neoplastic evolution on NBI [%]. With SPIES. there also can
be significant vasculur network changes identified, especially
in the Clara + Chroma and Spectra A-B modes [2].

Although NBI has been used for years and its impact 15
established in epithelial pathologies, experience with SPIES
is more limited, with few publications comparing both
methods. The aim of this study thus was to investigate and
compare the image quality of NBI and SPIES modalities on
prehistologic in vivo diagnosis of laryngeal and hypopharyn-
geal pathologies.

Materials and methods

The study was approved by the institutional ethics commit-
tee and performed in accordance with the Declaration of
Helsinki, good chinical practice, and applicable regulatory
reguiremnents. Informed written consent was obtained from
all participants or a legal representative before initiation of
any procedure.

Berween 82016 and 1002017 in the Department of Oto-
rhinolaryngology and Head and MNeck Surgery of University
Hospital in Ostrava, 73 patients were examined at first by
white light endoscopy or lupenlaryngoscopy for laryngeal or
hypopharyngeal lesions (tumor, leukoplakia, recurrent res-
piratory papillomatosis (RRP), cyst, polyp, granuloma). All
patients were symptomatic, especially they had hoarseness
or other problems with voice. Recruited patients had either
new, first-time evaluated lesion, or the previously diagnosed,
chronic lesion (leukoplakia, RRF, granuloma), which was

changed, enlarged and symptomatic. Patients with suspected
lesions after radio- or chemoradiotherapy were excluded.

'g Springer

MEl and SPIES examination

Patients were investigated using a high-definition flexible
endoscope with NBI endoscopy (Olympus Visera Elne sys-
tem with an Olympuos OTW-51%0 camera head, Olympus
ENF-VH 3.9 mm rhinolaryngovideoscope, and an OLYM-
PUS OEV-191H monitor; Olympus Medical System, Japan)
under local anesthesia in an outpatient department. All
patients also underwent direct laryngoscopy maximally
2-3 weeks after NBI endoscopy, and the microvascolar pat-
terns were evaluated using the Clara + Chroma and Spectra
B modalities of the Storz Professional Image Enhancement
System (IMAGE] 5™ camera platform with 30° rigid endo-
scope, Karl Storz, Tuttlingen, Germany), while ventilated
via orotracheal intubation during the general anesthesia
Under endoscopic control, a target biopsy from the lesion
was taken.

Evaluation of microvascular changes

Evaluation for neoangiogenesis was performed under NBI as
well as SPIES endoscopy, and vascular patterns in the center
and around the laryngeal or hypopharyngeal lesions were
analyzed and classified according to descriptive guidelines
of vascular changes by Arens et al. [10]. First, longitudinal
(type Iy and perpendicular vascular changes were character-
ized by three-dimensional perpendicular patterns, and the
appearance of vascular loops was noted (types I-IV). In
addition, every lesion was assigned to one of the four types
of vascular patterns (Table 1). The vascular patterns alone
would have been insufficient for discriminating pathological
lesions, so the vascular network also was assessed in connec-
tion with the surface mucosal changes and epithelial abnor-
malities (exophytic or ulcerative lesion, smooth or rough
surface, solitary or multiple lesion, laterality) that could
clarify the endoscopic diagnosis. Extensions of microvas-
cular changes detected in endoscopic images were noted, as
were the limitations (mucws, imitation, bleeding, ororacheal
tube) of the endoscopic imaging.

The NBI examination and SPIES endoscopy were
performed by three experienced otolaryngologists, who
described all microvascular changes without awareness of
histology or diagnosis. Type of vascular architecture and
the extent of microvascular patterns were compared between
methods.

Histological examination

The lesions were evaluated by histological examina-
tion, and the cases were categorized into four groups, as
follows: benign lesions, such as polyps. cysts, chronic
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Table 1 Overview of vascular :
Desc f vascular pattern
changes in the center or Tope S
surrounding area of the 1 finsl Yar ch
laryngeal and hlypopbaryng:al 1 Enlarged and stanic vessels
lessons (according 10 Arens) Meandering. tosmons, or difatad vessels
Convoluted vessels
Increased number of vessels o branches of vessels
“Feeding™ blood vessels
u Real vessel loops with a wide-angled wming point embedded in a
three-dimenssonal warty structure
1 Enlarged and symmetric dot-like loops
Abnormal IPCLs with narrow-angled turning points
1\ Abaormal worm-like vessels with spiral morphology and bizarre

course

inflammation. and hyperkeratosis, and excluding RRP;
RRP: low-grade dysplasia, i.e., mild and moderate dys-
plasia; and severe dysplasia, carcinoma in situ, or invasive
squamous cell carcinoma. Results were compared with
NBI and SPIES optical biopsy findings (Table 2).

Statistical analyses

The kappa index (k) was used to evaluate the agreement
of NBI or SPIES results with histopathology findings and
agreement between endoscopic methods. The sensitivity
and specificity were independently analyzed and reported
with 95% confidence intervals (Cls). A p value of <0.05
was considered statistically significant. Statistical analy-
sis was performed using the Stata staustical package (ver-
sion 13: Stata Press Publication, Texas. 2013).

Results

Seventy-three patients with lesions of the larynx and
hypopharynx were enrolled. Of this group, 50 (68.5%) were
male and 23 (31.5%) were female, and their average age was
51.2 years (range 5-81 years).

Correlation between histology and NBI or SPIES
optical biopsy findings

Benign lesions were histologically confirmed in 26/73
(35.6%) of cases. Longitudinal vascular patterns (type 1) in
high-definition endoscopic images typical for benign lesions
were detected in 20/26 (76.9%) lesions using NBI endos-
copy and in 20¢26 (76.9%) using SPIES endoscopy. Vascular
changes of type Il were detected in 5/26 (19.2%) cases by
NBI and in 4/26 (15.4%) by SPIES, respectively (Fig. 1).
With SPIES endoscopy. 1 of 26 lesions (3.8%) was identi-
fied as type IV IPCL. With both endoscopic methods, the
vascular network was invisible in 1 (3.8%) case.

Table2 Evaluation of lesions by NBI and SPIES endoscopy and comparison of endoscopi ging with hi hologi ding:
Type of vascul Histological findings (N=73)
changes = < % N
Benign 26/73 Recurrent respiratory papsl-  Low-grade dysplasia High-grade dysplasiafcarci-
lomatosis 16/73 73 noma in salu/invasive squa-
mous cell carcinoma 24/73
NBI SPIES NBI SPIES NBI SPIES NBI SPIES
I 20026 (16.9%) 20026 (76.9%) 0 0 7 (429%) AT(57.1%) 124(42%) O
u 0 0 15/16 (93.8%) 16716 (100%) O 0 0 0
m 5126 (19.2%) 426(154%) O 0 7 (429%) T (28.6%) 3N24(125%) 324(125%)
v 0 126(38%) 0 0 177 (143%) 17 (14.3%) 1924 (79.2%) 1824 (75.0%)
Impossible toevalu- 1726 (3.8%)  1/26(3.8%) 1/16(62%) 0 0 0 124(42%)  324(125%)
ate
4 Springer
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Fig.1 Comparison of imaging of a tmor on the postersor third of
the nght vocal cord by NBI endoscopy (a) and SPIES endoscopy
(b Spectra B mode). A perpendicular type Il IPCL was recorded by
both endoscopy methods on the surface of the twmor, and low-grade
dysplasia was detected by histological examination

RRP was confirmed in 16/73 (21.9%) cases by histo-
logical examination. Perpendicular microvascular changes
characteristic of RRP (type 1I) were imaged in 15/16
(93.8%) cases by NBI and 1n 16/16 (100.0%) by SPIES.
In 1 of the 16 cases (6.2%). NBI evaluation was not pos-
sible because of irritation.

Low-grade dysplasia was detected by histological
examination in 7/73 (9.6%) cases and accurately identi-
fied by NBI in 6/7 (85.7%) lesions: vascular type I in 3/7
(42.9%) and type I in 3/7 (42.9%) cases. With SPIES
endoscopy, 6/7 (85.7%) lesions were recognized: vascular
type Lin 4/7 (57.1%) and type 11l in 2/7 (28.6%).

Histological features of severe dysplasia. carcinoma
in situ, or invasive squamous cell carcinoma were
detected in 24/73 (32.9%) patients. NBI identified nco-
plastic neoangiogenesis (type IV) in 19/24 (79.2%) and
SPIES in 18/24 (75.0%) cases (Fig. 2). In 3/24 (12.5%).
lesions were described by NBI as vascular type 111, 1/24
(4.2%) as vascular type 1. and 1/24 (4.2%) as unclear. In
3/24 (12.5%). lesions were assessed by SPIES as vascular
type 111. Epithelial vascular changes were not assessable
by SPIES endoscopy in 3/24 (12.5%) cases because of
tumor bleeding or endotracheal tube position during gen-
eral anesthesia.

@ Springer

Fig.2 Comparison of imagmg of the mumor on the right vocal cord by
NBI endoscopy (a) and SPIES endoscopy (b Clara + Chroma mode: ¢
Spectra B mode). A pathological perpendscular type VI IPCL on the
vocal cord was recorded by both endoscopy methods, and squamous
cell carcinoma was confirmed by histological examination

Statistical analysis

Results of NBI/SPIES endoscopy and histopathological
features of laryngeal and hypopharyngeal lesions were
compared. The level of agreement between NBI and
histological assessment was 81.43% (x=0.7428: 95%
CI 0.682-0.832; p <0.001): for SPIES and histological
assessment, the agreement was 81.16% (x=0.7379; 95%
Cl0.638-0.880: p <0.001). The agreement in both cases
was confirmed as substantial and strong. The level of
agreement between the endoscopic methods was 92.54%
(x=0.8965; 95% CI 0.877-0.954: p <0.001), which was
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near perfect. The two endoscopic imaging methods did not
differ significantly from each other.

