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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 pokrocilé
diagnostice, chirurgické i nechirurgické 1é¢b¢é onemocnéni hrtanu. Této oblasti se dostava diky
pokroku v lécivech i technologiich v posledni dobé¢ stale vétsi pozornosti. Pracovisté autora,
Klinika otorinolaryngologiec a hlavy a krku Fakultni nemocnice Ostrava, tento trend
v samotném pocatku zachytilo, laryngologii v celé Sifi se intenzivné vénuje, potfada
mezinarodni workshopy na toto téma a své zkuSenosti si vymeénuje s pracovisti po celém svete.
Diky tomu nejen poskytuje pé¢i na urovni srovnatelné s nejvyznamnéj$imi pracovisti, ale bylo
schopno podilet se na dalsim pokroku v oboru také svym vyzkumem. Soucasti vyzkumného
tymu je také autor predkladané prace. Publikace jsou prezentovany v druhé casti habilitacni
prace jako ,,Souhrn vlastnich vysledka.

V prvni ¢asti prace jsou pro lepsi ptehlednost nejprve teoreticky shrnuty soucasné vySetfovaci

metody hrtanu, nasledné zminény nejcastéj$i hrtanové patologie a moznosti chirurgické

i nechirurgické 1é¢by.



2 TEORETICKA CAST

2.1 VySetfovaci metody hrtanu

Nejcastéjsi obtize v oblasti hrtanu, které ptivedou pacienta k vysetieni, jsou problémy s hlasem
(chrapot, hlasova tnava), pocit ztizeného nadechu (duSnosti), kaSel a bolesti v Krku.
Podrobnéjsi obraz o nemoci hrtanu dostdvdme anamnestickymi dotazy a peclivym rozborem
ptiznakli onemocnéni. Diagnéza je zpravidla stanovena vizualnim vysetfenim hrtanu. Kvalitu
hlasu 1ze posoudit specialnimi vySetfovacimi metodami.

Tato kapitola vychazi z knihy autora Respiracni papilomatéza (Formanek 2022) a kapitoly
Hrtan a pradusnice v knize Otorinolaryngologie a chirurgie hlavy a krku (Zelenik 2022). Tyto

publikace budou proto citovany a pro potieby prace vyrazné zestru¢nény.

2.1.1 Anamnéza

Zakladem kazdého diagnostického procesu je fadné odebrani anamnézy. Anamnéza mize mit
riznou podobu. Zpravidla zac¢ina dotazy na délku a pribéh obtizi (zhorsuji se, kolisajici pribéh)
a okolnosti jejich vzniku — zejména Casovou souvislost s dalSimi udalostmi (hlasova zatéz,
infekce, fyzicka ¢ipsychicka zatéz v dobeé vzniku potizi, souvislost s uzivanim medikace apod.).
Nezbytné jsou informace o operacich a trazech krku, hlasivek a dalsich oblastech hlavy a krku.
Udaj o operaci §titné zlazy a hrudniku je voditkem zejména pii podezieni na poruchu hybnosti
hlasivky. Dale nas zajimaji pfedev§im onemocnéni respira¢niho a traviciho systému — alergie,
pruduskové astma, recidivujici respiracni infekty a refluxni problémy (dyspepsie a btisni
dyskomfort, paleni zahy, regurgitace). Systémova onemocnéni a stavy zpusobujici kachexii a
podvyzivu téz ovliviiuji hlasovou kvalitu. Doplnénim anamnézy je vycet uzivanych 1€k, u zen
je tieba neopomenout hormondlni antikoncepci a gynekologickou anamnézu (hlas v pribéhu
téhotenstvi a menopauzy Se mize ménit).

Socidlné-pracovni anamnéza obsahuje cilené otdzky na socidlni a pracovni prostfedi, vcetné
zatéze neptiznivym ovzdusim ¢i hlukem. Nesmi byt vynechan tdaj o nikotinizmu pacienta a
okoli, dlilezity je kvantitativni udaj (pocet cigaret).

Specifické otazky pii podezieni na onemocnéni spojené s infekci lidskym papilomavirem

(HPV) ptichazeji do uvahy v ptipadé recidivujici respiracni papilomatozy (RRP) (tab. 2.1).



Tab. 2.1 Specifické otazky pti podezieni na onemocnéni spojené s infekci HPV

e pritomnost imunodeficience u vySetfované osoby i v roding;

e aktivni i pasivni koufeni;

e pracovni anamnéza se zamefenim na hlasovou profesionalitu;

e v piipad¢ chrapotu také na jeho subjektivni vnimani;

e u déti na okolnosti porodu (vaginalni versus cisatsky fez, vék matky pii porodu) a na to,
zda se jedna o prvorozené dit¢;

e u détina ptitomnost kondylomat u rodi¢t (v minulosti i nyni) a pfitomnost projevit HPV
infekce u sourozencti;

e historii o¢kovani proti HPV (v pfipad¢ ditéte také u rodici a sourozencii);

e historii adjuvantni terapie v ptipadé RRP;

e pocet chirurgickych vykont a operacni techniku, kterou byly provedeny.

2.1.2 Priznaky nemoci hrtanu

Nemoci hrtanu se nej€astéji projevuji zmeénou charakteru hlasu (chrapotem), bolesti v krku,
kaSlem a ztizenym dychanim (dusnost, dyspnoe).

Chrapot (dysfonie) oznacuje zhorSeni kvality (Cistoty) hlasu. Z ¢asového hlediska délime
chrapot pfedevsim podle jeho trvani na akutni a chronicky (trvajici déle nez mésic).

Bolest v krku je typicky ptiznak organického onemocnéni hrtanu. Nejcastéjsi pfi¢inou je akutni
zanét. Paliva bolest lokalizovand do vySe chrupavky stitné ¢i mandli mize byt ptiznakem
hlasového excesu a jiného posSkozeni hlasivek. Chronicka bolest (tupa, tlakova) je typicka
pii nadorovych procesech. Intermitentni idiopaticka kolisajici bolest miize naznacovat funk¢éni
a psychické potize.

Kasel je reflexni déj slouzici k odstranéni cizich ¢astic z dychacich cest. Suchy drazdivy kasel
je typicky pro prvni stadia virového infektu dychacich cest, laryngofaryngealni reflux (LPR)
nebo nikotinismus. Produktivni kasel ukazuje na bakteridlni zdnét. Zachvatovity kasel mtize
byt pfiznakem akutni laryngotracheitidy, astmatického zachvatu, aspirace ciziho télesa nebo
kardialnich potizi.

Pokaslavani byva ptiznakem chronického onemocnéni. Pti dlouhodobém prib&hu muze
vzniknout psychicka fixace na pokaslavani, coz ptispiva k posSkozovani hlasivek.

Dusnost je zivot ohroZujici stav. Akutni dusnost je ptiznakem sufokujiciho zanétu, otoku hrtanu
jiné etiologie, poranéni hrtanu nebo ciziho télesa (aspirace). Chronické a progresivni dusnost

hovofi pro nador nebo kardiopulmonalni onemocnéni. Porucha dychani pocitovana jako



dechova tiseit mize byt téz projevem neurologického onemocnéni ¢i metabolického rozvratu.
Typickym zvukovym fenoménem pii obstrukci dychacich cest je stridor. Inspiracni stridor
vznika pii obstrukei hornich dychacich cest.

Porucha polykani typicky souvisi s bolesti v krku. Zakuckavani znamena zachvat kasle
pti polykani, je typickym ptiznakem aspirace.

Hemoptyza je varovnym piiznakem vyzadujicim bezpodmine¢né klinické objasnéni.

2.1.3 Vizualni vySetfovaci metody

2.1.3.1 Ambulantni vySetieni

Zékladnim vizualnim vysetfenim hrtanu je laryngoskopie. Slouzi piedevS$im K posouzeni

morfologie a hybnosti hrtanu.

o Neprima laryngoskopie laryngoskopickym zrcatkem (spekulem) umozni zakladni hodnoceni
morfologie a pohyblivosti hrtanu a hypofaryngu, je méné detailni. Hlavni vyhodou je
jednoduchost a dostupnost vySetieni.

o ZvetSovaci laryngoskopie umoziuje zvétSeny pohled do hrtanu optikou se 70° nebo 90°
uhlem vidéni. Umoziiuje detailni hodnoceni jednotlivych oblasti hrtanu, hodnoceni povrchu
a pohybu hlasivek a orientacni hodnocenti jejich kmitani. VySetfeni obecné probiha bud’ bez
pouziti videoietézce (vysettujici se diva do okularu), nebo s nasazenou endoskopickou
kamerou na okularu endoskopu a obraz je poté pozorovan na monitoru. Vyhodou vysetteni
je, ze lze provést i videozaznam.

e Flexibilni laryngoskopie umoziuje vySetieni hrtanu za pfirozenéjSich podminek (davivy
reflex je omezen zavedenim endoskopu transnazalni) a ze vzdalenosti jen nékolika mm.
Diky tomu je dosahovéano vyrazného zvétSeni obrazu, a tim zobrazeni mnoha detaila

o Fibroskop je ptistroj, 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, kterd je zpiisobena mrtvymi prostory mezi
jednotlivymi optickymi vldkny.

o Videoendoskopy poskytuji nejkvalitnéjsi zobrazeni. V distalni ¢asti jsou vybavené
digitalnim ¢ipem, 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 fibroskoplim 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 slizniéni vaskularizaci (obr. 2.1). To je dulezité
pfi zobrazovani slizni¢nich 1€zi, které vykazuji zmény ve vaskularizaci, jako je
naptiklad papilomatdéza. VySetfeni 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 zateni, tzv. autofluorescence a jsou nazyvany fluorofory.
Umoznuje lepsi detekci drobnych 1€ézi, které nemusi byt patrné v bilém svétle,
zaroven také umoZiuje presné urCeni rozsahu Iléze. Autofluorescence
neumoznuje presnéjsi rozliSeni charakteru 1éze ve smyslu odliSeni benignich
od malignich nalezi.

o IMAGEl S (firma K. Storz) je metoda artificialné zlepSujici kontrast
endoskopického obrazu sliznice, ktera je osvétlovana kompletnim bilym
svétlem a je obrazovym procesorem digitdlné prebarvena, a tim je docileno
vysledného obrazu, ktery kontrastné¢ zvyrazni cévni struktury vii¢i okolnimu
epitelu (obr. 2.2). Je mozno volit z n€kolika rezimu zobrazeni. V piipadé
flexibilni videoendoskopie je vySetfeni limitovano dosaZzenym 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 obé hlasivky pfti flexibilni
videoendoskopii s NBI. Je zvyraznéna typicka cévni kresba papilomu, kdy v kazdé epitelové

papile probiha vlnitd centralni kapilara.
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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 papilomut, kdy v kazdé

epitelové papile probihd vinita centralni kapildra (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 mize byt soucasti flexibilni nebo
rigidni endoskopie. V priibéhu vySetieni pacient fonuje v riiznych frekvencich, modulacich
a intenzitach.

Hodnocenim kmitani hlasivek jsme schopni mimo jiné urcit, zda patologie zasahuje
do hlubsich vrstev hlasivky, coz ukazuje na maligni charakter.

e Videokymografie umoznuje ptimé vySetfeni kmitavého pohybu hlasivek. Princip je zalozen

na vysokorychlostnim sniméani pohybt hlasivek. Kamera snima zvolenou oblast (fadek)
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hlasivek rychlosti az 8 tisic snimkt za sekundu, vysledné snimky klade pod sebe, a tak
vytvaii graficky zaznam (kymogram) zobrazujici kmitani hlasivek ve zvoleném misté.
Vysetieni umoziuje podrobné hodnoceni pravidelnosti a symetrie kmitt, jejich faizového
posunu a synchronicity. Zakulaceni a zaSpicaténi vrcholi kmiti 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 tizké

misto hlasivek, a ne hlasivku jako celek.

2.1.3.2 Operacni vySetieni

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

Vedle diagnostického cile umoziuje 1 terapeuticky zasah na hlasivkach. Byva dopliovéana

0 mikroskopii a uziti thlovych rigidnich endoskopii (standardne¢ 0°, 30° a 70°), a to

v kombinaci s endoskopickymi zobrazovacimi metodami zmifiovanymi vySe. VySetfeni

pomoci NBI nebo IMAGEI S systémt umoznuje vyuzit i tzv. zvétSovaci endoskopii a kontaktni

endoskopi.

Zveétsovaci 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, kterd je vétSinou mensi
nez 1 mm. Dosahovano je az 150nasobného zvétSeni (pii vyuziti 24palcového monitoru),
a tim detailniho zobrazeni slizni¢ni kapildrni mikroarchitektury in vivo.

Kontaktni endoskopie s NBl nebo IMAGEL S je opticka endoskopicka zobrazovaci metoda,
ktera umoznuje pozorovat sliznici in vivo s rozliSenim na buné¢né urovni. Vyuzivany jsou
specialni rigidni endoskopy vybavené ostficim mechanismem, ktery poskytuje zvétSeny
obraz po piilozeni pfimo na povrch sliznice. Dosahované zvétSeni je pii pouZiti
endoskopické kamery a 24palcového monitoru az 1100ndsobné. Dle stupné zmén
mikrovaskularizace lze odlisit 1éze charakteru papilomu, hyperplazie, dysplazie, karcinomu

in situ ¢1 invazivniho karcinomu.

Nevyhodou ptimé laryngoskopie je kromé celkové anestézie i nemoznost posoudit pohyblivost

a kmitani hlasivek.
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2.1.4 VySetfeni hlasu

Kvalitu hlasu je mozné hodnotit pomoci riznych metod. Je mozné je rozd¢lit na subjektivni

a objektivni.

Subjektivni hodnoceni hlasu

o Hodnoceni pacientem — pro posuzovani kvality hlasu je dulezity 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 mize byt
nepiijemné casovou naro¢nosti. Existuje proto tzv. zkracend verze dotazniku, ktera
obsahuje pouze 10 vybranych otazek (tab. 2.2).

o Hodnoceni vySetiujicim (percepce) — medicinské subjektivni vySetfeni hlasu
hodnoti béznou konverza¢ni mluvou. Hodnocen je nej¢astéji hodnocen podle skaly
GRBAS (stupen, drsnost, dySnost, slabost, napéti) dle Hirana (Hirano1981). Jinou

moznosti je hodnotit hlas podle vizudlné-analogové Skaly.

Tab. 2.2 Voice Handicap Index-10, ¢eska verze.

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 muj hlas bude znit, kdyz promluvim.

F4.

Stava se, ze mij hlas lidé Spatné slysi.

FS.

V hlué¢ném prostredi mi lidé Spatné¢ rozumé;ji.

Fé.

Potize s hlasem mé& omezuji v osobnim a spolecenském zivoté.

F7.

Kwviili potizim s hlasem se citim vyloucen/a, kdyz si ostatni povidaji.

F8.

Mg¢ potize s hlasem maji neptiznivy dopad na mé vydélky.

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

E10. Kvuli potiZzim s hlasem se citim znevyhodnén/a, hendikepovan/a.

13



Objektivni hodnoceni hlasu

o Vysetfeni hlasového pole mluvniho hlasu pfindsi informace o frekvencnim

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 frekvenéniho hlasového spektra. K vysetfeni hlasového pole se
pouziva pocitacovy program a mikrofon.

Kromé vysetfeni hlasového rozsahu je mozné pomoci pocitacového programu
a mikrofonu vysetfit i nepravidelnosti hlasu. To znamena, neni-li v hlase pfitomno
nepfimérené mnozstvi tzv. neharmonickych zvuka. Neharmonické zvuky nelze
piesné frekvencné specifikovat. Jsou charakteristické nepravidelnym priibéhem
zvukové viny. Oznacuji se také terminem Sramoty nebo Sumy. Je-li pfimés
neharmonickych tonl vyssi, svédci to pro poruchu hlasu.

Maximalni fonac¢ni Cas je méfen nékolikrat po sob¢ (obvykle 3krat) pii fonaci vokalu
[a] ve vySetfovanému piijemné a piirozené poloze a hlasitosti. Je u dospélych
nejcastéji kolem 15 sekund, za patologicky je povazovan ¢as kratsi nez 10 sekund
(Hirano1981). Nizky fonac¢ni Cas detekuje neschopnost uzavieni fonaéni §térbiny
na primétene dlouhou dobu, a tudiz neschopnost vytvoftit kvalitni zdkladni frekvenci
zvuku hlasu. Vysetteni je vhodné jako srovnavaci metoda u jednoho vysetiovaného,
napt. pfed a po chirurgickém zakroku nebo pted a po hlasové terapii. Fonaéni
kvocient hodnoti uzavér glotis pfi fonaci pomoci vypoctu primérné spotieby
vzduchu pfti fonaci. Vztahuje maximalni fona¢ni ¢as k vitalni kapacité plic.

Index kvality hlasu se velmi dobfe hodi pro klinicka hodnoceni hlasu. Hodnota je
vypocitana z akustickych (hlasové pole, periodicita hlasu) a aerodynamickych

parametra (fonacni Cas).

2.1.5 Vysetieni polykani

Nemoci hrtanu, zejména supraglotické a glotické oblasti mohou vést k dysfagii ve faryngealni

fazi polykani, zejména aspiracim. Dotaz na polykaci problémy a kasel pfi piti ¢i jidle by proto

mél byt soucasti vysetfeni hrtanu. Anamnestické podezieni na poruchu polykéani lze ovéfit

nékterym z testd pro poruchy polykani. Charakter polykacich obtiZzi je moZné upfesnit

flexibilnim endoskopickym vySetfenim polykéani nebo videofluoroskopii.
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2.1.6 Diagnostika laryngofaryngealniho refluxu

Typickymi ptiznaky laryngofaryngealniho refluxu (LPR) jsou zahlenéni, chrapot, pocit ciziho
télesa v krku, pokaslavani a chronicky kasel. Obtize pacientti s LPR trvaji zpravidla dlouho
dobu (mésice az léta). K odebrani anamnézy lze vyuzit dotaznik Reflux symptom index, ktery
ma presnéjsi diagnostickou hodnotu nez jednotlivé symptomy (tab. 2.3). Pti jeho vyplhovani
ma pacient za kol k jednotlivym problémim pftiradit ¢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 velkd pravdépodobnost, Ze jeho obtize jsou
zpusobeny LPR (Belafsky 2002, Zelenik 2013). Nevyhodou dotazniku je, ze vysoké skore
Vv ném vykazuji pacienti v akutnim stadiu respiracniho infektu, kutaci, pacienti po radioterapii
a neuroticti pacienti. Dal$i nevyhodou je jeho hlavni zaméteni na problémy tykajici se hrtanu.

Nejsou v ném tedy obsazeny dalsi pfiznaky a nemoci, které miize patologicky LPR zpiisobovat.

Tab. 2.3 Dotaznik Reflux symptom index (Zelenik 2013).

Jak vyznamné Vas obtéZovaly nasledujici problémy | O - bez obtizi

v poslednich mésicich? 5 - zavazné problémy

Chrapot nebo jiny problém s hlasem 0 1 2 3 4 5
Casté odkaslavani, nutnost odstranit hleny z krku 0 1 2 3 4 5
Nadmérna tvorba hlenil v krku a nosohltanu 0 1 2 3 4 5
Ztizené polykani jidel, napoju nebo tablet 0 1 2 3 4 5
Kasel po jidle nebo ulehnuti 0 1 2 3 4 5
Obtezujici, tézko ovlivnitelny kasel 0 1 2 3 4 5
Pocit ciziho télesa (knedliku) v krku 0 1 2 3 4 5
Paleni zahy, bolest na hrudi, pocit plnosti ¢i navrat 0 1 2 3 4 5
potravy do dutiny Ustni

Naésleduje vySetfeni hrtanu s posouzenim moznych zndmek refluxni laryngitidy, jako nafaseni,
otok a zarudnuti zadni komisury, otok hlasivek, pfitomnost granulomtl, pseudosulcus vocalis a
dalsi. Belafsky se snazil hodnoceni ndlezi na sliznicich standardizovat a za timto ucelem
vytvofil nastroj na hodnoceni - tzv. Reflux finding score (tab. 2.4). Pfi endoskopickém vysetieni
hrtanu je hodnoceno 8 vybranych patologii a jejich bodové ohodnoceni odrazi jejich zavaznost.
Pokud je celkové skore vétsinez 7, je dle Belafského 95 % jistota, Ze ndlez v hrtanu je zpiisoben

LPR (Belafsky 2001). Nasledujici studie ovsem takto vysoko udavanou jistotu nepotvrdily.
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Tab. 2.4 Reflux finding score (Zelenik 2013).

Hodnoceny nalez Bodové ohodnoceni

Subgloticky otok (pseudosulcus) 0 - nepfitomen, 2 - pfitomen

Obliterace Morganského ventrikulu | O - neni, 2 - ¢aste¢nd, 4 - Gplna

Erytém/hyperémie 0 - neni, 2 - pouze arytenoidni hrboly, 4 - diftizni
Otok hlasivek 0 - neni, 1 - mirny, 2 - stfedni, 3 - tézky, 4 - polypoidni
Diftizni otok hrtanu 0 - neni, 1 - mirny, 2 - stfedni, 3 - tézky, 4 - obturujici
Hypertrofie zadni komisury 0 - neni, 1 - mirnd, 2 - stiedni, 3 - tézka, 4 - obturujici
Granulom/granulace hrtanu 0 - neptitomny, 2 - pfitomny

Husty hlen v hrtanu 0 - nepfitomen, 2 - pfitomen

Jako dalsi krok v diagnostice LPR je nejCastéji doporucovan diagnosticko-terapeuticky test
pomoci inhibitorti protonové pumpy. Pro diagnostiku LPR je vSak odli$ny v porovnani s testem
pouzivanym gastroenterology. Déavka je vyS$si (2x denn¢) a délka trvani ma byt minimalné
3-6 mésicti. Divodem je, Zze zhojeni mimojicnovych tkani trvda mnohem déle nez zhojeni
sliznice jicnu (Vaezi 2006). Samotny vysledek testu je obtizné hodnotit. Doba az 6 mésicu je
pomérné dlouha a je velmi pravdépodobné, ze pokud mély obtize jinou pficinu nez LPR (napf.
alergii nebo infekci), mize za tuto dobu dojit k jejimu vymizeni nezavisle na terapii inhibitory
protonové pumpy. Vysledek mtize v tom piipadé byt hodnocen jako fale$né pozitivni (Belafsky
2006). Obdobné¢ komplikovana situace také nastava, pokud po testu nedojde k vymizeni
symptomt. V této situaci neni jisté, zda je divodem to, Ze obtiZe nejsou zptuisobeny LPR, nebo
Spatna compliance, nebo nizka davka 1ékt (Belafsky 2006, Numans 2004, Zelenik 2013).

Nejpfesnéji 1ze piedstavu o epizodach LPR ziskat 24hodinovou monitoraci jicnové impedance
S pH-metrii a umisténim proximalniho senzoru nad uroven horniho jicnového svérace (Hoppo
2012). Jednokanalova pH-metrie se senzorem umisténym 5 ¢m nad Groven dolniho jicnového
svérace (provadénd gastroenterology) je pro diagnostiku LPR nevhodnd, protoze nefika nic
otom, zda se refluxat dostdvd mimo jicen (nad uroven horniho jicnového svérace).
V poslednich letech je zvazovano k diagnostice LPR také pouziti 24hodinové mefeni
orofaryngealniho pH a vySetieni pepsinogenu/pepsinu v sekretech a tkanich (Formanek 2015,

Jiang 2011). Pfinosnost téchto metod vsak nebyla zatim dostate¢né ovéiena.

16



2.1.7 Diagnostika lidskych papilomaviria

K rozsitené¢ diagnostice hrtanovych patologii (pfedevsim nadord) patii Vv souCasnosti také
prikaz pritomnosti HPV. Diagnostika HPV je ve vétSiné ptipadii zalozena na ptimém prikazu
viru. Diky detailni znalosti sekvence HPV byla vyvinuta celd fada molekularn¢ biologickych
testtl, které umoziuji nejen detekci viru, ale také urceni konkrétniho typu HPV. Pfimy prilkaz
se provadi detekci virové DNA/RNA amplifikaénimi (polymerazova fetézova reakce; PCR) Ci
neamplifikacnimi metodami, pficemz nékteré amplifikaéni metody mohou urcit i virovou naloz
(napt. kvantitativni PCR v realném c¢ase) (Formanek 2022).

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

Testy se 1isi fadou parametri, klinickou a analytickou citlivosti, specificitou a spektrem typu,

které jsou schopné detekovat (tab. 2.5). Jejich blizsi popis pfesahuje moznosti této prace.

Tab. 2.5 Citlivost a specifita nej¢astéji pouzivanych metod detekce HPV (Formanek 2022).

Klinicky o o )
Metoda Citlivost | Specificita | Citace
material
Imunohistochemie (p16) 94 % 83 % Prigge 2017
. . . . Kerr 2015,
Fixovana In situ hybridizace DNA 65 % 94 %
. Schache 2013
tkan
In situ hybridizace RNA 91-97 % |93-94% |Kerr 2015
PCR DNA 98 % 84 % Prigge 2017
ureishi 2018
Nefixovani | PCR DNA 9% |986% |Q
tkai PCR RNA E6 a E7 100% | 100 % Rotnaglova 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 Nejcéastéjsi onemocnéni hrtanu

Piehled onemocnéni vychazi z knihy autora Respirac¢ni papilomatéza (Formanek 2022),
kapitoly Hrtan a pradusnice v knize Otorinolaryngologie a chirurgie hlavy a krku (Zelenik
2022) a z ptehledovych ¢lanka (Formanek 2015, Formanek 2016). Tyto publikace budou proto
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citovany a pro potteby prace vyrazné zestru¢nény. Onemocnéni hrtanu mohou byt rozdélena na

vrozené vady, zanéty, benigni hrtanové 1éze, nadory a urazy.

2.2.1 Vrozené vady hrtanu

Vrozené vady hrtanu jsou vzadcna onemocnéni. Projevuji se v prvnich dnech az tydnech
po narozeni. Typickou symptomatologii jsou dechové problémy (inspiraéni stridor, zatahovani,
zvySené dechové usili, cyanoza), piipadné polykaci potize (zejména aspirace) a neprospivani.
Hlasové problémy byvaji vyjadieny méng¢.
e Laryngomalacie
Jedna se o nejCastéj$i vrozenou vadu hrtanu a nejcastéjsi pficinu stridoru u déti (Castéji
u chlapcti). Postizeni vznika v dasledku prolapsu nedostate¢né pevnych supraglotickych
struktur do vchodu hrtanu pfi nadechu. Projevuje se inspira¢nim stridorem obvykle
az po né¢kolika dnech ¢i tydnech po narozeni a je zpocatku mirny, postupné se zvyraziuje
a vrcholi obvykle ve v€ku 6 aZ 9 mésicl. ZhorSuje se pii zméné polohy, krmeni, v poloze

na zadech, pti infektu, neklidu a placi.

2.2.2 Zanéty hrtanu

Zanéty hrtanu mohou byt zakladné rozd€leny na akutni a chronické.
o Akutni zanét hrtanu (laryngitida)
Akutni zanéty hrtanu trvaji méné nez 3 tydny. Podle etiologie se déli na infekcni
a neinfekeni.
o Akutni infekéni laryngitidy
Infekéni akutni zancty hrtanu jsou Casté nemoci, mohou byt zpiisobeny viry
(nejCastéjsi pfi¢ina), bakteriemi a dalSim infekénim agens. VétSinou maji charakter
nemoci z nachlazeni. Projevuji se suchym drazdivym bolestivym kaslem, tvorbou
hlent, bolestmi v krku, zvySenou teplotou. Z ditivodu otoku hlasivek a zahlenéni
byva zhorSena kvalita hlasu, pacient chrapti. Pfi vyrazném otoku s poruchou kmitani
milZze dojit az k afonii. Protrahovany a recidivujici pribéh byva pii bakteridlni
superinfekei, u pacientl s alergii, mimojicnovym laryngofaryngealnim refluxem
(LPR) nebo poruchou imunity, kdy se kombinuje vice faktord zptsobujicich

zanétlivou reakci. Akutni laryngitidy mohou také progredovat do chronické formy.
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Sufokujici stenozujici akutni zanét hrtanu je stav, kdy zanétlivé onemocnéni hrtanu
vede k poruse pruchodnosti vzduchu hrtanem a dechovym obtizim (dusnosti).
NejcastejSimi pfiCinami jsou akutni subglotickd laryngitida, akutni epiglotitida
a akutni krustozni laryngotracheobronchitida.
o Akutni neinfekéni laryngitidy
Neinfekcni akutni zanéty hrtanu jsou etiologicky riiznorodd onemocnéni. Pfi¢inou
jsou alergie, chemické (LPR) a fyzikalni (hlasovém pietizeni) drazdivé vlivy nebo
jejich  kombinace. Projevuji se obdobné jako infek¢éni akutni laryngitida,
tj. chrapotem, bolestmi v krku, kaSlem. Celkové ptiznaky (zvySena teplota,
schvacenost, unava) byvaji mén¢ vyjadiené.
Chronicky zanét hrtanu
Chronické zanétlivé zmény hrtanu vznikaji piisobenim riznych faktord, pficemz jednotlivé
priciny se casto kombinuji. Nejvyznamnéjsi jsou kouteni (vyznamné je 1 pasivni koufeni),
chronické nebo recidivujici zanéty dychacich cest (Casto doprovazeny kaslem, ktery vede
k dalsi chronické traumatizaci hlasivek), alergie, LPR (refluxat zptusobuje v disledku
nizkého pH a pepsinu ,chemicky zanét* sliznice), pretéZzovani hlasivek (nadmérné,
nespravné nebo dlouhodobé pouzivani hlasu), vyrazné teplotni zmény (pravan, chladné
napoje), iradiace (radioterapie), chronicka medikace inhala¢nimi kortikosteroidy a drazdivé
plyny.
Vlivem uvedenych faktortt dochazi postupné k chronickym zménam a vysychani sliznice
(hypertrofie nebo naopak atrofie, dlazdicobuné¢nd metaplazie a dalsi) a podslizni¢nich
vrstev hlasivek s jizvenim a poruchou kmitdni hlasivek. Vzniklé nerovnosti hlasivek
a porucha kmitani maji za nasledek chrapot. Dal§imi ptfiznaky mohou byt pocity sucha
v krku, ciziho télesa v krku, paleni v krku apod. Pfi dlouhodobé expozici mize stav

progredovat do prekancerozy.

2.2.3 Benigni hrtanové léze

Jednd se o nesourodou skupinu nemoci, kterym je spolecné loziskové postizeni hrtanu

nezhoubného charakteru. VétSina 1€ézi se nachdzi na hlasivkach, jsou exofytické a interferuji

s tvorbou hlasu. Projevuji se rizné zdvaznym chrapotem, jenom velmi zifidka mohou zptisobit

dechové obtize. Z hlediska podstaty se déli na pseudotumordzni léze, pravé benignomy

a nasledky funk¢nich hlasovych poruch.
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Hlasivkovy uzlik

Hlasivkovy uzlik je tuha nerovnost, kterd se tvofi v misté, které je pti fonaci nejvice
namahano (rozhrani ptedni a stfedni tfetiny hlasivky). Hlasivkové uzliky vznikaji jako
komplikace funk¢nich hlasovych poruch. Projevuji se chrapotem.

Polyp hlasivky

Polyp je exofytické vazivové prosaknuti tkan¢ hlasivek. Vzniké jako projev zanétlivého
nebo mechanického pisobeni na hlasivku, nebo idiopaticky. Polyp se projevuje chrapotem
rizného charakteru a tize. Pozd¢&ji hlasovou namahou a krénim dyskomfortem, vzacné
dechovymi potizemi.

Cysta hlasivky

Cysty jsou subepitelidlné zanotfené 1éze, které mohou vzniknout v kterékoliv Casti hrtanu.
Etiologie je riznoroda. Pokud se nachdzeji mimo hlasivky, jsou vétSinou bezptiznakové.
V oblasti hlasivek se manifestuji chrapotem.

Reinkeho edém

Reinkeho edém je chronické edematdzni prosdknuti podslizni¢niho (Reinkeho) prostoru
hlasivek. Typicky vznika u silnych kufakd (zejména Zen) se Spatnou hlasovou technikou.
V disledku dlouhodobé mechanické a chemické traumatizace hlasivek dochazi k poruse
lymfatické drenaze podsliznicniho prostoru. Reinkeho edém je pfi¢inou chrapotu a ztraty
hlasového rozsahu smérem k vyS$im tontim.

Granulom hlasivky

Granulom hlasivky je exofyticka (ovoidni ¢i kulovita), nékdy pendulujici 1éze v oblasti
chrupavgéité ¢asti hlasivek (processus vocalis). Casto se vyskytuje oboustranné. Etiologie je
multifaktoridlni, pfiCiny se mohou kombinovat. Granulom zptisobuje pocit ciziho télesa
Vv krku, zahlenéni, pokaslavani, zichvaty drazdivého kasle. Pfi velkych granulomech mohou
byt ptitomny dechové potize.

Laryngokéla

Laryngokéla je vzduchem naplnény dilatovany Morgansky ventrikul, ktery se vyklenuje
do nitra hrtanu (vnitini laryngokéla) nebo pokracuje skrz membrana hyothyreoidea zevné
od chrupavky §titné (kombinovana laryngokéla). Predispozi¢nim faktorem laryngokély je
dlouhodobé zvyseny subgloticky tlak (foukaci skla, hrac¢i dechovych nastroji, chronicky
kasel). Maze vzniknout i sekundarné pii obstrukci Morganského ventrikulu naddorem.

Laryngopyokéla vznika jako zanétliva komplikace laryngokély. Dominujicim pfiznakem je
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chrapot, dale miize byt pritomen kasel, kréni dyskomfort, pocit dechové tisné a polykaci

obtize. Krk mtize pti velké kombinované laryngokéle vykazovat asymetrii.

2.2.4 Nadory hrtanu

V oblasti hrtanu se mohou vyskytovat benigni i maligni nadory. Spole¢nym ptiznakem

glotickych nadort je vlekly chrapot, ktery nereaguje na béznou protizanétlivou 1é¢bu. Nadory

supraglotis se Casto prvné manifestuji kréni metastazou.

Benigni nadory hrtanu
Benigni nddory hrtanu mohou vzniknout z kterékoliv histologické struktury hrtanu,
lokalizace je moznd kdekoliv v oblasti hrtanu. Klinicky nejcastéjsi je papilomatdza,
hemangiom a chondrom. Dal$i benigni nadory v hrtanu se vyskytuji ziidka.
o Recidivujici respiracni papilomatdza (RRP)
RRP je benigni nadorové onemocnéni infekéniho pavodu vychazejici
z dlazdicobunééného epitelu. Jedna se o pohlavné pfenosné onemocnéni. Hlavnim
rizikovym faktorem pro vznik RRP je ptitomnost lidskych papilomavirti (HPV),
nejc¢astéji tzv. nizcerizikového typu 6 nebo 11. Prevalence HPV v dychacich cestach
je ale mnohonasobn¢ vyssi nez prevalence samotné RRP. Pouze u menSiny pacientt
s HPV dojde ke vzniku RRP. Lze predpokladat, ze do patogeneze RRP musi byt
zapojeny dalsi faktory, které potencuji HPV infekci nebo brani eliminaci HPV
z organismu. Tyto rizikové (ko)faktory nejsou zatim zcela znamé.
Podle véku, ve kterém se RRP objevi, je klinicky rozliSovana juvenilni (détskd)
a dospéla forma. Pfestoze se jedna o benigni nemoc, pribéhem je onemocnéni
operacni odstranéni az nékolikrat rocné. Ptiznaky jsou nespecifické, podobné jinym
typickym onemocnénim. Hlavnim pfiznakem papilomu glotis je progredujici
chrapot (tab. 2.6).
o Hemangiom hrtanu
Hemangiom hrtanu je benigni vaskularni nddor. Vznik4 v dasledku patologické
neoangiogeneze, nejcastéji v misté predchozi lokalni ischémie. Vyskytuje se u déti
1 dospélych. U déti je vyskyt v hrtanu zavazny z dlivodu mozné obstrukce hrtanu
v dasledku proliferace, ke které obvykle dochazi do 1-2 let véku ditéte. Po druhém
roce Zivota dochazi ve vétSiné ptipadi ke spontdnni involuci nddoru. Pfiznaky se

1i8i dle lokalizace, v oblasti hlasivek se projevuje chrapotem, v jinych lokalitach
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hrtanu mtze byt bezpfiznakovy nebo se mtiZze projevit inspiracnim stridorem
a dechovou tisni. Pfi lokalizaci v oblasti zadni komisury ¢i retrokrikoidné muze

zpusobovat dysfagické potize.

Tab. 2.6 Mozné symptomy u riznych forem RRP (Formanek 2017).

Juvenilni forma RRP Dospéla forma RRP
Chrapot
Stridor
Dechova tisen
Perzistujici kasel Dysfagie
Recidivujici pneumonie Pocit knedliku v krku
Neprospivani

Prekancerozy hrtanu

Prekancerdza je nezhoubna, morfologicky nefyziologicka tkan, kterd ma statisticky vyssi
potencial maligniho zvratu nebo vyssi riziko pfitomnosti mikrokarcinomu ¢i carcinoma
insitu v dobé klinické diagnoézy. Za prekancerdzy jsou povazovany leukoplakie,
erytroplakie a erytroleukoplakie. Jsou-li pfitomny histologické zmény v epitelu, hovoiime
0 dysplastickych zménach (low grade dysplazie, high grade dysplazie).

Nejzavazn€jsi rizikové faktory prekancerdz i1 samotného dlazdicobunééného karcinomu
hrtanu jsou koufeni a konzumace alkoholu, pficemz je prokazano jejich synergické
pusobeni a nartst rizika pfi kombinaci obou faktora. Za dalsi potencialni rizikovy faktor je
povazovan mimojicnovy reflux a porucha imunity, roli hraje genetika. Vyznamna pozornost
je vénovana i zkoumani vysocerizikovych HPV.

V symptomatologii dominuje chronicky (progredujici) chrapot. Mohou byt pfiznaky
kréniho dyskomfortu (pocit Skrabani v krku, ciziho télesa a pokaslavani).

Maligni nadory hrtanu

Karcinom hrtanu je jeden z nejcastéjSich nadort v oblasti hlavy a krku. Vychazi nejcasté;ji
z dlazdicobuné¢éného epitelu. DalSimi (pod)typy jsou papilokarcinom, verukézni karcinom
a vietenobunéény karcinom.