In the differentiation of non-malignant lesions (cyst,
polyp, inflammation, hyperkeratosis, mild/moderate dys-
plasia) from malignant lesions (severe dysplasia, carcinoma
in situ, invasive squamous cell carcinomal, the sensiuvity
and specificity of NBI endoscopy in prediction of histologi-
cal diagnosis in white light detected lesions were 83.0%
(95% CI60-94) and 98.0% (95% CI 87-100), respectively;
for SPIES, these values were 86.0% (95% CI 63-96) and
9606 (95% CI 87-99), respectively. The positive and nega-
tive predictive values for NBI were 95 and 92%, respec-
tively; for SPIES endoscopy, they were 90 and 94%.

A greater lesion extent and new lesions not visible in
white light were detected in 16/73 (21.9%) cases with NBI
endoscopy and in 1573 (20.5%) cases with SPIES, respec-
tively. The same demarcation of vascular changes with both
endoscopic approaches was confirmed in 4273 (57.5%)

patients, with no significant difference.

Discussion

In recent decades, laryngeal and hypopharyngeal endoscopic
methods and tools have improved, leading to ecarlier detec-
tiom of not only epithelial. but also vascular changes [10-13].
A differentiated and stroctured assessment of superficial vas-
cular patierns 15 important for developing a clear prognostic
statement for benign and malignant laryngeal/hypopharyn-
geal discases as well as for planning therapeutic strategies. In
addition o normal white light endoscopy, among many other
“Mologic endoscopy™ tools (e.g.. antofluorescence, contact
endoscopy with vital tissue staining, confocal endomicros-
copy ), NEI is increasingly preferred and recommended [14].
Although NBI endoscopy has been commonly used in the
last decade. the first experiences with SPIES for assessment
nenangingenesis in ENT were published recently [2].

An integrated classification of epithelial microvascular
changes in endoscopic imaging is not available, precluding
a straightforward comparison NBI and SPIES. The first used
classification described only the character of changes in cap-
illary loop patterns in laryngeal tumors with NBI endoscopy
[15). This classification primarily applied a rigid schedule of
such vascular changes correlated with their histopathologic
nature and seemed insufficient for achieving the best pos-
sible results or improving the potential of endoscopic ~pre-
histologic diagnosis.” Nevertheless, these authors reported
a diagnostic accuracy of 90.4% (sensitivity, specificity, and
pusitive predictive value were, respectively. 88.9. 93.2, and
90.9%) in detecting malignant lesions from carcinoma in st
0 invasive carcinoma.

Arens et al. divided superficial vascular architecture
in a guite simplistic and practical approach, through a

dichotomous distinction between benign (longitdinal ves-
sels) and premalignant or malignant (perpendicular ves-
sels) lesions [10]. This descriptive classification of vascular
changes was created especially for vocal folds, but we used it
in our study for evaluation of all laryngeal and hypopharyn-
geal lesions on NBI and SPIES endoscopy, in particular
because of the lack of an sccorate classification for vascular
patterns on SPIES imaging.

For longitudinal vascular changes, the typical measures
are the two dimensions of length and width. Detecting this
type of vessel on NBI endoscopy 15 not difficult because the
vascular network is localized very often on the smooth sur-
face of the pathological lesion. In our study, benign lesions
or low-grade dysplasia were confirmed in 23/24 (95.8%)
lesions with longitudinal vessels by NBI, respectively in
2424 (100.0%) cases with SPIES imaging.

Perpendicular vascular networks are characterized by the
development of IPCLs. Analysis of IPCLs could be use-
ful for differentiating the spectrum of laryngeal epithelivm
changes toward malignancy. The main problems have been
noted in the evaluation of the narrow-angled rning loop
under the sull translucent epithelium arising from deeper
layers of the larynx or hypopharynx, where the IPCLs can
be recognized as small symmetric dots [ 10, 15]. These fea-
tures could be characteristic of benign lesions or low-grade
dysplasia, typical for hyperkeratosis or mild or moderate
dysplasia [15]. but sometimes, this appearance could imitate
vascular changes of HPV-related RRP [10, 16].

With REP. the capillary loops can be confirmed as
the typical three-dimensional warty structure by means
of endoscopy. They represent the vascular loop below
the epithelium, which rises from the deeper layers of the
mucosal membrane. Unlike precancerous lesions, these cap-
illary loops are symmetrical and point-like. In addition to
changes in the vessels, however, the surrounding tissue also
15 changed by the epithelial stimulus. Typical warty changes
develop with RRP. These features, like the central capillary
loop in each morula-like bulge, generally help to different-
ate the papilloma from more severe dysplasia or a squamous
cell carcinoma [17].

In our analysis, the typical three-dimensional appear-
ance with symmetrical capillary loops generally with clear
epithelial surface was considered RRP, and this “optical”
biopsy was histologically confirmed in all cases. The same
results were detected with both endoscopic methods. One
pediatric patient was not clearly examined by NBI endos-
copy under local anesthesia because of crying and moving
during assessment.

Enlarged, bifurcated. and relatively symmetrical dot-
like loops or dark brown spots were the main problems in
the evaluation. In the first and most extended classification
of laryngeal vascular patterns in NBI endoscopy. Ni et al.
described this appearance of vascular changes as benign
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because low-grade dysplasia was more frequently observed
in those lesions [15]. Arens et al. declared that in the car-
cinogenetic process, the vascular loops become increasingly
spiral [10. 12]. Emiliani et al. [#] noted an impact of the
Clara + Chroma modality for detecting dark spots on SPIES
endoscopy because of increased brightness and color con-
trast. We detected dot-like loops mostly on the smooth sur-
face of laryngeal or hypopharyngeal lesions, in some cases
in the: surroundings of the granuloma or leukoplakin. Laryn-
geal leukoplakia is considered a precancerous lesion with
quite variable macroscopic appearance under white-light
endoscopy. NEI endoscopy significantly improves detection
of malignant potential of leukoplakia during optical biopsy
[18]. Dot-like loops correlated with mild or moderate dys-
plasia in 8/11 (T2.7%) of NBI findings and in 6/9 (66.7% )
cases of SPIES endoscopy, respectively. High-grade dyspla-
s1a or sguamous cell carcinoma was confirmed histological by
in the remaining lesions with detection of dot-like IPCLs on
the rough surface and in one case, in the ulcerative lesion.

The growth of epithelial tumors leads w escalated disor-
derliness of vascular microarchitecture, which is observed
in practice as changes in the IPCL arrangement. diameter,
and shape and as a loss of regularity [10]. Collapse of the
microvascular architecture can be frequently observed, and
the abnormal dot-like vascular changes occur typically in
the peniphery of the exophytic as well as ulcerative areas
of the tumor [10, 16]. On the background of those macro-
scopic features, irregular IPCLs with spiral morphology and
a bizarre course and high-grade dysplasia or squamous cell
carcinoma were confirmed by pathologists in 19720 (95.0% )
cases detected by NBI and 1820 (90.0% ) cases on SPIES
endoscopy, especially with the Spectra A-B modality. Spec-
tra A and B use different color filter settings that allow for
better contrast between tissues. Emiliani et al. reported that
the image quality of Spectra A and B has a worse score com-
pared to white light becanse digital postprocessing manipu-
lation may decrease image quality [8]. In our study, however,
the accuracy rate using Spectra A and B was similar to that
with NBI. Regardless, visualization of the vascular network
was most difficult in those lesions. Using NBI endoscopy
with local anesthesia, the lesions were very often covered
hyperkeratosis or mucus; on the other hand, during SPIES
endoscopy with general anesthesia, all patients were intu-
bated, and brittle tssue was mostly damaged and bled. This
last factor limited correct analysis of vascular changes char-
actenstic for squamous cell carcinoma by NEI endoscopy
in one case and by SPIES endoscopy in three.

The aim of our study was o compare outcomes of two
different endoscopic systems in “optical biopsy."” This paper
does not evaluate NBI or SPIES as a screening tool, but
emphasizes the impact of endoscopic methods for clinical
examination. Both methods seem to be effective and with
approximately similar accuracy to histological results,
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espectally in recognition of bemgn lesions, including RRP
or low-grade dysplasia. Detection of vascular IPCLs typical
for benign laryngeal or hypopharyngeal pathologies mostly
on the smooth epithelium was often easier than analysis of
IPCLs on a rough and irregular tumaor surface. In both endo-
scopic imaging modalities. the evaluation of dot-like loops
presented the main problem of interpretation of prehisto-
logical dingnosis. Mext steps should involve a focus on this
type of vascular change in the context of the laryngeal and
hypopharyngeal surface.

For examination by MBI or SPIES system, it is neces-
sary to use endoscopic tower, camera head and flexible or
rigid endoscope. The price of this equipment 15 quite simi-
lar in both systems; however, it could be different in each
country. The costs of NBI and SPIES technology are also

comparable.

Conclusion

Both the NBI videoendoscopy and SPIES endoscopy meth-
ads are comparahle in detection and analysis of superficial
nenangingenesis that is typical for benign lesions and also
for precancerous or cancerous changes.
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Abstract: Background: Isolated laryngeal pemphigus vulgaris (LPV) is rare; however, early diagnosis
is erucial in determining its course and prognosis. This paper aims to describe mucosal vascular
changes typical for LPY using advanced endoscopic methods, which include Narrow Band Imaging
(MBI, IMAGEL-S video-endoscopy and enhanced contact endoscopy (ECE). Materials and Methods:
Retrospective analysis of all laryngeal mucesal lesion examined using advanced endoscopic methods
during 20182020 at tertiary hospital was performed. Results: Videolaryngoscopy examination
records of 278 patients with laryngeal mucosal lesions were analyzed; three of them were diagnosed
with LPV. Epithelial vascularization of LPV included specific pattern. Intraepithelial papillary
capillary loops were symmetrically stratified and were organized into “contour-like lines”. This
specific vascularization associated with LPY were different from other laryngeal mucosal pathologies.
Concliesions: Using advanced endoscopic methods supports early diagnosis of LPV and accelerate the
diagnesis and treatment.

Keywords: pemphigus vulgaris; larynx; Narrow Band Imaging (NBI}; IMAGE1L-S; enhanced contact
endoscopy (ECE)

1. Introduction

Pemphigus comprises a group of autoimmune blistering diseases with skin and
mucosal manifestations. Pemphigus vulgaris (PV) is a mucocutaneous disease that presents
as enanthemas and erosions, typically in the oral cavity. Other mucosal surfaces are less
frequently involved [1]. Exfoliating blisters are painful, can bleed, and in severe cases,
they can lead to rapid weight loss. Pemphigus may have an idiopathic origin, or in
some cases may be a drug-induced reaction [2]. Rarely, particularly in patients with
lvmphoproliferative disorders (mostly non-Hodgkin lymphoma and chronic lymphocytic
leukemia), PV is considered a paraneoplastic manifestation [1].

PV with primary laryngeal involvement and without other mucosal or skin lesions is
extremely rare; to date, only a very limited number of case series and case reports have been
published on this manifestation [3-5]. Laryngeal mucosal lesions, like leukoplakia and
ervthroplakia, typically arouse suspicion of a precancerous or cancerous lesion. Laryngeal
pemphigus vulgaris (LPY) is not typically considered first in a differential diagnosis,
although early diagnosis and treatment affect its course and prognosis.

It has been acknowledged that advanced endoscopy methods, like narrow band
imaging (MBI}, IMAGE1-5™ video-endoscopy and enhanced contact endoscopy (ECE),
can facilitate the pre-histological diagnosis of mucosal lesions [4-15]. However, to date, no
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study has described a vascular pattern typical of LPV. Therefore, this short communication
aimed to describe the vascular pattern typical of LPV and discuss differences from other
laryngeal pathologies.

2. Materials and Methods

Retrospective analysis of all flexible videolaryngoscopy examination records per-
formed with aim to evaluate laryngeal mucosal lesions during 2018 to 2020 period was
performed. After flexible videolaryngoscopy, all patients underwent microlaryngoscopy
with excision of mucosal lesion and its histopathology examinations. Patients with diag-
nosed LPV were selected and their videolaryngoscopy examination records (including
advanced endoscopy methods) were compared with other findings to determine if vascular
pattern of LPV differs or not.

3. Results

Videolaryngoscopy examination records of 278 patients with laryngeal mucosal lesions
were analyzed; 3 of them were diagnosed with LPV (Figure 1).

Figure 1. Histopathology and direct immunofluorescence of laryngeal pemphigus vulgaris spec-
imens. Upper left—suprabasilar acantholytic blister with intraepithelial suprabasilar clefting;
HE stain, 100x magnification. Upper right—suprabasilar acantholysis and plasma cell infiltrate
among villous-like projections of lamina propria, covered by a few layers of epithelium; HE stain,
200 x magnification. Lower left—intercellular linear deposition of IgG in direct immunofluores-
cence, DIF IgG, 200 x magnification. Lower right—intercellular granular deposition of C3 in direct
immunofluorescence, DIF C3, 200 x magnification.

Epithelial vascularization of mucosal lesions in patients with LPV included specific
pattern. LPV manifested as flat lesions that rise slightly above the mucosal surface. The
surface of LPV lesions was partly coated with different thicknesses of leukoplakia. In areas
of little or no leukoplakia, intraepithelial papillary capillary loops (IPCLs), symmetrically
stratified and organized into contour-like lines, were observed with advanced endoscopic
imaging (NBI, IMAGE1-S). IPCLs were very thin and short, and they ran towards the
surface. They appeared as small brown spots, symmetrically distributed, aligned in regular
rows and without clear boundaries. The overall picture resembles a “contour line map”
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(Figures 2—). This appearance is very specific and was not observed in other laryngeal
pathologies (laryngeal cancer, dysplastic changes, papillomatosis, polyps etc.) in our
group of patients. Enhanced contact endoscopy (ECE) revealed these changes even more
precisely (Figure 5).

Figure 2. Patient 1, epiglottis. Typical endoscopic picture of laryngeal pemphigus vulgaris during
laryngoscopy using IMAGE1-S, Clara + Chroma video-endoscopy. The overall picture resembles a

“contour line map”.

Figure 3. Patient 2, epiglottis. Epiglottis affected by laryngeal pemphigus vulgaris, imaged with
IMAGE1-S, SPECTRA A mode. Intraepithelial papillary capillary loops (IPCLs) organized into
contour lines are more accentuated with SPECTRA A modality.
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Figure 4. Patient 3, left vocal cord, posterior part. Laryngeal pemphigus vulgaris manifested as
exophytic lesion covered with leukoplakia. Posteriorly to the exophytic lesion typical “contour line
map” picture imaged with IMAGEL-S, SPECTRA A mode is present.

Figure 5. Epiglottis of patient 2 with laryngeal PV imaged with enhanced contact endoscopy (ECE),
Clara + Chroma mode, 60 x magnification. Very thin, short IPCLs are visible; they arise from the
underlying vasculature and run toward the surface; they are symmetrically distributed and strictly
stratified into regular rows (marked with yellow lines).
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4. Discussion

Laryngeal mucosal lesions have broad differential diagnosis; it extends from chronic
laryngitis, on one end, to invasive cancer, on the other end. Because LPV is rare, typical
signs that can distinguish LPV from other pathologies might be overlooked. However,
modern advanced endoscopic methods enable more precise visualization of vascular
changes and can be used in “prehistological diagnostics”. Our observations suggest that
the mucosal changes visible using advanced endoscopic methods and described above as a

“contour line map” are quite indicative of LPY.

Main differential diagnosis of LPV include highly dysplastic lesions, larvngeal cancer,
and papillomatosis. Indeed, the signs of malignant transformation in epithelial capillaries
include irregular IPCL arrangements, asymmetric capillary courses, and increasing num-
bers and diameters of branching vessels [12,13,19-21]. The papilloma vascularization is
typically characterized by irregular shapes and calibers, and [PCLs that course with regular
exophytic papillae with central vessels [11]. However, these features are not present in
PV lesions.

LPV vascularization resembles the benign, more than the malignant type of vascu-
larization. PV vascularization best corresponds to Type [II of the new Ni classification
system [15]. The only sign that might lead us to consider malignancy is the presence of
perpendicular vessels. However, the type of vessels and the typical “contour line map”
pattern should indicate a diagnosis of LPV.

Using of advanced endoscopic methods (NBI, IMAGE1-5, ECE) to assess mucosal
lesions is analogy to using modern dermoscopy and capillaroscopy techniques to assess
tumorous, inflammatory, and rheumatological skin pathologies [22,23].

From the clinical point of view, it is important to mention that LPV lesions localized
in the larynx can cause deterioration of airway patency [24]. Therefore, LPV should be
included in the differential diagnosis in case of upper respiratory obstruction.

This report has certain shortcomings. Because no one patient from our group was
diagnosed with pemphigoid, we could not provide differential diagnosis of LPV and pem-
phigoid. Moreover, we could not identify any report about vascular patter of pemphigoid
described using advanced endoscopic methods in the current literature. Moreover, future
studies are needed to explore this topic. Because LPV is a rare disease, multi-institutional
cooperation is necessary to obtain more robust data on the subject.

5. Conclusions

Advanced endoscopic methods can facilitate distinguishing LPY from other, more
common entities that occur in the larynx, particularly cancerous lesions. LPV can be
identified by a typical “contour line map” pattern. Suspicion of LPV can accelerate the
diagnostic process and treatment.
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Abstract

Purpose To evaluate voice guality evolution after a rransoral laser cordectomy (TLC) for precancerous lesions and early
glottic cancer.

Methods This prospective study enrolled 18 patients scheduled for TLC for high-grade dysplasia, Tis, T1, and T2 glottic
squamous cell cancers, from May 2017 w March 2020. Patients were grouped according to the extent of TLC: Group |
(n=11. 61.1%): unilateral subepithelial or subligamental cordectomy: Group II (n=7. 38.9%): unilateral transmuscular.
total, or extended cordectomy. Voice quality parameters, including dysphonia grade (G, roughness (R), breathiness (B),
maximal phonation time (MPT), jitter, and shimmer, were evalusted before, and at & weeks and 6 months after the TLC.
Results In Group I, the degree of G and R items remained without substantial improvement 6 weeks after surgery: however,
improved above the pre-surgery level up to 6 months after surgery. The MFT, jitter, and shimmer did not change significantby
at i weeks or 6 months post-TLC. In Group 11, G, B, and B remained significantly impaired even 6 months post-surgery.
Titter, and shimmer worsened at & weeks, but reached preoperative levels at & months post-surgery. MPT was significantly
worse at & weeks and remained deteriorated at & months post-surgery. All measured parameters were significantly worse in
Group II than in Group [ at & weeks and & months post-surgery. No patient required a phonosurgical procedure.
Conclusion After a TLC, voice quality evolution depended on the extent of surgery. It did not improve at 6 weeks post-
surgery. Improvements in less extent cordectomies occurred between 6 weeks and 6 months post-surgery. Understanding
voice development over time is important for counseling patients when considering phonosurgical procedures.