Karcinom postihuje vice muze, ale stoupa i postizeni Zen. Incidence karcinomu hrtanu v CR

se stabiln¢ pohybuje mezi 3—4/100 000 obyvatel ro¢né. Nejvyznamnéjsi rizikové faktory

22



jsou kouteni a alkohol, jejich ptlisobeni je synergické. DalSimi rizikovymi faktory jsou
malnutrice, kachexie, kariézni chrup, mimojicnovy reflux a porucha imunity.
Ptiznaky a progndza se odviji od lokalizace nadoru.
o Gloticky karcinom
Jedna se o nador lokalizovany Vv oblasti glotis. Zakladnim piiznakem je proto
chrapot. Glotick¢ karcinomy maji dobrou progndézu, protoze jsou castéji
diagnostikovany v c¢asnych stadiich (chrapot) a metastazuji pozd&ji (chudé
lymfatické zasobeni hlasivek). K metastazovani dochazi az pfi infiltraci hlubsich
vrstev nebo rozsiteni tumoru do supraglotické ¢i subglotické oblasti.
o Supragloticky karcinom
Supragloticky karcinom muze rust delsi dobu bezptiznakoveé. Pti progresi se
objevuje pocit ciziho télesa v krku, dysfagie a odynofagie. Dalsi riist vede k chrapotu
a inspiracnimu stridoru. Pozd¢ji se miize objevit hemoptyza. ProtoZe supragloticka
oblast md bohatou lymfatickou drendZz, neziidka se supragloticky karcinom
primarné manifestuje metastatickym postizenim. Supragloticky karcinom byva
V porovnani s glotickym karcinomem diagnostikovan pozd¢ji a ma horsi prognozu.
o Subgloticky karcinom
Subgloticky karcinom se vyskytuje velmi ziidka. Pokud se nachazi tésné pod
hlasivkami, projevuje se chrapotem. Pti lokalizaci nize subgloticky mize rtst delsi
dobu bezptiznakové a projevit se az inspiraCnim stridorem a duSnosti. Také
subgloticka oblast ma bohatou lymfatickou drenaz, proto se miize primarné
manifestovat metastatickym postizenim.
Specifickym typem maligniho postizeni je pak chondrosarkom, ktery nejcastéji postihuje
prstencovou chrupavku. Tomuto onemocnéni byly vénovany publikace autora (Fedorova

2021, Formanek 2013; Priloha 12).

2.2.5 Poranéni hrtanu

Poranéni hrtanu jsou rozdélovana na vnitini a zevni.
e Vnitrni poranéni hrtanu
o Akutni fonotrauma je nejcastéjSim vnitinim poranénim hrtanu. Je spojeno
s chrapotem.
o latrogenni vnitini poranéni hrtanu vznikaji pfi neSetrné nebo dlouhodobé intubaci

nebo pii neSetrné manipulaci v priibéhu endoskopickych operaci hrtanu. Postizeni
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byva rtuzného stupné, od mirného otoku az po rozsahlé dekubity. S odstupem
nékolika tydnti maze dojit k formovani granulomu, zejména pti poranéni chrupavky
vokalnich vybézka arytenoidnich chrupavek. Pfi hojeni mohou také vzniknout
v dusledku jizveni zadni gloticka a subgloticka stenoza.
V akutni fazi je ptitomny chrapot az afonie, jsou bolesti v krku, kréni dyskomfort.
V prubéhu tvorby granulomu, zadni glotické nebo subglotické stendzy vznika
dusnost.
o Vnitini poranéni hrtanu chemickymi latkami (poleptani) nebo fyzikalnimi vlivy
(popaleni) jsou ziidkavé.
e Zevni poranéni hrtanu
Zevni poranéni hrtanu nejsou ¢asta, diivodem je jeho lokalizace, kdy je ¢astecné chranény
bradou, a zna¢na mobilita. Zevni poranéni hrtanu jsou rozdélovana na zaviena a oteviena.
Vznikaji mechanickymi vlivy na hrtan, zpravidla traumatickymi. Ptiznaky se odviji
od zavaznosti poranéni. Pfi mirném postizeni dominuje chrapot, pfi vyrazném dochazi
Kk dusnosti.
K zevnim poranénim hrtanu se tfadi i iatrogenni léze zvratného nervu. K poranéni
a poskozeni funkce hlasivek dochazi nejcastéji v souvislosti s operacemi §titné zlazy. Méné
Casto pak pii dalSich operacich na krku a v mezihrudi (operace kréni patere,

kardiochirurgické operace).

2.3 Lécba onemocnéni hrtanu

Autor se 1é¢bé nemoci hrtanu vé€noval v knize Respira¢ni papilomatdéza (Formanek 2022),
kapitole Hrtan a prudusnice v knize Otorinolaryngologie a chirurgie hlavy a krku (Zelenik
2022), ptiruckach pro praxi a v prehledovych ¢lancich (Formanek 2015, Formanek 2016,
Formanek 2021). Tyto publikace budou proto citovany a pro potieby prace vyrazné

zestruénény. Lécba onemocnéni hrtanu miize byt rozdélena na nechirurgickou a chirurgickou.

2.3.1 Nechirurgicka lé¢ba

K nechirurgické 1é€bé onemocnéni hrtanu je fazena hlasova terapie, reZimova opatieni

a medikamentdzni terapie.

24



Hlasova terapie
Terapie hlasovych poruch vychazi z pochopeni zplisobu tvoteni hlasu. M4 dvé hlavni ¢asti
hlasovou edukaci (vychovu) a reedukaci (pfevychovu/napravu). Sklada se z pravidelnych
nacvikil specialnich terapeutickych technik pro danou hlasovou poruchu. Vybér danych
technik a jejich nacvik probiha pod vedenim hlasového pedagoga (Vydrova 2017).
RezZimova opatreni
Rezimova opatieni jsou nedilnou soucasti 1écby mnohych hrtanovych patologii. At uz se
jednd o dodrzovani hlasového klidu (nekfticet, neSeptat) napt. po chirurgickych operacich
nebo antirefluxni rezimova a dietni opatfeni, kterd jsou v pfipadé laryngofaryngealniho
refluxu stejna jako u refluxni nemoci jicnu. Mezi zdkladni obecna rezimova doporuceni pak
patfi vyvarovani se cigaretovému kouti a alkoholu.
Medikamentozni terapie
Medikament6zni terapie ma své misto dominantné Vv 1€¢b€ zanétl hrtanu.
o Akutni zanéty
Lécbe akutnich nesufokujicich infek¢nich zanétd hrtanu byly vénovany pichledové
publikace autora (Formanek 2015, Formanek 2016) a dominuje u ni symptomaticka
terapie (mukolytika, analgetika, antipyretika). V piipadé sufokujicich stenozujicich
akutnich laryngitid a alergickych reakci je vyuzivano také kortikosteroidii a
eventualné inhalace adrenalinu. V piipad¢ bakterialnich nebo mykotickych zanétt
je indikovana antibioticka, respektive antimykoticka terapie.
o Chronické zanéty
Medikament6zni terapie je V piipadé chronickych zanéti hrtanu vyuzivano
dominantné u laryngitidy zptisobené laryngofaryngealnim refluxem, kde se kromé
dietnich omezeni a rezimovych opatfeni vyuzivaji zejména inhibitory protonové
pumpy, nejcastéji v davce 2krat denné.
o Recidivujici respiracni papilomatdza
Zvlastni kapitolou je adjunvantni (doplitkovd) lécba RRP. Souvisi s nemoZnosti
radikalni resekce. Nabizi Siroké spektrum vice ¢i méné efektivnich moZnosti
(Formanek 2022). Latky jsou podavany mistné nebo systémové. V této oblasti
probiha intenzivni vyvoj, ktery tézi z vyzkumu terapeutik uZivanych v 1é¢bé jinych
nadorovych onemocnéni. Pravé v oblasti adjuvantni 1é€by je v souCasnosti nejvice
neznamych. Neni jednoznacnd shoda na tom, kdy adjuvantni terapii indikovat.

Obecné je ale doporucovano zvazit tuto terapii, kdyz:
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= pacient potiebuje vice nez ¢tyfi operace rocng;

= papilomy zpiisobuji respiracni obtize;

= papilomy se §iti distalné¢ do pradusnice;

= pokud chirurgické metody nejsou mozné.
Neni jednozna¢na shoda na tom, jaky preparat a jaké jeho podani zvolit (tab. 2.7).
V soucasnosti je snaha tuto terapii, je-li indikovana, co nejvice individualizovat
pomoci vysetieni genomu, genové exprese a somatického a germinalniho exomu.

Jedna se nicméné potad o zcela vyjimecné piipady.

Tab. 2.7 Zakladni ptehled latek pouzivanych v adjuvantni terapii RRP (Formanek 2022)

Latka Zpisob podani
cidofovir intralezionalné,
inhala¢né,
intraven6zné
Nejcastéji pouzivané bevacizumab intralezionalné,
intraven6zné
inosine pranobex peroralné
vakcina proti HPV intramuskularné
Malo pouZivané aciclovir peroralné
indol-3-karbinol peroralné
inhibitory proteinové pumpy peroralné
pembrolizumab intravenozné
ultafiltrovany praseci leukocytarni extrakt | peroralné
interferon a intravenozné
propranolol peroralné
UZ nepouzivané
vakcina proti pfiusnicim, spalnickam, | intramuskularné
zardénkam a piiusnicim

K adjuvantni terapii miiZze byt fazeno 1 ockovani proti HPV. Indikace pfichazi do
uvahy u rozsahlejsitho postizeni témi papilomy, které jsou tzce spjaty s jejich
infekci. Zatimco profylakticky u¢inek ockovani je dobie zndm, jeho terapeuticky

efekt nebyl zatim jednozna¢né prokazan.
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2.3.2 Chirurgicka lécba

2.3.2.1 Obecné ziasady mikrochirurgie hrtanu

Operace v oblasti hrtanu zaznamenaly v poslednich letech vyznamny vyvoj. V souasnosti by

vSechny operace v oblasti hrtanu mély byt provedeny pii mikroskopickém nebo endoskopickém

zvétseni. Existuji obecné zasady hrtanové mikrochirurgie. Jejich cilem je provést operaci

€O nejsetrnéji, s co nejmensimi riziky pro pacienta a za co nejkrats$i dobu.

Fonochirurgicky pristup

U vSech operaci hrtanu by mél operatér provadét operaci tak, aby pooperané byla
zachovana co nejlepsi kvalita hlasu. Mezi obecné principy fonochirurgie patii zejména
pravidlo, Ze pii odstranovani patologie hlasivky se snazime nezasahovat ani do okoli
patologie, ani do hlubSich vrstev hlasivky. Zbyte¢nd manipulace v mistech, kde se jiz
nenachazi patologie, vede k riziku jizveni podslizni¢ni lamina propria superficialis
a zhorSeni hlasu. Ke zbytecné traumatizaci, zejména ptfedni komisury, vede také pftili§
hluboké zasunuti pfimého laryngoskopu ptitivodni manipulaci a fixaci laryngoskopu. Miize
zde dojit ke srustu hlasivek. Chybou proto neni ani operovat v této oblasti pro nemaligni
diagnézu dvoudobé — tedy oSetfit nejprve jednu hlasivku a pti dalSi operaci ptipadné
druhou. Velmi opatrné je nutné postupovat v oblasti zadni komisury z diivodu rizika vzniku
zadni glotické stenozy.

Spravna velikost a tvar primého laryngoskopu

Prilis velky laryngoskop zbytecn¢ traumatizuje supraglotis a vede k hematomtiim a otoktim.
Prilis maly laryngoskop zase zhorSuje ptehlednost operacniho pole a ztézuje operatérovi
manipulaci s nastroji. To miize mit za nasledek chybny pohyb néastrojem a prodlouzeni doby
trvani operace. Neni chybou na zacatku operace vyzkousSet nékolik laryngoskopti a vybrat
ten nejvhodngjsi (obr. 2.3). Pro lepsi expozici piedni komisury Ize vyuzit
tzv. , komisuroskop®, ktery je delsi v pfedozadnim rozméru. Pro operaci v oblasti epiglotis
lze vyuzit tzv. Benjaminlv laryngoskop, kdy je ptedni okraj laryngoskopu zavedeny
do glosoepiglotickych valekul (obr. 2.4). Zasadam piimé laryngoskopie se autor vénoval
v oficialnim doporuceni pro praxi odborné spoleénosti a v kapitole v knize (Formanek 2021,
Formanek 2022).
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Obr. 2.3 Dospély laryngoskop (a), laryngoskop pro expozici ptedni komisury hlasivek (b),
distan¢ni laryngoskop (Weerda) (c¢), Benjamintiv laryngoskop (d) (Formanek 2021).

d

Obr. 2.4 Pohled do hrtanu pies standardni pfimy laryngoskop (a) a pies Benjaminiv

laryngoskop (b) (Formanek 2021).
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o Kvalitni expozice hrtanu
Zajisténi kvalitni expozice hrtanu je zdsadni. Je potifeba vénovat mu dostatek Casu
a nespokojit se s nedostate¢né prehlednym hrtanem, coz vede k mnohem obtiznéj$i operaci
a zvysuje jeji rizika. Pokud neni expozice predni komisury dostate¢nd, lze pouzit zatlaceni
na hrtan nebo jeho pfitaZzeni naplasti (obr. 2.5). Pfi nedostate¢né expozici zadni komisury
lze vyuzit uvolnéni fixace laryngoskopu, coz vede k vytvofeni lepsiho tthlu pro ptehlednost
zadni komisury. Hrtan je dilezité vzdy na zacatku operace podrobné prohlédnout, nejlépe

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

Obr. 2.5 Ptima 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 naplasti ptes kryti na pfedni strané krku

zlepSena ptehlednost pfedni komisury hrtanu (Formanek 2021).
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Zasady poucziti laserii v hrtanu a pridusnici
Pti pouziti laserti v oblasti hrtanu je dilezité dodrzovat pravidla, kterd snizuji nezadouci

ucinek laseru na pacienta i zdravotnicky personal (tab. 2.8).

Tab. 2.8  Pravidla pro pouzivani lasert v chirurgii hrtanu.

pouzivat intubacni rourky uréené k laserové chirurgii (specialni material, dva obtura¢ni
balonky napusténé fyziologickym roztokem);

na intubaéni rourku/obturaéni balonky aplikovat prouzky s fyziologickym roztokem;

pii operaci udrzovat frakci exspirovaného kysliku do 30 %;

zalepit pacientovi oci a ,,0oblozit* pacientiiv obli¢ej vlhkymi prostéradly;

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

chrénit o¢i personalu ochrannymi brylemi;

minimalizovat pocet osob na opera¢nim sale 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 nastroje, laser, mikrodebridor, koblace)

povazovana za vyznamn¢ lepSi v porovnani s dalSimi. Porovnani vysledkl chirurgické 1écby je

obtizné z davodi velmi heterogennich skupin pacientii. Jednotlivé techniky se ¢asto kombinuji.

vvvvvv

Studena technika (chapadky, niizky) je nejdéle vyuzivana. Kromé toho, ze je levna, je jeji
vyhodou to, Ze neni produkované teplo, které pti priniku do hlubsich vrstev mtize zptisobit
poskozeni tkani. Nevyhodou je, Ze je Castéji odstranéna i okolni zdrava sliznice a zbytecné
tak dochdzi k jizveni vetsi Casti hlasivek.

CO2 a KTP (draslik-titan-fosfat) laser jsou pii operacich v hrtanu vyuzivané déle nez 25
let. Vyhody byly prezentovany fadou autortt (Dedo 2001, Karamzadeh 2004, Remacle
1999). Laser umozituje piesnou vaporizaci slizni¢nich 1ézi s minimalnim krvacenim a
minimalnim poskozenim okolni sliznice a hlubSich vrstev hlasivky. CO2 laser musi byt
pouzity v nejSetrnéjSich rezimech (kratké pulzy o malé energii) s $ir§im nastavenim paprsku
(vaporizacni mody), aby nedochazelo k priiniku tepla do hlubsich vrstev. Vyhodou KTP
laseru je fotoangiolyticky efekt s popsanym lepsim koagulaénim efektem (Franco 2003).

Kontrolované studie, které by porovnavaly vysledky KTP a jinych laseri zatim nebyly
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provedeny (Lechien 2020). Pti pouziti laserd je potfeba dodrzovat vSechny bezpecnostni
postupy spojené s laserovou hrtanovou chirurgii (tab. 2.8).

Mikrodebridor (shaver) zacal byt vice vyuzivany pii operacich v hrtanu az v poslednich
10 letech. Zejména v oblasti hlasivek musi byt pouzity s velkou opatrnosti, aby nedoslo
Kk poskozeni hlubsich vrstev ¢i dokonce k proniknuti mimo hrtan. Vyhodny je zejména
Kk 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 pacienti (Awad

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

2.3.2.3 Komplikace chirurgické 1écby

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

jizveni hlasivek se ztratou vibracnich schopnosti, vznik synechie piedni komisury, mustkl a

sulcus vocalis, zhorSeni hybnosti hlasivek a vznik zadni glotické stendzy.

Jizveni hlasivek

Nesetrné odstranéni 1ézi vede K jizveni podslizni¢nich tkani (zejména Reinkeho prostoru)
a chrapotu. Tento stav (jizvy hlasivek, mustky, sulcus vocalis) nelze v soucasné dobé IéCit
a dysfonie vznikla z tohoto diivodu je trvala. Pokud se jednalo o ,,zbyte¢ny* peroperacni
zasah do hlubSich vrstev hlasivky, lze mluvit o iatrogennim poskozeni hlasivek. Bylo
prokazano, ze pii pouziti zdsad maximalniho Setfeni tkani, maji 1 pacienti po mnoha
operacich pomérné dobrou kvalitu hlasu (Parker 2019).

Gloticka a subgloticka stenoza

Mezi velmi zavazné komplikace papilomatézy a zejména jeji chirurgické 1écby patii
gloticka nebo subgloticka stendza. Ta muze vést az K nutnosti provedeni tracheotomie.
V tomto piipadé lze provést nékterou z laryngotrachedlnich rekonstrukénich operaci,
napiiklad pteruSeni zadni Césti prstencové chrupavky s vlozenim chrupavky ze zebra
(tzv. posterior split, Scatolini 2018).

ZkuSenosti s operacemi snizuji pocet komplikaci

Ptitomnost dlouhodobych nasledkli po opakovanych operacich (jizvy hlasivek zplsobujici
trvaly chrapot) byla zjisténa u pacientli s vy$$im poctem provedenych operaci, u pacientd
operovanych na pracovistich s men§imi zkuSenostmi a u pacientii, u kterych bylo nutné

provést urgentni operacni vykon (Scatolini 2020).
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3 SOUHRN VLASTNICH VYSLEDKU

Vlastni vyzkum hrtanovych patologii jsme zacilili na n€kolik oblasti. Prvni oblasti je zlepSeni
diagnostiky. Podrobn¢ jsme se zamé&fili piedev§im na rozsifeni diagnostiky RRP o identifikaci
moznych rizikovych faktord, které by mohly onemocnéni spoustét nebo zhorSovat. Déle byl
vyzkum vénovan vyuziti novych optickych metod k detekci hrtanovych patologii a zpiesnéni
diagnostiky LPR ve smyslu urceni, kdy skutecné ovliviiuje sliznici hrtanu, a ovéteni vhodnosti
novych diagnostickych metod LPR.

Druha oblast je vénovana 1écbé benignich i malignich hrtanovych patologii — prevazné
chirurgické, transoralni, a to véetné jejich nasledkti a komplikaci. Pfedchazeni komplikaci je
pak vénovana tfeti oblast vyzkumu, ve které byly studovany nové metody pomahajici nejen
pii1 operacich §titné Zlazy a piiStitnych télisek.

Vysledkem nasich vyzkumnych projektt je soubor publikaci pfedkladanych a komentovanych
Vv této ¢asti habilita¢ni prace. V uvodu kazdé oblasti nebo ptipadné podoblasti shrnujeme danou
problematiku se zaméfenim na objasnéni vzniku jednotlivych studii. Nasledné jsou
Ve strucnosti piedstavena nastaveni jednotlivych studii a jejich vysledky. Podstatna zjisténi jsou

pak v nejzasadnéjSich bodech rekapitulovana na zavér kazdé studie.

3.1 Pokrocila diagnostika hrtanovych patologii

3.1.1 Vyzkum rizikovych faktori recidivujici respira¢ni papilomatézy

Infekce HPV je povaZovana za nejcastéjsi sexualné prenosnou infekci. Pienos infekce z oblasti
genitoanalni, kterd je jejim rezervoarem, do dutiny ustni a dale na orofarynx a hrtan byva
spojovan s ordlnim sexem. Nicméné moznosti pifenosu infekce mezi témito oblastmi je celd
fada, zmifime jen autoinokulaci nebo vertikalni pfenos z matky na dité. Bylo prokazéano riziko
1:80-1:1500 pienosu HPV na dit¢ od nakaZzené matky pii nekomplikovaném vagindlnim
porodu (Silverberg 2003).

Béhem svého Zivota se s HPV infekci setkd az 80 % pohlavné aktivni populace, jen u zlomku
z nich infekce perzistuje a az po del§im, zatim tézce odhadnutelném ¢asovém intervalu, mize
dojit k vyvoji virem indukovaného onemocnéni (Gillison 2012). K témto onemocnénim patii

RRP (viz kapitola 2.2.4).
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Podle véku, ve kterém se RRP objevi, je klinicky rozliSovana juvenilni (détska) a dospéla
forma. Neexistuje vSak zcela striktni hranice, kterd by fikala, do kterého véku zacatku
onemocnéni se jesté jednd o détskou formu. Nejcastéji je zminovan veék mezi 18 az 20 lety.

V soucasnosti je udavana incidence détské RRP 0,024 - 1,34 na 100000 déti za rok, prevalence
pak 0,81 - 3,88 na 100000 déti, s vy$8imi poCty v africkych zemich a u vefejné pojisténych déti
v Severni Americe (Campisi 2010, Marsico 2014, Novakovic 2016, Novakovic 2018, Omland
2012, Seedat 2018). Incidence dospélé formy RRP je obecné méné referovana. Je odhadovana
na 0,18 - 0,54 na 100000 dospélych za rok. Prevalence pak na 0,38 na 100000 dospélych
(Omland 2012, Seedat 2018).

Je patrno, Ze k rozvoji RRP dojde tedy pouze u velmi malého poctu nakazenych osob HPV.
Existuji proto snahy o identifikaci dalSich moZnych faktor, které by mohly u dan¢ho jedince
HPV infekci potencovat nebo brénit jeji eliminaci imunitnim systémem a spolupodilet se tak
na vzniku onemocnéni.

Kromé obecnych rizikovych faktort, které jsou zminovany témét u vSech onemocnéni, jako je
napt. koufeni a diabetes mellitus, a které nebyly u RRP zatim prokazany, je jako jeden z faktora
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 ¢ipku délozniho je prokazan delSi dobu a tyka se vétSiho poctu pacientll nez
V ptipad¢ patologii v oblasti hlavy a krku, pochézi tyto dosud publikované experimentalni udaje
dominantné z vyzkumu této oblasti.

V oblasti hlavy a krku je dale zvazovana mozna rizikovost LPR. Hypotéza, ze LPR by se mohl
podilet také na vzniku RRP, vznikla na podkladé¢ vysledkii nékolika starSich studii.
Holland et al. retrospektivné hodnotil 31 déti s RRP, u 12 z nich byla v minulosti provedena
diagnostika refluxu pH metrii a u v8ech zaznamenana alespon jedna epizoda LPR. Déti byly
léceny inhibitory protonové pumpy a pii zpétném hodnoceni bylo zjisténo, Ze se u této skupiny
pacientil objevilo méné pooperacnich komplikaci na mékkych tkanich v hrtanu (Holland 2002).
Nebyly vSak vySetfeny vSechny déti v souboru, samotné vySetfeni prob&hlo kdykoliv
vV minulosti, a tedy ve chvili po¢atku RRP uz LPR nemusel byt ani pfitomen. V soucasné dobé
navic neni pouze jedna epizoda LPR povaZzovana za patologii. McKenna et al. dale referoval
o0 ¢tyfech pacientech s détskou RRP, u kterych doSlo na hranici dospélosti k akcentaci
onemocnéni. U vSech téchto pacientli byl pomoci nepfimych ukazateli (anamnéza a klinické
vySetieni) diagnostikovan LPR. Byla nasazena terapie inhibitory protonové pumpy a u jednoho

pacienta bylo navic nutné provést fundoplikaci Zaludku. Po této terapii doSlo k remisi
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onemocnéni (McKenna 2005). LPR tedy nebyl skutecné objektivizovan u zadné¢ho pacienta.

V obou studiich nebyla ptitomna kontrolni skupina pacientti.

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 2017 = 2,696; Q1) (Priloha 1).

Prospektivni série pripadl 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
patogenti vychazela z prvnich dat z oblasti délozniho ¢ipku.

Do studie byli zatazeni dospéli pacienti s RRP. Do kontrolni skupiny byli zatfazeni dospéli
pacienti s cystou hlasivky. U obou skupin byly v pribéhu piimé mikrolaryngoskopie
odebrany bioptické vzorky — u pacientii s RRP papilomy z hlasivek, u kontrolni skupiny
piebyvajici sliznice hlasivky po odstranéni cysty. Vzorky byly nasledné¢ hodnoceny
imunohistochemicky — pfitomnost LPR byla stanovena nepiimo pomoci pritkazu pepsinu,
ptitomnost HSV-2, ChTr a HPV piimym prikazem.

Celkem bylo zatazeno 22 pacienti s RRP a 20 pacientti do kontrolni skupiny. Dva pacienti
S RRP museli byt nasledné¢ z hodnoceni vylouceni. Ve skupiné¢ s RRP bylo vice muzi,
v kontrolni skupiné pak vice kutakt (aktivnich i pasivnich). Nebyl zjistén rozdil mezi
skupinami ve véku, BMI, imunodeficienci, diabetu mellitu, astma bronchiale, chronické
obstrukéni plicni nemoci, alergii, refluxni nemoci jicnu.

Byl prokazan signifikantni rozdil v ptitomnosti LPR a HSV-2. Patologicky LPR byl
prokédzan u 8 z20 (40 %) pacienti s RRP a u Zzadného pacienta v kontrolni skupiné
(p = 0,003). HSV-2 byl ptitomen u 9 z 20 (45 %) pacienti 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 v§ech vzorcich RRP a u dvou
z 20 (10 %) pacientl Vv kontrolni skuping.

Zaver

Pacienti s RRP maji dle imunohistochemického hodnoceni biopsie signifikantné Castéji

LPR a ko-infekci HSV-2 ve srovnani s kontrolni skupinou. Na zakladné téchto prvnich
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vysledkd je mozné predpokladat, ze by se mohlo jednat o rizikové faktory RRP, které se
mohou u ¢asti pacientd podilet na aktivaci latentni HPV infekce a zptsobit tak pocatek
onemocnéni. Vzhledem k tomu, ze infekce HSV-2 a HPV jsou sexudlné pfenosné, neni
vyloucen spole¢ny pienos a spole¢né pusobeni také v hrtanu. Mozné spoluptisobeni HPV

a ChTr v hrtanu nebylo prokazano.

FORMANEK, Martin*(corresponding author)*, Debora FORMANKOVA, Pavel HURNIK,
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 2020 = 2,597; Q2) (Priloha 2).

Navazujici prospektivni série piipadii a kontrol je pokracovanim piedchozi studie
(Formanek 2017) s cilem zjistit mozné rizikové faktory RRP, které by se mohly podilet
na jejim vzniku. Byl roz§ifen seznam testovanych patogenli a bylo vyuzito piesnéjSiho
vySetieni pomoci real-time PCR DNA, které¢ umoznuje rovnéz kvalitativni hodnoceni,
a PCR DNA s reverse line blot ke stanoveni a typizaci HPV. Byla stanovovana piitomnost
cytomegaloviru (CMV), viru Epstein-Barrové (EBV), herpes simplex viru 1 (HSV-1)
a HSV-2, lidského herpesviru 6 (HHV-6), viru varicella zoster (VZV) a HPV v biopsii.
Do studie byli zatazeni dospéli pacienti s RRP. Do kontrolni skupiny byli zatazeni dosp¢li
pacienti s cystou hlasivky. U obou skupin byly v pribéhu piimé mikrolaryngoskopie
odebrany bioptické vzorky — u pacientii s RRP papilomy z hlasivek, u kontrolni skupiny
piebyvajici sliznice hlasivky po odstranéni cysty.

Celkem bylo zatazeno 18 pacientli s RRP a 18 pacientli do kontrolni skupiny. Skupiny byly
homogenni. HPV byl ptitomen ve vSech biopsiich pacientii s RRP a u zadné v kontrolni
skupiné. HPV 6 byl prokazan ve 13, HPV 11 v 5 ptipadech. Zadny jiny genotyp nebyl
prokazan. Pfitomnost ani typ HPV nebyla zavisla na expozici cigaretovému koufi.

Byl prokazan signifikantni rozdil v pfitomnosti EBV. Jeho pfitomnost byla sledovana
U6z 18 (33 %) pacientil a u zaddného pacienta v kontrolni skupiné (p = 0,019). Pocet kopii
viru se pohyboval mezi 350 a 180000 IU/ml. Ptitomnost EBV nebyla zavisla na expozici
cigaretovému koufi, HPV genotypu ani koncentraci HPV. Pfitomnost byla naopak silné
spojena s bunécnou proliferaci ve vSech vrstvach epitelu a poc¢tem operaci z divodu RRP

V poslednich dvou letech. Tyto vysledky ukazuji na mozné synergické pusobeni EBV

35



aHPV vrozvoji RRP u casti pacienti. U obou virt byl prokazan vztah
k dlazdicobunéénému epitelu, ve kterém se odehrava zivotni cyklus HPV i lyticka
reaktivace EBV (Makielski 2016). Tvrzeni je podloZzeno vysledky malignich nadort
zZ oblasti orofaryngu a délozniho ¢ipku, kde byla koinfekce EBV a HPV spojena s ¢astéjsim
vznikem, vyraznéjs$i progresi a vétsi invazivitou nadorti (deLima 2018, Drop 2017, Jiang
2015, Turunen 2017).

Dale byla ve studii prokdzana ptitomnost HHV-6 u tfech z 18 (16,7 %) pacientii s RRP
a U zadného v kontrolni skupiné. V jednom piipadé se jednalo o faleSnou pozitivitu
z davodu ptitomnosti neinfek¢éni virove DNA, ktera byla integrovand do somatického
genomu. Dveé biopsie byly pozitivni na EBV 1 HHV-6 (v¢etné zminéné faleSné pozitivni).
Nebylo prokazana pritomnost zadného jiného viru, véetné¢ HSV-2. Na podkladé vysledkt
téchto presnéjSich diagnostickych metod se nejevi, ze by jiné herpetické viry piispivaly
ke vzniku RRP.

Zaver

EBV miize synergicky ptisobit s HPV v rozvoji RRP u ¢asti dospélych pacientti, u kterych
pak zvySuje bunétnou proliferaci a pfispiva k patogenezi a progresi RRP.

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 2019 = 2,276; Q3) (Priloha 3).

Prospektivni studie, kterd navazuje na piedchozi vysledky u dospélych (Forméanek 2017),
byla zaméfena na identifikaci moznych rizikovych faktori détské formy RRP. Do studie
byly zatfazeny déti s RRP, u kterych byly v pribéhu piimé 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 soucast vykonu vzit vzorek zdravé sliznice.

Vzorky byly hodnoceny imunohistochemicky — pfitomnost LPR byla stanovena nepiimo

pomoci prikazu pepsinu.

36



Celkem bylo zatazeno 11 déti s RRP, 6 divek a pét chlapci v primérném véku 8 let.
Vsechny déti v minulosti podstoupily z divodu RRP nejméné tti chirurgické vykony a byly
ockovany proti HPV. P&t déti bylo 1é¢eno antiviroticky a imunomudulancii. Zadné dité
nebylo doma vystaveno cigaretovému kouti, u Zadného ditéte nebyla sledovana ptedporodni
nebo porodni rizika.

HPYV byl prokazan ve vSech 11 vzorcich — HPV typ 6 v 9 ptipadech a HPV typ 11 ve dvou
pripadech. Patologicky LPR byl zjistén u péti z 11 (45 %) déti, ve ¢tyfech pripadech byl
spojen s HPV 6 pozitivitou, v jednom s HPV 11 pozitivitou.

Zaver

Prvni vysledky studie, ktera skutecné prokazovala ptitomnost patologického LPR u déti,
naznacuji, Ze by LPR mohl byt rizikovym faktorem RRP také u casti déti a podilet se

spole¢né s HPV infekci na jejim vzniku.

FORMANEK, M.*(corresponding author)* H. KUCOVA, K. ZELENIK a P. KOMINEK.
Soucasné moznosti terapie juvenilni recidivujici respiracni papilomatozy. Cesko-Slovenska

Pediatrie. 2015, 70(3), 174-178. (Priloha 4).

Ptehledovy c¢lanek je podrobné vénovan terapeutickym moZznostem détské formy RRP
a jejim specifikim. Jsou prezentovany moznosti o¢kovani, adjuvantni a chirurgické terapie.
Zaver

Ptehledovy ¢lanek podrobnéji shrnuje terapeutické moznosti détské formy RRP.

3.1.2 Diagnostika refluxni laryngitidy a laryngofaryngealniho refluxu

Laryngofaryngealni reflux (LPR) je velmi Castou patologii (viz kapitola 2.2.2). Nicmén¢ jeho

diagnostika a ur¢eni skute¢ného podilu LPR na nemocech hrtanu u konkrétniho pacienta nejsou

snadné.

Dotazniky zaméfené na odhaleni pfitomnosti LPR jsou pievazné cileny na "hrtanové piiznaky"

LPR. Tyto ptfiznaky se ale velmi ptekryvaji s event. pfiznaky samotnych hrtanovych patologii

- napt. chrapot, nuceni na odkaslavani a pocit ciziho télesa v krku. Tyto pfiznaky mohou byt

pfitomné jak u samotného patologického LPR, tak u vSech pacientii s hrtanovou patologii

zpiisobenou jinym patofyziologickym mechanismem. Dotazniky proto poskytuji velké

mnozstvi falesn¢é pozitivnich vysledk. Také hodnoceni znadmek ptitomnosti patologického
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LPR podle endoskopického nalezu na sliznicich hrtanu je pfitomnosti 1ézi v hrtanu ztizeno,
mnohdy zcela znemoznéno (Formanek 2017).

Vhodnéj$imi diagnostickymi metodami LPR u pacienti s hrtanovymi patologiemi proto
zustava jicnova nebo orofaryngealni pH-metrie, jicnovd impedance a prikaz pepsinu
v sekretech nebo tkanich (viz kapitola 2.1.7). Zlatym standardem v diagnostice LPR
V soucasnosti zdstava 24hodinova jicnova impedance (Hoppo 2012). Jedna se nicméné
0 metodu, ktera neni pacienty vzdy idedIn¢ tolerovana a je pomérné zatézujici. Nejsou navic
ustalena hodnotici kritéria, kterd by jednoznaéné urcila, Ze je pfitomen 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 pacientd
nalezl maximalné pouze jednu faryngealni refluxni epizodu (Hoppo 2012).

Priikaz pepsinu v tkanich je ve srovnéni s ostatnimi metodami pfesnéjsi, poskytuje informaci
0 skute¢ném a dlouhodobém efektu LPR na danou tkan, a tedy o tom, zda je jeho ptsobeni
relevantni (Formanek 2015, Jiang 2011). Za fyziologickych okolnosti neni totiz v tkanich nad
hornim jicnovym svéraem piitomen. Nevyhodou vySetieni 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 piesnost a vhodnost této metody Vv diagnostice LPR. Dosud
publikované prace srovnavaly stanoveni pepsinu ve slinach s vysledky dotazniki
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, el123. ISSN 2155-384X. Dostupné z: doi:10.1038/ctg.2017.49.
(IF 2017 = 4,621; Q1) (Priloha 5).

Cilem prospektivni studie bylo srovnat vysledky 24hodinové jicnové impedance s pH metrii
a prikazu pepsinu v biopsii (jako nejptfesnéjsi metody) u stejného pacienta a srovnanim

urcit hodnoty (hranici) jicnové impedance, které jsou pro postizeni hrtanu jasné patologické.

38



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 svérac jeste
nemusi poskozovat sliznice a je pfitomen i u zcela zdravych jedinct (Hoppo 2012,
Oelschlager 2006).

Do studie byli zatazeni dospéli pacienti s patologii hrtanu, u které¢ mize byt zvazovan vliv
LPR (jako granulom nebo polyp hlasivek a RRP) a ktera byla indikovana k chirurgickému
vykonu (mikrolaryngoskopii) Vv celkové anestézii. Jeden den pied vykonem byla vSem
pacientim provedena 24hodinova jicnova impedance s pH metrii. Pfi nasledném vykonu
byla ¢ast biopsie zaslana k imunohistochemickému priikazu pfitomnosti pepsinu a tim
Kk nepiimé diagnostice patologického LPR.

Celkem bylo zafazeno 30 pacienti (16 muzd a 14 zen) S primérnym veékem 43,7 let.
Pacienti byli rozdéleni do dvou skupin v zavislosti na pozitivité pepsinu v biopsii. Pocet
celkovych refluxnich hltanovych epizod u pacientii bez prikazu pepsinu se pohyboval
Vv rozmezi 0-5, u pacienti s prikazem pepsinu pak vrozmezi 6-39 (p = 0,001). Byla
stanovena hranice patologického vysledku impedance (a patologického LPR) na pocet
6 a vice celkovych hltanovych refluxnich epizod, které méla 100procentni senzitivitu
i specificitu (interval spolehlivosti 73,5-100 % a 81,4-100 %). Data z jicnového senzoru
méla senzitivu i specificitu nizsi.

Zaver

Byla zjisténa hranice patologického vysledku jicnové impedance na pocet 6 a vice
celkovych hltanovych refluxnich epizod. Tato hodnota znamena piitomnost patologického

LPR a méla by byt pouzivana pti hodnoceni vysetteni v piipadé hrtanovych patologii.

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 2020 = 4,242;
Q2) (Priloha 6).

Prospektivni studie byla zaméfena na ovéteni vhodnosti pouziti stanoveni pepsinu ve sliné
jako diagnostické metody LPR, coz by vyrazné zjednoduSilo a zefektivnilo cely
diagnosticky proces. Vysledky ze slin byly srovnavany s vysledky 24hodinové jicnové

impedance s pH metrii u stejného pacienta.
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Do studie byli zafazeni dospéli pacienti jdouci k vySetieni 24hodinovou jicnovou impedanci
s pH metrii. Pfed zavedenim sondy byl odebran vzorek slin a vyhodnocen komeréni
metodou Peptest™ na piitomnost pepsinu. Nasledn& probéhlo zavedeni sondy a standardni
vySetfeni jicnovou impedanci.

Celkem bylo hodnoceno 46 pacientti (30 zen a 16 muzt) ve véku 36-62 let. Srovnani bylo
provedeno na dvou patologickych hodnotach jicnové impedance. V prvnim ptipad¢ 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. Tato hodnota byla stanovena pro hrtanové patologie pii piedchozi studii
(Formanek 2017).

o Presnost Peptestu pii srovnani s jednou hltanovou refluxni epizodou pfi jicnové
impedanci byla 35 %, sensitivita 33 %, specificita 100 %, pozitivni prediktivni
hodnota 100 % a negativni prediktivni hodnota 3 %.

o Presnost Peptestu pti srovnani se 6 celkovymi hltanovymi refluxnimi epizodami
piijicnové impedanci byla 48 %, sensitivita 37 %, specificita 82 %, pozitivni
prediktivni hodnota 87 % a negativni prediktivni hodnota 29 %.

Zaver
Vysetfeni piitomnosti pepsinu ve slinach metodou Peptest by mohlo slouzit jako
screeningovy test, ktery v ptipadé své pozitivity odhali zdvazny LPR a umozni indikovat

jeho 1écbu. V piipadé jeho negativity je nutno pokraovat v dalsi diagnostice.

KOMINEK, P., P. MATOUSEK, M. FORMANEK a K. ZELENIK. Alergie nebo reflux?
Extraezofagealni reflux z pohledu otorinolaryngologa. Alergie. 2013, 15(3), 176-182.
(Priloha 7).

Ptehledova prace upozorfiuje na specifika LPR jako samostatné patologické jednotky
odlisné od refluxni nemoci jicnu. Jsou prezentovany: kazuistika, patofyziologie LPR,
rozdily LPR a refluxni nemoci jicnu, pfiznaky LPR, diagnostické a terapeutické moznosti
LPR.
Zaver

Cilem prace bylo upozornit na LPR a jeho specifika.

40



3.1.3 VyuZziti novych optickych metod k detekci hrtanovych patologii

3.1.3.1 Optické metody vyuZivajici filtrovaného svétla nebo tipravu 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 2.1.3). NejpouzivanéjSimi systémy jsou V soucasnosti optické metody vyuzivajici
filtrovaného svétla (NBI) a metody vyuzivajici postprocesingovou softwarovou Gpravu obrazu
(IMAGE1 S) (Piazza 2008, Puxeddu 2015).

Ob¢ optické metody maji za cil detailn¢€ zobrazit slizni¢ni nalez a zarovent umoznit hodnoceni
podslizni¢ni vaskularizace. Zhodnoceni vaskularizace pak umoziuje zachytit casnéji hrtanovou
patologii a presnéji urcit, kdy je sledovana patologie spise benigni a kdy je naopak podeziela
z eventualni maligni transformace (Piazza 2008). V ptipadé hrtanu je tak mozZné 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 nalezti (Stanikova 2018). Dosud zatim také nebyla
srovnana presnost a vytéznost jednotlivych systémii mezi sebou, coz by byla, vzhledemk jejich
vyrazn¢ rozdilné nakladnosti, velmi pifinosnd data. V posledni dobé je také soustiedéna
pozornost i na jiné nez (pre)maligni procesy a postupem ¢asu jsou popisovany typické nalezy

pro jiné, asto 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 2018 = 1,750; Q2) (Priloha 8).

Prospektivni studie méla za cil srovnat nalezy hrtanové vaskularizace hodnocené pomoci
NBI a IMAGEL1S u stejného pacienta. Jednalo se o prvni praci svého druhu.

Do studie byli zatazeni dospéli pacienti, ktefi z divodu hrtanové patologie podstoupili
pfimou laryngoskopii v celkové anestézii. Nalez byl nejprve hodnocen flexibilni

videoendoskopii s NBI dva az tfi tydny pfed chirurgickym vykonem. Nélez byl nasledné
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peroperacné hodnocen videoendoskopii s IMAGELS. Vaskuldrni zmény byly vzdy
rozdéleny do c¢tyf stupnt dle Arense (Arens 2016). Optické nalezy byly srovnany
s vysledkem histologie.

Celkem bylo zatazeno 73 pacientd (50 muzi a 23 zen) vV primérném véku 51 let.
Histologicky bylo prokazano 26 (35,6 %) benignich 1ézi, 16 (21,9 %) papilomt v ramci
RRP, 7 (9,6 %) lehkych dysplazii a 24 (32,9 %) pripadu tézké dysplazie nebo karcinomu in
situ nebo invazivniho karcinomu. Senzitivita systému NBI byla 83 %, specificita 98 %.
Senzitivita systemu IMAGEIS byla 86 %, specificita 96 %. Mira shody s vysledkem
biopsie byla u systému NBI 81,43 % (x =0,7428; p<0,001), u syst¢ému IMAGE1S 81,16 %
(xk=0,7379; p <0,001). Mira shody vysledku téchto dvou optickych systémi navzajem pak
byla 92,54 % (x = 0,8965; p < 0,001).

Zaver

Vysledky endoskopického hodnoceni hrtanové vaskularizace a jejim prosttednictvim uréeni

charakteru hrtanové patologie jsou u systému NBI a IMAGEIS srovnatelné.

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 2020 = 2,430; Q2) (Priloha 9).

Série piipadu retrospektivné analyzuje obraz histologicky (a pifimou imunofluorescenci)
potvrzenych diagndéz pemphigus vulgaris na sliznicich hrtanu pti optickych metodach
vyuzivajicich filtrovaného svétla nebo softwarovou tpravu obrazu. Moznost diagnostikovat
tuto diagndézu endoskopicky by znamenala uSetfit pacienta jedné az dvou celkovych
anestézii, pomérné dlouhého ¢ekani na histologicky vysledek a zafatek lécby. Jedna se
0 natolik vzacnou diagnézu (zvlasté v hrtanu), ze na ni neni vétSinou primarné mysleno
a biopsie je zaslana ve formaldehydu na standardni histologické zhodnoceni. Pro definitivni
prukaz pemphigus vulgaris je ale nutné provést pfimou imunofluorescenci z nativné
zaslaného bioptického vzorku, kdy jsou prokdzéana intracelularni depozita IgG a C3. Proto

je vétSinou nutnd dalsi celkova anestézie s dalsim odbérem tkéné€ z hrtanu.
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Z 278 hrtanovych nalezl byly identifikovany tfi ptipady pemphigus vulgaris na sliznici
hrtanu. Byly identifikovany typické znaky obrazu pemphigus wvulgaris pti optickych
metodach vyuzivajicich filtrovaného svétla nebo Gpravu obrazu. Léze je mirné vystoupld
nad povrch a je castecné kryta rtzné 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¢ uspotfadany, neostie ohrani¢eny. Svym
celkovym vzhledem pfipominaji mapu vrstevnic. Obdobny obraz nebyl sledovan u zadné
Z jinych hrtanovych patologii.

Zaver

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

diagnostiku 1 1é€bu.

3.1.3.2 Flexibilni endoskopie dychacich cest v 1éky navozeném spanku

Flexibilni endoskopie hornich dychacich cest v 1éky navozeném spanku (DISE) je pomérné
nova endoskopicka metoda. V soucasnosti piedstavuje hlavni diagnostickou metodu, pomoci
které lze urcit misto obstrukce hornich cest dychacich (HCD) a na zaklad¢ téchto poznatkt
pomaha optimalizovat chirurgickou lé¢bu pacientii s obstrukéni spankovou apnoe (OSA)
(Betka 2016, De Corso 2013, deVito 2014, Hybaskova 2017).

Velka ¢ast pacientt s OSA je ale dominantné indikovana ke konzervativni 1é¢bé pretlakovou
ventilaci (PAP), ktera je povazovana za zlaty standard 1éCby. Tato skupina standardn¢ DISE
nepodstupuje. Nicméné az 50 % pacientt s OSA lécenych PAP tuto 1é¢bu netoleruje (Torre
2017, Weaver 2008). Diivodt intolerance nebo nefunkénosti PAP je nékolik. Casto se ale jedna
o anatomické abnormity HCD ¢i nespravné nastaveni a volbu neadekvatniho tlaku (Torre 2017,
Weaver 2008).

V poslednich nékolika letech byly uvetejnény prvni prace zabyvajici se moZnosti vyuziti DISE
také u primarné nechirurgicky fesenych pacientii s OSA, pfi titraci (nastaveni) PAP. V tomto
ptipadé lze diky optické kontrole bezprostiedné sledovat jeji efekt a je mozné 1épe porozumét

tomu, jak PAP u konkrétniho pacienta funguje na jednotlivych mistech obstrukce (Torre 2017).
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MASAROVA, M., J. SEKO, M. PLASEK, M. FORMANEK, O. JOR, V. NOVAK, P.
KOMINEK a P. MATOUSEK. Vyznam spankove endoskopie pri titraci pretlakové ventilace
— prvni vysledky. Ceska a Slovenska Neurologie a Neurochirurgie [online]. 2021, 84(2),
183-187. ISSN 1210-7859. Dostupné z: doi:10.48095/cccsnn2021183 (IF 2020 = 0,350;
Q4) (Priloha 10).

Cilem prospektivni studie bylo sledovat vliv PAP na jednotlivd mista obstrukce HCD
pti DISE a hodnotit, pti kterém tlaku dochdzi k vymizeni/zhorSeni obstrukce, a objasnit
pfipadné diivody mozné intolerance PAP.

Do studie byli zafazeni dospéli pacienti se stfedn¢ tézkou a tézkou OSA diagnostikovanou
pomoci celono¢ni limitované polygrafie. U téchto pacienti byla provedena DISE
a hodnocena obstrukce ve ctyrech etazich HCD — oblast mékkého patra, lateralnich stén
faryngu a patrovych tonzil, kofene jazyka a epiglottis (Kezirian 2011).

Celkem bylo zafazeno 20 pacienti (tfi Zeny a 17 muzi) ve véku 24-62 let. U 13 z 20 (65 %)
pacientl byla ptitomna stiedné tézka, u 7 z 20 (35 %) tézka OSA. Obstrukce v oblasti
mékkého patra byla pozorovana u 19 z 20 (95 %) pacientti, obstrukce orofaryngu u 14 z 20
(70 %) pacientt, obstrukce kofene jazyka u 9 z 20 (45 %) pacienti a obstrukce epiglottis
u3z 20 (15 %) pacientl. U jednoho pacienta byla zjiSténa obstrukce pouze na jednom
misté, ul1l9 z 20 (95 %) pacienti byla zjisténa multietaZova obstrukce (ve dvou a vice
mistech. U 6 z 20 (30 %) pacientl byla pozorovana obstrukce na tfech mistech. Obstrukce
ve vSech Ctyfech lokalitach souc¢asné nebyla pozorovana.

Uplna predozadni obstrukce v oblasti epiglotis (tzv. kolaps epiglotis) byla pozorovana u ti
z 20 (15 %) pacientt. U jednoho pacienta bylo sledovano, ze pii PAP v rozmezi 614 hPa
dochazelo k jesté vyraznéjsSimu pietlaceni epiglottis na zadni sténu hltanu, coz korelovalo
S pretrvavanim apnoe a poklesem saturace krve kyslikem. Az tlak 18 hPa zptsobil otevieni
HCD a odtlaceni epiglottis od zadni stény hltanu. RovnéZ u zbylych dvou ptipadii kolapsu
epiglottis bylo pozorovano, ze PAP zhorSoval obstrukei, ale k otevieni HCD nedoslo ani
piinejvyssim z testovanych tlakti. PAP byl tedy nefunkéni.

Za vyznamny benefit vySetfeni je proto moZné povaZzovat skutecnost, Ze jen diky DISE
s PAP bylo moZné tento problém odhalit, pfi vySetfeni v bdélém stavu nebyla kolabujici
epiglottis pozorovana. V téchto piipadech je pak jako 1é€ba OSA indikovéana
epiglotoplastika.
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Zaver
Provedeni PAP pti DISE umoziiuje vizualizovat vliv pietlaku na jednotliva mista obstrukce
dychacich cest a nastavit tak optimalni tlak PAP. Umoznuje také odhalit pfipady kolabujici

R

epiglotis, které je nutné primarné fesit operacné, a tak zlepsit vysledky 1é€by OSA.

3.2 Lécba hrtanovych patologii

3.2.1 Chirurgicka lécba

Obdobné jako diagnostika, tak také chirurgicka léc¢ba 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 piipadé malignich procesii dostavaji vice prostoru nechirurgické metody v podobé
radio(chemo)terapie.

Resekéni vykony jsou obecné vice cilené, snazici se dosazeni zadané radikality za maximalniho
Setfeni okolni zdravé tkang. Castéji se jedna o vykony parcialni. ProtoZe se ale stale jednd
0 relativné novy trend, a protoze se dale a dale rozsifuji indikace pro tyto vykony, jSou jesté
zjistovany jejich lé€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 vetsi
pozornost a doslo k rozvoji celého chirurgického piistupu k hlasu s nazvem fonochirurgie
(Vilaseca 2008). Jeho soucasti jsou mimo jiné techniky zlepSujici nedostate¢né kvalitni hlas.
Patrné nejvyraznéjsi vyvoj je sledovan v ptipadé augmentacnich technik hlasivek, které jsou
obecné indikovany pii nekvalitnim hlasu z diivodu fonaéni insuficience 0 velikosti ptiblizné tii
milimetry a mensi pfi nedostate¢ném efektu hlasové terapie. Vyzkum je zde cilen na efekt
ruznych typl kratkodobych i trvalych augmentacnich materidlii jako moZznych nahrad
za autologni tukovou tkan (Mallur 2010, Rosen 2009).

Noveé technologie ale neumoznily jen zménu piistupu k jiz zndmym vykonim, umoZznily
diagnostikovat zcela nové patologie, které je nutno chirurgicky fesit. Typickym piikladem je
OSA zpiisobena kolabujici epiglottis, ktera je nové diagnostikovana pomoci DISE (viz kapitola
3.1.3). Vzhledem K recentnosti této problematiky, neni v souCasnosti jasné stanoven
chirurgicky ptistup, ktery by zarucoval nejlepsi vysledky. Ke stanoveni doporuceného postupu

je nejprve nutno publikovat vysledky jednotlivych pracovist' a piistupt.
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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 2020 = 2,503; Q2) (Priloha 11).

Cilem prospektivni studie bylo zhodnotit vyvoj kvality hlasu pacientli po transoralni
laserové chordektomii provedené pro tézkou dysplazii, karcinom in situ nebo T1 a T2
invazivni karcinom hlasivky. Podle dosud uvetejnénych vysledkt 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 (Peretti 2003, Vilaseca
2008, Roh 2007). Dosud ale nebyly studie zaméfeny na ¢asnou poopera¢ni dynamiku
vyvoje hlasu a nebylo tak mozné pacienttim fici, 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) léze
hlasivky. Hlas byl hodnocen tfemi kliniky dle GRBAS skore (Hirano 1981), dale byly
hodnoceny aerodynamické (maximalni fonacni Cas) a akustické (jitter a schimmer)
parametry. Hodnoceni probéhlo pfedoperacné, za 6 tydnli a 6 mésicli po operaci.

Celkem bylo zatazeno 25 pacientli, hodnoceno 18 pacientt (17 muzl a jedna zena) ve véku
48-83 let. Pacienti byli rozdéleni do dvou skupin dle rozsahu provedeného vykonu.

Do prvni skupiny bylo zafazeno 11 pacientli po subepitelidlni nebo subligamentdzni
chordektomii. Dle GRBAS skore byl hlas u téchto pacientd 6 tydni po operaci bez zlepseni,
6 mésicii po operaci byl kvalitnéj$i nez pied operaci. Nebyla sledovéana signifikantni zména
v aerodynamickych, ani akustickych hlasovych parametrech pied a v méfenich po operaci.
Do druhé skupiny bylo zatazeno 7 pacientti po rozsahlejsim typu chordektomie. GRBAS
skore 1 aerodynamické parametry hlasu byly u téchto pacientt signifikantné horsiza 6 tydni
1 6 mésici po operaci. Akustick¢é hlasové parametry byly po 6 tydnech zhorSeny,
po 6 mésicich doslo k jejich zlepSeni na pfedoperacni Groven.

Zaver

Vysledky studie ukazuji, Ze vyslednd kvalita hlasu je zavisla na rozsahu resekce hlasivky.
Subepitelialni a subligamentozni chordektomie je spojena s dobrou pooperacni kvalitou
hlasu a je moZno ji proto doporucit také u hlasovych profesionald. Nicméné Gprava hlasu

bude trvat déle nez 6 tydnt. V piipadé rozsahlejsich vykond by méli byt pacienti pouceni,
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ze kvalita hlasu bude Spatnd, u hlasovych profesionall je proto ke zvazeni primarni 1é¢ba

radioterapii.

FORMANEK, M.*(corresponding author)*, K. ZELENIK, J. DVORACKOVA a P.
KOMINEK. Chondrosarkom prstencové chrupavky. Otorinolaryngologie a Foniatrie.
2013, 62(3), 136-139. (Priloha 12).

Kazuistické sdéleni upozoriuje na raritni diagnozu chondrosarkomu prstencové chrupavky,
kterou bylo mozné uspé&sné fesit parcialnim vykonem, ktery zachoval funkce hrtanu (hlas,
dychani bez tracheostomie) a zajistil preziti pacienta. Dale je diskutovana epidemiologie,
symptomatologie, diagnostika a dalsi terapeutické moZnosti tohoto nadoru.

Zaver

Chondrosarkom hrtanu je velmi vzacna diagnoza, ktera miize vychazet ze §titné i prstencové
chrupavky. Tuto diagndézu je mozné Uspésné fesit parcialnim vykonem, ktery zachova

funkce hrtanu a zajisti pfeziti pacienti.

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 2020 = 2,503; Q2) (Priloha 13).

Retrospektivni analyza méla za cil porovnat dlouhodobé vysledky augmentace hlasivky
autolognim tukem provedené pii pfimé laryngoskopii v celkové anestézii S vysledky
augmentace hlasivky novym trvalym materialem kalcium hydroxyapatitem (Radiesse®
Voice) provedené ambulantné v lokalni anestézii. Byly srovnavany vysledky po péti letech.
Takto dlouhodobd data nebyla dosud publikovana, nejcastéji jsou uvadény vysledky
po jednom roce (Mallur 2010, Rosen 2009). Nebylo proto mozné sdélit pacientim, o jak
dlouhodobé feseni jejich hlasového problému se jedna.

Do analyzy byli zatazeni pacienti s fona¢ni insuficienci 0 velikosti tfi milimetry a mensi

zpusobenou jednostrannou parézou hlasivky nebo jednostrannou atrofii hlasivky. Byla
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sledovana subjektivni spokojenost pacienti se svym hlasem, voice handicap index (VHI)
a maximalni fona¢ni Cas.

Celkem bylo zatazeno 36 pacientii, z toho 7 pacientd bylo postupné ztraceno ze sledovani
do kontroly po péti letech a tfi pacienti museli v priabéhu této doby podstoupit opakovani
vykonu. Analyzovano bylo tedy 26 pacientt (15 Zzen a 11 muzi) — 13 (8 Zen, 5 muzd)
po augmentaci tukem, 13 (7 Zen, 6 muzt) augmentovanych kalcium hydroxyapatitem.
Celkem byla po 5 letech subjektivni spokojenost s hlasem v 19 (73,1 %) piipadech, zlep$eni
ve VHI primérné o 30,7 bodu a v maximalnim fona¢nim ¢asu primérné¢ o 6,2 sekundy.
Nebyl sledovan signifikantni rozdil mezi skupinami v Zadném hodnoceném parametru.
Zaver

Obe¢ techniky augmentace a materialy dosahuji velmi dobrych vysledka i po péti letech, tyto
vysledky jsou srovnatelné. Obé techniky Ize proto doporucit a o preferenci jedné, nebo
druh¢ by mély rozhodovat dalsi faktory jako moznost provedeni v lokdIni anestézii, finan¢ni

a ¢asova naro¢nost.

MASAROVA, M., J. SEKO, J. KUBICKOVA, O. JOR, V. NOVAK, M. KOTULEK, P.
MATOUSEK, M. FORMANEK, K. ZELENIK a P. KOMINEK. Epiglotopexe v léché
obstrukcni spankové apnoe. Ceska a Slovenska Neurologie a Neurochirurgie [online].
2021, 84(1), 95-97. ISSN 1210-7859. Dostupné z: doi:10.48095/cccsnn202195.
(IF 2020 = 0,350; Q4) (Priloha 14).

Série piipadli navazuje na predchozi studii vyuziti DISE pfi titraci pretlakové ventilace
(Masarova 2021) a ptedstavuje novou chirurgickou metodu fesici OSA, ktera je zpusobena
kolabujici epiglotis — epiglotopexi. Epiglotopexe byla provedena u ¢tyi pacientil s tézkou
OSA, ktefi netolerovali terapii ptetlakovou ventilaci a pfi doSetfovani u nich byla pti DISE
zjisténa kolabujici epiglotis. U vSech pacientl doslo po vykonu k subjektivnimu zlepSeni
stavu a k poklesu apnoe-hypopnoe indexu pii kontrolnim vySetieni spanku do normy, tedy
k vyléceni OSA. Nebyly sledovany zadné peroperaéni ani poopera¢ni komplikace.

Zaver

Epiglotopexe je nova a ve spravné indikovanych piipadech velmi efektivni chirurgicka
metoda, kterd lé¢i OSA zplisobenou kolapsem epiglotis S mensSim rizikem komplikaci nez

dosud provadéné vykony.
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e FORMANEK, Martin a Karol ZELENIK. Primd laryngoskopie. In: CHROBOK, Viktor,
Pavel KOMINEK, Jan PLZAK, Petr CELAKOVSKY a Karol ZELENIK.
Otorinolaryngologie a chirurgie hlavy a krku. 1. vydani. Havlickitv Brod: TOBIAS, 2022.
S. 428-430. Medicina hlavy a krku. ISBN 978-80-7311-205-9. (Priloha 15).

Problematika piimé laryngoskopie byla shrnuta v samostatné kapitole ¢asti knihy vénujici
se zakladnim chirurgickym postupim v ORL a chirurgii hlavy a krku. Jsou zminény
principy, indikace, ptehled instrumentaria, spravné ptredoperacni polohovani pacienta,
technika provedeni i mozné komplikace.

Zaver

Kapitola v knize teoreticky shrnuje ptimou laryngoskopii jako zakladni chirurgicky postup
v ORL a chirurgii hlavy a krku.

3.2.2 Nechirurgicka lé¢ba

.....

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

Nejcastéji je pouzivana lokalni aplikace latky bevacizumab do oblasti vyskytu papilomd, 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 ¢inskych kiecikii. Vaze se selektivné
na vaskularni endotelovy ristovy faktor A. Bevacizumab byl pivodné vyvinut (schvalen
v USA roce 2004) pro lé¢bu metastatického kolorektalniho karcinomu (Formanek 2022).
Obdobné jako jsou v pfipadé patologii hrtanu nové pouZivany latky, které byly primarné
vyvinuty s jinym cilem, objevuje se také snaha nové aplikovat na urcité hrtanové patologie
znalosti z jinych obort. Typickym piikladem jsou poznatky z rehabilitace kosterni svaloviny

jinych lokalit. Toto uzce souvisi s jiz diive zmiiovanym trendem vice se vénovat vysledné
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kvalité hlasu. A protoze fonace je uzce spojena s hybnosti a napétim hlasivek (fizenymi kosterni
svalovinou) jsou metody znamé zrchabilitatni a fyzikalni mediciny zvazovany praveé
Vv téchto pripadech. Samotna hlasova terapie je ur¢itou formou fyzioterapie a jako takova je
v piipad¢ hlasovych problémt obdobné rutinné¢ doporucovana (Chandrasekhar 2013, Mattioli
2011) (viz kapitola 2.3.1).

Elektrolécba je dnes v ortopedii a fyzikalni medicin¢ standardné zavedeny a uzivany soubor
lé¢ebnych metod podporujici hojeni a prokrveni tkani, ktery vhodné dopliuje fyzioterapii (Low
2000). To vedlo k uvaham, zZe by elektrolécba mohla mit své misto také v piipadé rehabilitaci
paréz hlasivek. Uvahy byly podpofeny nékolika studiemi na zvifatech, které udavaly urychleni
a zlepSeni regenerace pii pouziti elektrostimulace (Cheetham 2015, Gordon 2008, Monaco
2015). O klinické aplikaci u lidi jako prakticky jediny publikoval Ptok et al., ktery podpofil
hlasovou terapii eklektickou stimulaci u cca poloviny z 88 pacientt S jednostrannou parézou
hlasivky ridzné etiologie trvajici dva tydny az 6 mésict. Po tfech mésicich bylo udavano
zlepSeni kmitani hlasivky u skupiny s elektrickou stimulaci, ale ne zlepSeni v maximalnim
fona¢nim case (Ptok 2008). Dalsi studie nebyly uvefejnény a to piesto, Ze se jedna o stale
CastéjSi problém vzhledem k rapidnimu nérGstu operaci §titné zlazy a piiStitnych télisek,

u kterych je pooperacni paréza hlasivky jedna z hlavnich a nejcastéjSich komplikaci.

e 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 2020 = 3,325; Q1) (Priloha 16).

Prace prezentuje kazuistické sdéleni dvouleté pacientky s détskou formou RRP, kterd pro
sviij iporny pritbéh 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). Pfi poslednim vykonu bylo navic nutno pouzit supraglotickou tryskovou ventilaci
na misto klasické orotracheédlni intubace. Pti dal§im (Sestém) chirurgickém vykonu, ktery
bylo nutno provést za dal$i 3 mésice pro opétovny vyrazny nartst papilomt na hlasivkach,
byly nalezeny vicecetné pyogenni granulomy v priidusnici. Ty byly nasledné potvrzeny
I histologicky. Bylo indikovano sledovani a pii kontrolnim vykonu (sedmém) za 4 mésice

Jiz byl nélez v prudusnici klidny. Jedn4 se o prvni publikovany nezddouci t¢inek lokalni
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aplikace bevacizumabu do oblasti hrtanu. Autofi pfedpokladaji, ze vznik granulomi byl
podpofen soucasnym pouzitim supraglotické tryskové ventilace, které umoznila Sifeni
bevacizumabu do sliznice pradusnice.

Zaver

Prace dokumentuje na kazuistickém sdéleni pacientky s ipornou détskou formou RRP prvni
dosud publikované nezadouci G¢inky lokalni aplikace bevacizumabu do oblasti hrtanu —
vznik vicecetnych pyogennich granulomt v prudusnici. Jevi se, Zze vznik granulomi byl
podpofen soucasnym pouzitim supraglotické tryskové ventilace a jeji pouziti pii soucasné

lokalni aplikaci bevacizumabu neni proto doporuceno.

FORMANEK, Martin*(corresponding author)*, Radana WALDEROVA, Sarka
BANIKOVA, Irina CHMELOVA, Debora FORMANKOVA, Karol ZELENIK a Pavel
KOMINEK. Effect of voice therapy with or without transcutaneous electrical stimulation
on recovery of injured macroscopically intact recurrent laryngeal nerve after thyroid
surgery. European Archives of Oto-Rhino-Laryngology [online]. 2020, 277(3), 933-938.
ISSN 0937-4477. Dostupné z: doi:10.1007/s00405-020-05806-1. (IF 2020 = 2,503; Q2)
(Priloha 17).

Prospektivni studiec méla za cil zjistit, zda kombinace transkutanni elektricka stimulace
s hlasovou terapii ma lepsi vysledky na pooperacni obnovu hybnosti hlasivky nez samotna
hlasova terapic. Jednalo se tedy o podobnou studii jako v ptipadé Ptoka et al.
s hlavnim rozdilem, ze v této studii bylo sledovani pacientli delsi a vSichni zafazeni pacienti
méli stejnou pii¢inu a dobu trvani parézy (Ptok 2008).

Do studie byli zafazeni dosp€li pacienti s jednostrannou funkéni parézou hlasivky
po operaci S§titné zldzy nebo pfistitnych télisek. VSem pacientim, ktefi nebyli
kontraindikovéani k transkutanni elektrické¢ stimulaci, byla nabidnuta. Podle toho, zda
transkutanni elektrickou stimulaci podstoupili nebo nepodstoupili, byli nasledné rozdéleni
do dvou skupin. Studie byla tedy ¢astecné randomizovana v mirny neprospéch skupiny bez
stimulace, kam byli ptirozené fazeni méné motivovani pacienti. Transkutanni elektricka
stimulace (20 sezeni) byla cilend na ipsilateralni motoricky bod (sval) nad Stitnou
chrupavkou. Byl aplikovan stejnosmérny proud po dobu 10 minut o frekvenci 0,4 Hz
a individudlni intenzité. VSichni pacienti byli 1éCeni kortikosteroidy, vitaminy B fady

a hlasovou terapii. Hybnost hlasivek byla hodnocena za 1 den a 6 mésici od operace.
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Celkem bylo analyzovano 149 pacientti — 89 (82 Zen a 7 muzit) ve skuping bez a 60 (54 zen
a 6 muzl) ve skupiné se stimulaci. Ve skupiné bez stimulace bylo upraveno 57 (64 %),
ve skupiné se stimulaci 36 (60 %) pacientl. Nebyl tedy zjistén signifikantni rozdil mezi
skupinami. Tyto vysledky odpovidaji procentu upravenych hlasivek lé¢enych samotnou
hlasovou terapii v jinych studiich (Mattioli 2011) a také nepfiznivym zkuSenostem
S anastomozami zvratného nervu, ktery je povazovan za jeden z nejslozitéjsich perifernich
nervu (Henry 2017).

Zaver

Vysledky dosud nejvétsiho sledovaného homogenniho souboru naznacuji, Ze transkutanni

vvvvv

by proto byt rutinné doporucovana.

3.3 Prevence vzniku hrtanovych komplikaci

Velka cast laryngologie a fonochirurgie se zabyva feSenim pooperacnich komplikaci
a iatrogennich poranéni. Ty mohou nastat pfi operacich pifimo v hrtanu, ale také (a v dnesni
dobé ¢astéji) pti operacich v jeho okoli. Operace $titné zlazy a piistitnych télisek jsou vzhledem
k uloZeni zminénych organi a jejich t€ésnému vztahu k nervus laryngeus reccurens a nervus
laryngeus superior s hrtanem tzce spjaty a piedstavuji jedny z nejéastéjSich pficin vzniku
hrtanovych komplikaci. Dominantné se jedna o poruchy v hybnosti a napéti hlasivek, které jsou
trvale sledovany u 0,5-3 % preparaci v blizkosti zvratného nervu. Prechodné je pak omezeni
pohybu hlasivek zaznamenano jesté vyrazné ¢astéji (Bergenfelz 2008, Formanek 2020, Jeannon
2009, Lee 2018, Pniak 2014, Rosato 2004). Z tohoto duvodu je mozné povazovat operace §titné
zlazy a pristitnych télisek za Sirs§i soucast laryngologie.

Pokud po operaci dojde ke vzniku parézy hlasivky, zhorSeni kvality hlasu je ve vétsiné piipadi
vyrazné a pies veskeré nasledné snahy o kompenzaci stavu a dlouhodobou rehabilitaci ziistava
kvalita hlasu u ¢asti pacientli zhorSena (Formanek 2020, Mattioli 2011). Pocet operaci $titné
zlazy a piistitnych télisek kazdoroéné celosvétove roste (Lebastchi 2014, Marino 2014, Stack
2012). Zcela zasadni proto zistava vzniku komplikaci maximalné mozné piedchazet.
Zékladnim doporucenim je Setrna preparace v okoli zvratného nervu a jeho dusledna ochrana
pred mechanickym nebo termickym poranénim (Steurer 2002). Jsou proto vyvijeny metody,
které maji pomoci chirurgovi toto docilit. At uz jsou to ruzné formy neurostimulaci
objektivizujici aktudlni funkci nervu nebo nové metody koagulace tkdné€ (cév), které minimalné

ovliviiuji jeji okoli (Ecker 2010). Specificka je pak situace v pripadé¢ operaci pristitnych télisek,
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pti kterych je dalsi vyzvou identifikace a odstranéni spravného téliska. Situace je komplikovana

faktem, Ze je trend tuto operaci provadét miniinvazivné. Pro Gcely paratyreoidektomie jsou

proto navic vyvijeny systémy usnadiiujici predoperacni i peroperacni identifikaci spravného

téliska, a tak omezit nutno preparaci a rizikovost preparace v blizkosti zvratného nervu. Jednim

ze zakladnich vySetieni, které umoziuje ziskat predstavu o lokalizaci adenomu pfistitného

téliska je scintigrafie. Ta je standardné hodnocena za 10 a 150 minut od aplikace technecia

sestamibi (99mTc-MIBI) a ma schopnost detekce az 90 % adenomu (Treglia 2016).

FORMANEK, Martin*(corresponding author)*, Vladimir DEDEK, Michal KOLACEK,
Martin HAVEL, Karol ZELENIK a Pavel KOMINEK. Individualised Timing of Radio-
Guided Parathyroidectomy Using Multi-Phase SPECT/CT Increases In Vivo Sensitivity and
Accuracy and Reduces Operating Time: A Randomised Clinical Trial. Diagnostics [online].
2021, 11(4), 677. Dostupné z: doi:10.3390/diagnostics11040677. (IF 2020 = 3,674; Q2)
(Priloha 18).

Prospektivni randomizovana studie byla zamétena na zjisténi, zda provedeni pfedoperacni
vicefazové scintigrafie zlepSuje peroperacni piinosnost radia¢ni navigace (gamma sondy)
pii radiacné navigované miniinvazivni paratyreoidektomii provadéné pro primarni
hyperparatyredzu (adenom piistitného téliska). Dosud standardné doporucovany interval
odstupu operace od piedopera¢niho podani 9mTc-MIBI byl 2-3,5 hodiny (Murphy 1999).
Do studie byli zafazeni dospé€li pacienti s primarni hyperparatyre6zou, kteti byli odeslani
na scintigrafii k lokalizaci adenomu. Tito pacienti byli randomizovani do dvou skupin, prvni
skupina podstoupila standardni scintigrafii s hodnocenim za 10 a 150 minut, druha skupina
vicefazovou scintigrafii s hodnocenim za 10, 90, 150 a 210 minut. Pokud byl lokalizovan
adenom, pacienti v obou skupinach byli indikovani k miniinvazivni radia¢né navigované
paratyreoidektomii v celkové anestézii. Ta byla u pacientti v prvni skupiné¢ provedena
sodstupem 2-3,5 hodiny od podani 99mTc-MIBI, u pacientt v druhé skupiné
s individualnim odstupem softwarové vypocitanym pro kazdého pacienta zvlast' tak, aby
rozdil aktivity téliska a okoli byl co nejvétsi.

Celkem bylo zatazeno 100 pacientt, 82 pacientl bylo analyzovano — 47 v prvni skupiné a
35 ve druhé skupiné. Operace byla Uusp&Sna u 98 % pacienti v prvni skupiné a u vSech
pacientl ve druhé skuping. V prvni skupin€ byla sledovana jedna paréza hlasivky, ve druhé

skupin¢ zadna. Operace ve druhé skupiné trvaly signifikantné kratsi ¢as. V prvni skupiné
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identifikovala gamma sonda 7 fale$n¢ negativnich a dva falesn¢ pozitivni ptipady, ve druhé
skupiné nebyly zadné faleSn€ negativni ani faleSné pozitivni vysledky. Radia¢ni navigace
méla ve druhé skupiné signifikantné vyssi peroperacni senzitivitu i piesnost, kterd dosdhla
100 %. Tento vysledek spolecné s krat$im opera¢nim ¢asem piimo ukazuji, jak gamma
sonda byla pro chirurga ptinosna a pomohla k identifikaci adenomu.

Zaver

Individualizované  nacCasovani  minimaln¢  invazivni  radiaéné  navigované
paratyreoidektomie vypocitané pomoci vicefazové scintigrafie vyznamné zvySuje
peroperacni senzitivitu a piresnost radiani navigace a sniZzuje operacni ¢as. Jeji pouziti

v tomto rezimu tak vice pomaha chirurgovi a mélo by byt rutinné pouzivano.

HAVEL, Martin, Vladimir DEDEK, Michal KOLACEK a Martin FORMANEK.
Quantitative analysis in parathyroid adenoma scintigraphy. Nuclear Medicine
Communications [online]. 2022, 43(1), 1-7. ISSN 0143-3636. Dostupné z:
doi:10.1097/MNM.0000000000001474. (IF 2020 = 1,690; Q4) (Priloha 19).

Retrospektivni analyza navazujici na ptfedchozi studii (Forméanek 2021) méla za cil
zhodnotit charakteristiky adenomu pfistitnych télisek operovanych miniinvazivni radiaéné
navigovanou technikou na piedoperaéni tfifazové scintigrafii. Zvlastni zaméfeni bylo
soustiedéno na adenomy, které v kontrastu stim, co bylo dosud povazovano za dané,
vyplavuji 99mTc-MIBI rychleji (Murphy 1999).

Celkem bylo analyzovano 35 adenomu — 11 rychleji vyplavujicich a 24 pomaleji
vyplavujicich radionuklid. Hodnoceny byly nalezy na scintigrafii po 10, 90 a 180 minutach
od diagnostické aplikace. Byly sledovany signifikantni rozdily v standardizované hodnoté
absorpce radiofarmaka v adenomech po 180 minutach, kdy hodnoty u adenomi rychleji
vyplavujicich radionuklid byly vyrazné nizsi (0,0297). Nebyly sledovany rozdily po 10 a 90
minutach. Rychle vyplavujici adenomy proto mohou zpusobovat, ze operuje-li se
ve zvyklém rozmezi (2-3,5 hodiny od aplikace), gamma sonda nemusi byt pti identifikaci
adenomu pfinosna.

Zaver

Existuji adenomy pfiiStitnych télisek, které odlisné vyplavuji radionuklid a maji jiné
charakteristiky. Vyznamny rozdil byl nalezen po 180 minutach od aplikace radionuklidu.

Adenomy, které rychle vyplavuji radionuklid, mohou zptsobovat, ze operuje-li se
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ve zvyklém rozmezi, gamma sonda nemusi byt pii radia¢né navigované paratyreoidektomii

pfinosna.

PNIAK, Tomas, Martin FORMANEK, Petr MATOUSEK, Karol ZELENIK a Pavel
KOMINEK. Bipolar Thermofusion BiClamp 150 in Thyroidectomy: A Review of 1156
Operations. Biomed Research International [online]. 2014, 2014, 707265. ISSN 2314-
6133. Dostupné z: doi:10.1155/2014/707265. (IF = 1,579; Q3) (Priloha 20)..

Retrospektivni studie analyzovala efektivnost a bezpecnost pouziti nového systému
koagulace cév — bipolarni termofiize tkani BiClamp®, pfi operacich $titné zlazy
a pristitnych télisek. BiClamp® byl specialné vyvinut pro operace §titné zlazy a je schopen
uzaviit cévy do priméru 7 milimetrd. Proces je automatizovany a zjisti-1i pfistroj, Ze je tkan
dostate¢né oSetfena, sam se zastavi, aby predesel zbytecnému tepelnému poranéni okoli.
Tento konkrétni ptistroj nebyl v Ceské republice ani v Evropé dosud rutinné pouzivan.
Ve svétové literatufe se zacCinaly objevovat prvni publikované zkuSenosti se systémy
pracujicimi na podobném principu (Lachanas 2005). Vysledky byly srovnavany
S operacemi, u kterych byla pouzita standardni bipolarni koagulace a podvaz cév.

BiClamp byl pouzit u 819 operaci (1522 lalok) a nebyl pouzit u 337 operaci (600 lalok).
Pti pouziti BiClamp byla nutnost revize rany pro krvaceni sledovana u 15 (1,83 %) operaci,
pooperacni paréza zvratného nervu u 22 (1,45 %) lalokii. Bez jeho pouziti byla revize nutna
ve 14 (4,15 %) ptipadech a paréza se objevila u 12 (2 %) lalokt. Rozdil v poméru revizi byl
signifikantni, stejné jako redukce operacniho €asu o 25,99 % pti pouziti BiClamp.