Keywords Precancerous laryngeal lesions - Early glottic cancer - Cordectomy - Quality of voice - Vocal function

Introduction therapy, short hospitalization, reduced morbidity, and high

cost-effectiveness [2, 3, 7]. In addition to survival, voice

Transoral laser cordectomy {TLC) and radiotherapy are
both considered highly effective treatment modalities for
patients with precancerous lesions of the vocal cords and
early glottic cancer [1. 2]. Both methods provide excellent
disease-free intervals, overall survival. and larynx preser-
vation for T1-T2 carcinoma [3-6]. However, TLC offers
several advantages over radiotherapy, such as one-session
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outcomes are important for posttreatment quality of life;
therefore. starting from the time TLC was introduced., voice
outcomes have been frequently discussed [8]. According w
several studies, long-term voice outcomes (6-24 months)
have been excellent after a subepithelial or subligamental
cordectomy, but after more extended surgeries, voice out-
comes remain poor, similar o preoperative tumor-associ-
ated dysphonia [4, 8-10). Based on those findings, TLC s
currently recommended, even for voice professionals (e.g.,
singers, sporis casters, public speakers etc.), when a subepi-
thelial or subligamental cordectomy 15 planned.

To date, the ime period for voice recovery after TLC has
not been examined. It 1s highly important for volce profes-
stomals to know when their voice will return. Therefore, the
present study aimed to evaluate the development of voice
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quality after an endoscopic cordectomy for precancerous
lestons or early glottic cancer, during the early postoperative
penod. and to assess differences in volce pattern evolution

with different extents of surgery.

Materials and methods

This prospective study was performed in accordance with
the Declaration of Helsinki. the requirements of good clini-
cal practice, and all applicable regulatory requirements. It
wis approved by the Institntional Review Board. Written
informed consent was obtained from all participants before
any procedure was initiated.

Patient selection, allocation, and follow-up

This study enrolled patients with high grade dysplasia, car-
cinoma in situ (Tis), T1, and T2 glottic squamous cell can-
cer that were scheduled for TLC, from May 2017 to March
2020. No patient received previous radiotherapy or surgi-
cal treatment. Patients with symptoms of gastroesophageal
reflux were not included in the study.

Patients were divided into two groups, according to the
extent of cordectomy. Group I included patients that under-
went unilateral subepithelial or subligamental cordectomies
{European Laryngology Society [ELS] type [ and 11 resec-
tions). Group I included patients that underwent unilateral
transmuscular, total, or extended cordectomies (ELS 11, IV,
and ¥ resections]) [11]. We evaluated voice quality before the
cordectomy and at & weeks and 6 months after the surgical

treatment.
Evaluation of voice quality
Perceptual evaluation of voice quality

For perceived voice quality evaluation, voice recordings of
patients were randomly analyzed by one of three special-
ists experienced in voice evaluation, based on the dysphonia
grade (G), roughness (R), breathiness (B), items of GREAS
scale, which was introduced by Hirano in 1981 In this scale,
the dysphonia grade is the perceived grade of hoarseness,
including all voice components; roughness is an instability
in voice intensity and frequency: breathiness is perceived
air leakage on phonation [12). Each parameter was scaled
as follows: 0—normal, without perceived impairment; 1—
small impairment; 2—moderate impairment; and 3—severe
impairment. Voice recordings were made during the preop-
erative examination, & weeks and 6 months after TLC with
lingWAVES software (version 2.5, Wevosys, Forchheim,
Germany ). During the recording, a microphone (Sound
Level Meter Datalogger CENTER322, New Taiper City,

g Springer

Taiwan) was set at a constant distance of 30 cm from the
patient’s mouth, and the patient named the months in a year

with a normal voice.

Aerodynamic evaluation

The maximum phonation tme (MPT, measured in seconds)
was used to assess voice aerodynamics. The MPT was est-
mated with lingWAVES software (version 2.5, Wevosys,
Forchheim, Germany ). The patients recorded three trials
of speaking the fa:/ vowel with maximum prolongation at
1 spontaneous, comfortable intensity, loudness. and pitch,
after a maximal inspiration. The longest MPT was selected
for further assessment.

Acoustic evaluation

The acoustic evaluation was performed with the Vospector
program (provided with lingWAVES software). The patients
recorded, in standard phonation, the fa:/ vowel at a comfort-
ahle frequency and intensity. We analyzed the 2 s after the
middle part of the phonation. We estimated the percent jitter
(reflecting short-term instability in voice frequency ) and the
percent shimmer (reflecting changes in voice amplitude) for

cach patient.

Oncological follow-up

Ench patient in our study was re-evaluated at 1 year after
the cordectomy. We detected no locoregional persistence or
recurrence of laryngeal carcinoma, based on narrow band
imaging coupled with high definition endoscopy in a con-
wventional examination [13].

Statistical analysis

The evolution of voice parameters over time was ascertained
and analyzed in each group separately. Thereafter. the differ-
ences between groups were analyzed. For G, R. and B items
which are categorical ordinal data, comparison of absolute
and relative frequencies was used for analysis. Numerical
parameters of other parameters (MPT, jitter, shimmer) are
expressed as the median and interquartile ange (IQR), as
well as the mean and standard deviation (S0¥). The Wilcoxon
signed-rank test was used to evaluate changes in parameters
between examinations. The groups were compared with the
Mann—Whitney test. The sigmificance level was set to (.05,
All analyses were performed with the B software (R version
4.0.2, hitp:fwww.r-project.org).
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Results

Study group

This prospective study enrolled 25 patients. Of these,
seven (28%) were excluded due to noncompliance with
follow-up visits. Among the 18 remaining patients, 17
(94 4%) were men, 1 (5.6%) was a woman, and the median
age was 67.0 years (range: 48-83). Group | included 11/18
(61.1%) patients with 1 mean age of 67.0 years. Group
I included 7/11 (38.9%) patients with a mean age of
T0.0 years. Age was not sigmificantly different between
ETOUpS.

Evolution of voice quality

Evolution of perceived voice quality in time using G, R and
B evaluation is showed in detail in Fig. 1. In Group 1. the
degree of G and R items remained without improvement o
mild or normal value in more than half of patients 6 weeks
after surgery. However, up to & months after surgery, G and
R improved in most patients and were above the pre-sur-
gery level. ltem B did not worse in 6 weeks nor in 6 months
after surgery (Fig. 1). Moreover, Group | showed no signifi-
cant change in MPT over time, and jitter and shimmer did
not change significantly between the preoperative exami-
nation and & weeks after surgery. However, at 6 months
after surgery, jitter and shimmer improved significantly.

Scale [l nomal | wig  wodecate [l severs
£ s MEs
%’*’" 2 (18 %) P 545 %) 3 (27 %) l ..
% * es5%) . sss 2% g 550
% 261 il T 2 (18 %)
E | -- A ——— 3 (27 %) 2 (18 %) 1(9%)

Grada Roughnass  Bresthiness
1. examination

Grade Aoughness  Breathiness
2. examination

Grade Foughness EBraathiness
3. examination

£ 1(14%) 1(14%

) 2(29%) 2(29%) 2(29%) 2(29%) ) & }-
£ 751

g 5(71%)  3(43 %)

= 4 (57 %)
E 50

L 4 (57 %) 4 (57 %) 4 (57 %)

@

=]

E

Glﬂ mugmu Bmuhmsa

1. examination

Rnugmau Elremnlm
2. examination

Glldﬁ- Rﬂllﬂ'll'm‘!! EMHHIHBB
3. examination

Flg. 1 Evolution of grade, roughness and breathiness i tme for Group | (upper part) and Group 2 (lower part). 1. Examinabon—preoperative;
2. examinaton—é weeks afier surgery: 3. examination—é months after surgery
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Nevertheless, the preoperative and 6-month examinations
did not differ significantly (Tables 1, 2; Fig. 2).

In Group 1L, all items (G, R and B) were significantly
worse 6 wecks after surgery. Moreover, only partial
improvement could be observed 6 months after surgery.
In most patients, G and R iems were scored as moderate
to severe impairment even & months after surgery (Fig. 1).

Group Il showed a significant worsening of the MPT
between the preoperative and 6-week examinations, and
it remained significantly worse at 6 months post-surgery.
Jitter and shimmer significantly worsened at & weeks after
surgery, but they both improved at 6 months after surgery;
however, the 6-month values were not significantly differ-
ent from preoperative values (Tables 1, 2; Fig. 2).

Table 1 Comparison of the

. . Examination Giroup 1 Giroup 2 I
changes in nagimum phonation
time (MPT), jiner and shimmer MED (IQR ) Mean (501" MED (IQR) Mean (SD)"
over lime between Group 1 and
Ciroup 2 MPT
1 16,0 { 10.5-22.0) 17.0(7.8) 15.0{11.5-16.0) 14.9(5.3) 0784
2 15.0( 10.0-16.5) 15.6 (9.6) 8.0 {6.0-9.0) 73(2%5 0026
3 17.0(11.5-19.5) 16,0 (7.0 7.0{5.5-9.0) 7433 0010
Jumer
1 22 {0.9-6.6) 4.114.5) 53(24-98) G450 0285
2 30(05-48) EEYER]] 133 (103-16.2) 13.00(5.00 <001
3 0.5 (0.3-2.1) 21i3.4) TH49-11.2) BA{a0) (IR
Shimmer
1 196 (13.8-25.3) 2190110 225 (153-20.4) 24.0(105) 0.375
2 192 (155-26.2) M4 (5.6) 329281419 IT(EW .00
3 139 (11.8-20.6) 15515.3) 255 (21.3-31%) 27.0010.7) 020

Giroup | Evropean Laryngology Socsety type | and 11 resections, Group 2 European Laryngology Soctety
type I, IV and W resections, I preoperative, 2 6 weeks post-surgery, 36 months post-surgery
The median and the intenguartle range