Zaver

Bipolarni termoftize tkani BiClamp je efektivnim a bezpe¢nym systémem, ktery vyznamné
snizuje riziko pooperacniho krvaceni a zkracuje ¢as operace pii minimaln€ nezvyseni rizika

peroperacniho poranéni zvratného nervu.
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FORMANEK, M. *(corresponding author)*, T. HRBAC, V. PROCHAZKA, L. CABALOVA
a P. KOMINEK. Carotid body paraganglioma, a very rare pediatric tumor. Ceska a
Slovenska Neurologie a Neurochirurgie [online]. 2020, 83(4), 436—437. ISSN 1210-7859.
Dostupné z: doi:10.14735/amecsnn2020436. (IF 2020 = 0,350; Q4) (Priloha 21).

Kazuistické sdéleni upozoriuje na karoticky paragangliom jako na diagnézu, na kterou je
tteba velmi vzacné myslet také u détskych pacientl. Je prezentovan ptipad 13leté divky
se 7 let nartstajici nebolestivou rezistenci na krku vpravo. Po diagnostice bylo tumor mozno
radikéln¢ feSit embolizaci s naslednou zevni resekci za jedné celkové anestézie.
Peropera¢né byla provedena kontinualni monitorace nervus medianus a Setrnou preparaci
bylo moZné Setfit také nervus vagus. Diky tomu nebyl pooperacné ptitomen zadny
neurologicky deficit (ani paréza hlasivky).

Zaver

Karoticky paragangliom je velmi vzacny nador détského veéku, ktery je také u déti mozné

radikalnég fesit S minimem komplikaci.
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4 ZAVER

Vyzkum rizikovych faktori recidivujici respiracni papilomatozy
Byly zkoumany mozné nové rizikové faktory RRP, které by mohly spoluptisobit s HPV
ve smyslu aktivace latentni infekce a zptsobit tak pocatek onemocnéni. Dle vysledkt nasich
studii by mohl byt timto rizikovym faktorem RRP u dospé€lych i déti LPR. U dospélych by
pak mohla byt dalsim rizikovym faktorem koinfekce herpetickymi viry, zvlasté¢ EBV, ktery
mize synergicky pusobit s HPV, zvySovat bunécnou proliferaci a piispivat k patogenezi
a progresi RRP.
o Budouci vyzkum
Nasledujici studie budou mit za cil zjistit zmény Vv transkripci DNA v bunkach
papilomi ve srovnani se zdravou sliznici, typem HPV infekce, pfitomnosti
rizikovych faktort a efektem na chirurgickou 1 adjuvantni lécbu.
Diagnostika refluxni laryngitidy a laryngofaryngealniho refluxu
NaSe studie byly zacileny na zpfesnéni a zjednoduSeni diagnostiky LPR Kk ovéfeni
jeho skute¢ného efektu u dané¢ho pacienta. Byla zjiSténa hranice jasné patologického
vysledku jicnové impedance na pocet 6 a vice celkovych hltanovych refluxnich epizod. Tato
hodnota znamena ptitomnost patologick¢ého LPR a méla by byt pouzivana pti hodnoceni
vySetieni v piipadé hrtanovych patologii. Dale bylo zkoumano stanoveni pepsinu ve slinach
jako vhodné diagnostické metody LPR. Bylo zjiSténo, Ze toto vySetieni by mohlo slouzit
jako screeningovy test, ktery v piipadé své pozitivity odhali zavazny LPR a umozni
indikovat jeho lécbu. V ptipad¢€ jeho negativity je nutno pokracovat v dalsi diagnostice.
o Budouci vyzkum
Dalsi studie se budou sousttedit na zjisténi vhodnosti riznych diagnostickych metod
LPR v jednotlivych lokalitich hornich cest dychacich a na ovéfeni piesnosti
komer¢niho setu stanovujiciho koncentraci pepsinu pomoci srovnani s laboratornim
prikazem stejné¢ho vzorku.
Vyuziti novych optickych metod k detekci hrtanovych patologii
Byly srovnany vysledky rtznych endoskopickych systémi, které zlepSuji moZnosti
hodnoceni hrtanové vaskularizace a jejim prostfednictvim ur€eni charakteru hrtanové
patologie. Bylo zjisténo, Ze vysledky systémi vyuZivajicich filtrované svétlo a systémt,

které obraz nasledné softwarové upravuji, jsou srovnatelné. Dale byl pfi pouziti téchto
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metod popsan zcela typicky obraz Pemphigus vulgaris v hrtanu, ktery umoznuje urychlit
diagnostiku i lécbu.
Pti vyzkumu provedeni PAP pti DISE bylo zjisténo, ze je takto mozné dobte vizualizovat
vliv pfetlaku na jednotlivd mista obstrukce, spravné nastavit PAP a odhalit pripady
kolabujici epiglotis, které je nutné primarné feSit operacné a zlepsit tak vysledky lécby
OSA.
o Budouci vyzkum
V ramci dalSiho vyzkumu bychom se radi zamétili na uptesnéni klasifikace typ
vaskularizaci v hrtanu a na piinos kontaktni endoskopie s NBI/IMAGE1 S
v diagnostice a dispenzarizaci hrtanovych patologii. U OSA pak srovnat hodnoty
nastaveni PAP zjisténymi pii DISE s vyslednymi hodnotami automatického PAP
u stejné¢ho pacienta.
Chirurgicka lécba
Vysledky studie hodnotici ¢asny vyvoj kvality hlasu po chordektomii ukazuji, ze vysledna
kvalita hlasu je zavisla na rozsahu resekce. Subepitelialni a subligamentdzni chordektomie
jsou spojeny s dobrou poopera¢ni kvalitou hlasu a je mozno je proto doporugit. Uprava
hlasu bude ale trvat déle nez 6 tydnii. V piipad¢ rozsahlejsich vykond je kvalita hlasu $patna
a U hlasovych profesionali by méla byt preferovana radioterapie. V piipadé pooperacné
zhorSeného hlasu je mozné doporucit jeho kompenzaci augmentaci hlasivky autolognim
tukem i umélym trvalym materialem, které maji shodné vyborny dlouhodoby efekt.
Déle byly dokumentovany moznosti uspésného feseni chondrosarkomu hrtanu parcidlnim,
hrtan zachovavajicim, vykonem a feSeni OSA, které je zplsobena kolabujici epiglotis,
pomoci epiglotopexe.
o Budouci vyzkum
Dalsi vyzkum bude vénovan objektivizaci stavu hlasu po radioterapii karcinomu
hlasivky a efektu augmentace hlasivek po delSi dob€ nez je pét let. Bude rozsifovan
soubor pacienti s OSA, kterd je zplsobena kolabujici epiglotis, feSenych
epiglotopexi.
Nechirurgicka lécha
Vysledky naSich pozorovani naznacuji, Ze transkutdnni elektrickd stimulace nepiinasi
benefit v terapii funkéni pooperacni parézy hlasivky a neméla by proto byt rutinné
doporucovana. S uréitou mirou obezietnosti by méla byt indikovana také lokalni adjuvantni
lécba détské RRP bevacizumabem, protoZze miiZze vést ke vzniku komplikaci ve smyslu

rozvoje vicecetnych pyogennich granulomd.
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o Budouct vyzkum
Dalsi studie budou zaméfeny na identifikaci pacientl, u kterych méa lokalni
adjuvantni lécba RRP nejvétsi piinos, a na identifikaci faktort, které jsou spojeny
S rezistenci na adjuvantni terapii.
Prevence vzniku hrtanovych komplikaci
Bylo zjisténo, Ze individualizované nacasovani minimaln¢ invazivni radiacné navigované
paratyreoidektomie vypocitané pomoci vicefazové scintigrafie zlepSuje peroperacni
parametry radiani navigace a snizuje operacni Cas. Jeji pouZziti v tomto rezimu tak vice
pomaha chirurgovi. Divodem je mimo jiné existence adenomu pfistitnych télisek, které
rychleji vyplavuji radionuklid a maji jiné charakteristiky. Pfi operacich ptistitnych télisek
i §titné zlazy je pak mozné pouzit bipolarni termofuzi tkani, ktera snizuje riziko
pooperacniho krvaceni a zkracuje Cas operace pii nezvySeni rizika poranéni zvratného
nervu.
o Budouci vyzkum
Nasledujici studie budou vénovany piinosu peroperacni stimulace zvratného

a bloudivého nervu pfi operacich §titné Zlazy a pfiStitnych télisek na mnoZstvi

komplikaci.
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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:
martin formanesk@fnoce
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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
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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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FIGURE 1 EBV positivity {light purple curve in the left graph) of viral load 89,300 copies/ml in quantitative real-time PCR. Yellow curve
in the left graph represents positive control and curves in the right graph represent internal controls for test validity
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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 against HPV in the past. Five children were treated using antivirotics and
immunomodulators. The only known maternal risk Bactor was that three mothers were primiparous. All 11 sumples were infected
with HPV {type 6 or 11} Pathologic LPR was disgnosed in 5/11 children {45.5%). Cosclusion. LPR may be a risk factor for JORRP,
contributing to its development by activating or reactivating a latent HPY infection. Results are in accordance with those from our
previous S.I.Il.d:f’ 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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SOUHRN

Juvenlini recidivujici papllomatdza hrtanu (JRRP) pledstavu)e nejtast&)si détské benlgni nad =l

Cas-show Petiat 2005; 70 (3 174- 178

sni hrta-

nu 3 druhou nejéast&)s phitinu chrapotu u détl. JRRP |& zposobena lidskymil paplomaviry (HPV), symptomy ma)l pavod
v obstrukcl dychacich cest a typlcky se Jedna o triadu pfiznakd - stridor, chrapot a dechova tisef. Prib&h cnemocnéni je

varlablini a ve
tendencl recidivovat.

s dospélou le hem agresivng)éi a vyrazné|l ovilviuje kvalitu Zlvota, ma obecn® vEESI

Standardni l&¢bou Je chirurgicke sneseni, u paclenti s cbtizng kontrolovatelnym onemocnénim je Indikovana adjuvantni
létha, do kterd | v soutasné dobé zahrnute podanl cidofoviry, Interferonu, antirefuxni medikace, bevacizumabu 3 dalsich
Idtek. K dispozic |e takée profylakticka kvadrivalentni vakcina protl HPV 6, 11,16 3 18.

KLICOVA sLOVA

Juveniini recidivujicl respiragni papliomatdza, terapie, human papliloma virus, cidofovir, HPV vakcinace, bevaclzumab

SUMMARY

Overview of current treatment of juvenile-onset recurrent respiratory papillomatosis

Juvenile-onset recurrent respiratory paplllomatosis (JRRP) Is the most common benlgn neoplasm of the larynx In children.
JRRP Is caused by the human paplilomavirus. It most commonly presents with hoarseness, stridor or respiratory distress.
The disease Is petentially very aggressive and tends to recur and spread Into the respliratory tract.

The treatment of JRRP consists of surglcal Interventions, In severe cases often supplement by the use of adjuvant therapy
such as cidofovir, Interferon, antl-refux therapy and bevacizumab. It Is possible to use human paplllomavirus vaccines In

some patlents as a prophylaxis as well.
KEY WORDS

Jur -onset t respiratory paplllomatosts, therapy, human papllloma virus, cidofovir, HPY vaccination, bevacizumab
F.

uvoD

Recidivujici respiracni papilomatdza (RRF) je benigni
virové onemocnéni charakterizované vznikem exofyticky
rostoucich papilomi na sliznicich d¢chacich cest, zvlds-
té hrtanu (obr, 1), Je zplsobeno lidskfmi papilomaviry
(HPV), Jedna se o DNA viry, které byly v papilomech
poprvé diagnostikovany Cismmanem a Mountsem v roce
1982 [1], Do soufasnosti bylo popsino vice nef 90 typd
HFV, pficemZ RRP je nejfastdji zplisobena typem 11,
méné typem &, vzacné pak typy 16, 18, 21233 [2), Protode
latentni viry ke nalézt u mnoha pacientfi, ktefl netrpi
RFP, pledpoklida se, Ze do patogeneze musi byt zapojeny
dalsf faktory jako napi, imunodeficience, abizus nebo
extraezofagedlni reflux 3, 41, Jezvafovina také genetickd
predispozice ke vznikn papilomatdzy [5],
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V incidenci RRP jsou sledovdany 2 vicholy - v pfedskol-
nimvéku a béhem 1, decénia, Podle véku, ve kterém se
onemocnéni objevi, je rozlisovina juvenilni a dospéla
forma,

EPIDEMIOLOGIE

Juvenilni recidivujici respiraéni papilomatoza (JRRP)
je povaiovina za nejtastdjif détskd benigni nidorové
onemocndn{ hrranu a druhou nejéastéjsl pricinu chra-
potu udét s prevalenci 4,3 na 100 000 déd v USA[6, 71, Je
prokizinoZe se jednd o sexudlné pfenosné cnemocnénd
a pfenos HFV na dité je nejéastéji uskutefnén privaginal-
nim porodu pfenosem od matky [8], HFV & a1l jsou mimo
jiné prokizanymi plivodci genitdlnich bradavic ve vice
nef 90 % piipadf [9], PfibliZné 3/4 pacientd s JRAP json
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Obr. 1.  Zvétsovaci laryngoskopie - papliomatéza hrtanu postihuljici supragiottis a obé hiasivky.
Fig.1.  Opticaliy-enhanced laryngoscopy: laryngeal papillomatosis affecting supraglottis and true vocal chords bliaterally.

zastoupeny prvorozenymi détmi velmi mladych matek
(mladsi 20 let), které se narodily vagindlnim porodem -
tyto skutecnosti jsouv sou¢asnosti povazovany za rizikové
faktory [8]. JRRP je sledovana €astéji u détf pochazejicich
ze slabsfch socioekonomickych poméril, Nebyl sledovan
vyraznéjsi rozdil v prevalenci mezi pohlavim [10].

SYMPTOMY A PRUBEH

Symptomy JRRP majf plivod v obstrukci d¢chacich cest
a typicky se jedna o triddu pfiznaki - stridor, chrapot
adechova tisenl, Mezi dal3i moZné symptomy jsou fazeny
perzistujici kasel, recidivujici pneumonie, neprospfvani
nebo dysfigie, Piiznaky mohou byt riizné vyjadieny
anezifdka dochaz{ k nespravné diagnostice, kdy jsou déti
lé¢eny pro astma nebo chronickou bronchitidu, Spatné
odpovidaji na terapii a JRRP se takto miiZe vyvinout aZ
vZivot ohroZujici stav [11], Nerozpoznand a nelécend JRRP
miiZe mit u détiza nasledek smrt udusenim,

Priibéh onemocnén{ je velmi variabilnf a ve srovnani
s dospélou formou je mnohem agresivngjs{ a vyraznéji
ovliviuje kvalitu Zivota, ma obecné vét3{ tendenci recidi-
vovat, Pacienti s prokazanym HPV typ 11 majf obecné horsi
priibéh i prognézu oproti pacientfim s jinym typem HPV
[12], Frekvence recidiv jevysoce individudlni a pohybuje se
od mésice do nékolika let, JRRP miiZe pfechdazet do dospé-
losti, nebo spontanné ustoupit, Vek, ve kterém k pffpadné
remisi dochazi, je pfitomzcela individudlni [10], I pfesto,
Ze se jednd o benigni onemomént, bylo prokdzano riziko
malignfhozvratu papilomi, zvlasté u HPV typ 11 (6, 13].

Pro potfeby stagingu choroby byl vytvofen skérovaci
systém dle Coltera/Derkay, ktery délf aerodigestivni trakt

na 25 oblastf a kaZda tato oblast jezv1ist ohodnocena podle
pfitomnosti a zivaZnosti papilomatézy 0-3 body (tab, 1)
[14], Systém bere v potaz i klinické symptomy, Vysledny
bodovy soucet dava dobrou pfedstavu o tiZi postiZen{
a lepsi moZnost naplanovani 16¢by,

TERAPIE

[ pfes objevy novych terapeutickych latek v souasnosti
neexistuje léCebna modalita, u které by byla prokdzana
schopnost kompletné eradikovat JRRP, Ackoliv neexistuje
jednoznaéné schéma spravné 16¢by, standardem terapie
idneszfistava chirurgicka 16cba, kterd miZe byt u obtizné
kontrolovatelného onemocnéni dopinéna uréitou formou
adjuvantni terapie,

1. CHIRURGICKA LECBA

Cflem chirurgické 16€by je odstranéni vSech papilomi
pfi maximalnim Setfenf okolnich struktur tak, aby bylo
dosaZeno uvolnéni lumina dychacich cest azlepSeni kva-
lity hlasu [15], Je potfeba si uvédomit, Ze u papilomatézy
se jedna o Cisté sliznién{ patologii a tedy jakékolivzasa-
hy do hlubsich vrstev hlasivky (podslizniéni Reinkeho
prostor, ligamentum vocale a dalsf) jsou nezadouct,
prognézu nemoci nezlepsf a vedou k zbytefnému jizve-
nf hlasivek s nislednym zhorSenim hlasu, Tento stav
(jizvy hlasivek) nekze v soucasné dobé 1é¢it a dysfonie
vznikla z tohoto diivodu je trvald, Operace je provadéna
v celkové anestezii pfi rigidni laryngoskopii pod endo-
skopickou nebo mikroskopickou kontrolou, K snesenf
papilomil jsou vyuZivany studené nastroje, laser, nebo
mikrodebridor (shaver),
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Laser umoZniuje piesnou vaperizaci sliznicénich lézi
s minimaln{m kvdcenim, Nejéastéji je vyuiivan CO, laser
v nejsetrnéjsich reimech s SirSim nastavenim paprsku,
Jako wyhodu pouditi mikrodebridoru vidi néktef{ autofi
nifsi riziko peroperaénich komplikact, $etmé&jEi chova-
ni k okolnim tkanim, kratsi tovant vykonuo a take nizsi
pofizovaci cenu piistroje [16], Holler et al, ve své studii
prokdzali lopEi wsledky pooperaéniho objektivndho hod-
nocenf hlasw u pacientfi operovanych mikrodebridorem
v porovndni s pouZitim CO, lasero [17].

U pacientii s JRRP je fasto nutné opakované chirur-
gické snaseni papilomf, Podle ddaji z literatury je bé-
hem prvniho roku diagndzy nutmeé u déd provést 4,1-4,4
vykonti, primémé podstoupl dité s JRRP 19,7 operaci,
proto je maximalni Setfeni okolni tkans zvlistad dileZita
[18], ¥ zdvainych pfipadech JRRP miife byt také nutna
provedeni tracheotomie,

Ee komplikacim jakékoliv chirurgicks 16cby, zvlasta
opakované, patil jizveni sliznic hlasivek, vznik synechif,
zhorfen{ hybnosti hlasivek a vznik stendz, I v piipadé,
Ze jsou viechny viditelné léze odstranény , latentn{ virus
v okolnich tkanich perzistuje, proto je vhodnéw piipadé
zvyseného rizika nasledného jizveni ponechat rezidudlni
1621 [19].

2 ADJUVANTNI LECBA

Cilem adjuvanini terapie dnes stejné jako v minulosti
zlistiva sniEit co moZna nejvice pofet chirurgickych vyko-
nfi, Pravé v této oblasti probiha v soufasnosti nejintenziv-
néjsi vizkum, Neexistuje jasny standard, ktery by fikal,
kdy adjuvantni terapii pouZit, Obecné je ale doporufovano
zvaZit tuto terapii v pfipadé, Ze dité potfebuje vice nek
4 operace rofné, pokud papilomy £asto zpiisobuji poruchy
dechu, nebo pokud se §f distdlné do pridusnice [19].
» Interferony

Jednuz prvnich moZnost] adjuvantni 1éfby papilomatdzy
hrianu predstavovaly systémové podiavans interferony
(zvlasté interferon a}, pouffvans u RRP od 80, letminulého
stoledd, Pfesny mechanismus dfinku nent zoela zndm, Jo
piedpoklidana inhibice virowé proteosyntézy modulact hos-
titelské imunimi odpovédi, Pii terapii [RRF je doporufena
aplikace déle ne? & mésich, Visledky 16cby jsou ale velmi
obtEné pfedpovaditelns a nemaji deléf efekt nef 2 roky [19],
Pro wysoky wiskyt nefddoucich G€inké (napf, leukopenie,
trombocytopenie) a nepiijemné symptomy pii lécbe, jako
jsou horefka, nauzea, Gnava, bolesti kloubi a hlawy, ja
v soucasnost ufid interferonu u JRRP na Gstupu,
» Cidofovir

Cidofowir je v soucasnosti ve svété nejpouiivanéjiim an-
tivirotikem v 1&€bé JRRP, Jedna se o nukleosidovy analog
cytosinu, ktery ma schopnost inkorporovat se do virova
DNA a tak blokovat jeji replikaci, Pfisobi tedy pouze proti
DNMA virfim, u kterych spousti apoptézu, Cidofovir miiZe
byt pougit intralezionilné nebo podle poslednich reporti
také inhalafné, Vyhodou intraleziondlniho podint je
wy3&] lokdlni koncenirace bez zvySovdni potencidlng to-
xické koncentrace v plazmé [20], Mezi popsané nefidouci
féinky po intraleziondlnim podani{ patfi koZni vyrdZka,
bolesti hlavy, lokaln{ zanétliva reakce, jizveni hlasivek
a otok, [ pfes potencidlné zavaindjsi neZadoud afinky je
zvaZovdna i intravendzni aplikace [21], Pfi tomto podand
je pacientvystaven riziku nefrotoxicity, iritidy , uveitidy
nebo toxicity pro kostni dfen, Nazvifecich modelech byla
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Tab.1. Skorovaci systém dle Coltera/Derkay - anatomicks
skare.

Skire pro kazdou stranu zviadt e: 0 = bez patologle, 1= povrchowa
léze, 2 = vywysend Kze, 3 = objemna léze

Epigiottis - Bngviini plocha
Epiglothis - aryngedini plocha
Aryeplgloticka fasa vpravo
Aryepigloticks fasa vievo
ventrikulErni t2sa vpravo
Ventrikularni fasa vievo

Hiasivia vpravo

Hiasivia vievo

Arytenoldni chrupavka vpravo
Arytenoldni chrupavka vievo

Pfedni komisura
Zadnd komisura

Subgioticky prostor
Trachea - homi tretina
Trachea - stfedni tretina
Trachea - daini trating

Eronchus vpravo

Bronchus vievo

Tracheostomia

Mos
Patro
Hitan

Jican

Plica
Ostatni

také popsina karcinogenita, embryotoxicita a teratoge-
nita cidofoviru [22],

Mavzdory témto moZnym nefddoucim afinkim sou-
hrnné studie popisuji, Ze vice neZ B0 % pacienti dobfe
zareagovalo na adjuvanini terapii cidofovirem ve smyslu
prodlouZeni intervalo recidiv [23], Na dmhou stranu
McMurray et al, ve své prospektivni, randomizované,
dwvojité zaslepené studii neprokazali benefit podavani
ddofoviru ve stovnand s kontrolnd skupinou (fyziologicky
roztok) na priibéh JRRP [24], Panuje také velikd variabi-
lita v pouZitém ddvkovani, poftn injekel a intervalech
mezi nimi, PouZid cidofoviru v indikaci JRRP v Ceské
republice zfistiva off label use, v soufasné dobé probihi
mezinirodn{ studie zabyvajici se sledovanim vedlejsich
GEink{ mistmiho ufitf cidofoviru u JRRP,

» Propranolol

Jedni so o neselektivnd sympatolyricky B-blokitor, ktery

bylwyvinut jakojedenz prvnich f-blokatori, V soufasnos-




ti je propranclel mimo jiné nové pouZivan u déd v 16cbé
hemangiomf s dobrym efektern a minimem nefFidoucich
GEinkil [25, 26]. Mechanismus Gfinku neni zcela jasny,
piedpoklidd se down-regulace tvorby vaskulirniho en-
dotelidlnfho riistového faktoru (VECF) [25], Rahbar et
al, prokdzali silnou expresi VECF a receptorii pro VECF
u1? pacientfi s RRP [7], Jinymi awtory byl prokizan vetah
mezi HPV typ 16 2 up-regulaci VECF [28], Maturo et al,
referovali o peroralni 16cbé propranclolem 3 déti s téEkou
JRRP, kdy pfi bmésifnim sledovini 2 déti dobfe odpové-
dély na torapii ve smyslu zvyden{ intervalu chirurgickych
intervenci a zlepZent hlasu [29],
# Bevacizumab

Jedna se o lidskon monoklonilni protilatku, kterd se
vaZe na VECF a tim jej neutralizuje, Byl vyvinut pre intra-
vendzni{ podand pii 166bé metastatického kolorektilniho
karcinomu, V soucasnosti jsou intrackuldrni injekce
bevacizumabu pouZiviny ofnimi lékafi k 16£bé patologil
simice (diabetickd retinopatie, makulimi degenerace),
Vpiipads RRPF je aplikovan intralezionalné ve stejné dawv-
ce, jakd by byla indikovana pfi intrackulamnim podani,
0 pouZit bevacizumabu k 16fb& RRP u dospélych pacienti
referovali v posledni dobé napf, Zeitels et al, [30], Maturo
et al, pouZili tuto litku jako adjuvantn{ terapii u 3 détf
5 t825] formou JRRP, kdy bylo uvech dét zaznamendno
prodloufent £asu mezi operacemi a u 2 déti naviczlepSent
objektivnich hlasovych parametri a snifend rozsahu posti-
Zeni {Coltera/Derkay skdre) [31], Vhodnymi pacienty pro
aplikaci bevacizumabu by mohly byt détd, které prodélaly
alespori 4 operace papilomardzy zplsobujicl dechové obtEe
a kieré dobfe nezareagovaly alesporfi na 2 intraleziondlni
injektdZe cidofoviru, Zistava nejisté, zda je vhodna 16¢ba
1ddvkou nebo opakovana [31], Mezi neZidonci Gcinky in-
travendzniho podani bevacizumabu jsou fazeny krvaceni,
krovnd staZeniny, vysoky krevni tlak, hypotyredza a dali{
[32], PTi intrackularnim podini nebyly zaznamendny Zdné
neZddouci Géinky, V tomio piipadé je divka cca 100-300x
niEii nef pfi poddn{ intravendznim, pfesto pii testu na
zvifatech byly pointraokularni aplikaci 1,25 mg bevacizu-
mabu naméfeny jeho malé hodnoty takev plazmé [12, 33],
# Indol->karbinol

Indol-3-karbinol je potravinovy doplnék, kiery se hojné
wyskytuje v riznych druzich zeleniny, jako je napf, zeli,
kapusta, kvétik nebo riiZifkovd kapusta, Byl prokdzin
jeho vliv na metabolismus estrogenu ovlivnénim P450
hydroxylace estronu, nasledkem tohovznikd vice 2-hyd-
Toxyesitonu na misto l6a-hydroxyestronn, Bylo zjisténo,
Ze 16a-hydroxyestron piisobi genotoxicky a zplisobuje
hyperproliferaci epiteliilnich bunék [34], Bylo proki-
zano, Ze 2-hydroxyestron navic snifuje riziko vznikn
hormon-dependentnich tumorf [35]. Rosen et al, ve své
prospektivnd studii s absenci kontrolni skupiny prokazali
dobry efekt indol-3-karbinolu ve skupiné 33 pacientii
s RRP, kdy po 166bé 33 % pacientil setrvalo v kompletn{
remisiau 30 % pacientii bylo sledovano zpomalens ristu
papilomil, které rezultovalo v mensi pofet operaci [3€],
Do studie bylo zahrnuto také 9 pediatrickych pacientii,
ze kterych pfi dlouhodobém sledovani 3 zfistivaji v re-
misi onemocnéni [36], Nebyly zaznamendny nefadouci
tifinky terapie,
# Daldi moZnosti adjuvantni terapie

Popsdno byle také pouZit] jinych antivirotik - acyk-
lovire a ribavirinu a dal§ich preparati (retinova kyse-
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lina, zinek, flucrouracil} pro 1éébu RRP, Dalsi moinon
alternativou se jevi i fotodynamicka terapie, ktera ale
miife mit mnoho nefddoucich afinkd [37]. Byla rovnad
publikovana data o pouZit] lokidln{ laryngealni aplikace
vakciny proti pfiusnicim, Mechanismus dfinku je ne-
znimy (pfiusnice jsou zplisobeny RNA virem), Pashloy
nicméné ve své studii popisuje dlouhodobon remisi RRP
v76-82 % pii lokdlnim pouZitl térovakciny [38], Vzhledem
kzvaiované souvislosti RRP a extraezofagedlniho refluxn
povaZuji v soufasnosti néktefi autofi antirefluxn{ 1écbu
za nadilnou sougist terapie papilomatézy [3, 41,

3. PREVENCE - OCKOVANI

Jedinou prevenct vznikn RRP zfistivd i dnes vakci-
nace, ¥V roce 2006 byla uvedena na trh profylakticka
kvadrivalentn{ vakcina, kterd je namifena proti HFV
typ 6, 11, 16 a 18, Primarnim tfelem vzniku vakciny
bylo sniit incidenci rakoviny déleZniho cipku, kierd je
zplisobend vysoce rizikowymi typy 16 a 18, Jednd se o re-
kombinanini vakcinu, pfipravenou z vysoce éisténych,
viru podobnych Eastic (virus-like particles) kapsidového
proteinu L1, Klinické studie prokdzaly, Ze vakcina je
bezpefnd a indukuje tworbu specifickych protilatek proti
kapsidim obsaZenych virovych typl, Ma navic proka-
zatolnou zkfiZenou Gfinnost proti dalgim deseti typlim
HPV, Vakcinon indukované protilitky maji nentralizujici
akrivitu a vakcinact dosaZens titry jsou mnohem vyssi
W porovniand s titry dosaZenymi po pfirozens infekci HEV
virem [39], Vakcinace je provddé&na 3 dévkami s odstupem
2, Tesp, 4 mésic,

Vakcina ale nema terapeutické uéinky u jif existu-
jicich lézi, Protilitky proti L1 proteinu virowé kapsidy
neutralizujf virus difve, nez zplisobi infekci, nedfinkuji
wiak proti infekci jiZ probihajici, protoie bunky v dys-
plastickém stavu L] protein neprodukuji, V pfipada JRRP
ma tedy v prevenci viniku onemocniéni jen omezens
wyuZitl, protoZe vétSina déti s JRRP je virem nakaZfena
ji pfi porodu, V tomto pfipadé by bylo fefenim ploiné
ofkovani viech Zen pled prvnim sexudlnim stykem,
efekt ve sniZeni incidence JRRP by nicméné nastal aZza
nékolik dekdd, V posledni dobé je ale nékterymi autory
popisovan pifznivy efekt vakcinace také u jiZ nakaie-
nych déti ve smyslu zmirnéni agresivity onemocnéni
[40], Ve skupiné pacientfl, ktefi byli HPFV nakafeni aZ po
narozeni, pfedstavuje profylakticka vakcinace moZnon
eventualitu,

ZAVER

Soucasné moZnosti terapie recidivujici papilomatdzy
hrtanu jsou stdle nenspokojivé, [ ples objevy novych te-
rapeutickych latek neexistuje léfebnd modalita, u kieré
by byla jisté prokazana schopnost kompletné eradikovat
papilomy, Standardem terapieziistivd chirurgickd 16fba
s cilem odstranéni viech papilomi pfi maximalnim Set-
feni okolnich struktur, tak, aby byle dosaZeno uvolnéni
lumina dychacich cest a zlepSen{ kvality hlasu, Chirurgie
miiZe byt u obtiZné kontrolovatelného onemocnéni do-
plnéna urfitou formou adjuvantnd terapie,

Mezi nejtastéji pouiivans a nejnadéjnéjst adjuvant-
ni terapentika se fadi cidofovir a novéji bevacizumab,
Zvaiovana je antirefluxni terapie, Objevuji se také dalsi
altermativy, Jsou alezapotfebi lépe strukturované studie
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k ovéfend efektu novych terapeutik, MoZnosti prevence
wzniku onemocnéni jsou v piipadé déti omezené,

Podpofeno institucionilni podporou FN Ostrava
FNOs/2014.
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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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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

Pathological impedance values in LPR diagnostics
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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
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| —
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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
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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
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—

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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Study Highlights
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

1. wkm“hzudmmmmdpﬂnwm
d mfl Lo 2011; 12 181430,

a Fmrrwulu. !fnr-nP‘ batoussk P of al Comparison of three methods used in the
dagnosis of mefhux in chilkien with chimnic otitis media with efiusion.
Gasimeniem! Aes Poc 2115 Mk 540588

. Craphn M, Kerschner JE, Syring W of & Fole of edra-esoptageal relix in cheonic

ofitsmedia with efusion. Lanyngosoope 2007; 117- 1418-1423.

Teinnk K, Matousek P, Formanek Wl of &l Pafents with dhwonc rhinosinusiis and

smullanecus bronchial asthma suffer from signiicant edssesophageal rebuc. int Forum

Abergy Ahino) 2015; & 844-948,

Siern O, Casteld 01, Dat | #f ai Gasiro-nesophageal redin monioring: nesiew and consensis
report on detecion and definiions ol acd, norracd, and gas reflo. Gui2004; B3 1024-1031.

. (ool Z, lshman &L, Bock M o &' Laryngopharyngeal refuc paradigns for evakution,
diagnosis, and treafmant. Ann Oiof Rhinol Laryngal, 2014 123: 6774588

. Deischiager BE, CQuinga E. lsch JA of al Gasiesophageal and pharyngeal reflux detection
using impecance: and 24-hour pH monitnning in asympinmatic subjects: defining the: nomal
emirnment. J Gasiroindest Surg 2008; 1 -5

. Hoppo T, Sanz AF, Nason KS et al. How much phanmngeal exposure is romal™? Normathe
dafn for laryngophanngeal refin evenis using hypopharyngeal mulichanne nialuminal

impadance (HMI). J Gasfroiiest Sug 2012, 18: 16-25

Zesid F, Roman 5, Bruley Des Varannes £ of al Nonmal wahues of phanmgeal and

esophageal 2d-hour pHl impedance in indsidusls on and off herapy and ineobsenser

reproducitiily. Cin Gastoeninsl Hepaiol 2012 11: 365-372
Hayat J0, Gabieta-Somnez 5. Yazaki E of al. Pepsin in siva for the diagnosis of gasin-
oesnphaneal reli diseasn Gud2014; B4 351-362

. ‘vadapat A, Adkins T, Jaseola DM ot 2 Abilities: of cropharyngeal pH lesis and salvary
pepsn analysis io discominale beftwesn asymplomatc wolumiesrs and subjects with

symploms of laryngeal imtrlion. Ciie Gasioenfero Hepainl 2018; 14; B35-542

12 Jobnsion W, Dettmar PW, Bshwolarma B of al Al of human pepsic

imphcations for nefiux airbuied larmngeal dssse. Lanmgoscope S00T; 117 9E6-1003.

e

Clinical and Transiational Gastroenterology is an opan-
=ATECTE aecess joumnal published by Mature Publishing Group.
This work is licensed under a Creative Commons Attribufion-
HNonCommercialkMoDerive 4.0 International License. The images or
ofther thind party material in this article are included in the article’s
Creafive Commans license, unless indicated otherwis in the cradit line;
if the material is not included under the Creative Commons licanse,
wsers will need to obtain permission from the license holder to
reproduce the material To view a copy of this license, wist hitp:l
cretivecommons.orglicensesiby-ne-ndid.0f

i The Author(s) 2017



Priloha 6: 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 2020 = 4,242; Q2)

Journal of
Clinical Medicine

by

Article

Diagnostic Value of the Peptest™ in Detecting
Laryngopharyngeal Reflux

Karol Zelenik ', Viktoria Hrankova !, Adéla Vrtkova >, Lucia Stanikova !, Pavel Kominek ?

and Martin Formanek '*

check for

updates
Citation: Zelendk, K., Hrinkova, V.,
Vethovd, A, Stanioovd, L,
Kominek, F.; Formuainek, M.
Diagnostic Value of the Peptest™ in
Detecting Laryngopharyngeal Reflux.
[ Clin. Mad. 2021, 10, 2596. htps://
dodong / 103390/ jcm 10132956

Academic Edsor: Petros D. Karkos

Recvived: 19 May 2021
Accepted: 1 july 2021
Published: 5 July 2021

Publisher’s Note: MDP'L stays rwutral
with regard 40 jurssdictional dalms in

published maps and fonad affil-

Copyright: © 2021 by the authors.
Lcensee MDFI, Basel, Switzerland.
This artiche & an open acoess article
distribuled under the terms and
conditions of the Creative Commons
Attribution (OC BY) license (ips//
creativecommons ong /licenses by /
40/).

! Department of Otorhinolaryngology and Head and Neck Surgery, Faculty of Medicine, University Hospital
of Ostrava, 708 52 Ostrava, Czech Republic; karol zelenik@fno.cz (KZ); viktoria hrankova@fno.cz (VH. )
lucia stanikova@fno.cz (L.S.); pavel kominekino.cz (PK.)

2 Department of Applied Mathematics, Faculty of Electrical Engineering and Computer Science,
VSB—Technical University of Ostrava, 708 00 Ostrava, Czech Republic; adela vrtkova@vsb.cz

* Correspondence: martin.formanck@ifno.cz

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
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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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Alergie nebo reflux?
Extraezofagealni reflux z pohledu
otorinolaryngologa

Reflux or allergy? Extraesophageal reflux from
view of otorhinolaryngologist

PAVEL KOMIMNEK', PETR MATOUSEK'2, MARTIN FORMANMEK!, KAROL ZELENIK'2

'Ctorinolaryngologickd klinika FN Ostrava,
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SOUHRN

Extraesofageilni rellux (EER ) je stav, kdy dochizd k proniku (dusdeno jgastnckého refluxéaiu nad arovedi homiho jicoového svérade — do hita-
nu & hornich cest dychacich. EER je povakowdn za paden = faktor, ktery vyvolivd, udrfuge nebo shorfuje zanétlivé procesy hltamu a bormich
cest dychacich. Nejfastén je spojovin £ relluxni lanmgibdow, £ granubomy hlasivek, globus pharymgeus, @2 sshlenénim, Ssiym odkadlavanim,
sbglotickou a trachedini stendeo, dile 5 ko ovhvnelnym asthma bronchiale a sichvatovitim kaflem. V poslednich letech bylo zjgino,
Ee pawfyonloge EER se v mnoha ohledech 181 od parodveiologie relluxni nemoc jicnu. Vyenamnouw el ede hraje pepsin a aké slabg kyse-
1& refluxni epreody. Dapnostuka EER pe obtifng, kromé amsmméry ke posuzoval sinéthve smény v hrtanu a vyzkousel diagnosticko-terapeu-
cky tesd. Polel EER eprzod bze pfesnd wrdil 24 hodimovou dvoukanalovou pH-metni £ proxmmialnim semcorem umisiEngm nad aroved homiho
Jicnereého svérae. Léfhu pe polfeba zaméin nepen ma polladeni kyselost pomoci imhibitora protonosé pampy, ale také na snifend poéiu reflux-
nich eprzod a snifeni negatrvaibo plsobeni pepsmu.