"The mean and the standard deviation

P value of the Mans—Whitney 11

Table 2 Evolution of maximum

- ; Examination  Group 1 Giroup 2
phomation Mo, jiler and
shimmer berwesn examinations MED (IQR)Y Mean (SD* < MED (IQR) Mean (D P
in Giroup | and Growp 2
MPT progress
1-2 =20(-6%5 135) — 1.5 (6.6) 0574 —TO(—R% —-6ly =76 (51) 036
-3 L0 —0.5; 2.5) 0.5 (d.8) 0448 =20, 3003 130 =090
1-3 —10{-3503%5) — L0610 035 —60(—8% 405 -74(53) a2
Jiter progress
1-2 —0d(—39:0.5) —0L5 (4.9 0520 645 80 6512 als
2-3 —05(-22:-01) —L2(0LT) 0018 —48(—AT. =210 —46(28) LR Y
1-3 — 19 =55 -1y —X0(61) 0147 LA (0 3.9) 1.9(3.3) n2e
Shinmmer progress
1-2 0T (—67.4.7) — LA (9.6) 0831 10.9 (8.7; 14.9) 10T [(6.5) (31
2-3 —4.T(—68 -3 —49i24y <0001 —-T4(—108-33) -7.7051) ons
1-3 13— 13807 —6d4(113) 0147 23 (-21.B5) 30 a0y (L3758

Grenpr | Buropean Laryngology Society type [ and I resections, Greap 2 European Laryngology Society
type 1L IV and ¥ resections, T preoperative, 2 6 weeks post-surgery, 36 months post-surgery

*The median and the intenguartle range
"The mean and the standard deviation
B value of the Wilcoxon signed-rank test
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Comparison of voice quality evolution
between groups

A comparison of the two groups revealed no preopera-
tive differences in the measured parameters. However, in
Group 1. all measured parameters (G, R, B, MPT, jitter, and
shimmer) were significantly worse than those in Group 1 at
6 weeks after surgery. Moreover, all parameters in Group 1
remained significantly worse than those in Group 1, even at
6 months after surgery. (Table 1; Figs. 1, 2).

Discussion

TLC and radiation therapy are the main treatment modalities
for patients with carly glottic cancer {Tis, T1-T2 ). Success 1s
most frequently measured in terms of the local control rate,
laryngeal preservation, or in the long term, overall and dis-
ease-free survival [3, 9. 14-18]. Endoscopic laser microsur-
gery costs significantly less than external beam radiotherapy;
therefore, microsurgery has been advocated for the treatment
of early glottic carcinomas, particularly Tla carcinoma [3, 7,
16, 19]. Mevertheless, radiotherapy is often considered the
treatment of choice. due to the superior voice guality results
[20]. despite the comparable cure, similar larynx preserva-
tion rates, and lower cost of transoral laser microsurgery.
Indisputably. aggravated voice quality significantly affects
quality of life, particularly for voice professionals, which
currently includes a wide range of professions.

Previous studies that compared transoral excisions and
radiotherapy reported equivalent [2, 14, 21, 22] or better
voice quality results with radiotherapy [23, 24]. However,

a later study found that the superiority claim resulted from
the heterogeneity of surgical procedures for T1 vocal cord
cancer, and that different extents of cordectomy might be
necessary for a single TNM classification. Therefore. it was
suggested that it might be more reasonable to rate voice out-
comes according to the extent of cordectomy, rather than the
TNM classification [25, 26].

A typical example of voice oulcome assessments, accord-
ing to the TNM classification, rather than the extent of cord-
ectomy, was the first randomized controlled trial conducted
by Aaltonen et al., in 19982008 [27]. They compared voice
results between TLC and radiation therapy at 2 vears after
the treatments for Tla vocal cord cancer. They found that
breathiness and asthenia were significantly worse in paticnts
after TLC than after radiotherapy. However, the overall voice
quality did not differ significantly between groups at 2 years
after treatment. Nevertheless, although the self-reported
voice guality did not differ between groups, hoarseness had
less of an impact on daily living activities for patients in the
radiation group than for patients in the TLC group. When
interpreting the results of that swudy, it is important to note
that those authors did not repont the exact extent of the surgi-
cal procedures; in particular, they did not specify the types
of cordectomy performed. They only stated. that “tumor tis-
sue wis removed down to a macroscopically healthy muscle
layer” Therefore, it is likely that the tronsmuscular type of
cordectomy was performed in that study. In that case. the
results of the study should not be taken as representative of
Tla cancers treated with a subepithelial or subligamental
cordectomy. Same approach to evaluate voice after cordec-
tomies was utilized by other anthors [7, 14, 24].

Fink et al. chose a different approach to assessing voice
outcomes in their retrospective study [25]. Those authors
analyzed voice results in patients that underwent an ELS
Type L 11, or Il cordectomy. They determined that the
Voice Handicap Index (VHI) improved or showed a trend of
improvement postoperatively, and a perceptual analysis did
not reveal any significant deterioration in voice quality. The
shortcomings of that study were that the exact time point of
the postoperative examination was not stated, and the voice
parameters were ascertained retrospectively. The VHI was
assessed between | and 12 months after surgery (median
7 months). and the perceptusl analysis was performed
between 1 and 3 months after surgery (median 1.9 months).
Therefore, it was not possible w0 trace the evolution of voice
quality during the postoperative period.

Currently. most surgeons agree that measuring the
extent of cordectomy is crucial in evaluating voice
outcomes after a TLC [10, 25, 26, 28]. We chose this
approach in the present study. We divided the patients into
two groups, according to the extent of cordectomy. Group |
included unilateral subepithelial or subligamental cordec-
tomies (ELS 1 and Il cordectomies), and Group [ included
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unilateral transmuscular, total, or extended cordectomies
(ELS IIL. IV, and ¥ resections ). In addition to comparing
the static differences between the groups, we compared
the evolution of voice quality between groups, durning the
t-week and 6-month periods post-surgery. Indeed, no pre-
vious study has published information about short-term
voice quality after different extents of cordectomy. This
information is important for voice professionals and for
counselling patients about their plans to return to work.
Our 6-month data were consistent with data reported
by Roh et al.. who evaluated voice quality at | year after
a TLC for T1 vocal cord cancer. Those authors reported
considerable differences in both the subjective and objec-
tive voice outcomes that depended on the extent of sur-
gery. ELS types I and Il cordectomies led wo significant
volce improvements, but more advanced resections led to
significantly worse voice outcomes that markedly influ-
enced the quality of life and social activities [9]. Likewise,
Peretti et al. showed significant voice improvements after
ELS types | and 11 cordectomies; in those cases, the voice
attained nearly normal parameters. On the other hand,
after ELS types IIL IV, and ¥V cordectomies, the vocal out-
comes at 6 months after surgery were not significantly dif-
ferent from the preoperative voice quality. Therefore, those
authors concluded that ELS type [ and 11 resections. when
indicated, were adequate procedures, even for voice pro-
fessionals [10]. Nevertheless, those studies only reported
results after 6 or 12 months post-surgery, respectively.
The present study provided additional information
about the post-surgical evolution of voice guality over a
short ime period in both groups. We found that, at 6 weeks
after an ELS | or Il cordectomy (Group [), G and R items
remained without improvement; however, improved sub-
stantially between 6 weeks and & months after surgery.
Thus, we could conclude that voice professionals would be
not able to return to work for at least 6 weeks after those
types of surgery. Furthermaore, improvements in the voice
above preoperative levels could be expected between 3
and 6 months after surgery. We also found that the other
parameters did not significantly change postoperatively,
in Group L. In contrast, in Group IL the G, R. and B were
significantly worse at 6 weeks after surgery. and the voice
did not improve even at 6-month-follow-up. Additionally.
the MPT in Group II worsened significantly between the
preoperative examination and 6 weeks after surgery, and
it remained significantly worse than the preoperative level,
even after & months. Jitter and shimmer were also signifi-
cantly worse than the preoperative levels at & weeks after
surgery; however, at 6 months after surgery, they were not
significantly worse than the preoperative (tumor associ-
ated) level. Therefore, we concluded that after an ELS
L IV, or V cordectomy, the voice would not improve
and might even become worse. Therefore, radiotherapy

‘g Springer

might be preferable for patients that consider voice qual-
ity crucial.

This issue was studied with a different methodology by
van Loon et al. Those authors presented long-term voice
outcomes for patients treated for extended T1 and limited
T2 glottic carcinoma. Their patients underwent unilateral
transmuscular (ELS type 111 or bilateral subligamental (ELS
type I resections. The results of that study suggested that
the majority of patients could expect to have mild to very
moderate dysphonia | year postoperatively. based on ratings
by experienced listeners and patient self-nssessments [238].

Patients with severe dysphonia that previously underwent
a total or extended cordectomy (ELS types IV and V resec-
tions) could be recommended for laryngeal framework sur-
gery, or medialization laryngoplasty. When medialization
surgery s considered, it 1s necessary to allow a prudent lapse
of nme between the tumor excision and the phonosurgical
procedure [29-31]. A minimum &-month period between
the cordectomy and framework surgery 1s enforced to allow
the vocal cord o scar and form a fibrous “neocord”. Then,
wvolce recovery can be evaluated, and the risk of operating on
a patient with undiagnosed early recurrence can be avoided
[30]. The reported need for medialization surgery after a
total or extended cordectomy was 14.2% [30]. In the pre-
sent study, after & months, all patients had acceptable voice
outcomes for casual communication. Therefore, no patient
required laryngeal fromework surgery or a medialization
larymgoplasty.

Conclusion

Ouwr study showed that the evolution of voice quality after a
TLC depended on the extent of the resection. Precancerous
lesions and early glottic cancers that required limited surgery
without muscular infiltration (i.e., ELS types | and [I cord-
ectomies) showed good voice gquality outcomes. Thus, TLC
should be offered for these lesions, even when the patient is
a volce professional. However, patients should be informed
that voice quality improvements reguire more than 6 weeks,
and good voice quality can only be presumably achieved in
3—6 months after surgery. In contrast, when a more extensive
cordectomy is planned. the patient should be informed that
voice deterioration is expected, and if voice quality is essen-
tial for the patient, radiotherapy should be recommended.
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Abstract

Purpose Toevaluate 5-year voice outcomes of vocal fold augmentation (VFA) using autologous fat (AF) injection via direct
microlaryngoscopy versus office-based calcium hydroxylapatite (CaHA) injection.

Methods Retrospective study of patients who underwent VEA between 20012 and 2015, with a 5-year follow-up. Patients
with a glottic gap of £ 3 mm caused by unilateral vocal fold paralysis or vocal fold atrophy were included in the study. VFA
was performed using AF injection via direct microlaryngoscopy in 17 patients, and using office-based CaHA injection in 19
patients. Subjective satisfaction with voice, voice handicap index (WHI), and maximal phonation time (MPT) were analyred
pre-injection, and at 12 and 60 months post-VEA.

Results Altogether 36 patients underwent VEA between 2012 and 2015, of whom 5 were excluded within 1 year posti-VFA,
and 2 were excluded between | and 5 years post-WFA. OF the remaining 29 patients, 3 (10.3%) underwent re-intervention
at between | and 3 years post-VFA. Thus, the 5-year follow-up included 26 patients (72.2%: 11 males and 15 females). At
5 years after surgery, 73_1% of the patients were satisfied with their voice, with no significant between-group difference
(P =0307). The mean improvement of VHI was 288 £ 1782 in the aulologous fat group versus 33 + 26.24 in the CaHA
group (F = 0.458). MPT improvement was also similar between the two groups: 6.2 £ 4.26 for the autologous fat group
versus 6.3 +4.34 for the CaHA group (P = 0.667).

Condusions Both AF injection via direct microlaryngoscopy and office-based CaHA injection vielded good and comparable
S-year resulis.

Keywords Glottic insufficiency - Autologous fat angmentation - Calcium hydroxylapatite - Voice handicap index - Maximal
phonation lime

Introduction the literature [1-3], but data beyond 1 year of follow-up are

scarce [4-10]. However, such information is highly impor-

For over 100 years, vocal fold angmentation (VFA) has been
performed for treatment of glottic insufficiency, and yet no
sigle long-term or permanent injection material has been
deemed ideal for this purpose. Autologous fat (AF) and
calcium hydroxylapatite (CaHA) are both commonly used
10 obtain long-term resulis, and are frequently discussed in

24 Karol Zelenik
karol zelenik @ fnocz

Department of Otorhinolaryngology and Head and Neck
Surgery, University Hospital Ostrava, 17. listopadu 1790,
TORO0 Ostrava, Crech Republic

?  Department of Craniofacial Surgery, Faculty of Medicine,

University of Ostrava, Syllabova 19, 70300 Osirava,
Crech Republic

tant for patients. who typically hope that the effect of the
surgery will be permanent. Moreover, when VFA is consid-
ered, patients often receive only limited counseling, without
data regarding the long-term results of the offered surgery.
Thus. patients commuonly do not have sufficient information
1o decide whether their expectations will be better met by
VFA or by medialization thyroplasty as a permanent alter-
native to VFA.

In the present study, we aimed to compare the voice oul-
comes al 5 years after VFA performed using AF via direct
microlaryngoscopy versus office-based CaHA. We also
compared these 5-year results with previously published
12-month results to assess the deterioration of voice oul-
comes over time [11].
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Methods

This retrospective study was approved by the Ethics Com-
mittee of the Tertiary Hospital and was registered at Clin-
cialTrials. gov under identifier NCT02275130.

Indusion and exdusion criteria

This study included adult patients with glotic insufficiency
lasting over 12 months and a glottic gap of <3 mm caused
by unilateral vocal fold palsy or vocal fold atrophy, who
underwent VFA between September 2012 and September
2015, Exclusion criteria were reduced or absent mucosal
wave, prior chordectomy or radiotherapy, history of previous
chronic voice disorders, and concomitant functional voice
disorders.

Patients enrollment

From September 2012 1o September 2014, VEA was per-
formed using AF via direct microlaryngoscopy under gen-
eral anesthesia in 17 consecutive patients. From October
2014 o September 2015, VFA was performed as an office-
based procedure under local anesthesia using CaHA in an
additional 19 consecutive patients.

Surgical procedures

All procedures were performed by a single surgeon expe-
rienced in performing YFA. In both groups, VFA was per-
formed by injecting the thyroarytenoid muscle at the point
at which a transverse line from the tip of the vocal process
laterally mtersects the superior arcuate line. For vocal cord
atrophy, a second injection was made at the maximum point
of the gap, when needed. Patients in both swudy groups were
instructed 1w maintain complete voice rest for 48 h, followed
by relative voice rest for the following week.

Autologous fat

VFA using AF was performed via direct microlaryngo-
scopy under general anesthesia. AF was harvested from
the patient’s infraumbilical region, and then the fat lobules
were separated from the surrounding connective lissue, cut
into 1- to 2-mm preces. and rinsed in saline. These pieces
were placed directly into a Briining laryngeal injector (Karl
Storz, Tuttlingen, Germany ). Before injection, palpation of
the arytenoid cartilage was performed w exclude cricoaryt-
enid joint fixation. As recommended when using AF, VFA
was performed to 100% overcorrection. To prevent pos-
sible leakage of fat particles from the vocal cord, a small

) Springer

endotracheal tube was used (with a 5.5-cm inner diameter),
and the anesthetist was instructed o awake the patient from
general anesthesia as gently as possible. The mean injected
fat volume was 1.2 cc (range, 0.7-1.6 cc), although determi-
nation of the exact amount is not possible since tiny aliguots
of fat ooze out when the needle is withdrawn. Moreover,
some fat particles could escape the vocal cords when the
patient is awoken from general anesthesia,

Calcium hydroxylapatite

WFA with CaHA (Radiesse Voice®, Merz Aesthetics, San
Mateo, CA, USA) was performed as an office-based proce-
dure under local anesthesia using a transoral approach. As
recommended when using CaHA, VFA was performed 1o
15-30% overcorrection. The mean injected CaHA volume
was (L6 ce (range, 0.3-1.0cc).

Follow-up

Patients were scheduled for follow-up examinations at
12 months afier VEA. Moreover, all patients were scheduled
for further check-ups at 1-year intervals for the next 4 years,
enabling assessment of the results at § years after initial
surgery. A total of seven patients did not attend follow-up
examinations between the first and fifth year after surgery.
but when contacted by phone, they agreed o attend a 5-year
follow-up examination.

Evaluated parameters

Wideolaryngostroboscopic findings, subjective satisfaction
with voice, voice handicap index (VHI), and maximal pho-
nation time (MPT) were evaluated before mjection and at
every follow-up assessment. Subjective satisfaction with
voice was evaluated using a four-item scale: not satisfied,
more unsatisfied than satisfied, prewy satisfied, or very sat-
isfied. The responses “preity satisfied” and “very satisfied”
were considered o indicate satisfaction with the outcome.

Statistical analysis

Demographic descriptors were summarized as mean (and
standard deviation) for continuous variables, and as percent-
age for categorical variables. We analyzed the differences
in each outcome measure between injection materials using
paired-sample ¢ ests. A P value of less than 0,05 was consid-
ered to indicate statistical significance. Statistical analyses
were performed using SPSS version 21.0 (Statistical Pack-
age for Social Sciences, Inc.. Chicago, IL, USA).
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Autologous fat group Calcium hydroxylapatite group
Recruited 17 19
3 lost in follow up 2 lost in follow up
One year after surgery 14 17
1 underwent re-injection 2 lost in follow up
2 underwent re-injection
Five years after surgery 13 13

Fig. 1 Diagram of follow-up data for both study groups

Results

This study included a total of 36 patients: 17 (47.2%) in
the AF group and 19 (52.8%) in the CaHA group. Over-
all, 5/36 patients (13.9%), including three from the AF
group and two from the CaHA group. were lost to follow-
up during the first 12 months post-VFA. Thus, a total of
31 patients—including 14 (45.2%) in the AF group and
17 (54.8%) in the CaHA group—were analyzed at the
1-year follow-up, and these results have been previously
published [11]. Another 2/17 patients (11.8%) in the
CaHA group were lost to follow-up between | and 5 years
post-VFA. Due to unsatisfactory voice results, re-injec-
tion with the originally injected material was performed
in 1/14 patients (7.1%) from the AF group (3 years after
the surgery) and 2/17 patients (11.8%) from the CaHA
group (2 and 3 years after the surgery) (Fig. 1). These 3/29
patients (10.3%) were excluded from analysis of the 5-year
follow-up data. Thus. the analysis of 5-year follow-up data
included 13 patients from the AF group and 13 patients
from the CaHA group.

Table | presents the subjects’ demographic data. In two-
thirds of the patients, the indication for VFA was vocal
fold paralysis, predominantly caused by previous thyroid
surgery (Table 2). Table 3 summarizes the 5-year voice
results. In total, 19/26 patients (73.1%) reported overall
satisfaction with their voices at 5 years after surgery. The
mean improvement in VHI was 30.7 = 20.24 points, and
the mean improvement in MPT was 6.2 + 4.26 s. The

Table 1 Demographics of the study groups

AF group CaHA group
(N=13) (N=13)
Sex > | 6
Male (N=11) 8 7
Female (N = 15)
Age 1n years, mean + SD 5652662 633:812
Voice therapy before surgery, N (%)  12(92.3%) 11(84.6%)

Table 2 Euology of glottal insufficiency in the two study groups

Euology of glouic insufficiency AF group CaHA Total
(N=13)  group
N=13)

Vocal cord paralysis 8 1 19
Post-thyroidectomy 5 5 10
Spine or intrathoracic surgery 1 1 2
Other* 1 1 2
Unknown 1 3 4
Vocal cord atrophy (presbylarynx) § 2 7
Total 13 13 26

*Onher: after extirpation of vagal nerve neurinoma or after Zenker's
diverticulum surgery

evaluated parameters did not significantly differ between
groups (Table 3).