Klifovd sioar: extraezolzgeilni reflux, miubitory protonové pumpy, pepsin, pH-metne, refluxnd bBryngida

SUMMARY

Extrassophageal reflux (EER) refers i the backflow of gasiric and'or ducdenal contents above the upper esophageal sphancter into the pha-
rynx and upper resprratory racl. EER 5 considered 10 be one of the [actors that caus:, promode or aggravate inflammation m the pharynx
andl upper respiratory tracl. 11 has been reparted to be associated with posterior lanyngites, vocal fold granulomas, ghobus pharyngeus, exces-
sive mucus producton, frequent throat cleaning, subglotise andfor tracheal stenosis, poorly controlled asthma and paroxysmal cough. The
pathophbysiodogy of EER has recently been Found 1o differ in many aspects rom that of gastroesophageal reflux desease. Pepsin a5 well as
weakly acwd reflux episodes play an important role. EER diagnosis 15 dalTficulc i 15 based on patient medscal history, direct laryngeal exa-
mination, amd therapeutic tnal with prodon pump mbibators. The number of EER epasodes can be determined by 24-hour pH-monitonng,
with the upper probe placed above the upper esophageal sphancter. The ireatment should be locused not only on 2cid suppression using proton
pump inhabitors but alse on reducing the number of reflux episodes and mimmizing the negative efliect of pepsin.

Key words: extrassophageal reflux, proton pump mbnbitors, pepsin, pH-moaitoring, rellux laryngins

M refluxu a nemoci diychacich a homich polykacich cest m-

cala zabyvat af v poslednich letech. Na reflux je stale vice

I kdyz byly prvni informace o modné souvislost gastro- — pomyéleno jako na mofnou pfidinu pacientovich obtizi

ezofagealnibo refluxu s nékterymi ORL nemocemi publi- — a pii bé&ném ORL vySetfeni jsou stale casté) cileng vy-

kovany ji phed vice nes 30 lety, vétSing otorinolanymgolo-  hleddvany jeho moiné projevy. Stejné tak se acela bimou
g, ale 1 specialisti jinych odbomost se modmym veishem  stiva i 1écba stavi s refluxem souvisejicich.
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Tab [: Nemoei a syvmpionty, v jefichs v patogenesi se predpokid-
it potil EER

3 Memoc:

zadni (refluoni) Larpngitida
granulormy hlasieek
laryngospasmus

funikini dysfonie, chrapot
subgloticks stendza
pokatldvani

Hirtan

Prisdugnice, trachea, zhchvatovity kaiel

plice ipatné kontrolované asthma bronchiale
Hiltan ghobus pharyngeus
chionicks faryngitida, zahlenéni
hyperplazie kofene jazyka

obstrukEni sleep apnosthypopnoe

Dakii rvaiované lokalizace
[dutina nosni, paranazélni

chionicks rinosinusitida
seforetoricka otitida

dutirry, stfedoudi]

Extraezofagealni reflux (EER) je dnes povadovin za
moinou piicing, resp. kofaktor v etiopatogenes nékte-
rvch priznaki a nemoct, o které jsme do souvislosti s re-
fluzem diive nedivali. V ORL oblasti jde napfiklad o wad-
ni laryngitidu (refluxni laryngitida), globus phanmgeus,
ale i chronickou rinosinusitidu &1 sekretorickou chronic-
kou otitidu. V oblast dolnich dychacich cest pak jde nap.
kagel &1 tev. obtizng ovlivnitelné astma. Extraezofagedl-
ni reflux se vyskytuje nepochybng podstatné castd)i, nei
jsme s domnivali. Odhaduje se napf., #e chronicky ka-
fel mi souvislost s EER asi ve 20 %,

Cilem ¢linku je podat zikladni prehled o extraezofa-
gealnim refluxu a jeho projevech v ORL oblasti, diagnos-
tickych a lécebnych modnostech EER.

Kazuistiky a komentar

Kazuistika | — 40lety pacient, nekufak, pracujici jako
manazer 51 stéFoval na pil roku trvajici neproduktivai wi-
chvatovity kagel, ktery se v noci zmenioval nebo nebyl
vitbec piitomen. Stézoval si 1 na obéasné Skrabani v krkoo,
Megoval alergii, obéas trpél palenim #ahy, nepravidelng
wrival Anacid. Pi ORL vyietfeni zjistény zmény v hrta-
nu typické pro refluxni | zadni™ laryngitidu. Po léché in-
hibitory protonoveé pumpy doglo k vymizeni subjektiv-
nich potidi i zmén na sliznici hrianw

Kazuistika 2 — 59etd Fena byla vySetfena pro nékoli-
kamésiéni pocit knedliku v krku. Potize zacaly chiipkouw,
zpocathu kaslala, poedié kadel ustal. Je alergicka na pyly,
paleni zihy nema. Prvni vySetfeni probéhlo v ORL ambu-
lanci. Zjistény lehee oteklé sliznice nosu, ndlez v hrianu
a hltanu v normé. Po léché inhibitory protonové pumpy
a refimovych opatfenich dodlo k vymizeni potizi.

Porn.: Podobny nilez mide (ale nemusi) souviset
s EER, je tfeba viak na nédj pfi nedspéchu antialergické
léchy také myslet.

Extraezofagealni reflux

Extraezofagealni reflux (EER) je stav, kdy docha-
#i k priniku refluxitu nad droven horniho jicnového

Tah. 2: Gastroezofagedinf reflux — zakladnd pojmy

= Gastroezofagedini reflux (GER} aznacuje névrat [duodencigastrickeho
obsahu da jicru, GER se vyskytuje | u xdravych lidi, 2 poked nezpi-
sobuje Hdné piiznaky ani histologické zmény sliznice jicnu, ozna-
cuje se jako fyriologicky GER

= Gastroezofagedini refluxni choroba {GERD) - v ddslediu navratu
{duodenalgastrického obsahu do jicnu dochéei k razvaiji klinidogch
obtif a/nebo marfologidopch zmén sliznice jicnw

= Extraezofagesini reflux (EER) - dochdzi k priniku reflucitu ned dro-
wedi horniho jicnového svérade — do oblasti homich cest dychacich
a polykacich.

svérace, tedy do hltanu a homich cest dychacich (hrtan,
trachea, paranazilni dutiny, stfedowsi) (1), Obéasné eprao-
dy EER jsou fyriologické, pokud viak EER spisobuje ob-
tide nebo slizmiéni zmény, lze jej oenaéit jako patologicky
EER. V soucasnosti se patologicky EER povaiuje za je-
den z faktord, kieré v mendi &i vetsi mife viyvolivi, udrane
neho shorfuje minétlivé procesy hltanu a homich cest dy-
chacich (tab. 1, 2). Nejéasté)i je EER davan do souvislost
e zadni (syn. refluxni) laryngitidou, granulomy hlasivek,
globus faryngeus, mhlenénim, Gastym odkaglavinim, sub-
glotickou a frachedlni stendeou, tézko ovimitelmym asthma
bronchiale a zdchvatovitym kaglem (1,2).

Patofyziologie, rozdily mezi
extraezofagedlnim refluxem a refluxni nemodi jicnu

WV poslednich letech bylo zjifténo, fe patofyziologe
EER se v mnoha ohledech ligi od patofyriologie refluxni
nemoci jicnu. Mejpodstatngjsi jsou tato wjisténi:

+  slizmice hypofaryngu, hrtanu a daliich ¢asti dycha-
cich cest je mnohem cithivési na slodky refluxdt ve
srovnani se shznici jicnu, z éehod vyplyvi, #e 1 maly
podet refluxd micze @pisobit virazné zmény (3);

+  samotna kyselost™ neni nejdilezitédim patogene-
tickym faktorem v pribéhu EER, negativné piso-
bi 1 slabé kyselé extraesofagedlni refluxni epizody
(pH = 4.0) (4);

+  viyznamnou roli v podkozeni sliznic zastiva pepsin,
ktery s1 zachoviva svou stabilitu a aktivitu 1 v prithé-
hu slabé kyselych EER epizod (5);

+  pro venik extraezofagealni refluxni epizody je mno-
hem vizmamnéjEi porucha funkes homiho jicnového
svérace.

£ patofyriologického hlediska je zvadovan i podil hy-
potonie homiho jicnového svérace, slimnicni zmény hor-
niho jienw, stres a pfechodne relaxace svérace (6). £ téch-
to jiiténi vyplyvi, #e pokud je rexlux pouse mimy, mide
projit jicnem smérem kranidlnim do oblasti hypofaryn-
gu a hrianu, ani by #pisobil v jicnu obtize nebo slimic-
ni zmény (tab. 3). Tim Lee vysvétlit, proé typicky piiznak
refluxni nemoci jicnu, kterym je pileni Zihy, udava jen
5—15 %o pacientl s EER (7). EER a refluxni nemoc jic-
nu jsou tedy dvé samostatné klinické jednotky, které se
mohou vyskytovat bud’ samostatng, nebo soucasné (8).
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Tab. 3: Prehled rozdilic mesi GERD o EER

GERD EER
Symptamy
Faleni 2ihy ++++ +
Chrapat, kadel, éni, globus pharyngeus + et
Klinické ndlezy
Ezafagida 4+ +
Zinét hrtanu + .
Vysledky vyietfovacich metod
Ezofagitida pfi gastrofibroskopii -+ +
Abrormilni jionowvh pH-metrie 44+ +
Abnarmélni faryngedini pH-metnie + +++
Abnarmélni doba lumindlnd ofisty jicru 4+ +
Typ refluxu
Moéni reflux v poloee na zidech 4+ +
Deeninil reflux ve vzphimens poloze + +++
‘Odpovédna léchu
Uginek Gpravy diety a Fvotniha stylu ++ +
Inhibitory protonove pumpy 1x denné -t +
Inhibitory protonowe pumpy 2x dennié -ttt i

Taab. d: Dovaznik Reflux symprom index podie Belafikdho, Pacient md za idokn & jedroifivim problémim pfifedit ciilo -3 podle roko,
ek o fef jednonlive probldmy obiéZovaly v posledrich mésivich. Pokud je soudet bodovdého okodnocend jedroiinich poloZek véiid nes
13, je velkd provdépodobmosy, 2e obriZe jaon spicobeny extraezofigedinim reflicem

Jak virazné Vs obtédovaly nife uvedené problémy
wminulych mésicich?

0 - Eadné problémy
5 — zivaing problémy

Chrapot nebao jing problém s hlasem 1
Casté pokailivini, odkadlivini 1
Oibtéduijici éni v krku 1

Dibstizndjii polykani tekuté & tuhé stravy

Pokailivini pfi jidle nebo po ulehnuti

Pocity nedostatku veduchu pii nadechnuti

Obtéuijici, tédko owlivnitelny kaiel

Pocit knedliku v kriou

Péleni Zihy nebo ndwrat potravy

e le e e e |le e e |e
b fra P fee [ [ fre [ [
w fw fw fw fw fw fw [w [w
&l e e |a e e |a s
w Jun Jun Jun Jun Jun Jun fun i

EER pisobi dvéma sikladnimi mechanismy, které se
mohou kombinovat:

*  Chronické zanédlivé sliznicni zmémy. Chemicky zi-
nét sliznice rpisobeny EER mide byt hlavni pfici-
nou problémi pacienta, Easto viak EER | pouse” sni-
#uje lokalni obranyschopnost, a byva tak kofaktorem
a udrrovatelem zanéthivého procesu, kiery je podmi-
nén multifaktorialng (k EER a infekénimu zanétu se
casto phidruzuje @ alergicky zinét a koufeni).

+  Akutni reflecni reakee. Podrazdéni slomice refluxdtem
wvyvolavi okam#ztou viramou reflexni reakei ve for-
mé zAchvatovitého kadle nebo laryngospazmu, v di-
sledku ceho? dochari k raumatizact shiznice a nasled-
nému zhorfovini zanétlivich zmén (3).

Piznaky EER

Piiznaky EER jsou nespecifické, jejich intenzita koli-
si a vyskytugi s¢ u rienych pacientd v riené mife. £ di-
daktického hlediska mizeme pacienty s EER roedélit
podle projevi do tii zakladnich skupin, které se mohou
vzijemné kombinovat.

Prvni skupinou jsou pacienti s maximem projevi v ob-
lasti hypofaryngo a hritanu, co# se projevuje pokagliva-
nim, zahlenénim, chrapotem nebo vypadavanim hlasu
a pocity ciziho télesa v krku (globus pharyngeos). Tyio
problémy jsou vétiinou chronické, trvaji nékolik mésicn
a pacient byva léfen antibiotiky bez vyraméjiiho efiek-
tu. Cést pacientis tuké absolvuje alergologické vysetfeni
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Obr. I: Cesty pusobeni refluxu: tekuty refluxdt (hitan, hrtan, dol-
ni dvichaci cesty), aerosolovy reflux (nosohltan, rosni priduchy
a vedlejsi nosni dutiny, stPedni ucho)

s negativnim vysledkem. Nékdy byva doporucovana
itonzilektomie. Jen mala East pacienti udiva paleni Zihy.
Pacienti jsou vétSinou léeni v ORL ambulancich.

Druhou skupinou jsou pacienti $ maximem projevi
v oblasti hrtanu, trachey a bronchi, coz se projevuje
castym zachvatovitym kaSlem, opakujicimi se laryn-
gospasmy nebo Spatné kontrolovatelnym asthma bron-
chiale. Tito pacienti jsou Casto lé¢eni v plicnich am-
bulancich a v chorobopise maji uvedeny rizné formy
asthma bronchiale.

Tteti skupinou jsou pacienti s maximem projevi v hl-
tanu a dutiné dstni (faryngitidy, paleni jazyka, zapach
z dutiny Gstni, povlekly jazyk, kazivost zubi a dalsi).
Tyto pacienty nejastéji odetfuji stomatochirurgové nebo
obvodni 1ékafi.

Prvni pfedstavu o tom, zda se na potiZzich pacienta po-
dili také EER, lze ziskat pomoci dotazniku Reflux sym-
ptom index, ktery vypracoval Belafsky (tab. 4). Pokud
je celkové skore vys3i nez 13, je pfitomnost EER prav-
dépodobna (9,10).

Obr. 2: Refluxni laryngitida — hypertrofie zadni komisury

Diagnostika

Diagnostika EER je obtizna, divodem je komplikova-
nd patofyziologie a to, ze piiznaky EER jsou nespecific-
ké, v Case kolisaji a existuje rozdilnd vnimavost pacien-
th ke slozkam refluxatu. Jednoduchy a vysoce senzitivni
test k pritkaz EER zatim neexistuje.

V diagnostice EER lze kromé anamnézy vyuZit nasle-
dujici vySetieni:

*  Primé vySetieni hrtanu (laryngoskopie) na ORL — nej-
castéji je pritomna hypertrofie nebo zarudnuti zadni
komisury, zarudnuti arytenoidnich vybézka, difuzni
otok hrtanu a pseudosulcus (obr. 1) (1,9).

*  Diagnosticko-terapeuticky test — spociva v zahajeni
1é¢by nhibitorem protonové pumpy (IPP; omeprazol,
lansoprazol, pantoprazol a dalsi) v davee 2krit denné
nalacno, ktera je podavana po dobu 3—6 mésicu. Tato
davka je vy3Si a test trva déle, nez je tomu u diagnos-
ticko-terapeutického testu pouzivaného gastroen-
terology u refluxni nemoct jicnu (diivodem je vétsi
citlivost sliznic hypofaryngu a hornich cest dychacich
k refluxatu) (1).

*  24hodinova dvoukanalova pH-metrie — predstavuje do-
sud zlaty standard v diagnostice kyselych extraezofa-
gedlnich refluxnich epizod. Je dobfe tolerovana vét-
Sinou pacienti a jeji senzitivita se pohybuje kolem
85 %. Metodika provadéni pH-metrického vysSetieni
k prikazu EER se podstatné 1idi od pH-metrie pro-
vadéné gastroenterology. Pro prukaz EER je dalezité
prokazat refluxni epizody dostavajici se az nad dro-
ved horniho jicnového svérace. Proximalni senzor
dvoukanialové sondy byva proto umistén nad arovea
homiho jicnového svérace (obr. 2, 3, 4) (1,2,8).

* FEzofagogastroskopie — neni nutné ji standardné pro-
virdét u viech pacienti se suspektnim EER. Zeela jis-
t& by méla byt provedena u pacientd s varovnymi pfi-
naky refluxni nemoci jicnu (dysfagie, odynofagie,
hubnuti, anemic, hemateméza, meléna), u pacienti,
ktefi nercaguji dostateéné na lécbu, nebo u nejas-
nych stava (11).

Obr. 3: Granulom hlasivky
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Obr. 4: Lokalizace senzori pH-metrické sondy pfi vyietfeni extraezo-

Sagediniho reflixu dvoukandd pH-metril: | — proximaini sen-
zor sondy umistény nad horni jicnovy svérad, 2 — horni jicnovy
svérad, 3 - distdini senzor sondy 15 em pod hornim senzorem,
4 — dolni jicnovy svérad.

Dal3imi modemimi metodami pouzivanymi v diagnos-
tice EER jsou:

* Kombinace jicnové impedance a pH-metrie. V porov-
nani s pH-metni je jejim pfinosem diagnostika i sla-
bé kyselych &1 zasaditych refluxia a také rozliSeni
refluxatu (tekutina, vzduch) (12,13). V blizké bu-
doucnosti se impedancmetne stane standardem ve
vySetfovani EER (obr. 5).

Meéreni pll v oblasti orofaryngu — Restech Dx systém.
Tento systém predstavuje zafizeni k méfeni pH v ob-
lasti hltanu, Senzor vysoce citlivé antimonové sondy
je umistén na Spicee 1,5 mm tlustého katétru, ktery je
zaveden nosem do urovné uvuly (obr. 6). Na ochranu
proti vyschnuti mu postacuje kondenzace vydecho-
vané¢ho vzduchu. Vysoka citlivost zafizeni umoz-
fuje méfit nejen pH tekutiny, ale 1 drobnych kapek
aerosolu. Protoze katétr neni zaveden do jicnu, vy-
Setfen toleruje vice pacientl v porovnani s tradicni
pH-metrii jicnu. Byla jiz vypracovina i normativni
data u bezpfiznakové skupiny pacienti a stanove-
ny patologické hodnoty, jejich korelaci s problémy
pacient: bude nicméné nutné ovéfit jesté v daldich
studiich (14,15).

Detekce pepsinu — Peptest. Pomoci Peptestu je mozné
detekovat pepsin v riznych vzorcich (shny, sputum,
stfedousdni tekutina a jiné) (16).

Lécba

Rezimova a dietni opatfeni: jsou stejna jako u reflux-
ni nemoci jicnu a pfedstavuji podstatnou soucast 1é¢-
by (tab. 5).

Inhibitory protonove pumpy (omeprazol, lansoprazol,
pantoprazol a dalsi) predstavuji v souCasnosti zlaty
standard v lécbé EER. Lécba musi byt pravidelna
adostatecné dlouha (3—6 mésich) a v dostatedné dav-
ce (2krat denng). Zasadni je spravné uzivani IPP, tzn.
nala¢no, 30-60 minut pfed jidlem (17,18).
Suspenze alginatu: navazuje pepsin a ZluCové kyse-
liny ze Zaludegniho sekretu, ¢imz se vysvétluje pozi-
tivni a¢inek u pacienta s EER (19,20).
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Tab. 5: Dietni a re2imovd opatieni u pacientu s GERD a EER

Vyvarujte se éokolddy a piti kivy

Vyhnéte se tuénym jidlem

Jezte Castéj mendi porce

Nejezte pied spanim ani v noci

Spéte s mimé zvyenou horni polavinou téla

Snizte nadvidhu

Vzdejte se alkoholu

Prestafte kouft

Nenoste tésné obledeni

Obr. 6: Dx-pH sonda (Restech) — pohled do hltanu. Senzor Dx-pH
sondy (Restech) k méreni pH ve sydechovaném vzduchu je zaveden Vyhybeijte se velké némaze

nasem do urovné mékého patra, vedle néj paraielné nosem zave-
dend sonda standardnt pH-metrie. Restech je pacienty lépe sndien, Vyhnéte se stresu
protae neni zapotfebi sondu zavddét az do jicnu

Zaver
*  Prokinetika: smizuji pocet refluxi (zvysi tonus dolni- T
ho jicnového svérace, zintenzivni peristaltiku a zvysi
vyprazdiovini zaludku). Vyzkum extraezofagealniho refluxu v poslednich le-
» Mlasova reedukace a kognitivné behavioralni lécba:  tech odhalil viznamné odlisnosti od refluxni nemoci jic-
jejichz cilem je sniZit napéti a stres. nu. Bylo zjisténo, Ze sliznice hypofaryngu, hrtanu a dal-

*  Fyzioterapie branice — porucha funkce branice je jed-  Sich éasti dychacich cest je mnohem citlivéjsi na sloZky
nim z dilezitych faktord, ktery negativné ovliviuje  refluxdtu v porovadni se sliznici jicnu a poskodit ji mo-
funkei dolniho jicnového svéraée. Fyzioterapie brani-  how i slabé kyselé epizody (nebo i lehce zisadité epizody)
ce proto nejspise v budoucnu bude hrat v 16¢bé RCH]  a zejména pepsin. Presna diagnostika EER a predeviim

stale vvznamné;si roh. uréeni podilu EER na obtiZich pacienta jsou stile pro-
*  Fundoplikace: lze ji zvazit u pacienti s pietrvavaji-  blematické. Zlatym standardem v diagnostice EER zatim
cimi vyraznymi symptomy (18) zastava 24hodinovai dvoukandlova pH-metrie s umis-

»  Priciny neuspésne léchy: Protoze nizka comphance j¢  ténim proximalniho senzoru nad urovesn horniho jic-
nejcastési pricinou  neucmnosti™ 1écby EER, je velmi  nového svérace. Zkvalitnéni diagnostiky Ize ocekavat
dalezité pacienta dikladné poucit o nutnost pravideiné-  zavedenim novych diagnostickych metod do klinické
ho a spravného uZivani predepsané medikace. Nejéas-  praxe (kombinace jicnové impedance a pH-metrie, mé-
t&)3i pficinou Spatné compliance je pacientova nedivé-  Feni v oblasti orofaryngu — Restech systém, diagnosti-
ra v to, ze jeho problémy jsou zpisobeny EER (. nepali  ka pepsinu). Lécbu je tieba zamérit nejen na potlace-
mé ziha, nemam reflux”). Vysvétleni rozdilis mezs EER  nd kyselosti, ale také na sniZeni poctu refluxnich epizod

a refluxni nemoci jicnu je proto zcela zasadni. a sniZeni negativniho pisobeni pepsinu.
Budoucnost lécby EER - ovliviiovani pepsinu Prace je podporena Vyzkumnym zamérem IGA MZ CR

NT 13500 a Institucionalni podporou Ministerstva zdra-
Zji5téni, ze pepsin hraje podstatnou roli v patogenezi  votnictvi ¢. 1 RVO FNOs/2012.
EER, vede vyzkumna centra k hledini vhodného léku,
ktery by jeho skodlivé pasobeni snizil. Bylo jiz zjisté-
no, ze pepsin se do bunék dostava receptory zprostred-
kovanou endocytozou. V pfipadé detekee tohoto recep-  LITERATURA
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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.

Keywords Precancerous lesion - Sguamous cell carcinoma of larynx - Warrow band imaging - SPIES - Endoscopy

Introduction

B0 Pavel Kominek
pavel kominek @ fno.cz Precancerous and cancerous lesions of the larynx and
hypopharynx manifest significant neoangiogenesis as epi-
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rescence, contact endoscopy with vital tissue staining, and
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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
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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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Vyznam spankové endoskopie piri titraci
pretlakové ventilace — prvni vysledky

The role of drug-induced sleep endoscopy for positive

airway pressure titration — initial results

Souhrmn

it Cilemn prace bylo sledovat viv pietlakoveé ventilace (positive airway pressure; PAF) na jednotlivd
mista obstrukee pfi léky navozené spénkowé endoskopii homich dychacich cest (HDC), hodnaotit,
pfi kterém tlaku dochdei k vymizeni/zhorieni obstrukce, a objasnit pfipadné didvody maing
intolerance PAP Soubora mefadika:V obdobi od 6/2018 do 12/2020 byla provedena zkouika PAP pfi
spankové endoskopii u 20 pacientd sobstrukZnispankovou apnol bez pfedchaozi terapie. Vipridbéhu
wydetieni byla identifikovina mista obstrukee v HOC. Bylo hodnocens, jak se rozdilng tlak nastavery
pfi PAP odrési na chovani HDC, na jejich roztafeni & kalapsu vedoucim k jejich obstrukei. Sledovani
bylo zahdjena pfi tlaku & hPa, postupné byl tlak skokowé zvySovan po 2 hPa v roemeszi 6-18 hPa.
Kaidy tlak byl aplikovan minimalné 20 s. Malezy byly hodnoceny pomod klasifikace YOTE dle
Keziriana a vzajerniné porovndny. Visledky: Nejlepdi efekt PAP byl pozorovén v pfipadé pledozadni
obstrukce v oblasti mékksho patra, primémy ctevirad tlak byl 11,2 hPa. U laterclaterélni obstrukce
orofaryngu byl primérmy oteviraci tlak 12 hPa PAP nemél efekt u /20 pacientd, 6x z divodu
koncentrické nebo lateralateralni obstrukoe miékkého patra 2x u kolapsu epiglottis. U kolabujici
epiglottis PAP neuvolfiuje dychad cesty, protafe se zvydujicim se tlakem PAP dochézi ke zhorfeni
obstrukce a nasévani epiglottis na zadni sténu hitanu, Zdvér: Léky navozend spankova endoskopie
HOC s PAP je jednoduché a snadne proveditelng viydetieni, pomoci kteréhe |ze snifit intolerand
PAP (napf. pfi kolapsu epiglattis) a tim optimalizovat léébu. Pledpoklédime lepdi complianci
pfetlakového pfistroje u pacientd, kiefi jsou k této l&2kS indikovani.

Abstract

Airm: The aim of the wark was to monitor the effect of positive airway pressure (PAP) on the
particular sites of obstruction during the drug-induced sleep endoscopy to evaluate at which
pressure the obstruction disappearsfworsens and to darify possible reasons for PAP intolerance.
Materials and Methods: In the pericd from 62018 to 12/2020, a PAP test was performed during
the drug-induced sleep endoscopy in 20 patients with obstructive sleep apnea without previous
therapy. During the examination, sites of obstruction in the upper respiratory tract were identified.
It was evaluated how the different pressure set during PAP ventilation reflects on the behaviour of
the upper respiratory tract, and on its expansion or collapse leading o its obstruction. Monitoring
was started at a pressure of & hPa, and gradually the pressure was increased stepwise by 2 hFa
in the range from & to 18 hPa. Each pressure was applied for 2 minimum of 20 s The findings
were evaluated using the VOTE dassification acoording to Kezirian and compared with each other.
Results The best effect of PAP was cbserved in the case of anteroposterior cbhstruction in the saoft
palate area, where the average opening pressure was 11.2 hPa. For laterolateral oropharyngeal
obstruction, the average opening pressure was 12 hPa. PAP had no effect in 8/20 patients, & times
due to concentric or laterclateral obstruction of the soft palate, and twice due to the collapse of
the epiglottis. In the collapsing epiglottis, PAP ventilation does not relax the airways, because with
increasing PAP pressure, the obstruction and suction of the epiglottis on the posterior wall of the
pharynx worsens. Condusion Drug-induced sleep endoscopy of the upper ainways with PAP is a
simple and easy-to-perform examination which can reduce PAP intolerance (e.g, in the event of an
epiglottis collapse) and thus optimize the treatment. We assurme better compliance of the pressure
device in patients who are indicated for this rearment.
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VYZNAM SPAN VL ERIDSSKOPIE PRLUTITRACLPRETLAKOVE VENTILACE - ERVNIVYLLEDIY

Uvod

Flexibilnl endoskopie hornich dychacich cest
(HDC) v léky navozenem spanku (drug-in-
duced sleep endoscopy; DISE) pledstavuje
v soucasnosti hlavnl diagnostickou metodu
k identifikaci mist obstrukce u pacientd s ob-
strukénl spankoviou apnol (O5A). Standardné
je provadéna pled planovanou chirurgickou
lé€bou [1-3] Pomérmé velkd Cdst pacientd
5 O5A je indikovdna ke konzervativil lacbé
pfetlakovou ventilacl (positive airway pres-
sura; PAP), nicméné DISE nepodstupuje.

Plesto?e jo PAP povaZovdn za zaty stan-
dard 18&by OSA, C3st pacientd (dle nékta-
rych zdrojd a2 50 %) pfetiakovou 14&bu ne-
toleruje [4.5]. DOvedd intolerance nebo
nefunkénosti PAP je n&kolik. Casto se ale
jednd o anatomické abnormity HDC & ne-
sprivné nastaven! PAP a zvoleni neadekvat-
niho tlaku [45].

Prvni literdrnl informace tykajicl se DISE se
soudasnym pouitim PAP informujl o tom, 2e
optickd kontrola 0finku PAP umonuje 1épe
porozumét tomu, jak PAP funguje na jednot-
livich milstach HOC [4,5]

Cilemn nasl studie bylo roziiFit vywditl DISE
jako metody, pomod které [za PAP titrovat,
a tim optimalizovat |&50u.

Metodika
Prospaktivnl nerandomizovand studie byla
provedenaod &/2018 do 52020 ve FN Ostrava.

Vstupni kritéria

Do studie byli zafazeni pacienti ve v&ku od
18 do 70 let se sthedné t&2kou a tadkou O5A
(apnoe-hypopnoe index [AHI] = 15) dia-
gnostikovanou pomodl celonotni limito-
vané polyarafie. Mezi vylutujid kritéria za-
fazenl do studie patfily lehka OSA a prostd
ronchopatie (AHI < 15), pfedchozl chirur-
gickd terapie OSA, vék < 18, nebo = 70 let,
zavaind (kardidinl, jaternl, ledvinng, nado-
rové a psychiatrické onemocnénl), gravi-
dita, vysoké operanl riziko ASA (Ameri-
can Society of Anesthesiologists) IV a vyl
a tracheostomie.

Otorhinolaryngologické vySatieni

Po odebranl anamnézy absolwoval kaidy
pacient podrobné otorhinolaryngologicke
vySatfenl, pfi kterém byly hodnoceny pil-
tomnaost/nepftomnost webbingu zadnich
patrovych cbloukd, pfitomnost/nepfitom-
nost elongované uvuly, velikost patrovych
tonzl dle Friedmanna a vztah kofene jazyka
kmékkému patru pomod klasifikace Mallam-
pati. HDC byly u kaidého padenta wy3at-

feny i pomod flexibilnlho endoskopu, kde se
hodnotily laterolaterainl zieni v oblasti oro-
farymgu, ziZenl v oblasti kofene jazyka a pii-
tomnost patologie v oblasti epiglottis.

U kaidého pacienta byly zaznameandny
Udaje o veku, pohlavl a index télesné hmiot-
nosti (body mass indax; BMI). Soulist vylet-
fenl bylo | dotaznikowé vyietfenl — Epworth-
ska ikdla spavosti (kvantifikace dennl
spavosti) a dotaznik analogové Skdly chra-
pani {padient subjektivié hodnot! miru chra-
pani hodnotami 0-10, kdy 10 je maximum).

Spdnkova endoskopie hornich
dychacich cest

Spdnkova endoskopie byla provadéna otori-
nolaryngologem na operaénim sdle ve spo-
lupréci s anesteziclogem. Calkem 30 min
pfed vyietfenim byl u pacienta leiciho na
radech po poddnl premedikace (Dormicum
5% mg inj. i.m,, atropin 0.5mg inj. i.m,, bez
zavislosti ma talesng hmatnosti a pohlavl)
a aplikaci topickeé nosnl anastezie na ope-
rafnim sale (1 wstfik 10% lidokainu do obou
nosnich prioduchd) navoren spanek po-
mod nitro¥iing podandho propofolu (bolus
1 ma kg v Uvodu, nasledné 10-20mg ka-
dych 3-5 min). Anesteziologem byla po
celou dobu vylettenl méfena hloubka an-
estezie bispaktralnim indexem a udriovana
v rozmezi 50-70. Byly monitorovany Svotnl
funkce, tedy krevnl tak, srdenl tep, BKG, kys-
likowa saturace a dechovd frekvence.

Spankovd endoskopie byla provedena
pomeoc flexibilniho endoskopu o priméru
15mm a délka vysetfenl byla u katdého pa-
cienta nejménd 15 min.

K hodnocenl vysledkl DISE byla poufita
klasifikaca VOTE (W —Vellum, O — Cropharynx,
T-Tongue base, E - Epiglottis) dle Keziriana,
podie kreré je hodnocena obstrukoe ve Ety-
fech etd2ich HDC - oblast mékkého patra,
laterdlnich stén faryngu a patrovych tongzil,
kofene jazyka a epiglottis. V' kaddé 180 loka-
lizad jsou hodnoceny stuperi chstrukce (0 -
*adnd cbstrukce, 1-Eistelnd obstrukce, 2-
Uplnd obstrukce) a konfigurace obstrukce
{pfedozadni, cirkuldrl, laterolateralnl) [5]

Titrace PAP pod kontrolou DISE

Pro titraci byl poudit piistroj BiPAP (bilavel
positive airway prassura) A40 firmy Philips
Respironics (Amstardam, Mizozemska) v re-
Zimu kontinudiniho pozitivnlho pletlaku
lcontinuous positive airway pressure; CPAP).
Titrace PAP byla provedena berprostfedné
po DISE, poloha padenta byla na zidech. Na
oblitaj pacienta byla nasazena cdpovidajicl

caloobliéejovd maska PAP (valikosti 5, M, L)
tak, aby dobfe tdsnila, ala aby zdroveh neza-
tlafovala doinl elist dorzalng. Mezi masku
3 hadici pfistroge bylo vickené spojovacdt ko-
linke (spedalni ventil), pfes které byl do nos-
nihe priduchu a nosohltanu vioZen flexi-
bilnl endoskop o proméru 3.5mm. Maska
byla ndsledné fixovana popruby (obr. 1)

Poté byla provedena DISE pfi PAP. Zatd-
tek vylettenl byl pfi tlaku 6 hPa. Postupné
byl tlak na PAP elevovan vidy o 2 hPa (vidy
po min. 20 ) v rozmezl 6-18 hPa. P ka2-
dém zkouteném tlaku probéhla hodnaceni,
které bylo provedeno ihned v prabéhu vy-
$ottenl nezavisle dvéma lékafi. Udnnost PAP
biyla posuzovana vizuding [pfi kterém nejniz-
Sim tlaku dodlo k otevien! HOC a zruseni ob-
strukce pli soufasném odstranéni decho-
wych udalostl).

K hodnocen! byla pfi ka?dam zkouteném
tlaku PAP pouZita klasifikace. Ma z3kladé toho
bylo modné sledovat, jak se zvyiujicim se tla-
kem dochdz k vymizenlzhorienl obstrukoe
we sledovanych lokalitdch u jednotivod.

Nalezy vysetfovanych pacientd byly po-
rovnavany a bylo sledovano, které oblasti
HDC ioblast mékkého patra, laterdlnich stén
faryngu a patrovych tonzil, kofene jazyka
3 epiglottis) reagujl na PAP [épe a na kterd
ma PAP horsl efakt.

Soucasné byla sledovano, zda je u jednot-
livych pacientd, u kterych PAP nemd efekt,
pfitomna jednoetilova obstrukce (ob-
strukce v jedné lokalité HDC) nebo multieta-
Fovd obstrukee {obstrukce ve dvou a vice lo-
kalitdch HDO).

Vysledky

Zakladni charakteristiloy

W obdobl od &2018 do 1272020 byla titrace
PAP v probéhu DISE provedena u 20 pa-
clentld (2 Zeny, 17 muZd) ve wiku 24-62 let.
U 13720 (55 %) pacientd se jednale o stfedné
tadkou 054 3 u 7720 (35 %) o tédkou OSA.

Pfi DISE byla cbstrukce v oblasti mékkého
patra pozorovana u 1920 (95 %) padentd, ob-
strukce orofaryngu u 1420 (70 %) padent,
obstrukce kofene jazyka u W20 (45 %) pa-
dentd, costrukce epiglottis u 2720 (15 %) pa-
denti (tab. 1).

U jednoho (5 %) pacienta byla zjis-
téna obstrukce pouze na jedmom mistg,
u 1920 (95 %) pacientd byla zjidténa multie-
taZova obstrukce (ve dvou a vice mistach)
obstrukeoe. U A/20 (30 %) pacientd byla po-
rorowdna obstrukce na thech mistech. Ob-
strukce ve wiech Ctyfach lokalitich soutasné
nebyla pozorovdna.
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Tab. 1. Zastoupeni typ( obstrukcl
hornich cest dychacich pfi spankové
endoskopii.
Typ obstrukce hornich Pocet
cest dychacich pacientd (%)
mekke patro
koncentricka 12/20 (60 %)
laterolateralni /20 (10 %)
piedozadni 5/2025%)
orofarynx
laterolateralni 14/20 (70 %)
koren jazyka
predozadni 9/20 (45 %)
epiglottis
laterolaterdlni 0/20 (0 %)
pfedozadni 3/20 (15 %)
Vliv PAP na mékké patro

V oblasti mékkého patra byly pozorovany tfi
typy obstrukc! (tab. 1).

Nejlep3l efekt PAP byl pozorovan v pti-
padé pfedozadni obstrukce, prmarmy otevl-
racl tlak byt 11,2 hPa. U 7/12 {58,3 %) koncent-

- N ) rickych obstrukcl byl prdmérny oteviract tlak
Obr. 1. Spankova endoskopie s pfetlakovou ventilaci, zevnf pohled. 12,0 hPa. U 1/20 laterolaterdinich obstrukcf
Fig. 1. Drug-induced sleep endoscopy with positive airway pressure; external view. byl otevirac tlak 14,0 hPa.

V ptipadé 5/12 koncentrickych a 1720 |ate-

rolaterdinich obstrukcl nemél PAP efekt ani
mékké patro orofarynx kofen jazyka epiglottis

pli vyzkouden! nejvyssiho tlaku (18,0 hPa).
U jednoho pacienta s koncentrickou
obstrukcf byla pfi aplikaci vysdtho tlaku
(10,0 hPa) pozorovana zména konfigurace
oblast hornich dychacich cest Vliv PAP na kofen jazyka

B koncentricks B lsterclatering B piedazadni Pfedozadnl obstrukce v oblasti kofene ja-

zyka byla pozorovana u /20 (45 %) pacientd,
Obr. 2. Pramérny otevirac tlak potfebny k pfekonani obstrukce v jednotlivych oblastech 7z toho v &/9 ptipad( byla &3ste¢nd 2 ve 2/0

obstrukce na ptedozadnl. Pfi tlaku 12,0 hPa
byl pacient jiz bez obstrukce.