When comparing the results between | and 5 years
after surgery, we must note that two patients were lost to
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Table 3 Comparison of $-year resulis between the two study groups

Evaluated Toal AF group CaHA group P value
paramelers (& = 26) (N=13) (N=13)
Satisfaction 19(73.0%)  9(50.2%) 10(Te0%) 0307
with voice T (2024) 288(17.82) 33(2624) 0458
VHI improve- 6.2 (4.26) 6.0 (3.42) 63 (4.34) 0667
e
MPT imiproivie-
e

AF sutologous far, CaHA Caleinm Hydroxylaparite, MPT maximal
phonation tme, VHT voice handicap index

Table 4 Comparizon of the results at | and 3 years after indtial sur-
gery among all patients

Evaluated parameters Omi year after surgery Five years after
(N=31) SUTEETY
(N = 26")
Satisfaction with wvedce 21 (67.8%) 19(73.1%)
VHI improvement 337 (21.68) 30.7 (20024
MPT improvement S8 (3.6b) 6.2 {4.26)

MPT maximal phonatbon time, VHT voice handicap index

*Three patients underwent re-injection and two patents did not atend
S-vear follow-up visit

follow-up, and have no information about their voce quality.
Moreover, three patients underwent re-intervention between
first and fifth vear after initial surgery. These patients were
excluded from the 5-yvear statistical analysis, because their
voice results after re-intervention were good and these
patients were satisfied, but at 2-3 years afler surgery, they
were not satisfied and agreed with the suggested re-interven-
tion. The remaining 26/29 patients (89.6% ) experienced no
further substantial deterioration in their voice between the

first and fifth year after surgery (Table 4).

Discussion

AF and CaHA are both long-lasting materials that are fre-
quently used for VEA, and the advantages and disadvantages
of both materials have been thoroughly described [1-3].
Many studies have confirmed that VEA with AF or CaHA
yields excellent short-term (3-6 months ) results. However,
patients are much more interested in the long-term results.
Long-term data are highly important, particularly due to the
existence of an alternative permanent surgery: medializa-
tion thyroplasty. There is currently no consensus regarding
what time period should be considered as “long-term™. Most
authors report the data from 12 months post-VEA as long-
term results [10-13] and extremely limited results have been
reported from beyond 12 months after VFA using AF or

@ Springer

CaHA. Indeed, there are several aspects that complicate the
assessment of reliable data from beyond 12 months after
VFA.

The main issue is the substantial loss of patients to fol-
lowwe-up over time in both prospective studies and retrospec-
tive case series, which has been reported in most previously
published studies [4-6]. There are many possible explana-
tions for why patients are lost 1o follow-up. We can speculate
that patients who are satisfied with their results after VEA
do not feel a need to see their physician. Moreover, since a
significant portion of VEA patients are elderly. they may pri-
oritize dealing with other medical issues. Distance from the
Voice Centre might also play a role [5]. On the other hand.
patients might not be satisfied with their voice after VEA,
bt since surgery did not meet their expectations, they do not
see o reason for follow-up. For example, in the retrospective
study of Benninger et al. data beyond 1 year afler VFA with
AF were available from only 12/43 patents (27.9%) [4].
Of these 12 patients, 10 (83%) exhibited improved voice
symploms compared 1o their preoperative baseline. How-
ever, 1t 15 nol possible to accurately estimate the long-term
results of all injected patients since data were unavailable
from 31 patients (T2.1%) [4]. Similarly, Cantarella et al.
recruited 148 patients who underwent VEA with AF injected
in multiple tunnels during a 15-year study period. However,
only 79 (53.4%) of these patients completed follow-up at
12 months, only 11 {7.4%) were followed-up for 3 years,
and only 5 (3.4%) for 10 years [5]. Interestingly. for the
patients excluded due o incomplete data, some informa-
tion regarding postoperative volce guality was obtaimed via
phone call, which suggested that these patients did as well
as the 79 patients included in the analysis. Therefore, the
authors concluded that dropouts did not represent a bias in
their study design and results [5]. However. there 15 a great
deal of uncertainty regarding data obtained in such a way.

A second 1ssue complicating the acquisition of long-term
results from a large group of patients 15 the great inconsist-
ency regarding indications for VFA, material used, surgery
technigue, and outeome measures [9]. These factors make 1t
more difficult o perform a multi-institutional study with the
aim of oblaining more robust data. Moreover, the feasibility
of performing controlled randomized trials of VFA treat-
menl i complicated by blinding issues and ethical concerns.
Thus, most published studies are single-center case series of
dozens of patients, and the majority are carried out in a ret-
rospective manner [9]. This also means that meta-analysis of
the performed studies provides information of limited value.

Thirdly, there are factors that affect vocal folds over
time and thus influence the long-term results of VEA. One
important issue is the aging of vocal folds [14]. Particularly
in elderly individuals, vocal folds lose volume and tension
through the natural process of aging, and it is difficult o
establish the extent o which voice deterioration may result
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from augmentation material resorption or aging. Vodce gual-
ity over follow-up can also be influenced by voice abuse
and any voice disorders developing during that time {(e.g.,
chronic laryngitis, including reflux laryngitis: neurological
disorders; adverse effect of medication; ete. ). Therefore, it
15 important to thoroughly ask the patient about changes in
their medical status during every follow-up visit. On the
other hand, some voice parameters (e.g., MPT) exhibit bet-
ter results over time, which can be explained by the patient’s
learning curve, and can positively influence the “objective”
results of VEA.

In the present study, we aimed to determine and compare
the results of two VEA matenials and procedures, which are
both considered to provide long-term results. Although AF
has been used for 30 years, few studies report results from
beyond 1 year post-surgery [4-8]. In a retrospective review,
McCulloch et al. analyzed the outcomes of 31 patients,
and found a 4-yenr success rate of 55% [6]. Similarly, Ben-
minger et al. reported unsatisfactory results more than | year
after lipoinjection in a retrospective study [4]. In contrast,
Umeno et al. followed 73 patients for a median of 4 years
after fat injection laryngoplasty, and reported “stable voice
results”, with reinjection required in only 5 patients (6.8%)
[7]. Similarly. Havas and Priestley followed 45 patients for a
median of 33 months, and found that 875 had “near-normal
voices”, and only 13% required a secondary intervention fol-
lowing lipminjection [8]. Cantarella et al. also found stable
results more than 1 vear after lipoinjection [5]. Moreover,
the authors performed radiological evaluation (computed
tomography Or magnetic resonance imaging ) in 16 patients
to determine the long-term survival of the grafted fat, and
they did not find clinically relevant graft resorption, which is
a main concern regarding long-term lipoinjection oulcomes
[5].

Nishio et al. performed a unigue study, providing answers
o many guestions regarding fal absorption [ 15]. The authors
used computed tomography o study autologous fat resorp-
tiom in vocal folds after VFA. They found that the injected
fat volume decreased within the first 3 months, and reported
a 30% residual rate of injected G at 3 months post-injection.
However, after 3 months, the residual fat volume remained
at the same level for up to 24 months after injection [15].
These data appear to support two conclusions: that substan-
tial overcorrection (at least 100%) 15 needed o provide stable
long-term results of VFA using AF, and that no substantial
AF resorption occurs bevond 1 year afler surgery.

These findings are consistent with our present results.
We found that 69.2% of our patients were satisfied with the
results of VEA using AF at 5 vears after surgery. Moreo-
ver, the mean VHI and MPT improvements were stable
at 5 years post-YEA. Between the first and fifth vear after
surgery, we did not note any deterioration of subjective
satisfaction with quality of voice, or decrease in mean VHI

and MPT improvement. One patient underwent re-injec-
tion 3 years after initial surgery, and was then satisfied
with the results at 5 years after surgery.

Regarding the long-term results of CaHA injection.
Shen et al. conducted a meta-analysis, in which they
evaluated ten studies (only two were prospective) with
follow-up durations ranging from 6 to 238 months [9].
They confirmed that VFA using CaHA vielded significant
improvements in VHI and MPT, with no significant differ-
ence compared to the result of medialization thyroplasty
[9]. Cantillo-Banos et al. assessed voice results at 6 and
24 months after VFA using CaHA, and found similar
results between the 6-month and 24-month follow-up data
[16]. No prior studies have reported results from beyond
24 months after VFA using CaHA.

We also reported promising results regarding the long-
term effects of CaHA. Only two patients (1175 ) required
re-injection between the second and third year afier their
initial surgery. Among the rest of our patients, 76.9% werne
satisfied with the results of CaHA injection at 5 years after
surgery. Similar to the results of lipoinjection, we found
stable mean improvements in VHI and MPT between the
first and fifth year after surgery. The 5-year results did not
significantly differ between lipoinjection via direct micro-
laryngoscopy versus office-based CaHA injection.

Limitation of our study was retrospective character of
the study and the relatively small number of participants
who completed 5-yvear follow-up. However, this number
was similar compared with other studies. Moreover, our
present study had many advantages and was a unigue
investigation. There was a relatively small loss o follow-
up over the S-year study period (7/36; 19.4%). Next, based
on good long-term voice results, we can assume that there
was no significant resorption of AF and CaHA between
the first and fifth year after surgery. and re-intervention
was indicated in only 10% of patients during this period.
Moreover, we found that there was no significant differ-
ence between the two materials and technigues over the
S-year follow-up.