Vliv PAP na lateralni sténu hitanu

a patrové mandle

Laterolaterainl obstrukce orofaryngu byla
pozorovana u 14/20 (70 %) pacientd —
u 11714 ptipadQ pouze &astelna, u 3/14 pH-
padd dpind. Primérny tiak, ktery pfi uitl
PAP zpdsobil odtlacenl stén hitanu late-
rdiné a otevtel HDC na tomto mist3, byl
12,0 hPa.

pramérry tlak pletlakové vertilace hPa)

hornich dychacich cest. Gplna. Primérny oteviracf tlak pfi PAP pro
Fig. 2. The average opening pressure required to overcome obstruction in the particular tento typ obstrukce byl 140 hPa u dpiné
areas of the upper respiratory tract. a 12,0 hPa u ¢astené obstrukce.
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Obr. 3. Spankova endoskopie s pfetiakovou ntilad, endoskopicky pohled na horni dychacf cesty. (A} Pfedozadnl obstrukce mékkého

patra pfi tlaku 0 hPa; (B) stav hornich dychacich cest pfi tlaku 12 hPa — Cistednd obstrukce v oblasti m&kkého patra a orofaryngu, pretrvavdn(
upiné obstrukce kofene jazyka s Utiakem epiglottis (Sipka); (C) hornl dychacf cesty voiné ve viach etaich pfi tlaku 18 hPa.

Fig. 3. Drug-induced sleep endoscopy with pasitive airway pressure; endoscopic view of the upper airways. (A) Anteroposterior
obstruction of the soft palate at a pressure of 0 hPz; (B) posture of the upper airways at a pressure of 12 hPa - partial obstruction in the area
of the soft palate and oropharynx, and persistence of completa obstruction of the root of the tongue with the oppression of the epiglottis
(arrow); (C) upper airways without obstruction in all sites at a pressure of 18 hPa.

Vliv PAP na epiglottis
Uplna ptedozadni obstrukce v oblasti epi-
glottis (tzv. kolaps epiglottis) byla pozo-
rovana u 3/20 (15 %) pacientd. U 1/3 pa-
cientd bylo sledovano, 2e pfi aplikaci PAP
v rozmezf 6-14 hPa dochazelo k jests vy-
raznépimu pfetiatenl epiglottis na zadnl
sténu hitanu, coz klinicky korelovalo s pfe-
trvavanim apnoe se soulasnym pokle-
sem SpO,. AZ tlak 18 hPa zpdsobil otevtent
HDC a odtlatenl epiglottis od zadnl stény
hitanu. Rovné2 v daldich 2/3 pfipadd ko-
lapsu epiglottis bylo pozorovano, 2e PAP
jesté zhordoval obstrukd, nicméné pfi jeho
aplikad nedoslo k otevfenl HCC ani pfi nej-
vys3im z testovanych tlakd. PAP byl tedy
nefunkéni.

Laterolaterdini obstrukce epiglottis nebyla
pozorovana ani U jednoho pacienta.

Vysledky tykajict se primérného otevi-
raciho tlaku potfebného k pfekondnl ob-
strukce v jednotlivych oblastech HDC jsou
shrnuty na obr 2.

Neucinnost PAP
Pretiakova ventilace nefungovala u cel-
kemn 8/20 (40 %) pacientd. U 2/8 pacientQ
byl divodem kolaps epiglottis, u 5/8 pa-
cient( byla plicinou koncentricka obstrukce
mékkého patra a u 1/8 pacientQ byla da-
vodem laterolaterdini obstrukce mékkého
patra.

U v8ech z t&chto pacientd byl zazname-
nan BMI > 30 a pii DISE byla ptftomna mul-
tietdzova obstrukce HDC.

Diskuze

Spankovd endoskopie byla poprvé popsand
vroce 1991 Croftemn a Pringlem [71.V soucas-
nosti pfedstavuje hiavnl diagnostickou me-

todu, pomocl které ize urdit misto obstrukce
HDC a na zakladé téchto poznatkd pomaha
optimalizovat 1é¢bu [3,89]. V poslednich le-
tech se ukazuje, 2e DISE je mo2né efektivng
vyuZivat i pfi titraci PAP, kdy diky optické kon-
trole Ize ptimo sledovat, jak PAP funguije [4,5].
Niaméné studil, které stedovaly vyznam DISE
pfi soucasném pouzitl PAP, nenf mnoho -
prvnl Eldnky se objevily v roce 2012 a daldl a2
v pribéhu poslednich 3 let.

Dle soutasnych znalost! reagujl na PAP
Iépe obstrukce mékkého patra a orofaryngu
nez obstrukce kofene jazyka a epiglot-
tis [5,10-12]. Torre et al v souhrnném danku
z roku 2017 referujl, 2e PAP nejiépe funguje
na laterolaterdinf obstrukc v oblasti orofa-
ryngu [5]. Rovné2 Jung et al potvrdili ve své
studii s 30 pacienty, 2e orofarynx md zasadnl(
viiv na efekt PAP [10]. Tyto nalezy korelujl i se
studil Schwaba et al, kteffl k posouzen! O&in-
nosti PAP vyuzili vysetfenl MR pfi rdznych
tlacich (0, 5, 10, 15 hPa). Nejvatdl efekt PAP
byl pozorovan v plsobeni na laterainf stény
orofaryngu [11}

Torre et al uvadi, 2e v plipadé dpiné kon-
centrické obstrukce mékkého patra byla pti
pouzitf vyssftho tlaku zaznamenana zména
konfigurace na pfedozadnl. Pfi tomto
typu obstrukce se laterdlné vytvatl kanaly,
které umozfiujl proudénf vzduchu, a PAP
je tak ucinny [5]. Ve studii bylo rovnéz zjis-
t&no, 2e primérny tlak potfebny na to, aby
byl PAP efektivnl u dvouetaZové obstrukce
mékkého patra a orofaryngu, je 10 hPa [5].
V praci je ale také popsan ptipad pacienta
s multietaZovou obstrukd s hypertrofickymi
patrovymi mandlemi, které kompletné uza-
viraly HDC. U tohoto pacienta byl potfebny
tlak na otevfeni HDC a2 15 hPa. Vzhiedem
k tomu, Ze tento tiak byl pro pacienta nepfi-

jemny, byla provedena oboustranna tonzile-
ktomie. Nasledné mohl! byt tlak PAP sni2en
3 byl jiz pacientem tolerovdn [5]. Tento pfi-
pad popisuje dall vyznam titrace PAP pod
kontrolou DISE. Diky pfimé vizualizaci HDC
pfi soutasném pouitl PAP je moZné odha-
lit pfipadné anatomické abnormity, které lze
fesit chirurgicky nebo ortodonticky, a tim
umoZnit redukci tiaku PAP.

Lan et al a Torre et al potvizujl, 2e na
PAP |épe reagujl obstrukce mékkého patra
3 orofaryngu nez obstrukce kofene jazyka
2 epiglottis [5,12].

Ve shodé s literaturou bylo i v na¥f studii
pozorovano, Ze obstrukce v oblasti orofa-
ryngu a pfedozadnl obstrukce v oblasti m&k-
kého patra reagujl na PAP nejlépe (obr. 3).
Die vysledkd provedené studie byl pr0-
mérny tlak potfebny k eliminaci obstrukce
orofaryngu 12,0 hPa a2 prdmérny oteviract
tlak u pfedozadni obstrukce mékkého patra
11,2 hPa. V pfipadé koncentrické a laterolate-
rainf obstrukce mékkého patra byl potfebny
promérny tlak 12,3 hPa, aviak v Sesti pfipa-
dech obstrukce mékkého patra nebyl PAP
Gdnny viibec. Zména konfigurace mékkého
patra byla pozorovana u jednoho pacienta.

Dile autorQ Lai et al jsou v pfipadé ob-
strukce v oblasti kofene jazyka potfebné
vy33l tlaky, pficemz2 je oblast kofene jazyka
zasadnl pro spravné nastaven( PAP [13]. Rov-
néz Torre et al publikovali, 2e obstrukce v ob-
lasti kofene jazyka a epiglottis vyZzadujl na
otevfenl HDC vy33! tlak, prdmérny tlak po-
tfebny na eliminaci obstrukce v oblasti ko-
fene jazyka byl 15,0 hPa [5]1

Tyto vysledky jsou shodné s nadimi ndlezy,
kdy jsme zaznamenali, 2e pridmérny efektivnl
tiak u dpiné pfedozadni obstrukce kofene ja-
zyka byl 140 hPa.
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V pfipadé primarnl pledozadnl obstrukcs
apiglottis bylo publikowano nékolik studil,
které potvrzujl, 22 se zvyiujicim se tlakem
PAP dochdzl ke zhorienl obstrukce a pletla-
denl epiglottis na zadnl st&nu hitanu [14-16].
Toire et al uvad, 2e PAP nefedl primami ko-
laps epiglottis a k2 na jejl otevfenl jsou po-
tfebné tlaky vyl naz 10,0 hPa. Ddle bylo Zjis-
téno, 2o PAP je zvidite neddinny v pfipadech
laterolaterdinl obstrukce epiglottis, u které
problém pfetrvdva i pfi tacich vyitich ne?
15,0 hPa [53].

U 3 (15 %} z nasich 20 pacientd jsme po-
zorovali pfadozadnl obstrukci (kolaps) epi-
glottis.V jednom plipadé byl otevirad tlak aZ
18,0 hPa, u dwou pacentd nemél PAP efakt
vibec. Za vyznamny benefit vyietfenl je
proto mofné povafovat skutecnost, e jen
diky DISE s PAP bylo moiné tento problém
odhalit, pfi vysatfenl v bdélém stavu nebyla
kelabujicl epiglottis pozorovdna. V téchto
plipadech je pak jako 1écba O5A indikovina
apiglotoplastika [1&].

U 8/20 (40 %) pacientd jsme nepozorovali
Hdny viiv PAP na uvelnénl obstrukce HDC -
dwakrit z divodu kelabujicl epiglottis, pét-
krdt byla pfitinou intolerance koncentricka
2 jednou laterolaterdlnl obstrukce makksého
patra.

Mate vysledky jsou limitovany omeza-
nym souborem pacientd a uXitim klasifikace
WOTE, ktard pledstavuje subjektivnl hodna-
il systém. Nicméné i pfesto [za konstatovat,
e nate prvnl vysledky jsou ve shodé s pub-
likowvanymi pracemi zahraniénich autord. Je
zapotfebl ve studii pokracovat a porovnat
soubory s vytim poftem padientd.

Lza konstatovat, 22 DISE s PAP je jednodu-
cha metoda, kterd je vyuitelnd v praxi. Vy-
totfonl by mélo byt provedeno u viach pa-
cientd, ktefl PAP v 16Cbé& O5A netolerujl.

Zavér

Titrace PAP pod kontrolou DISE je nova
a jednoduchd metoda, pomod které je
moné plimo pohledem na dychadl casty
vizualizovat viiv pfetlaku na jednotlivd mista
obstrukce. Sowdasnd tim umodfiuje spravng
nastavit optimalnl tlak PAP tak, aby byla
léthba ucinnd. Lze tzk pledpoklddat Zepsanl
compliance pacientd, ktell jsou indikovani
k I4EDE PAP.
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Prospektiend studie bfa provedena se souhlasem Eticke
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vysattenim podepsal Informovany souhbs.
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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,
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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
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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
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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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Autofi Clanku prezentuji kazuistiku S6letého pacienta
s chondrosarkomem hrtanu. Jedna se o raritni maligni
nador vychazejici nejé: z prstencove chrupavky.
V pocatecni fazi ristu byva nador asymptomaticky,
s pokracujicim rastem se manifestuje chrapotem nebo
postupné narlstajici inspiraéni dusnosti. Diagnostika
zahrnuje kromé anamnézy a fyzikdiniho vysetfeni
(vietné endoskopie) také zobrazovaci metody, me-
todou volby je CT. K definitivni diagndze je nezbytng
histologické vysetreni, hodnoceni vzorku tkané pa«

SUMMARY

Formanek M., Zelenik K., Dvofackova J., Kominek P.:
Chondrosarcoma of Cricoid Cartilage

A case report of a 56-year-okd man with a chondro
sarcoma of larynx is presented. Chondrosarcoma of
larynx is a rare mahgnant tumour that has its origin
most commonly In cricoid cartilage. Main symptoms
are hoarseness and progressive inspiratary dyspnoea.
However, it is mostly asymptomatic at the beginning of
its growth. Detailed medical history, physial examina
tion including endascopy and computed tomography

uvop

Chondrosarkom (CHS) je pomalu rostouci maligni
nddor vychdazejici z chrupavéité tkané. Poprvé byl
popsan Traversem v roce 1816, ale termin CHS
pouZil aZ New v roce 1935 (17, 27). V oblasti hlavy
a krku se vyskytuje pomérné vzacné, pfesto je
nejcastéj$im sarkomem hrtanu s maximem vy-
skytu u pacientii mezi 55 a 65 lety, téméf fryFikrdt
Castéji jsou postiZeni muZi a sedmkrar castéji
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tologem a stanoveni sarkomu ale neni pro vysokou
diferenciac tkané snadné. Terapeuticky piistup by mél
byt chirurgi s preferenci endoskopického pfistupu
a s maximalni snahou o zachovani fyziolagickych
funkei hrtanu

KLICOVA sLova
chondrosarkom, hrtan, prstencova chrupavka,
etiologie, op- , nar jici inspiraéni dusnost

scans are the main parts of the diagnostic process of
this tumour. Biopsy is essential for final diagnosis but
it is not simple to evaluate differentiation of chondro-
sarcoma properly. Endoscopic surgery with maximized
effort to preserve laryngeal function should be prefer-
red as treatment.

KEYWORDS

chondrosarcoma, larynx, cricoid cartilage,
etiology, surgery, progressive inspiratory dyspnea

gee a forvatne 2013, 62,

bélosi neZ afroamerifané (5, 13, 19). Celkové bylo
v literatufe popsano pfibliZné 600 pfipadl CHS
hrtanu vétéinou ve formé kazuistickych sdélent.
Z Ceskych autoril referoval o 3 pfipadech chon-
drosarkomu napiiklad Slavidek (23). Ve vét3iné
piipadii ma sviij plved v prstencové chrupavce
(70 - 80 %), za predilekéni misto vzniku je povaZo-
vdna lamina posterior v oblasti Gponii hrtanovych
svalil, kde zaéina osifikace prstencové chrupavky



(4, 25). Nejcastéjsimi symptomy jsou pozvolné
naristajici inspira¢ni dusnost a chrapot.

KAZUISTIKA

Sélety pacient, stopkufik od 30 let, navstivil pfed
rokem a piil svého praktického lékafe pro naris-
tajici dusnost pii zdtézi. Po vylouceni kardidini
pficiny byl pacient odeslin ke spirometrickému
vysetieni, kde byla zjis$téna zvySena bronchialni
rezistence. Bylo doplnéno ORL vySetifeni, které
neprokazalo zidnou patologii. Pro chrapani a sus-
pektni syndrom obstrukéni spankoveé apnoe pod-
stoupil pacient vySetfeni limitovanou polygrafii,
s negativnim nalezem.

Dychdni s inspiraénim stridorem se postupné
zhorSovalo. Pacient rok od prvni navstévy u prak-
tického lékate zkolaboval, pro trvajici dechové
problémy byl odeslin opét na plicni vySetfeni,
kde byl stav pacienta zhodnocen jako akutni bron-
chitida, bronchoskopie nebyla provedena. Pro
neustale se zhorsujici inspiraéni du$nost bylo opét
provedeno vysetfeni otorinolaryngologem, ktery
po uroven hlasivek neprokazal Zidnou patologii,
oblast pod hlasivkami ale nebyla dobfe pfehledna.
Vzhledem k nejasné etiologii inspiracni du$nosti
bylo indikovdno CT vySetfeni krku a hrudniku, pfi
kterém se zobrazilo hladké vyklenuti z levé éasti
prstencové chrupavky zasahujici pfes stfedni &a-
ru o denzité 55 HU (obr, 1). Pacient byl nasledné
odeslan k dalSimu feSeni na naSe pracovisté.

Obr.1 Pfedoperaéni CT - obraz hladkého vyklenuti z levé
Easti prstencové chrupavky o denzité 55 HU zasahujici pfes
stfedni &aru.
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Obr.2 i éni flexibilni endosk

pod
lumina hrtanu.

Pfi vySetfeni flexibilnim endoskopem bylo naleze-
no hladké riZzové vyklenuti pod levou hlasivkou,
které zasahovalo nejméné do poloviny lumina
hrtanu (obr. 2).

K bliz§imu vySetfeni hrtanu a odebrdni vzorku
tkané byl zvolen endoskopicky pfistup pfi pred-
chozim zaji$téni dychacich cest tracheotomii
v mistni anestezii (pacienta nebylo mozné zain-
tubovat endotrachealni rourkou). Endoskopické
vySetieni potvrdilo ndlez na CT - tuhy tumor
jdouci z laterdlni strany prstencové chrupav-
ky, nejméné ze 2/3 obturujici prostor subglotis.
Postupné bylo provedeno ¢astené odstranéni
tumoru o velikosti cca 13x1Smm a uvolnén tak
cely subgloticky prostor, sténa prstencové chru-
pavky ziistala zachovina. Cilem operace bylo zis-
kat dostatecny vzorek tkdné a zaroven odstranit
co mozna nejveétsi ¢ast tumoru se zachovanim
prstencové chrupavky. Jiz 2. pooperacni den byl
pacient dekanylovan.

Histologicky byl prokazin low-grade chondrosar-
kom. Vzhledem k vysledku histologie bylo rozhod-
nuto o dalsim sledovani pacienta bez zvy$ovani
radikality vykonu ve smyslu pokusu o odstranéni
celého tumoru (bylo by nutné odstranit i prsten-
covou chrupavku, coz by vedlo ke kolapsu hrtanu
a k trvalému nosicstvi tracheostomické kanyly).
Pacient byl propustén po 9 dnech hospitalizace
domi v celkové dobrém stavu, bez dechovych
obtizi a je ddle sledovan. Pét mésicli po operaci
je pacient bez potizi, dychaci cesty jsou volné
a nejsou klinické zndmky riistu nadoru.

DISKUSE

Chondrosarkom je raritni maligni nddor.
Etiologie vzniku CHS hrtanu je neznama, néktefi
autofi nicméné zminuji jako rizikové faktory

0156263 A
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v minulosti pouzivané teflonové injekce a ra-
dioterapii (6, 12, 21), Ve vétSich studiich méla
téméf tietina pacientl s CHS v anamnéze abizus
tabdku (25).

Klinické symptomy CHS prstencové chrupavky
se mohou liit. Nejcastéji nachazime dlouhodo-
bou postupné narustajici inspiraéni dusnost pii
expanzivnim rastu tumoru do lumina dycha-
cich cest. Nariistajici du$nost a inspiraéni stridor
byvaji prvnim znakem zejména u tumorii, které
nezasahuji do oblasti hlasivek, jak tomu bylo
iv pfipadé naseho pacienta. Dal§im velmi castym
symptomem je chrapot, ktery je pfevazné zpiiso-
beny ménicimi se anatomickymi pomeéry v oblasti
glotis nebo kompresi n. laryngeus inferior. Pfi
retrokrikoidnim riistu dominuji dysfagické obti-
Ze. Méné casty je pak nalez nebolestivé masy na
krku (4, 25).

dikovdno nejprve provedeni endoskopického vy-
Setfeni, které Ize dnes provést obvykle ambulant-
né pomoci zvétSovaci laryngoskopie ¢i flexibilni
laryngoskopie, doplnéné o plicni vySetfeni. Pii
nejasnostech by mélo byt provedeno zobrazova-
ci vySetfeni. Metodou volby je CT vySetieni, na
kterém je pro CHS hrtanu charakteristicky ndlez
submukozni masy nejcastéji zadni casti subglottis
(nebo postihujici vice chrupavek) s teckovitymi
kalcifikacemi, které se po podani kontrastni latky
mirné zvyrazni (18). Na RTG snimku pak nalez-
neme oblackovité kalcifikace v mase mékkého
tumoru (popcorn-like calcification) (25). VySetfeni
magnetickou rezonanci nim miiZe pomoci zhod-
notit vztah tumoru k okolnim mékkotkanovym
strukturam (18).

Z hlediska rozhodnuti o 1é¢bé je nesmirné dia-
lezité histologické vySetfeni, které by mélo dat
odpovéd na to, jestli se jednd o chondrom, low-
grade chondrosarkom nebo high-grade chond-
rosarkom. CHS je mozné odlisit od chondromu
pomoci histologickych kritérii malignity chru-
pavky dle Lichtensteina a Jaffeho nebo dle Evanse
nalezem vétsi buné¢nosti, vyssiho potu mitéz
a bunécné atypie - lakunarni jedno-, dvou-, &i
vicejaderné buriky, vyssi nukleo-cytoplazmatic-
ky pomér (obr, 3) (5, 13, 20). Toto odliSeni byva
ovsem velmi obtizné. Urovni dediferenciace je
pak uréen grading CHS (grade 1-3) (13). Pfiblizné
80% CHS hrtanu ma nizky grade, metastazuje
proto velmi zfidka (ve 2 - 10 %) (4, 18, 25). V po-
rovnani s CHS v ¢astéjSich lokalizacich (panev,
hrudni kost, Zebra, dlouhé kosti) je diferenco-
vanéjsi a méné agresivni (1). Z diivodu nutnosti
odebrat velky vzorek tkiné, nepfiznivé lokalizace
a konzistence CHS miiZe byt nicméné odebrani
biopsie dostatecné ke stanoveni diagnézy velmi
problematické,

A 2013, 82,63
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Terapeutické moznosti jsou z ditvodu rezistence
CHS na radioterapii a chemoterapii omezeny na
chirurgické odstranéni nadoru. Tumor lze od-
stranit endoskopicky, cestou laryngofisury nebo
provedenim totdlni laryngektomie. Z diivodu
pomérné pfiznivého chovani CHS v této lokalité
je preferovan, pokud je to mozné, endoskopicky
piistup s maximalni moznou radikalitou resekce
tak, aby zistaly zachovany fyziologické funkce
hrtanu (2, 11, 22, 25). Pokud je lokalizace pro en-
doskopicky pfistup nevhodna, je mozno zvolit
piistup z laryngofisury. Od provedeni totalni la-
ryngektomie jako primarni operace je v posledni
dobé odklon (2, 11, 22, 23, 25). Tento vykon je re-
ZeTvovan pro tumory s nepiiznivym gradingem,
salvage chirurgie, pokud po prvotni endosko-
pické resekci nebo resekci z laryngofisury doslo
k rychlé klinicky manifestni recidivé s nutnosti
tracheostomie. Z éeskych autori referoval o 3 pfi-
padech chondrosarkomu Slavicek, kdy viechny
piipady byly vidy feSeny odstranénim tumoru
cestou laryngotomie s maximdlni snahou za-
chovat funkce hrtanu i za cenu neradikality, pro
opakované pooperacni recidivy tumoru musela
byt u 1 pacienta provedena totdlni laryngektomie
(23). V posledni dobé se rozvijeji zplisoby rekon-
strukce prstencové chrupavky, umoznujici resek-
cijeji vétsi ¢asti a zaroven zachovani funkci hrta-
nu, nejcastéji se pro tyto ucely vyuzivaji stopkaté
laloky a autologni $tépy (2, 7-10, 15). Rekurence
CHS hrtanu se objevuje u 35-40 % piipadil, dlou-
hodoba progndza je ale dobra - desetileté preziti
v 95% (25). Radioterapie by méla byt zvaZovana
pouze jako adjuvantni lé¢ba dediferencovanych
CHS (16).



ZAVER

Piestoze je chondrosarkom vziacnym malignim
nidorem hrtanu, je tieba jej diferencidlné dia-
gnosticky vzit do tivahy jako mozZnou pfic¢inu dlou-
hodobé postupné nariistajici inspiracni dusnosti.
Zvlasté pri vylouceni castéjSich pficin dusnosti
avpripadé, Zze endoskopicky neni mozné zhodno-
tit subgloticky prostor, by mélo byt indikovano CT
vySetfeni. V 1écbé jsou v soucasnosti upfednostiio-
vany chirurgické metody, pfi kterych je zachovan
hrtan, tieba i za cenu sniZené radikality.

Vytvofeno s podporou grantu IGA MZ CR NTI13725-4/2012.
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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
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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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Epiglotopexe v é¢bé obstrukéni spankové apnoe

Epiglottopexy in the treatment of obstructive sleep apnea

Videna redakce,

flexibilnl endoskopie homnilch dychacich cest
(HCC) v uméle navozendm spanky (drug-
-induced sleep endoscopy; DISE) pledsta-
vuje hlawnl dizgnostickou matodu vyuzi-
vanou k urfenl mist obstrukce u pacientd
5 obstrukénl spdnkowou apnol (OSA). DISE
je obwykle provddéna pled pldnovanou chi-
rurgickou lédbou O5A [1). Pacienti, ktefl jsau
indikowani k 18¢bé kontinudlnim pozitiv-
nim pFetiakem {continuows positive airaay
pressure; CPAP), ve vetiing pfipadd DISE ne-
padstupuil [1,2] Je znamo, = CPAP mnoho
(50-60 %) pacientd netoleruje a v pfiblizna
10-12 % nemd efekt [1,2].V poslednich letech
se ukazuje, e DISE md své opodstatméni i pfi
titraci CPAP (provad&né b&hem DISE), kdy
mi#a pomocd odhalit nékteré pficiny jeho
intolerance & nefunkénosti [3]. 5e zavede-
nim titrace CPAP pfi DISE je modné pozoro-
vat, 2e divodem intolerance CPAP mize byt
nedostatednd tuha epiglotis, kterd pfi apli-
kaci pfetlakova ventilace zplsobl jedté vyraz-
néjsl abstrukci dychacich cest [2,3]. Aby byl
pacient spravné l&lon, jo nezbytnd nutnd
tuto patologii odhalit.

Do studie byli zafazeni padenti se stfednd
té#kou a tédkou O5A, ktefl netolerovali CPAP.
Kaidy pacient absolvoval otorinolaryngolo-
gicke (ORL) vysetfenl, DISE a titraci CPAP pfi
DISE. U pacientd s ndlezem obstrukce v ob-
lasti epiglctis pfi DISE v pfipadé soutasna
netolerance CPAP {pletrvavanl/zhorien! ob-
strukce pfi aplikaci pretlaku) bylz indikovana
epiglotopexe v druhé dobé. Epiglotopexa
byla provedena v celkovd anestezii v rdmci
direkinl laryngoskopie s optickou kontrolou.
Po deepitelizad sliznice kofene jazyka a kau-
délnl lingvalni plochy epiglotis a epiglotic-
kych valekul byla provedena fixace epiglotis
ka kotani jazyka dvema vstfebatalmymi stehy.
Kentrolnl limitovana potygrafie byla prove-
dena 5-6 mésicl po operaci.

Pacient 1 ve wéku 22 let byl vyietfen
pro 2 roky trvajlcl chripanl, zdstavy dechu
ve spanku 2 zvwienou dennl dnavu. P
ORL wyletfenl byla pro ndlez hypertrofic-
kych patrowvych tonzil (Friedman 3) zvako-

vina oboustranna tonzilektomie, index t&-
lesné hmatnosti (body mass indax; BMI byl
29,0kg/m? [1]. Ma zakladé celonadnl imito-
vané polygrafie byla prokdzdna té2kd OSA
5 apnoe-hypopnoe indexemn (AHI) 495 a vy-
sokym podilem £asu ve spdnku pli satu-
raci < 90 % (t90 = 164 %). Pacient byl indi-
kowdn k 1&¢bé& CPAP. Pfetlakovou ventilaci
pacient netoleroval, proto byla provedena
DISE s ndlezem pfedozadnl obstrukce v ob-
lasti apiglotis, oblast orofaryngu byla bez ob-
strukca. ¥ pribehu DISE byla také provedena
titraca CPAP, pfi kteréd bylo zjisténo, 3o v roz-
mezl 6-14 hPa dochazelo k jedté virameéjil
ratrofiexi epiglotis na zadnl sténu hitznu, coX
korelovalo s poklesemn Sp0,. A2 tlak 18 hPa
zplsobil edklopenl epiglotis od zadnl stény
hitanu 2 ctevienl dychacich cest (obr. 1) Pa-
cient byl indikovan k chirurgicks |&2b8. Vod-
stupu 3 tydnll byla cestou direktnl hypofa-
ryngoskopie v celkowé anestezii provedena
parcidlni resekee kofena jazyka thuliovym
laserem a epiglotopexe (obr. 2). Po operadi
byl pacient bez cbtl2, bez desaturacl a AHI
poklesl 5 mésichl po operaci na hodnotu
1.3 (norma).

Paciantka 2 ve viku 50 lat 5 BMI 21,8 kg/m?
byla vyietfena pro n&kalik let trvajlicl chra-
pénl a zvyienou dennl unavu. Pled 4 lety
u nl byla provedena uvulopalatofarynge-
plastika. Na z4kladd limitované polygrafie
(takad O5A, AHI 33, 190 = 8 %) byla indiko-
vana létba CPAFP. Pfetlakova ventilace byla
bez efektu, pfi titraci CPAP pfetrvdval vy-
soky rezidualnl AHI (28). Byla provedena DISE
s ndlezem hypertroficks jazykowé mandle
Zplsobujicl viefe Upinou obstrukd hypofa-
ryngu 2 pfedozadnl obstrukce v oblasti epi-
glotis, kterd v inspiriu kolabovala do nitra hr-
tanu. ¥ druhé dobé bylz v celkova anestezii
provedana parcialnl resekce kofena jazyka
s epiglotopexd. Pooperafné dodlo k celko-
vému zlepsen| stavu a k postupnsmu vy-
mizenl cbtfH. Dle kentrelnl limitocvané paoly-
grafie & mésicd od operace byla pacientka
vylédena (AHI 4,2).

Podll obstrukce hrtanu na vzniku CSA
u dospélych je obecné zndm iz mnoho
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let. Pred zavedenim DISE do bé&né klinické
praxe se pfedpokladalo, #e se epiglotis po-
dllf na vzniku Q54 v pfibliznd 12 % [3]. V po-
slednich letech se ale na zdkladé DISE uka-
Zuje, 2= nedostatadnd rigidnl epiglotis je
mnohem castéEl (dle nékterych studil a2
73 %) phiinow vzniku OSA 2 1o samostatné
nebo v rdmci multietazové obstrukoe HDC,
a miZe byt plitinou intolerance [&¢by CPAP
azw 15 % [3-5]. V pfipadé primérnl abstrukoe
v oblasti epiglotis existuje nékolik studil,
které potvrzujl, 22 se zvyiujicim se tlakem
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EPIGLOTOPEXE V LECBE OBSTRUKCNI SPANKOVE APNOE

Obr. 1. Endoskopie v uméle navozeném spanku s CPAP, pohled do hypofaryngu a na vchod hrtanu flexibilnim endoskopem - (a)
pfedozadni obstrukce v oblasti epiglotis pfi tlaku 0 hPa; (b) kolaps epiglotis pfi pouzit tlaku 8 hPa, selhanl CPAP, zhorseni obstrukce; {c)
oddalen epiglotis od zadnl stény hitanu az pfi tlaku 18 hPa.

CPAP - kontinuaini pozitivnl pfetiak

Fig. 1. Drug-induced sleep endoscopy and CPAP, view of the hypopharynx and the entrance of the larynx with a flexible endoscope -
(a) the anterior-posterior obstruction of epiglottis at a pressure of 0 hPa; (b) collapse of the epiglottis at a pressure of 8 hPa, CPAP
failure, worsening of obstruction; (c) removal of epiglottis from the posterior wall of the pharynx beyond the pressure of 18 hPa.

CPAP - continuous positive airway pressure

Obr. 2. Princip epiglotopexe - (a) odstranéni sliznice z oblasti lingvaini plochy epiglotis
a epiglotickych valekul, fixace epiglotis ke kofeni jazyka dvéma vstfebatelnymi stehy;

(b) stav po zhojenl.

Fig. 2. The principle of the epiglottopexy - (a) removal of the mucosa from the lingual
surface of the epiglottis and epiglottic valleculae, fixation of the epiglottis to the root
of the tongue with two absorbable sutures; {b) condition after healing.

CPAP dochazl ke zhorsen obstrukce a k na-
savanl epiglotis na zadnf sténu hitanu [6,7].
Torre et al uvadéjl, Ze CPAP nefedl primarni
kolaps epiglotis a na jejl odtlaten( od zadnl
stény hitanu jsou potfebné tlaky > 10 hPa
u ptedozadnl obstrukce a 15 hPa u latero-
|ateraini obstrukce [6]. V ptipadech, kdy je
pticinou vzniku OSA nedostatetnd tuha
(kolabuijfcl) epiglotis, je indikovdna chirur-
gicka lé¢ba a zpevnénl epiglotis. Chirur-
gickd 1é¢ba pak fesl OSA definitivné nebo
se podfil na nasledném zlepenl compliance
|6¢by pfetiakovou ventilad. Existujl dvé z3-
kladni metody chirurgie hrtanu u pacientd
5 OSA - resekénf (zejména parcidlnl epiglo-
tektomie) a epiglotopexe. Operace mohou
byt spojeny i s redukd! hypertrofického ko-
fene jazyka [4,8]. Epiglotopexe pfedstavuje
operacnl vykon, jehoZ podstatou je fixace
volné ¢asti epiglotis ke kofeni jazyka [4,8].

Cllem chirurgické techniky je zabranit nasa-
vanl nedostatecné tuhé epiglotis na zadn(
sténu hitanu pfi inspiriu pli soucasném za-
chovanl anatomie a fyziologie hrtanu, tedy
bez oviivnéni funkce polykanl. ProtoZe ne-
dostate¢né tuhou epiglotis zplsobujici ob-
strukci HDC lze diagnostikovat pouze ve
spdnky, je indikace k tomuto vykonu stano-
vena na zakladé DISE [3,8,9]. Komplikace epi-
glotopexe (krvacenl, otok hrtanu s dyspnoe,
dysfagie) jsou pomeérmné vzacné a vétiinou
pfechodné [3,8].

Na Klinice otorinolaryngologie a chirur-
gie hlavy a krku podstoupili v letech 2016-
2019 epiglotopexi celkem Ctyfi pacienti s t&2-
kou OSA, ktelf soucasné netolerovali CPAP.
Vaichni operovanf pacienti byli indikovani
k epiglotopexi na zakladé DISE. V prezento-
vané prvnl kazuistice se jednalo o pacienta
s primarni jadnoetazovou obstrukci v oblasti

epiglotis a v druhé kazuistice se prokazala
dvouetdzova obstrukce v oblasti kofene ja-
Zyka a epiglotis. Za vyznamny beneft DISE
je mozné povazovat pledeviim skutecnost,
Ze diky tomuto vy3etfenl bylo mozné ob-
strukci v oblasti epiglotis odhalit. Na zakladé
DISE doslo také u jednoho pacienta (kazuis-
tika 1) ke zméné indikace k operaci — v bdé-
Iém stavu byly pozorovany hypertrofické
patrové mandle, ale a2 pfi DISE byla jako pfi-
¢ina OSA identifikovana kolabujlci epiglotis.
U viech pacientl dodlo pooperatné k sub-
jektivnimu zlepienl stavu a poklesu AH!
do normy.

| ptesto, Ze jsou nade vysledky limitovany
malym souborem pacientd, Ize konstato-
vat, Ze spravn@ indikovand epiglotopexe se
jevl jako velmi G&inna 16¢ba OSA. Z nadich
zkudenostl tak jednoznatné vyplyva, 2e pa-
cienti, ktefi netolerujl CPAP, by méli pod-
stoupit DISE s dlem vyloudit obstrukd v ob-
fasti epiglotis, ktera vede k netoleranci CPAP.
U t&chto pacientd by mohla pravé epigloto-
pexe pfadstavovat elegantnfa pomérné jed-
noduché definitivn{ fedenl OSA.
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28 PRIMA LARYNGOSKOPIE
M. Formanek, K. Zelenik

= Princip

Jedna se o vykon, pii kterém je v celkové anestézil u pacienta leZiciho na zadech

vysetfen hrtan 1 okolni struktury. Cilem je zjisténi/vylouceni onemocnéni hrtanu

a jeho rozsahu nebo provedeni terapeutického vykonu. K provedeni je vyuZivan

piimy rigidni laryngoskop (duty kovovy nasiro]) riznych velikosti a tvar (obr.

28.1a, 28 2a).
* Indikace

Piima laryngoskopie je indikovana ze Sirokého spekira divodi — diagnostickych

1 terapeutickych.

- Diagnosticka laryngoskopie ma za cil zhodnoceni nepfehledného nebo jinak
nedostupného ndlezu v oblasti hrtanu a hypofaryngu (¢asto u zhoubnych
nadoril) nebo zjisténi rozsahu léze (palpaci, odtaZenim struktur apod.).

- Terapeuticky se pfima laryngoskopie provadi pii riznych operacich v hrtanu
(ziskdni vzorku na histologické vyietfeni, resekce hlasivky — chordektomie,
odstranéni polypu, granulomu a cysty, augmentace hlasivky a dalsi).

* Provedeni

WVykon je vidy provadén v celkoveé anestézil. Operatér sedi za hlavou pacienta

leZiciho na zadech. Hlava pacienta je zaklonéna, kréni patef je v mimé flexi

vzhledem k hrudniku, hlava je v extenzi ke kréni patefi a dolni éelist je piedsunutd

(tzv. sniffing pozice). Zuby homi &elisti chranime silikonovym chraniéem.

Operaéni laryngoskop je zaveden nsty do hrtanu a zafixovin pomoci vzpéry

o fixator nebo hrud’ pacienta, osvétleni je zajidténo svétlovodnym kabelem (obr.

25.1-4). Pro provedeni vykonu a dobrou piehlednost operaéniho pole je stézejni

zvolit spravnou velikost a tvar laryngoskopu. K lepsi vizualizaci patologie jsou

pouzivany rigidni endoskopy nebo mikroskop. Samotny operaéni vvkon miZe
byt proveden studenymi nastroji, laserem nebo vzacné shaverem (rotadni nastroj

— fréza, spojeny s odsavanim, vyuZivany standardné predeviim u nosnich polypi,

viz odd. 26).

« Komplikace

Mez1 nejéasté)ii komplikace patfi vznik hematomi a otoki sliznic dychacich nebo

polykacich cest nebo poikozeni dentice. Vzacnd je pooperaéni duinost s nuinosti

zaji5téni dychacich cest (intubace, tracheotomie).
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Pfima laryngoskopie

Obr. 283 Provedeni pfimé laryngoskopie — je
zaveden a fixovan pfimy laryngoskop, vykon je
provadén pod mikroskopickou kontrolou, do nitra
laryngoskopu jsou chirurgem zavedeny instru-
menty, obraz z mikroskopu je pfenalen také na
obrazovku.

» Sy
=\ £
28.4 Pfima zavésna laryngoskopie, orotracheainé
intubovand pacientka uloZena do sniffing polohy.
Trup a krk ve vzijemné flexi, krk a hlava v exten-
zi (Cervend linie). Zaveden laryngoskop a fixovin
na zevni fixator. Pomoci tahu néplasti pies kryti

na piedni strané krku zlepiena piehlednost pfedni
komisury hrtanu.
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Case Report

Local Bevacizumab Treatment of Juvenile-Onset Respiratory
Papillomatosis Might Induce Multiple Tracheal Pyogenic Granulomas

Karol Zelenik, MD, PhD; Pavel Kominek, MD, PhD; Lucia Stanikovd, MD, PhD; Martin Formdanek, MD, FhD

granuloma.

Key Words: Recurrent respiratory papillomatosis, bevacizumab, laryngeal application, adverse effect, pyogenic

Laryngoscope, 131:E518-E520, 2021

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.
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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
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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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Abstract

Purpose Elecirical sumulation-supporied therapy 1s an often used modality. However, it sull belongs to experimental meth-
ods in the human larynx. Data are lacking with which to evaluate the real effect in recurrent laryngeal nerve imjury. The aim
of this study was to investigate whether transcutancous electrical sumulation added w voice therapy has a beneficial effect
compared to voice therapy alone on vocal fold movement recovery in the case of an injured macroscopically intact recurment
laryngeal nerve.

Methods Adults with unilateral vocal fold paralysis after thyroidectomy. in which the recurrent laryngeal nerve was left
macroscopically intact, were included in this case—control study performed in tertiary referral hospital between September
2006 and June 20018, Among 175 eligible participants, 158 were included. Compliance with 6 months follow-up was 94 3%
Interventions: medicament therapy and voice therapy (group 1) vs. medicament therapy and voice therapy and transcutane-
ous electrical stmulation (group 2). Main outcome: vocal fold movement.

Results A total of 149 patients were included in the analysis (group 1, 89 patients: group 2, 60 patients). The groups were
homogenous. In groups | and 2, 64% and 60% of vocal folds, respectively, were improved after 6 months (P=0.617). No
difference was found between patients who improved and patients who did not improve.

Conclusions Adding transcutaneous clectrical stimulation to voice therapy provided no beneficial effect on the recovery
of vocal fold movement. Therefore, its indications should be re-evaluated: it 15 guestionable whether stimulation should be
routinely recommended.

Keywords Electrical stimulation - Transcutaneous electrical nerve stimulation - Recurrent laryngeal nerve « Vocal cord
paralysis - Voice training - Treatment outcome

Introduction

Recurrent laryngeal nerve (RLN) lesions cause vocal fold
paralysis, and the symptoms are dependent on the position in
which the vocal fold remains [1]. The lesions can be almost
asymptomatic to unprofessional hearing in as many as 30%
of patients or can cause incomplete glottic closure, which
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permanent damage from 0.5 to 3% of nerves ot risk and several
times more frequent transient damage [5-9]. The number of
mjured R M s hkely even higher hecanse not every patient
routinely undergoes a vocal fold check after surgery, such as
when surgery is performed by general surgeons [4). The main
principal of safe surgery is exposure and gentle preparation
near the RLN [ 10]. However, the RLN is very sensitive. Even
a macroscopically intact nerve can be harmed through a vari-
ety of mechanisms, including stretching. crushing, thermal, or
electrical injury [11]. Neumpraxia or axonotmesis can be pre-
sent in such a case. Only temporary loss of function oocurs in
neurapraxia and, dissimilar to axonotmesis, Wallerian degen-
eration does not nocur. However, neumpraxia and axonotmesis
cannot be differentiated macroscopically [12].

The main goal of post-operative care is to reduce edema,
facilitate nerve regeneration as much as possible, and reduce
the: number of cases of permanent paralysis. Voice therapy
is currently recommended in the case of postoperative vocal
fold paralysis [ 13, 14]. However, success is far from certain,
and whether therapy has an effect on the recovery of vocal
fold motility or only provides compensation until regenera-
tiom is complete is unclear [13, 14]. Therefore, other proce-
dures facilitating regeneration are being investigated, includ-
ing electrical stimulation.

Electrical stimulation-supported therapy is a well-known
modality in the field of orthopedics and physical medicine
[15]. However, it is still an experimental method in the
human larynx. Data are lacking for the evaluation of its real
effects in the case of RLN injury. The main aim of our pro-
spective case control trial was to investigate whether trans-
cutaneous electrical stimulation added to voice therapy has
a beneficial effect compared to voice therapy on the recovery

of an injured macroscopically intact RLN after thyroid or

parathyroid surgery.

Materials and methods

This case—control study was approved by the Ethics Com-
mittee under the identifier 1117 and performed in accord-
ance with the Declaration of Helsinki and applicable regu-
latory requirements using good clinical practice. Written
informed consent was obtained from the patients before
imitiating any procedure. The study was performed between
September 2006 and June 2008 in a tertiary referral hospital.
Because the study began in 2006, the study was not regis-
tered in a public trials registry. All authors reviewed and
approved the final manuscript.

Participants

Adults with unilateral vocal fold paralysis after thyroidec-
tomy or parathyroidectomy during which the RLN was left

g Springer

macroscopically intact were included in the study. Patients
were divided into two groups according to whether they
underwent addinonal ransentanemns slectrieal stimnlatinon
during their postoperative rehabilitation. All patients {both
groups) were treated with corticosteroids, B vitamins, and
voice therapy. Patients in group 2 were also treated with
added transcutaneous electrical stimulation. Exclusion cn-
teria were voral fold paralysis due to loss of RLN continuity,
previous voice or electrical stimulation therapy, presence
of other conditions that could possibly interfere with the
therapy., such as cognitive deficits or other serious diseases,
or refusal to sign informed consent. Among 175 eligible
participants, 158 were included. Added transcutaneous
electrical stimulation was offered to all not contraindicated
patients and patients were given a free choice of therapy.
Patients who did not want electrical stimulation or in whom
the procedure was contraindicated were assigned to group 1.
Patients treated with added transcutaneous electrical stimu-
lation were assigned to group 2.

Data acquisition and follow-up

Vocal fold mobility was evaluated using a 2.7-mm flex-
ible HDY endoscope (Olympus Europa SE & Co., Hamburg,
Germany) | day and 6 months after the surgery. Vocal fold
movement was scored as none (=not improved), normal
{=1mproved), or partial (= partially improved) if moving
vocal fold did not reach the midline.

Medicament therapy

Medicament therapy started 1 day after the surgery. All
patients were ireated with intravenous methylprednisolone
sodium succinate at a decreasing dose for 7 days (250 mg for
3 days, 125 mg for 2 days, 80 mg for 2 days), and then with
20 mg methylprednisolone orally for 3 days. All patients
were also treated with 80 mg benfotiamine, 180 mg pyni-
doxine hydrochloride, and 0.5 mg cyanocobalamin orally
every 8 h for 30 days.

Voice therapy

Voice therapy sessions started 3 days after surgery. Exercise
for glotis closure correction was applied. The patient was
instructed to pronounce with pushing syllables “ha”, “he”,
“hy™, “ho”, “hu”, which was accompanied by thoraco-petal
upper limbs flexing. Patient was educated by a phoniatrician
and, from the second session, performed under the guidance
of a speech therapist. A total of five sessions were held with
7-10 days interval to adequately educate the patient. The
patient was instructed to perform exercises at home every
day for at least 15 min for & months.
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Transcutaneous electrical stimulation

Electrical sumulator Gymna (Gymna NV, Bilzen, Belgium)
was used for stimulation. The stimulation was performed
with the sitting patient in the outpatient department by an
experienced physiatrist educated in voice therapy. The cath-
ode was placed at a muscle motor point on the skin above
the thyroid cartilage unilateral to the vocal fold paralysis,
and the anode was placed on the skin above the contralateral
trapezius muscle (Fig. 1). Direct current was applied for
10 min (oblique impulses with slow growing intensity. pulse
width 500 ms, frequency 0.4 Hz, intensity corresponding
to individual motor threshold). The patient underwent pas-
sive stimulation with maximum effort to achieve the peak
of the pulse in the first 2 min. This was facilitated by the
audio signal from the stimulator. The patient accompanied
each impulse with upper limb flexing and pronounced with
pushing gradually prolonged syllables “ha”, “he”, “hy",
“ho", “hu” over 8 min (active stimulation). The interven-
tion was performed three or four times a week for a total
of 20 interventions at a maximum interval of two business
days. Contraindication to stimulation was pacemaker, coch-
lear implant, metal implants in the head and neck region,
severe arterial hypertension or hypotension, complicated
wound healing, neck skin pathology, fever. or psychologi-
cal disorders.

Statistical analysis

Descriptive statistics, such as the arithmetic mean, standard
deviation, and absolute and relative frequency tables, were
used for data processing. Pearson’s Chi-squared test and
two-sample 7 test with equal variances were used for com-
parisons between groups. The statistical tests were assessed
using a significance level of 5%. Therapy was considered
successful if there was a retumn of vocal fold movement. The
statistical analyses were performed using Stata 13 software
(Stata Corp., College Station, TX, USA).

Results

A total of 158 patients met the inclusion criteria and were
included in the study. Nine patients (three in group 1 and
six in group 2) were lost to follow-up (Fig. 1). The com-
pliance with follow-up was 94.3%. A total of 149 patients
with vocal fold paralysis (84 left-sided and 65 right-sided)
were included in the analysis. Group 1 included 89 patients
and group 2 (with electrical stimulation) included 60
patients. No differences were found between the groups
in regards to average age, sex distribution, and prevalence
of glandular malignant tumors (Table 1).

There were no partially improved patients. No signifi-
cant difference was found between the two groups in the

Fig. 1 Transcutaneous electrical stimulation—electrodes placement in case of nght vocal fold paralysis
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Table 1 Characteristcs of the sudy participants

Characteristic Girowp 1 (n=89)  Group 2 (n=60) P value”
Age, years 553 (14.45) 505 (14.79) 0.0%1
Male Tiim {10} 1651
Female B2 921) 54 090) .6%1
Malignant rumor LER (IR LT 0.764
Dhaa are presented as mean (300 or n (%)
*Pearson's Chi-sgquared est
Table 2 Comparison of improvement between groups

Giroup 1 Giroup 2
Nol improved 324(36) 24 (400
Improved 57 (6d) 36 (60)
P ovalue® 06817

Dhata are presented as n (%)
*Pearson's Chi-squared test

Table 3 Comparison of improved and not improve

Mot improved Inprowed (n="93) P valuse
{n=2354)
Age., years 533 (16.63) 53301355 (1,994
Male 7(538) B (46.2) 0.205"
Female 49 (36) BT (64) 0.205"
Malignant tumor 5(31.2) 11 (6E.E) (1. 764"

Dhata are presented as mean (S0 orn (%)
*Two-sample ¢ test with equal varances
hﬁﬂml’:chiaquared lest

post-treatment improverment in vocal fold movement after
6 months (Table 2). Mo difference was found when patients
who improved and patients who did not improved were
analyzed in regards to age, sex distribution, and malig-
nancy (Table 3).

Discussion

Electrical stiimulation—supported therapy is a well-known
modality in the field of crthopedics and physical medicine,
but is still an experimental method in the human larynx
[15]. Satisfactory data on its real effect in the case of RLN
injury are missing. Most data on the possible effectiveness
of stimulation on RLN regeneration come from animal
studies [16-18]. Puok et al. was one of the few groups to
clinically investigate this issue in humans [19]. In this pro-
spective study, voice exercise was compared to electrical

@ Springer

stimulation—supported voice exercises in 88 patients
with unilateral vocal fold paralysis, and added electrical
stimulation was superior in terms of vocal fold vibration
irregularity after 3 months. This seems to be inconsist-
ent with the results of our clinical trial. However, vocal
fold movement was not really evaluated in Plok et al.’s
study, and there was no difference in maximum phona-
tion time, which indirectly indicates how well the vocal
folds are approximating/moving. Therefore, if the results
are analyzed in more detail, the previous study actually
supports the results of our study. Furthermore. patients
with many different etiologies of paralysis (e.g.. postop-
erative. idiopathic, post-infectious) were included 1n Prok
et al.’s study. In addition, patients with paralysis lasting
from 2 weeks to & months were included, which also could
have affected the results considering short follow-up and
relatively slow nerve regeneration, which can take up to
612 months depending on the mechanism and localiza-
tion of damage [9. 19].

Therefore, several issues had to be considered in order
to provide valid data. Only patients with the same etiology
and same duration of paralysis were included in our study
in order to eliminate potential bias. A follow-up of & months
was established in our trial because this time should be suf-
ficient for nerve regeneration 1f we take into account that the
RLN was injured no more than several centimeters before
the entry point to the larynx. End-organ (muoscle) stimulation
was used, which should not accelerate nerve regeneration,
but rather facilitate it [20]. Therefore, more frequent checks
were not indicated and time to recovery was not monitored.
Voice parameters were also not monitored, as they are
dependent on the patient’s effort and not quite comparable
among patients due o the paralytic vocal fold remaining in
a different position each time. On the other hand. vocal fold
movement is a clearly defined. easily comparable, objective
parameter.

We decided not to use questionnaires for treatment co-
evaluation either because of several reasons. First, they are
not always accurate and reliable. Second, patient’s voice is
not routinely scored before every thyroid surgery; therefore
preoperative data would be missing. We could only score
patient’s voice a few days after the surgery. when vocal folds
are still harmed by intubation wbe, which is moreover intro-
duced for a different period of time in every patient (dif-
ferent duration of operation, hospitalization in an intensive
care unit, ete. ). Patients also recovered from major surgery.
Third, we wanted to eliminate potential risk of patients being
influenced by factors other than true voice satisfaction, as
only follow-up after 6 months was performed and therefore
only one post-treatment result was available. Questionnaire’s
soore could be strongly influenced by patient’s actual mood

or social change, as some patients were diagnosed with
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thyroid malignancies and some patients were treated with
mood-altering drugs.

Owr trial included the largest reported number of partic-
ipants. In general, the recovery rate was quite high in both
groups, reaching up to 65%. This is in line with the study by
Mottioli et al. in which 74 patients underwent vocal exercises,
with 68.9% recovering vocal fold motility during 7 years of
follow-up [13]. In contrast with other peripheral nerve treat-
ments, no effect was found of added clectrical stimulation on
RLN regeneration. Even when improved and not improved
patients were analyzed regards o age, sex distribution and
malignancy, which could potentially influence owcome. This
could be explained by the fact, that RLN is one of the most
difficult peripheral nerves with which to achieve functional
regeneration, especially when it is severed. as indicated by
the results of end-to-end anastomoses of the transected nerve.
Although immediate ansstomosis of the RLN nerve is per-
formed. it does not usually result in the functional recovery of
wocal fold mobiliny [21].

Although only RLNs injured during thyroid or parathyroid
gland surgery were included, our results are applicable to all
tatrogenic injuries during which the RLN remains macroscopi-
cally intact. The follow-up should be modified sccording to the
localization of the nerve injury.

A limitation of our study is the absence of randomization.
Partial randomization was secured against by giving patients
for whom stimulation was not contraindicated a free choice
of therapy. This grouping slightly favoned group 2 because
muore motivated patients could be expected in this group. Yet,
the results were not better in groop 2. In addition, there wenz
almost significantly younger patients in group 2, in whom bet-
ter healing could be genemlly expected. Lower age could also
be one of the reasons for choosing to undergo stimulation.

Conclusions

Adding transcutaneous electrical stimulation to voice therapy
provided no benefit to the recovery of vocal fold movement
in injured macroscopically intact RLNs after thyroid or para-
thyroid surgery compared to voice therapy only. Therefore,
indications for electrical stimulation should be re-evaluated,
and it s questionable whether stimulation should be routinely
recommended considering the tme demands for both the

patient and the physiotherapist.
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Abstract: Background: Minimally invasive parathyroldectomy is the preferred treatment for pri-
mary hyperparathyroidism. Despite relatively accurate preoperative information, minimally invasive
parathvroidectomy can be challenging, especlally in the case of small and ectoplc adenomas. Radio
guldance alds in both in vive identification and ex vive confirmation of adenoma. In vive aceuracy is
currently not satisfactory. The present study evaluated whether a beneficial effect (increased sensitiv-
Ity, specificity, accuracy) is obtained with individualised tming of minimally invasive radio-guided
parathyroddectomy (MIRGP) using preoperative multi-phase 9%mTe-MIBI single photon emission
computed tomography (SPECT)S computed tomegraphy (CT). Methods: This randomised clinical
trial was conducted from May 2016 to January 2020 in a tertary referral hospital. Adult patients with
primary hyperparathyroidism sent for 99mTe-MIBI SPECT /CT were included consecutively and
randomly assigned to conventional (dual-phase) SPECT/CT and conventional MIRGF (group [) or
multi-phase SPECT/CT and individualised MIRGP (group IT). One hundred of 106 eligible patients
were included, and 83 patients underwent complete intervention. Results: A total of 47 patients in
group L and 35 patients in group [T were analysed. Group I1 had a shorter operating time (p = 0.003)
The in vivo sensitivity and accuracy of radio guidance was 85.1% in group I and 100% in group [T
(= 0.046), and 90.4% in group | and 100M% in group I (p = 0.021), respectively. We found no difference
In the In vivo specificity and ex vivo parameters between groups. Conelusion: Individualised Hming
increased the in vivo sensitivity and accuracy of radio guidance and redeced operating time, as some
parathyrodd adenomas rapidly wash out the radionuclide.

Keywords: minimally invasive parathyroidectomy; individualised tirning: mult-phase SPECT/CT,
superior in vivo results

1. Introduction

Primary hyperparathyroidism is a common endocrine disorder with approximately
100,000 new cases diagnosed each year in the United States [1,2]. Surgical removal is the
only causal treatment [2]. Minimally invasive parathyroidectomy (MIF) is currently the
approach of choice, as it allows the possibility of local anaesthesia and same-day discharge.
The procedure also limits the size of the incision (2-2.5 cm), reducing operating time,
wound healing time, postoperative pain, analgesic request rate and consumption, risk
of infection, and risk of post-surgical hypocalcaemia, and providing significantly better
cosmetic results than the standard procedure with bilateral cervical exploration [3-5].

MIF was made possible by the introduction of technetium-99m methoxyisobutylisoni-
tril {(99mTe-MIBI) scintigraphy for preoperative localisation of parathyroid adenomas. The
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detection rate of 99mTc-MIBI single photon emission computed tomography (SPECT)/CT
currently reaches 88-89% [6,7]. SPECT/CT has equivalent sensitivity as SPECT but pro-
vides superior topographic information [5].

Despite relatively accurate preoperative topographic information, MIP can still be
very challenging, especially in the case of small ectopic adenomas (e.g., the anterior me-
diastinum, the retroesophageal region), which are found in 22% of cases with primary
hyperparathyroidism [7]. In addition, even the best imaging modalities sometimes fail to
identify lesions accurately.

The success rate of MIP can be improved by frozen section analysis, endoscopy,
intraoperative parathyroid hormone (PTH) monitoring, radio-guided techniques, or com-
binations thereof [3]. Each method has its advantages. However, radio guidance is the only
technique that offers help with both in vivo identification of the adenoma and ex vivo con-
firmation of adenoma removal [9,10]. Ex vivo confirmation is possible with shorter delay
than in the case of intraoperative, post-excision PTH measurement [10]. The cure should
be indicated by gamma probe readings showing that the resected gland emits radioactive
counts >20% of background, the so-called Norman 20% rule [9,11,12]. Adenomas and
hyperplastic glands usually present ex vivo counts well over 20% of background [13-16].
However, at least half of a parathyroid gland must be resected to reliably identify a hy-
perfunctional lesion [13]. Many authors agree that compliance with these criteria results
in near 100% ex vivo sensitivity and specificity and allows successful minimally inva-
sive radio-guided parathyroidectomy (MIRGP) in up to 97-99% of positive SPECT/CT
cases [9,11-14,16].

However, ex vivo accuracy does not help a surgeon with the most demanding part, as
this measurement is obviously only possible after the adenoma has already been found
and excised. Therefore, in vivo accuracy is most important, especially in the case of small
ectopic adenoma. In vivo sensitivity of radio guidance only reaches 87-93%, with a positive
predictive value of 88% and accuracy of 83% [10,14]. In the rest of cases, it does not help
the surgeon find the adenoma, or is even misleading [14].

The aim of the present study was to determine whether there is a beneficial effect
on in vivo parameters (increased sensitivity, specificity, accuracy) of radio guidance dur-
ing MIP from individualised timing of surgery using preoperative multi-phase 99mTc-
MIBI SPECT/CT.

2. Methods
2.1. Ethical Considerations

This prospective study was approved by the ethics committee of the university hospital
and performed following the Declaration of Helsinki according to good clinical practice
and applicable regulatory requirements. The study was registered at ClincialTrials.gov
(accessed on 3 February 2021) (NCT04344886). Written informed consent was obtained
from each patient before initiating any procedure.

2.2. Design and Setting

The randomised clinical trial was conducted from May 2016 to January 2020 in a
tertiary referral hospital.

2.3. Participants and Randomisation

Adult patients with no history of thyroid or parathyroid surgery who had been di-
agnosed with primary hyperparathyroidism and sent for 99mTc-MIBI SPECT/CT at a
tertiary referral hospital were consecutively included in the study. Using random number
generation, patients were assigned to conventional (dual-phase) SPECT/CT and conven-
tional MIRGP (group 1) or multi-phase SPECT/CT and individualised MIRGP (group II).
The power analysis was performed to estimate the sample size with the power 80% and
the level of significance 5%. Firstly, the power analysis was performed with the expected
accuracy 83% in Group | and 99.9% in Group Il [14]. The estimated minimum sample
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size was 62 patients (31 patients in each group). Then, the power analysis was performed
with the expected sensitivity 7% in Group I and 99.9% in Group I [10]. The estimated
sample size was 86 patients (43 patients in each group). Therefore, we decided to include
100 patients (50 patients in each group) considering patient exclusion.

One hundred of 106 eligible patients were included in the study and randomised;
83 patients received MIRGP (Figure 1). Patients who had negative SFECT /CT, eventually
decided not to have surgery, underwent combined surgery on the thyroid gland, at high
risk with general anaesthesia, or did not undergo MIRGP in the recommended time span
after radionuclide administration were excluded from the study. Absolutely dominant
reasons for not undergoing whole intervention were combined surgery on the thyroid
gland and decision not to have a surgery. Megative SPECT/CT was present in one patient
in both groups.

Enroliment Assessed for eligibility (n = 108)
Excluded {n=6)
« Mol meeting inclusion criteria (n = 5)
+ Declined to parficipate (n = 1)
« Dther reasons (n = 0)
Randomized (n= 100)
Allocation

Allocated to intervention (n = 50) Allocated to intervention (m = 50)

+ Received allocated intervention + Received allocated intervention
(conventional RGMIP) (n = 4T) (individualised RGMIP) (n = 36)

+ Did not receive allocated intervention + Did not receive allocated intervention
{leiEﬂE whao had nagalh'sr SPECTICT, {pEl.iﬁ'ltE whao had nagalh'sr SPECTICT,
eventually decided naot o have surgery, eventually decided not to have surgery,
mdwmt_mmﬂ'_j surgery on the u"FD'_d undernwent combined surgery on the thyroid
gland, at high risk with general anaesthesia) gland, at high risk with general anaesthesia)
n=13) (n=14)

Follow-Up
Lost io follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n =0} Discontinued intervention (n =0}
Analysis
Analyzed (n=47) Analyzed (7 = 35)
+ Excluded from analysis (n = 0) + Excluded from analysis (surgery not in

recommended time span) (n= 1)

Figure 1. Flow diagram of inclusion in the clinical trial.
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2.4. SPECTAT

SPECT/CT was performed using a Symbia-Intevo eXcel scanner (Siemens Healthcare
GmbH, Erlangen, Germany) with the following acquisition parameters: step and shoot
mode, matrix 256 x 256, pixels 1.65 x 1.65 mm, zoom 1.45, 64 views, time per view 20s.
Low-dose CT was always performed.

241.Group |

A 600 MBq 99mTc-MIBI intravenous administration was performed in group 1. Detec-
tion was performed 10 and 150 min after application. Examination was performed visually
by a nuclear medicine specialist regarding localisation of the adenoma. Standard iterative
reconstruction parameters were used with the Flash3D algorithm.

242 Group Il

A 600 MBg 99mTc-MIBI intravenous administration was performed in group II. The
exact amount of radioactivity in the syringe to an accuracy of 1 MBq was measured imme-
diately prior to and after administration (“syringe before” and “syringe after”, respectively)
and entered into the acquisition program. The patient’s weight was also entered. Detection
was performed after 10, 90, 150 and 210 min. Detection after 210 min was indicated only if
there was still uptake in the parathyroid gland after 150 min. Examination was performed
visually by a clinician regarding localisation of the adenoma. In addition, the examination
was processed using xSPECT Quant software (Siemens). Unlike classic SPECT reconstruc-
tion, xQuant uses the ordered subset conjugate gradient minimisation (OSCGM) algorithm.
The volumes of interest were marked (pathological parathyroid gland and contralateral
thyroidal lobe) and the standardised uptake value (SUV) calculated. Thereafter, an individ-
ual time after preoperative administration was recommended for every patient based on
change in SUV with time.

2.43. Surgery

Before surgery, 600 MBq of 99mTc-MIBI was administered intravenously to each
patient. An excision was made between 2 and 3.5 h after administration in group I and
at the recommended time after administration in group Il. All surgeries were performed
under general anaesthesia. A typical incision 2.5 cm in length was made in the region
of the suspected adenoma. Intraoperative scanning for radionuclide counts more than
background was performed to localise abnormal parathyroid gland(s). The background
measurement was taken just over the thyroidal isthmus before excision of the pathological
gland. We refer to these measurements as in vivo counting. The in vivo index, defined as
the ratio of in vivo counting to background (both expressed in counts per second), was
used as an operational quantity. The parathyroid tissue was considered pathological when
the in vivo counting was at least 1.15-times more than the background. Radioactive ex vivo
count in the adenoma/hyperplastic parathyroid gland greater than 20% of background
was used as the cut-off for cure. The background measurement was taken just over the
thyroidal isthmus after excision of the pathological gland. A wireless hand-held gamma
probe detector, EuroProbe3 (Capintec, Inc., Florham Park, NJ, USA) with 5 mm diameter,
was used. All surgeries were performed by an experienced neck surgeon.

244 Follow-Up

Serum levels of parathyroid hormone were determined one day after surgery. Cal-
caemia was monitored daily for seven postoperative days. Patients were followed for
three weeks until the result of their bioptic specimen were available. The specimen was
evaluated in the same centre.

2.45. Statistical Analysis
The primary analysis was performed using standard tools of exploratory data anal-
ysis. For the description of numerical variables, the mean and standard deviation (SD)
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or median and interquartile range (IQR) were used. Categorical variables are presented
with absolute and /or relative frequencies. Observed groups were compared in terms of
demographics (e.g., age, sex), the presence of possible risk factors (e.g., ectopic adenoma,
multiple adenomas), and treatment and detection results (e.g., in vivo and ex vivo sensitiv-
ity, specificity, treatment success rate, operating time, time at which adenoma was excised,
volume of adenoma).

Non-parathyroid or non-pathological parathyroid tissues for which uptake reached a
significant count are considered false-positives. Cases in which the uptake of the patho-
logical parathyroid gland did not reach a significant count were classified as false neg-
atives. Surgery was considered successful if serum levels of parathyroid hormone and
calcaemia decreased to normal with histological confirmation of parathyroid gland ade-
noma/hyperplasia. Each adenoma was evaluated separately in cases of multiple adenomas.

The statistical analysis was performed using R software (version 3.6.0). The following
statistical tests were used: Mann-Whitney Ll-test, Fisher’s exact test, Spearman s correla-
tions with test of significance, and test for the homogeneity of two binomial proportions
with a 5% significance level.

3. Results

A total of 83 patients underwent MIRGP, 47 in group I (conventional MIRGP) and
36 in group Il (individualised MIRGP). One patient in group Il had to be excluded from
the analysis because surgery was not performed in the recommended time span after
radionuclide administration. Therefore, 47 patients in group | and 35 patients in group 1l
were analysed. Compliance with follow-up was 100%. No differences were found between
the groups in regards to age, sex, or presence of ectopic adenomas (Table 1).

Table 1. Characteristics of the study participants.

Variable Group 1 (n=47) Group Il (n = 35) p-Value
Age, years 64.0 (55.0-71.0) 62.0 (53.0-67.5) 0.183*
Females 34(72) 27(77) P
Males 13(28) 8(23)
Ectopic adenoma 17 (36) 12(34) >0.999 +
Data are p d as the median (i quartile range) or n (%). * Mann-Whitney test; ** Fisher exact test.

Surgery was successful in 98% of patients in group I and in 100% of patients in group IL
A lymph node was excised instead of parathyroid adenoma in one case in group 1. Seven
rapidly washed-out adenomas were identified in group I, the removal of which was
never recommended after 150 min of radionuclide administration (Figure 2). Group Il
had a significantly shorter operating time, and tended to have a lower adenoma volume
and longer time delay than group I (Figure 3 and Table 2). We found no difference in
histology, presence of multiple adenomas, adenoma and background count rate, in vivo
index value, or number of complications. A weak to moderate negative correlation between
the adenoma count rate and time delay, and background count rate and time delay was
observed in both groups. No other correlation was found.
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Figure 2. Visualization of the recommended time span for surgery from radionuclide administration in every patient in
group IL
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Figure 3. (Left)—Operating time frequency (upper) and distribution (bottom) in all patients in both groups. (Right), com-
parison of operating time distribution between bwo groups.
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Table 2. Comparison of results between groups.

Result Group [ (n = 47) Group LI {n = 35) p-Value

Successful surgery 46 (98) 35 (100) =999 *
Histology, hyperplasia 1(2) 1(3) =999
Histology, adenoma 45 (96) 34(97) 0,999+
Multiple adenomas 1(2) 1(3) =0.994

Time delay, min 160 (125-190) 190 (140-205) 0.260 =
Parathyrodd gland volume, mL 1.8 (1.0-3.0) 1.301.0-2.4) 0.234 =
Oyperating time, min A0.0{30.0-60.0) 30,0 (26.5-35.0) 0.003 **
Adenoma count rate, cpm 1200 (BA0-1400) 1200 (1100-1405) 0318 =
Background count rate, cpm F00 (S00-800) 720 (600-B50) 0.0 **
In vive index 20(15-22) 1.8 (14-20) 0.285 =
Recurrent laryngeal nerve paralysis 1(2) 0 {00 =999+
Hypocalcaemia 2{4) 1(3) =999 %

Dhata an.-'pu'uﬂrlrd as the median iiJ'lIEIqu:m:ile mlﬁe] orm [%). * Fisher exact test; ** H\.’I:l|.'|.|:|—"u"n'hill.'m'_!.I best.

Seven false-negative cases and two false-positive cases were found in group [ but
none in group [ The in vive sensitivity and accuracy of radio guidance was significantly
higher in group Il than group 1. We found no difference in in vivo specificity and ex vivo
parameters between the two groups (Table 3).

Table 3. Comparison of in vivo and ex vivo parameters of radio guidance between groups.

Parameter Group 1 Group I1 p-Value *
In vivo sensitivity 40,/47 (B5.1%) 35/35 (100%) 0.047
In vivo specificity A5,/47 (95.7%) 35/35 (100%) 0605
In vive accuracy 85,94 (90.4%) 0770 {100%) 0.0zl
Ex vivo sensitivity A7 4T (100%5) 35/35 (100%) .99
Ex vivo specificity A7 4T (100%5) 35/35 (100%) 0,99
Ex vivo accuracy O (100) 0770 {100%) =090

Dhata an.-'pu'uﬂrlrd as n/n (). * Test for the hnn'l.ng;eneilynfmn bi.nnmialpmpm'ﬁmm

4. Discussion

Radio guidance is often used in MIF due to its advantages over other methods;
it offers excellent ex vivo results with the 20¢% rule [%,12-14,16]. The results are fully
comparable to intraoperative FTH monitoring, which has 99% sensitivity, 9%8% accuracy, and
a positive predictive value of 99.6%: [14]. In addition, ex vivo confirmation is possible almost
immediately. The only question now is whether radio guidance is able to reliably ex vivo
differentiate adenoma from hyperplastic gland [11,13,15]. Excellent ex vivo radio guidance
results were confirmed in all patients in the present study, but the in vivo properties are
most important.

In a previous study of 845 patients with primary hyperparathymidism, the main cause
of operative failure of MIP using FTH monitoring was the surgeon's inability to find the
abnormal parathyroid gland [17]. Unfortunately, the in vivo radio guidance results are still
not satisfactory. These results are unlike ex vivo results rarely reported. Chan et al. reported
that in vivo radio guidance achieved a sensitivity of 93%, positive predictive value of 88%
and accuracy of 83% [14]. Garcia-Talavera et al. reported 7% sensitivity, 95% specificity
and a positive predictive value of 97% when using a cut-off value of 1.15 for the gamma
probe in vivo index, and 67 sensitivity, 87% specificity and a positive predictive value of
95% when using a cut-off value of 1.51 [10]. Thus, a risk of both false positives and false
negatives has been reported.
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Cases in which uptake of non-parathyroidal or non-pathological parathyroid tissues
reached a significant count are labelled as false-positives. It can be caused by, for example,
concomitant thyroid disease, such as an undiagnosed follicular thyroid adenoma. Mever-
theless, these cases are rare and usually apparent on gross examination by the operating
surgeon [15]. In the present study, only two such cases were observed.

Cases in which radio guidance does not identify parathyroid adenoma are labelled as
false-negatives and are generally thought to be caused by too long of a delay in surgery from
administration of the radionuclide [10]. The principle underlying scintigraphy and MIRGP
is that administered radionuclide accumulates in both thyroid and pathological parathyroid
tissue. The radionuclide is washed out from the thyroid tissue relatively quickly, and from
parathyroid adenoma slowly, allowing its localisation [19]. However, every adenoma acts
(and washes out radionuclide) differently based on its volume and number of mitochondria-
rich oxyphil cells [20]. The time from administration of the radionuclide is a parameter
for which the greatest inconsistency is observed between studies and between individual
MIRGP procedures in one study. Morman's group originally proposed performing surgery
within 3.5 h from scintigraphy, as all 345 surgeries in their study were performed 1.5-35h
from administration of the radionuclide [11]. In his later studies, he tried to perform MIRGP
as early after administration of the radionuclide as possible, performing 5000 MIRGP
procedures within 2.25 h, with approximately 0% of operations performed between 40 min
and 1.5 h [21]. The studies by Chen et al. and Garcia-Talavera et al. reported performing
MIRGF 1-2 h and 30 min-3 h after radionuclide administration, respectively [10,14].

Basically, there is only one rule based on Morman “s empiric results: surgery should
be performed within 3.5 h [11]. The authors of the present study considered a wide, non-
individualised time span from radionuclide administration too robust and the main cause
of unsatisfactory in vivo MIRGP results. The peak time for visualisation varies among
individuals. Based on the data from the literature and clinical diagnostic scintigraphy
experience, a considerable number of adenomas rapidly wash out the radionuclide, almost
imitating the thyroid gland [20]. Therefore, if rapid wash-out of adenoma occurs and
the time span of surgery is at the upper limit of the range, the in vivo difference between
adenoma and background will be too small to reach significance and to guide the surgeon.
The results of our study confirm this theory. We even found adenomas in which extirpation
within 1590 min was recommended based on the calculated SUVs. On the other hand,
there was also adenoma in which the recommended time span ended at 230 min. The
specific time at which all recommendations would be met was not observed. This clearly
indicates a complexity of the whole issue and advocates a necessity for an individualised
setting. The exact time at which there is the greatest difference between adenoma and
background activity was identified by the SUV calculation. We were able to achieve signifi-
cant 100% in vive sensitivity and accuracy using the cut-off value of 1.15 for the gamma
probe index and significantly reduced the operating time for MIRGE. The results directly
show how much the probe benefited the surgeon. In addition, it minimised radiation
exposure for surgeons and operating room personnel. The results were achieved even with
the insignificantly smaller adenoma volume and the same number of ectopic adenomas.
Motably, the reduced operating time is also relative to MIRGF, only in a different setting.
Operating time would be even more significant when compared to intraoperative PTH
monitoring. Importantly, a collimated gamma probe was used, which allows minimisa-
tion of interfering radioactivity from the surrounding tissues [22]. The authors believe
that 100" in vivo sensitivity was possible only because exclusively SPECT /CT-positive
patients were included. Based on recent data, we could expect that all in vivo and ex vivo
parameters would be worse in both groups if patients with negative SPECT /CT were also
included [23].

Surprisingly, individualised treatment also made logistics easier. The time span at
which surgery is recommended is known several days to weeks in advance. It is also
known in which cases it is necessary to “hurry” after radionuclide administration, and
in which cases there is relatively more time. Because adenomas that rapidly wash out
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radionuclide are a minority, personnel are not overloaded as they would be if each case had
to be dealt with as soon as possible, as was the case in Norman'’s study [21]. This is visible
in the results when the time delay from radionuclide administration was higher, though
insignificantly, in group Il In several cases the recommendation was even to perform
surgery later than at 3.5 h.

The most common surgical complication in a series of 1037 MIPs was recurrent nerve
injury in (.77% [5]. Our data correspond with these results and with the results of other
high-volume hospitals [24]. Therefore, it is reasonable to consider MIP safe [24].

The main disadvantage of individualised treatment is that the preoperative phase is
more time-consuming, as one or two extra scans equates to 22—44 extra minutes in our
setting. Extra scanning also means additional radiation for patients from CT; nevertheless,
only the extra low-dose setting was used, resulting in an effective dose of approximately
1.7 mSV from all four CT scans. This is a minimal dose increase considering the total
effective dose of approximately 14.4 mSv from two radionuclide administrations.

5. Conclusions

Individualised timing for MIRGP was possible using preoperative multi-phase
SPECT/CT. Individualised timing significantly increased the in vivo sensitivity and accu-
racy of radio guidance up to 100%, and also significantly reduced operating time, with all
its associated benefits. Therefore, individualised timing should be routinely recommended.
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Quantitative analysis in parathyroid adenoma scintigraphy
Martin Havel?, Vladimir Dedek?, Michal Kolacek® and Martin Formanek®

Objective Surgery is the only curative treatment for
primary hyperparathyroidism. Parathyroid scintigraphy is
one method used to preoperatively localize the lesion. We
examined time-related changes in radiopharmaceutical
uptake in parathyroid adenomas (PTAs) and thyroid

gland by quantitative single-photon-emission computed
tomography (SPECT) imaging to assess differences
between rapid and delayed washout patterns.

Patients and methods The study group consisted
of 35 histologically verified PTAs after radio-guided
surgery extirpation in 33 patients with primary
hyperparathyroidism. Patients underwent a three-phase
SPECT/CT study of the neck and upper therax post

%5 Te-methoxyisobutylisonitrile (MIBI) injection. Images
were reconstructed using a proprietary ordered-subset-
conjugate-gradient-maximization algorithm (Siemens
xSPECT Quant). PTAs were divided into those with a
rapid (group A) and those with a slow (group B) washout
patiern. SWM values of PTAs and thyroid gland tissue
at 10, 90 and 180min post *™Te-MIBI injection were
recorded and statistically assessed. Retention indexes
related to the early examination were calculated for PTA
and thyroid gland (RI-PTA and RI-TG).