Conclusions

Both AF injection via direct microlaryngoscopy and office-
based CaHA injection yielded good 5-vear results for the
treatment of vocal fold msufficiency. In 10% of our patients,
re-intervention was required at between 2 and 3 years after
surgery. At 5 years after injection, the results did not differ
between the two procedures.
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INTRODUCTION

Juvenile-onset recurrent respiratory papillomatosis
(JORRF) is the most common pediatric neoplastic disease
of the airway. [ts estimated annual incidence is 0.17-1.34
per 100,000 children. Although multiple treatment strate-
gies for JORRP exist, surgical debulking remains the
therapeutic mainstay. In the last 10 vears, the vascular
endothelial growth factor (VEGF) inhibitor, bevacizumah,
has been administered to adults and children with severe
disease, and it has shown promising effects. For aggres-
sive laryngeal disease, bevacizumab is administered with
an intra-lesion or sub-lesion injection. When tracheohron-
chial involvement is extensive, intravenous bevacizumab
administration might be considered.™*

To date, no adverse effect has been reported for local
bevacizumab applications. Here, we present the first case
of a multiple tracheal pyogenic granuloma that developed
after intra-epithelial bevacizumab application in a 2-year-
old child.

Case Report

A 2-year-old girl had been diagnosed with JORRP at
1.5 years old. In the first year after the JORRP diagnosis,
she underwent five microlaryngoscopies to ablate papille-
mas with a CO; laser. Each surgery was indicated by
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rapid papilloma recurrence and substantial worsening of
wvoice quality, until aphonia cecurred (Fig. 1). Each sur-
gery included a tracheoscopy, and no spread of papillomas
was detected in the trachea Bevacizumab (25 mgmlL)
was applied locally in the epithelial layer of the wvocal
cords during the third, fourth, and fifth surgeries, at
doses of 12 mg, 16 mg, and 16 mg, respectively. Half the
bevacizumab dose was applied under the lesion before
papilloma ablation, and half was injected into the epithe-
livm after papilloma removal. For the first four micro-
laryngoscopies, the airway was managed with
endotracheal intubation. However, during the fifth sur-
gery, supraglottic jet wventilation was applied when
removing papillomas from the posterior section of the
wocal cords and when injecting bevacizumab into the epi-
thelium at the end of surgery.

During the sixth surgery, 3 months later, in addition
to a significant papilloma recurrence in the vocal cords, a
tracheoscopy revealed multiple white granular mucosal
lesions that filled the trachea (Figs. 2 and 3). Nodules did
not look like papillomas in white light. Moreover, imaging
with the Karl Storz Imagel S system (KARL STORZ,
Tuttlingen, Germany) showed no vascularization typical
of papillomas (Fig. 4). A histopathological examination
revealed granulated tissue with a fibrous “cap”™ on the
surface, consistent with a pyogenic granuloma diagnosis.
Based on this diagnosis, the physician chose to manage
the child with careful observation over the following
weeks. The post-surgical clinical course was uneventful.
The child exhibited no dyspnea or significant cough. The
next microlaryngoscopy, scheduled 4 months later,
showed no evidence of a tracheal granuloma. During the
most recent microlaryngoscopy, 4 months later, no tra-
cheal granuloma was detected.

DISCUSSION

Bevacizumah is a human monoclonal antibody that
binds to VEGF and prevents its interaction with VEGF
receptors (VEGFRs). VEGF plays a role in JORRP devel-
opment. Previous in vitro studies have shown strong
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Fig. 1. Drect videolaryngoscopy. Both vocal cords are completely
covered with paplllomas.

expression of VEGF-A in papilloma epithelium and
VEGFR-1 and VEGFR-2 messenger RNAs were detected
in the underlying vascular endothelial cells.'® Local
intra-lesional and sub-lesional laryngeal bevacizumab
injections have been used to treat JORRP with promising
results more than 10 years. To date, no adverse effects of
this treatment have been reported. Moreover, no detri-
mental vocal fold changes were observed during a study
that investigated potential pathologic changes in porcine
laryngeal specimens injected with bevacizumab.'” How-
ever, paronychia, associated with a pyogenic granuloma,

Fig- 3. Tracheoscopic Image of the distal trachea shows multiple
white granular mucosal lesions diagnosad as pyogenic granulomas.

has been frequently mentioned among the specific side
effects of VEGF inhibitors administered intravenously.®
Pyogenic granuloma is a polypoid, granulated tissue-
like capillary hemangioma, with a controversial patho-
genesis. It is hypothesized to be a nonspecific tissue reac-
tion to various types of insults. It occurs on the skin and
at mucosal surfaces. It might cause a pertinacious cough,
and it could potentially obstruct breathing, when local-
ized in trachea. Moreover, pyogenic granuloma was also

Fig. 2. Tracheoscopic image of the proximal trachea shows multi-
ple white granular mucosal lesions diagnosed as pyogenic
granulomas.

Laryngoscope 131: February 2021

Fig. 4. Tracheoscopic image displayed in the KARL STORZ IMAGE
1S system. The vascularization typical of papillomas is not present
on the granulomas.
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reported to cause hemoptysis.*® As of 2018, only 16 cases
of solitary pyogenic granuloma of the trachea had been
reported.” In addition, only one case of multiple pyogenic
granulomas, remarkably similar to our case, was reported
previously.* However, in that case, the granulomas devel-
oped in an adult patient after treating lung cancer intra-
venously with the epidermal growth factor receptor
inhibitor, erlotinib.*

To our knowledge, this study was the first to
describe multiple pyogenic granulomas in a child’s tra-
chea. We speculated that the pyogenic granulomas we
observed developed due to a reaction in the tracheal
mucosa against bevacizumab. [t is highly likely that some
bevacizumab had unintentionally penetrated into the tra-
chea during an intra-epithelial laryngeal injection. More-
over, we speculated that the jet ventilation might have
facilitated the spreading of bevacizumab into the trachea
and tracheal epithelium. Due to the lack of another expla-
nation for the presence of a pyogenic granuloma in the
trachea of our patient, we made the diagnosis after ruling
out other potential causes and based on similarities to a
previously published case report of an adult patient.*

Several observations supported our diagnosis. First,
although granulations might develop in the trachea in
response to a wide range of mechanical airway irritations
(eg, an intubation cannula or tracheostomy tube), those
granulations looked different from the granulations we
found, and they were typically localized in the areas
where the cannula contacted the trachea. Moreover, no
previous report mentioned that multiple pyogenic granu-
lomas might occur as a side effect of jet ventilation. In

Lanyngoscope 131: Fabruary 2021
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addition, multiple pyogenic granulomas did not develop
in our patient when endotracheal intubation was apphed
during a bevacizumab application in previous surgeries.

CONCLUSION

Due to the promising results chserved in patients
with JORRP, the number of patients that undergo laryn-
geal intra-epithelial bevacizumab injections is likely to
grow. Therefore, it is important to alert clinicians about
the potential side effects of administering bevacizumahb
locally. The present case report showed that bevacizumab
could spread into the tracheal mucosa during jet ventila-
tion and could induce multiple pyogenic granulomas.
Therefore, we recommend avoiding jet ventilation during
an intra-laryngeal bevacizumab injection.
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BMI
CMV
CLS
CSORLCHHK
DISE
DNA
EBV
EGFR
HCD
HCI
HHV-6
HIV
HPV
HSV
HSV-1
HSV-2
ChTr
IL
JEP
KTP
LPR
NBI
ORL
OSA
PAP
RRP
VEGF
vzZVv

body mass index

cytomegalovirus

Ceska 1ékatska spolecnost

Ceské spole¢nost otorinolaryngologie a chirurgie hlavy a krku
spankové endoskopie hornich cest dychacich
deoxyribonukleova kyselina

virus Epstein-Barrové

receptor epidermalniho ristového faktoru
horni cesty dychaci

kyselina chlorovodikova

lidsky herpesvirus 6

virus lidské imunodeficience

lidsky papilomavirus

herpes simplex virus

herpes simplex virus typ 1

herpes simplex virus typ 2

chlamydia trachomatis

interleukin

Jan Evangelista Purkyné
draslik-titan-fosfat

laryngofaryngealni reflux

Narrow Band Imaging
otorinolaryngologie

obstrukéni spankova apnoe

terapie pretlakovou ventilaci

recidivujici respiracni papilomatoza
vaskularni endotelidlni ristovy faktor

virus varicella zoster

141



9 PODEKOVANI

Dé¢kuji  panu prof. MUDr. Pavlu Kominkovi, Ph.D., MBA, piednostovi Kliniky
otorinolaryngologie a chirurgie hlavy a krku FN a LF Ostrava, za cenné rady a ptipominky pfi
psani nejen této prace, za prilezitosti, které mi na mé klinické i védecké draze nabidnul.
D¢kuji panu doc. MUDr. Karolu Zelenikovi, Ph.D., MBA za privodcovstvi celou mou
kariérou, za nase konzultace, za chirurgické znalosti 1 klinické zkuSenosti, které mi piedal,
nejvice vSak za naSe dlouholeté ptatelstvi.

Dékuji také vSem kolegiim, ktefi se mnou spolupracovali na vyzkumu a védeckych pracich,
zejména pani MUDr. Lucii Stanikové, Ph.D., dile vS§em koleglim a zdravotnim sestram, ktefi
se podileli na péci o nase pacienty.

Dékuji svému synovi Martinovi za lasku, domov a za to, Ze m¢ naudil, O je v Zivoté skuteéné

dilezite.

142



	Univerzita Karlova v Praze
	5f7eca55d2e1606657c947f7d630060ea041f7dd89410ecf6ea030fe5b014cd4.pdf
	Univerzita Karlova v Praze