Results There were 11 PTAs in group A and 24 in group
B. Significant between-group differences in PTA SU\'m

Introduction

Hyperparathyroidism is caused by hypersecretion of
parathyroid hormone. This influences calcium merab-
olism, resulting mainly in skeletal, kidney and gastro-
intestinal complications [1]. This pathologic state is
made obvious by the increasing volume of the parathy-
roid gland, recognition of which is important mostly for
consequent precisely targeted treatment. Surgery is the
only curative option for primary hyperparathyroidism.
The standard approach is bilateral neck exploration, but
recently targeted mini-invasive surgery has become more
and more imporntant as it can reduce operative time, costs
and failure rates [2].

Bilateral neck exploration to localize all four glands and
extirpation of enlarged parathyroid adenoma (PTA) is a
traditional approach to PTA treatment. Such techniques
can cause damage to surrounding tissues, so mini-inva-
sive techniques were introduced. Targeted radio-guided
mini-invasive surgery reduces both the total operative
time and the number of complications, with more rapid
postoperative recovery, improved cosmetic results and
greater patient satisfaction [3]. Radio-guided rechniques
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bring similar advantages to mini-invasive surgery of
the neck, with the added possibility of localizing focal
pathology in persistent or recurrent hyperparachyroidism
during re-intervention [4]. Presurgery identification and
localization of the PTA is mandatory in mini-invasive
parathyroidectomy and can reduce overall surgery time,
costs and failure rates.

There are usually four parathyroid glands. The superior
glands are derived from the fourth pharyngeal pouch,
descend during embryonic development with the thyroid
gland, and are less vanable in their location. The lower
two glands are derived from the third pharyngeal pouch,
descend with the thymus, and are more prone o ectopic
localization. The vast majonty of primary hyperparathy-
roidism (75-853%) is caused by solitary hyperfunctional
adenomas [5]. This fact justifies the mini-invasive surgical
approach. However, all foci of parathyroid adenoma should
be identified in advance through diagnostic methods.

There are several options available for preoperative diag-
nostics. The widely available ultrasonography imaging is
useful, especially for PTA localization in the neck close
to the thyroid gland, but is of limited use in cases of
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ectopic foci; however, it can be used even during surgery.
Multi-phase contrast-enhanced computed tomography
(CT) diagnostics visualize differences in perfusion after
contrast administration and over time. MRI can provide
additional information in patients referred for re-surgery.
PTA may be misdiagnosed using morphologic imaging
methods for lymph nodes, thyroid nodules or vascular
structures [6].

Single radinisotope dual-phase scintigraphy post "™ Te-
methoxvisobutylisonitrile (MIBI} administration is a
useful scintigraphic method for parathyreid examination
and is based on the different biokinetics of the radio-
pharmaceutical in different tissues. It is dependent on
the dissimilar washout rates from pathologically changed
parathyroid gland versus healthy thymoid tissue. Single-
photon-emission  computed tomography  (SPECT)
scans and hybrid methods combining SPECT and CT
can increase the sensitivity and specificity of examina-
tion and, more importantly for upcoming surgery, they
can help with anatomic localization of the lesion [2,7].
Recently, the European Association of Nuclear Medicine
E;ublished guidelines on parathyroid imaging. Combining

"Te-MIBI SPECT/CT with cervical ultrasound per-
formed by an experienced specialist is an accepted first-
line strategy [8].

The most common pattern of * ™ Te-MIBI scintigraphy
represents slower washout from the affected parathyroid
gland compared with that from thyroid tissue. However,
in some circumstances, the sensitivity of a dual-phase
protocol can be affected by similar washout rates from
parathyroid and thyroid rissue or by retention of the radi-
opharmaceutical in thyroid nodules [9].

Recently introduced technical improvements in gamma
cameras, hybrid imaging and advanced reconstruction
algorithms allow for direct quantification of scintigraphic
dara as standardized uptake calculation values (SUV) in
SPECT images using commercially available diagnos-
tic software [10,11]. As the parathyroid scan is mostly
intended to localize the pathologic foci, a possible surgi-
cal approach is mini-invasive radio-guided surgery. The
timing of the procedure is one of the possible pirfalls of
this approach [12]. Our previous work confirmed that
individualized timing based on multiphase SPECT/CT
imaging can significantly increase the in-vivo sensitivity
and accuracy of intracperative radio guidance and can
also significantly reduce operating time [13].

In this study, with concem to the above mentioned, we
analyzed time-related changes in radiopharmaceutical
uptake and washout in PTA and in thyroid gland tissue,
using a SPECT quantfication tool. Qur aim was to eval-
uate the charactenstics of SUV changes in PTAs and in
thyroid gland during multiphase SPECT examinarions
in patients with rapid and slow washout patterns in the
PTAs.

Materials and methods

We retrospectively examined scintigraphic examina-
tions of 35 histwlogically verified PTAs after mini-inva-
sive radio-guided extirpation in 33 patients with primary
hyperparathyroidism (7 men, 26 women, average age
58.6=11.1years). The results of previous three-phase
SPECT/CT studies of the neck and upper thorax post
¥ T MIBI administration were individually assessed.

Single-photon-emission computed fomography/
computed tomography acquisition

In our study, acquisitions of SPECT/CT scans were
commenced at 10, 90 and 180min postintravenous
radiopharmaceutical administration. A three-phase scin-
tigraphy protocol was adopted at the time of the study.
The average administered activity in the study group was
594.9+ 794 MBq. The examination was performed using
a dual-head hybrid SPECT/CT gamma camera Siemens
Intevo Excel {Siemens Medical Solutions, Erlangen,
Germany} equipped with low-energy high-resolution
collimators. During each SPECT study, 64 frames (32 per
detector) were acquired, with 20s acquisition time per
frame, a matrix of 256 x 256 pixels and a zoom factor of
1.45. CT images were acquired with the tube voltage set
at 130KV, tube current fixed at 16 mA and collimation at
2% 2.5 mm.

Single-photon-emission computed tomography/
computed toemographyreconstruction

Reconstruction of SPECT images for quantification was
performed by use of an ordered-subset-conjugare-gra-
dient-maximization (OSCGM) iterative method, pro-
prietary to the vendor’s application software (xSPECT
Quant), using 24 iterations and 2 subsets, with the
smoothness setting set to 4 mm. SPECT images were
corrected for attenuation from the CT map and cormrected
for scatter using the dual-energy window method. CT
scans were reconstructed to the slice thickness of 3 mm,
using a reconstruction kernel for soft tissues (B30 recon-
struction kemnel algorithm). Necessary calibrations were
performed using an activity standard and procedures
consistent with the vendor’s recommendations. The
voxel-based volume activities obtained were converned
by use of the xSPECT Quant application to SUVs by
accounting for the patient’s weight, the injected activity,
the residual activity in the syringe after administration
and the time between injection and acquisition [14].

Single-photon-emission computed tomography/
computed tomography assessment

Only SPECT/CT hybrid fused images were used for
diagnostic purposes. The tomograms were checked for
quality and the correct image fusion registration. The
suspected PTA was defined as an area of increased
focal uptake of the radiopharmaceutical on SPECT
images, and localization of previous USG findings
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performed by a trained specialist in endocrinology was
also considered.

Three-dimensicnal volumes of interest were placed over
suspected PTA and over contralateral thyroid gland tis-
sue. SUY _ values of suspected PTA and of the con-
tralateral m;'roid lobe were recorded in the evaluation of
each SPECT/CT study.

According to visual analysis, the diagnosed PTA were
divided into two groups: group A having foci with fase
washout, that is, those with relatively higher activity
uptake on the first two scans; and group B having foci
with slow washout, that is, those with distinctly more vis-
ible uptake on the latest scan. This division into groups
was based upon the agreement between the two nuclear
medicine specialists.

Surgery

The patients underwent radio-guided mini-invasive sur-
gery in accordance with the standards of the local depart-
ment of otorhinolaryngology. Intraoperative scanning for
ionizing radiation counts in the surgical field was per-
formed, the adenoma to thyroid gland ratio of more than
1.15 was considered to be indicative of the localization of
abnormal parathyroid gland. A wireless hand-held gamma
probe detector, EuroProbe3 (Capintec, Inc., Florham
Park, New Jersey, USA), was used. Prior to the proce-
dure, the surgeon obtained information about the visual
analysis of the washout pattern of the PTA (ie. fast or
delayed washout) and about the localization of the focus
related to other anatomic structures on the acquired CT.
Histologically verified extirpated PTA were measured
in three dimensions and their volumes were calculated
according to the formula for the volume of an ellipsoid.

Data analysis

We assessed the differences in SUV__of PTA and thy-
id gland, and PTA/thyroid gland ratios between both
groups and in volumes of extirpated PTA.

Retention indexes (RI) for PTA (RI-PTA) and thyroid
gland (RI-T'G) related to the early scan in both groups
were introduced and calculated according to equation

SUVmaxy, — SUVmMaxy gmin

RITI =

SUVmﬂxT1ﬂmfn
where SUV . corresponds o the early SPECT
scan at 10min postinjection.

Variables were expressed as mean=S5D, or median with
interquartile range, and categoncal variables were sum-
marized as counts and percentages. According to the
charactenstics of the data, a nonparametric test (Mann-
Whitmney U test) was used for comparisons of calculated
medians between the groups and between PTA and thy-
wid gland SUV__ values. The level of significance for all

tests was set at P<0.03 (two-tailed). Statistical analysis
was done using jamovi project computer software, ver-
sion 1.6 (Sydney, Australia).

Ethics approval

All participants gave written informed consent to be
included in the study, and the investigators received
approval from their institutional ethics committee.

Results

The median time delay between radiopharmaceutical
administration and the beginning of the radio-guided
surgery in group A was 170min (£ 103.8) and in group B
was 193 min (£ 70.0). These differences were not statisti-
cally significant (P =0.2237).

In group A, there were 11 PTAs (31%) with the fast pat-
tern of washout. Median SUV__of PTA at 10min post-
injection was 9.83 (£ 6.97); at %0 min postinjection 6.22 (+
2.14) and at 180'min postinjection 4.82 (= 1.17). In group
B there were 24 PTAs (69%) that we categorized as PTA
with slow washout. Median SUV__at 10min postinjec-
tion was 12,60 (£ 8.94) at 90 min postinjection 7.76 (+
6.84) and at 180 min postinjection 7.02 (+ 5.36). Between
the groups, there were significant differences in the scans
only at 180 min postinjection, whereas the SUV__ values
were significantly higher in group B (P=0.02977.

The thyroid gland was present in all patients. The median
SUV__ of thyroid gland in group A and group B, respec-
tively, at 10min postinjection were 7.73 ( 4.26) and 8.72
{+ 4.39); at 90min postinjection 3.11 (x 2.32) and 3.83
(+ 1.40); and at 180min postinjection 2.92 (+ 1.90} and
2.71 (z 1.10). Differences between the groups were NS
(P=0.7357, P=0.9120 and P=0.95348 for 10min, 90min
and 180 min postinjection, respectively).

Median PTA/thyroid gland SUV_  ratios at 10, 90 and
180 min postinjection, respective]?-‘ﬁn group A were 1.16
(+ 1.19), 1.47 (= 0.82) and 1.64 (£ 0.83) and in group B
were 1.18 (= 0.52), 2.10 (+ 0.96) and 2.35 (x 1.30). There
were evident different trends in both groups: the ratios
were higher in group B at 90 and 180 min postinjection;
however, these ratios were significantly different only for
the studies acquired at 180 min postinjection (F=0.0222)
(Fig. 1).

The RI-PTA for the studies at 90 and 180min postin-
jection, respectively, in group A were —48.4% (+ 24.9%)
and -57.5 % (£33.2%) and in group B were -23.3% (+
25.3%)and -32.4% (+ 24.4%). The RI-T'G calculated for
the studies at 90 and 180 min postinjection, respectively,
in group A were —49.4% (£ 11.0%) and -64.4% (+ 6.1%),
and in group B were -31.6 % (x 12.4%) and 67.0 % (+
9.8% ).

These RI-PTA differed significantly between the
groups at both time points, ¥ and 180 min postinjection
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Fig. 1
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(P=0.0298, P=0.0431, respectively). We did not find
a significant difference in RI-TG between the groups
(P=0.4394, P=0.4610, respectively) (Figs. 2 and 3).

Median values of SL"\-’m: PTA and SUV__ thyroid
gland did not differ significantly in either group at
10min postinjection (£=0.3932 and P=0.1460, respec-
tively), whereas median S5UV PTA values were
significantly higher at %0 and min postinjection
in both groups (P=0.0302 and P=0.0257 in group A,
F<0.0001 and P<0.0001 in group B). In group A there

were no differences between RI-PTA and RI-T'G at 90
and 180 min postinjection (P =0.4700 and P=0.2411),
in contrast with group B’s significantly higher median
RI-PTA values at those time points (P<0.0001 and
P <0.0001).

Concerning the extirpated PTA volumes, the median
volume in group A was 0,60 (+ 0.80)ml and in group B
was (.69 (+ 0.73)ml. These volumes did not differ signifi-
cantly between the groups (#=0.0931). A comprehensive
summary of the results is given in Table 1.
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Fig. 3
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Table 1 Summarized results for both groups
Group A Group B Pvalue
Total PTA 11 24
SUV__ PTA 10min 9.83+6.97 12.60+8.94 06069
SUV PTA gomin 8.22+3.14 1761684 0.0887
SV PTA 180min 4824147 7024036 00287
SOV TG 10min 7.73+4.26 B.72£4.39 0.7307
SUV™ TG pomin 0.11+2.32 3B3E1.40 0.8120
SUV™ TG 180min 2.82+1.80 271110 D.8548
PTATE 10min 1.18£1.10 1.18+0.52 0,8450
PTA/TG a0 min 1.47+082 2 10£0.88 00712
PTA/TG 180min 1.64+0B3 235£1.30 0.0227
RI-PTA 20 min —48.4 %+ 24.9% —22.3%+20.9% 0.0288"
RI-FTA 180min —070 %+33.2% —B0 4 %+24 4% 0.0431*
RITG 20min —40.4 %+ 11.0% —01.6 %t 124% D.4384
RITG 180min —E4AREE1% —87.0%+ 9.8% D.4B10
PTA, parathyroid sdenomea; TG, thyroid gland.
*Significant A
Discussion U choline or "F<choline analogs. The reported sen-

Methods of nuclear medicine are among the most com-
mon imaging modalities capable of PTA localization.
Depending on the selected method and protocol, the
reported sensitivities of parathyroid scan examinations
vary in a wide range. The sensitivity of scintigraphy with
#mTe-MIBI is reportedly around 80%. Some authors favor
a subtraction method over dual-phase single-tracer imag-
ing [15]). The added value of SPECT to sensitivity can be
controversial, but SPECT as well as hybrid imaging such
as SPECT/CT can improve the anatomic localization and
differentiation of parathyroid from thyroid lesions [2,16].

Direct quantification of SPECT data generally adds
information, and its importance increases during dosim-
etry measurements and also in diagnostic or follow-up
examinations [17-20]. Recently, several studies have val-
idated protocols for parathyroid imaging in PET using

sitivity of such techniques is relatively high and even
superior to e MIBI scans [21-25). PET studies allow
quantification of the data as well. However, limited avail-
ability and higher costs are still drawbacks of such mod-
ern hybrid methods.

We found significant differences in SUVs between the
groups on the most delayed images, that is, SPECT at
180 min postinjection. Uptake of the radiopharmaceutical
was higher in the group of adenomas with slower washour,
as expected, and no significant differences were observed
between groups at earlier time points. According to our
findings, the assessment of different washout dynamics
should mot be based on SUV_ measurements in early
phases. However, RI-PTA differed between hoth Eroups
at ¥ and 180min postinjection. We did not observe
any differences in RI-TG values. Moreover, RI-PTA
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in group A corresponded closely with trends in RI-TG,
in direct contrast to group B, as visible in Figs. 2 and 3.
Furthermore, median RI-PTA did not differ significantly
from RI-TG in group B.

Median SUV__ did not differ in a statistically significant
manner between PTA and thyroid gland at early scan, but
significant differences were observed at 90 and 180 min
postinjection. Accordingly, we found that PTA to thyroid
gland ratios tended to increase in both groups (Fig. 1),
but this slope was less steep in group A, where median
PTA to thyroid gland ratios increased from 1.16 to only
.64, whereas in group B these values increased from 1.18
to 2.35. We conclude that a high PTA to thyroid gland
ratio, taking into account the absolute residual activity in
the pathologic focus, is important for planning the appro-
priate time interval of radio-guided surgery after radio-
tracer administration. The radiopharmaceutical kinetics
can be modeled during the dynamic scintigraphy proce-
dure. For PTA with slower washout, we suggest perform-
ing the surgery later, preferably berween 150 and 300 min
pastinjection. Conversely, for PTA with rapid washout,
radio-guided surgery should be planned for an earlier
interval postradiopharmaceutic injection. The goal in
such circumstances is to obtain sufficient activity in the
PTA, whereas change in the PTA/thyroid gland ratio is
less dependent on time.

Robin & all, [26] compared SUV__ values in PTA in 53
patients with localized PTA. They found significantly
higher median SUV__ values for PTA than for thyroid
gland on both early and delayed scans [26]. Our results
show similar trends only for values at 90 and 180 min
pastinjection, and we did not confirm significant differ-
ences in median SUV _ values early in the scan at 10 min
postinjection. However, calculated median PTA/ thyroid
gland ratios during all time points showed a similar trend.
Our study was focused on the differences berween the
PTAs according two their slow or fast washout pattern,
which was defined on the basis of visual analysis. The
results indicate two different populations of PTAs, corre-
lating with observed differences between the groups in
comparisons of RI-PTA and RI-TG.

There are many factors influencing *™ Te-MIBI accumula-
tion in the parathyroid glands, including serum calcium and
phosphomus levels, oxyphil cell and mitochondria content,
P-glycoprotein expression and related multi-drug resist-
ance [27,28]. The sensitivity of the dual-phase protocol
can be influenced not only by different washout rates from
P'TAs, but also from thyroid gland tissue [2]. Because we
found no significant differences in PTA volume or wash-
out pattern from thyroid gland tissue between the groups,
we cannot confirm that these factors influence the rapid or
delayed washout from PTA during the scintigraphy.

As our results did not indicate significant differences in
SUVs on imtial SPECT scans, we conclude that PTAs

with rapid and slow washout rates cannot be identfied
in the early phases of examinations, and the full protocol
must be performed. Based on our results, we conclude
that the difference in both groups is related mainly to the
different kinetics of the radiopharmaceutical in PTA and
it is mot related directly to the volume of PTA or to the
kinetics of radiotracer in thyroid gland.

In our study, we used a dedicated imaging system with
special reconstruction algorithms based on the OSCGM
method, which differs from the commonly applied expec-
tation-maximization iterative reconstruction methods.
Calculated SUV is normalized to administered activiey and
body habitus and is dependent on the pharmacokinetics
of the particular radiopharmaceutical. The normalization
of body habitus or optimization of the comrection tech-
niques used can also be challenging. Such factors, as well
as further differences in the reconstruction and evaluation
of data in various software applications, may lead to dif-
ferent results among centers [29)]. Another study revealed
that the largest contnbutors to inter-system varation in
direct quantification are vendor-specific reconstruction
settings. High patient volumes result in increased vari-
ability among systems and make quantification of small
lesions (<10ml} difficult [11]. Our study was conducted
on one system, with the parameters kept unchanged to
maintain consistency. The small size of PTAs is sull a very
limiting factor in scintigraphic diagnostics. We did not use
any special compensation techniques for such purposes,
but similar to Robin ef 2/, [26] we used SL"r'mII values to
minimize partial volume effects.

The limitations of our study arise from its retrospective
design, due to which it included only patients with extir-
pated and histologically verified F'TAs. Despite this, pre-
vious work did not found any significant differences in
SUV levels and rates of washout between the subgroups
of surgically confirmed PTAs and histologically unexam-
ined lesions [26]. Another corresponding weak point could
be the timing of the radio-guided surgery, in concordance
with the information from the scintigraphic examination.
Mevertheless, retrospectively we did not find any signif-
icant differences in surgery timing between the groups.

Concerning diagnostics and the quantification of scinti-
graphic data in parathyroid examination, there are other
published pilot studies. Razavi ef af, [30] explored the
feasibility of co-registration of dual-phase SPECT with
single CT and found that SUV measurement from early
and delayed parathyroid SPECT/CT imaging is feasible,
with the best results achieved by experienced operators
using delayed CT and manual registration. In our work,
we performed a low-dose CT scan with every SPECT
separately to obtain optimal co-registration conditions.
The possibility of using a single CT study for conse-
quent SPECT dara reconstruction and its influence on
the results should be examined further in another study.
Zhang e 4/, [31] investigated changes in the SUVs of
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PTA and thyroid gland between phases and found differ-
ent washout rates in thyroid gland and PTA. They also
investigated different retention levels of ™ Te-MIBI in
parathyroid adenomas and carcinomas and found higher
retention levels of the radiopharmaceutical in parathy-
roid carcinomas. Cheon & af, [27] examined character-
istics of the malignant parathyroid lesion as well and
found that grades of "™ Tc-MIBI uptake and washout
are among the useful diagnostic criteria that differenti-
ate benign from malignant parathyroid lesions. However,
we had no subject with parathyroid carcinoma in our
group. Such additional diagnostic information should be
evaluated in the future, especially in regard to its use
in quantification. Scintigraphic methods should play an
important role not only in localization of the lesion, but
also in clarifying presurgery characteristics of parathy-
roid pathology and radiopharmaceutical kinetics that
are substantial in planning and performing radio-guided
Surgery.

In conclusion, multi-phase scintigraphy with #Te-MIBI
and direct quantification of the SPECT study can be
used to assess the washout characteristics of the radio-
tracer and guide the timing of radio-guided microsurgery.

PTAs with rapid and slow washout patterns had differ-
ent characteristics on quantitative analysis in later phases,
whereas we found no significant differences in directly
measurable SUV - values at the early stages of the
multi-phase examination. Neither thyroid gland activ-
ity nor PTA volume had a significant impact on differ-
ences in PTA washout patterns during the scintigraphic
examination.
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Obyjectives. To compare the bipolar thermofusion BiClamp 150 with conventional ligature techniques for thyrold gland surgery,
and report the advantages/dissdvantages of both techniques. Methods. In this retrospective comparative study, all thyreid gland
operations performed in the ENT Clinic Faculty Hospital Ostrava from 2006 to 2013 were induded (1156 operations, 2122 lobes).
Patients were categorized into two groups sccording to the type of vessel sealing method used, group I (BiClamp, n = 819
operations) and group I (conventional ligature, n = 337 operations). The number of revision surgeries due to wound hematoma
was recorded as a bleeding event. Statistical analysis of the complication rate (bleeding rate, recurrent nerve palsy) and time of
duration was performed. Results. The rate of revision surgery performed due to postoperative wound hematoma was significantly
lower in group I (15/81%, 1.83%) compared with group [1 (14/337, 4.15%) (P = 0.022). There was no statistically significant difference
In the frequency of recurrent laryngeal nerve palsy between groups [ and I1 (P = 0.38). The aversge surgery time was significantly
shorter in group 1 (P < 0.001). Conclusion. Bipolar thermofusion BiClamp is an effective vessel sealing method that leads to a
significant reduction in pestoperative wound bleeding rates and reduces surgheal time compared with conventional vessel ligature.

1. Introduction

The success of thyroid gland surgery depends on meticu-
lous hemostasis in the operative field: otherwise, there is
a possibility for numerous complications to occur, ranging
from worsened wound healing due to hematoma to massive
life-threatening hemorrhage [1]. Recurrent laryngeal nerve
(RLN) damage is another possible complication of this type
af surgery, occurring in 0.8-2.5% of all lobes operated on
according to the literature [1].

Hemostasis during thyroidectomy can be performed by
classic suture ligature (clamp-and-tie technique) or by elec-
trocoagulation. Both methods are frequently used to control
bleeding [2]. During the past few years, a variety of encrgy-
based techniques for vessel sealing have been introduced [2-
5]. For example, there is a harmonic scalpel that uses vibration
energy [2]. Another novel technique for vessel sealing is
hipolar thermofusion of tissue, for example, the frequently
used marketed product. LigaSure [4, 5]. In our department,
we use another marketed product BiClamp 150 (ERBE) that
is specially designed for thyroidectomies.

‘The goal of our current study was to compare the bipolar
thermofusion system, BiClamp 150, with the conventional
clamp-and-tie technique for use during thyroid gland surgery
in the terms of its effectiveness in hemostasis, safety in rela-
tionship with possible RLN damage, and possible shortening
of the operation time.

2. Material and Methods

2.1 Study Design. During the period from September 2006 to
June 2013, we retrospectively evaluated all 1156 thyroid gland
operations performed in the ENT Clinic Faculty Hospital
Ostrava. All patients who underwent a thyroid procedure
were eligible for inclusion. The aim of this study was to
compare the cffectiveness of hemostasis and safety of the
hipolar thermofusion system, BiClamp 150 in thyroid gland
surgery with the conventional clamp-and-tie technique. The
indications for surgery included all kinds of thyroid pathal-
ogy (benign and malignant tumors of the thyroid gland
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Figure 1: BiClamp manipulator.

and parathyroid tumors with thyroid extension, multinodu-
lar goiter, thyroiditis lymphomatosa, and others), including
reoperative thyroid surgery due to residual thyroid tissue.
Extent of surgery was considered to be total thyroidectomy
and hemithyroidectomy, including extirpation of residual
thyroid tissue in reoperative surgery. In the case of malig-
nancy with lymph node involvement, block neck dissection
was performed concurrently. We also included operations of
the parathyroid gland with thyroid extension and hemithy-
roidectomy performed in our cohort. All operations were
performed under general anesthesia, with the patient lying
on their back and the head extended backwards. In all
patients, before closure negative suction drain was placed and
compression bandage was applied. Drain was removed on
second postoperative day.

The study was performed in accordance with the Dec-
laration of Helsinki, Good Clinical Practice, and applicable
regulatory requirements. Written consent was obtained from
all patients before the initiation of surgery.

2.2. Division of Patients and Rating. The patients were divided
into two groups according to the type of vessel sealing used
during the surgery. In group 1, the bipolar thermofusion
system, BiClamp 150, was used to seal the superior and infe-
rior thyroid vessels and lateral thyroid veins. Conventional
bipolar coagulation was used in smaller vessels. In this group,
conventional ligature was not used at all. In group I, a
conventional clamp-and-tie technique was used for ligating
of the superior and inferior thyroid vessels and lateral thyroid
veins. Smaller vessels were coagulated using conventional
bipolar coagulation.

The number of revision surgeries due to wound
hematoma was a parameter of hemostasis effectiveness for
each group in our cohort. In this study, perioperative blood
loss was not taken as a parameter due to wide spectrum of
diagnosis operated. The number of permanent RLN palsies
was a parameter of the safety of surgery. Only recurrent palsy
lasting more than one year after the surgery was considered
in the ratio of the number of palsies to the number of
lobe operations. The duration of surgery was evaluated as
a parameter of time saving. We did not evaluate possible
hypocalcaemia after thyroid gland surgery in this cohort.

BioMed Research International

2.3. Bipolar Thermofusion with BiClamp 150 (ERBE). Bipolar
thermofusion BiClamp 150 (ERBE Elcktromedizin GmbH,
Teubingen, Germany, www.erbe-med.com) is a tool specifi-
cally designed for thyroid surgery. It works on the principle of
bipolar thermofusion of tissue. Low-voltage energy is strong
enough to seal vessels of up to 7mm in diameter on the
basis of collagen fiber fusion [3]. The handpiece is shaped
like forceps and is easily used to grasp and coagulate the
vessel. It is useful for tissue preparation as well (Figure 1).
After placing the handpiece into the proper position on
the vessel and pushing the pedal, electrocoagulation starts.
‘The process ends with acoustic signals from the processing
unit, after the vessel is sealed and it is possible to cut it.
An automatic stop function prevents heat injury from the
surrounding tissues. Another advantage of the instrument
is the possibility of resterilization. It should not be used in
the area of the RLN due to the potential risk of injuring the
nerve from the dispersion of heat. The tool is not suitable
for coagulation of very small vessels because forceps tips of
BiClamp are thicker than conventional bipolar coagulation
tips. Encrusted coagulations could adhere to the forceps tips
and there is danger of damaging the vessel when the forceps
are withdrawn.

2.4. Statistical Analysis. ‘The x* test for 5% significance was
used to analyze differences in revision surgery rates and
recurrent nerve palsy rates between groups 1 and 1, with
P < 0.05 considered statistically significant. For analysis of
the duration of the operation, nonparametrical two-sample
Wilcoxon rank-sum (Mann-Whitney) test was used for 5%
significance. Stata software (version 10) was used for all
statistical calculations.

3. Results

During the period from September 2006 to June 2013, there
were 819 (1522 lobes) thyroid gland surgeries in group 1
(BiClamp). In group II (conventional ligature), there were 337
thyroid gland surgeries (600 lobes). The male to female ratio
was 1/5.4.

In group I, the ratio of revisions to surgery was 15 to 819
(1.83%). In group 11, revision due to bleeding was performed
14 times in 337 surgeries (4.15%). The total postoperative
bleeding rate was 2.51%, and all revisions were performed
within 24 hours after surgery. The ratio of revisions to surgery
was significantly lower in group 1 (BiClamp) compared with
surgery with conventional ligature (P = 0.022).

RLN palsy was observed in 22/1522 (1.45%) lobes in group
I and 12/600 (2.0%) in group Il. No significant difference
between groups was observed (P = 0.36).

‘The average + standard deviation duration of total thy-
roidectomy was 89.6 + 27.6 minutes in group land 122.9 £ 377
minutes in group I1 (Table 1). The average duration of surgery
was decreased by 25.99% (Figure 2). The difference in time
saving in group | was statistically significant compared with
group Il (P < 0.001).
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TapLe 1: Duration of surgery in minutes according to extent of the surgery.

Group BiClamp . Ligature . P value"
N Median (min) Mean (min) N Median (min) Mean (min)

TTE ] Lli] 8066 263 120 122.90 0,001

TTE + BND 26 1375 14508 9 165 I71.67 0.144

HTE 14 B0 6312 65 75 B2.63 0,001

Total B1Y B2 B.72 337 120 11644 <(.L001

HTE: hemithyraidectomy; T TE: total thyroidectomy; BND: bloc neck dissection.

*Two -sample Wilcoxon rank-sam (Mann-Whitney ) test.

AW e

B
.

Duration of aperation { min}

Figure 2: Duration of surgery in minutes for group | (BiClamp) and
group I (ligature).

4. Discussion

In the past few years, novel methods of vessel sealing without
using conventional ligature have emerged [2-6]. [n addition
to spray coagulation or harmonic scalpel, there is also the
principle of bipolar tissue thermofusion as used by BiClamp
150 [3]. In our department, this system is frequently used
in thyroid gland surgery. Traditionally, use of electrosurgical
bipolar thermofusion systems spread to head and neck
surgery from abdominal surgery and gynecology [4]. A ran-
domized study by Silva-Filho in 45 patients with vaginal hys-
terectomies showed shorter operative times, faster recovery,
lower perioperative blood loss, and less pain with the bipolar
vessel sealing system compared with comventional sutures [4].
However, since 2003 several studies have reported successful
usage of bipolar vessel sealing systems in thyroidectomy [5-
7). In his comparable study of 155 patients, Franko et al
emphasize that LigaSure bipolar electrosealer, when used
as the primary means of hemostasis during thyroidectomy,
significantly reduced mean operative times, whereas the rates
aof perioperative complications were unchanged [5). Lachanas
ct al. obtained similar findings during thyroid surgery with
LigaSure in 72 consecutive patients. There was a mean
reduction in operative time of 23 minutes compared with
previous surgical thyroid procedures when a bipolar vessel
sealing system was not used [6]. Manouras et al. compared the
outcome of thyroidectomy using an electrothermal bipolar

vessel sealing system (n = 148), the harmonic scalpel
(m = 144), and classic suture ligation techniques (n =
90). Compared with the classic technique, surgical time was
reduced by about 20% when a bipolar sealer or harmonic
scalpel was used. The 3 groups were similar in terms of
perioperative complications, hospital stay, and thyroid gland
pathalogy [7].

Data in the literature show rates of about 1.72-4.2%
postoperative bleeding that require revision of thyroidectomy
wounds [8-10]. In a study of 30,142 thyroid gland operations,
Promberger et al. observed postoperative bleeding in 1.7% [4].
Risk factors identified were older age, male sex, extent of the
resection, bilateral procedure, and operations for recarrent
discase. The risk of postoperative bleeding doubled during
bilateral thyroid surgery compared with unilateral surgery.
ocourring in 2.0% of bilateral operations compared with
1% of unilateral operations [8]. A high frequency of total
thyroidectomy (663/819 in group I, 250/337 in group II) in
our cohort is probably one of the factors that influenced
the higher frequency of postoperative bleeding (the number
of vessels treated is doubled during total thyroidectomy).
Morton et al. identified a postoperative systolic blood pres-
sure of greater than 150 mmHg as a major significant factor
associated with an increased risk of hemorrhage following
thyroid surgery [9]. Finally, the method of vessel sealing
influenced the postoperative bleeding rate. Saint Marc et al.
in his prospective study of 200 patients found that 1 patient
in the LigaSure group (n = 100) and 2 patients in the damp-
and-tie group (n = 100) required revision surgery due to
hematoma. Despite this, the authors considered LigaSure to
be as safe as the clamp-and-tie technique [11]. Franko et al
obtained similar results. One patient in each group ( LigaSure
group, n = 85, clamp-and-tie group, n = 70) developed
neck hematoma requiring surgery [5]. In our cohort, bipolar
thermofusion during surgery decreased the frequency of
postoperative bleeding during surgery compared with clas-
sical vessel ligature (clamp-and-tie method). The frequency
of wound revision due to bleeding was significantly lower
in the thyroid surgery with use of BiClamp compared with
conventional ligature (P = 0.022).

We did not observe any statistically significant difference
in the frequency of RLN palsics based on the method of
vessel sealing (BiClamp, comventional ligature) (F = 0.36).
BiClamp has not been used in the area of the RLN because
it is not recommended by the manufacturer due to possible
heat dispersion and injury of the nerve. In this area only
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conventional bipolar coagulation was used in BiClamp group.
The incidence of RLN paresis in the literature is 0.8-25%
of all lobes operated, with higher rates occurring in older
patients [1, 12-14]. Our findings are in agreement with these.

According to the literature, bipolar thermofusion could
reduce the duration of surgery [5-7]. Franko et al. observed
significantly shorter times when hemostasis was achieved
with a bipolar electrosealing device (LigaSure, n = 85,
110 + 33 minutes) compared with conventional ties (n = 70,
130 % 37 minutes, P < 0.001) [5]. Manouras et al. found
that surgical time was reduced significantly by about 20%
when the bipolar vessel sealer or harmonic scalpel was used
compared with the classic technique (93 + 12.5 versus 74.3 +
14.2 and 73.8 + 13.8 minutes). Such findings were also shown
in our cohort. In group 1 (BiClamp) we found a 26% time
reduction compared with group Il (conventional ligature)
(P < 0001). However, the BiClamp bipolar vessel sealing
system is reusable compared to single-use manipulators such
as the harmonic scalpel. This decreases the cost of surgery
and may justify use of a bipolar vessel sealing system in ENT
departments.

5. Conclusion

The bipolar thermotusion BiClamp is an effective and safe
method for vessels sealing during thyroidectomy, including
sealing of the main thyroid vessels. BiClamp may achieve
statistically significant reductions in the frequency of postop-
erative bleeding compared with conventional vessel ligature.
Using bipolar thermofusion also leads to significant reduc-
tions in operative time.
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Carotid body paraganglioma,
a very rare pediatric tumor

Karoticky paragangliom, velmi vzacny nador v détském véku

Diear editorial office,

The caratid body tumar {CET) is the mast
common paraganglioma (PG) that occurs in
the neck; it acoounts for almost 60% of head
and neck PGs [1]. This neoplasm arises from
neural crest-derived ectoderm in the third
branchial arch. It is located in the adventi-
tia of the carotid bifurcation. CBT is benign in
30-95% of cases, and it is typically identified
accidentally as a unilateral, painless, slow-
-growing mass on the neck [2,3) Only about
10% of patients have bilateral tumors [4].

A meck mass is often observed in infants
and children. The differential diagnosis must
consider many different diseases, including
lymiphomas, branchial deft cysts, metastatic
lymph nodes, etc. Although tumars invohe-
ing blood vessels are mot uncommaon in chil-
dren, CBTs are extremely rare in pediatric pa-
tients. The world literature has reported less
than 20 cases of CETs in children under the
age of 14 [5]. This case study describes one.

A 13-year-old girl with a painless mass in
the right upper neck area was referred 1o the
Department of Otorhinolaryngology. She
hiad a 7-year history of a slow-growing swell-
ing that first appeared at the age of & , which
raised the suspicion of a lateral neck cyst
ar lymphadenopathy. Clinical examination
showed a 3- to 4-cm painless mass an the
right side of the neck just below the angle
of the mandible, at the level of the hyoid
bane. The mass was mobile in the horizan-
tal plane, but not in the vertical plane. There
were no signs of cranial nerve lesions.

A Doppler US examination demonstrated
atumor 4% 3 ¥ 3.5 cm in size, with hypervas-
cularization an the right side of the carotid
bifurcaticn. Mormal perfusion was observed
in the internal and external carctid arteries.
The turmor was adjacent to the submandib-
ular gland. MRl confirmed that it was a tumor
at the carotid bifurcation that had net infil-
trated the surmounding tissues. We observed
a hyperintense signal in T2-weighted im-
ages and a distinct contrast enhancement in
Tl-weighted images (Fig. 1). Carotid arte-

ric-graphy showed a highly vascularized
tumar at the carotid bifurcation with affer-
ent vessels emerging from the external ca-
rotid artery and ascending pharyngeal ar-
tery (Fig. 7). W did not perform a temporary
balloon ecclusion test. Angiography was
performed under general anesthesia, prior
to surgery, with Vortex coils 2/3 (2 pieces)
and 2/4 (2 pieces) and Deltaplush coils 2/3
and 2/4 for embolization. Then, with contin-
ued anesthesia, the patient was transferred
to the operating theater for surgery.

Surgery was performed by a head and
neck surgeon and neurosurgeon. The jug-
ular vein and vagal nerve were exposed,
and the caratid arteries were dissected and
pulled aside. The median nerve was stimu-
lated with somatosensory evoked potentials
{SEPs) during the operation to monitor cer-
ebral funiction, and after the surgery to pre-
wvent a potential neurclogic deficic.

The turmor was separated from the exter-
nal and internal caratid arteries. The supe-
riar thyroid artery and ascending pharyn-
geal artery were ligated at the point where
they emerged from the right side of the ca-
rotid bifurcation {a cross stitch was required).
It was necessary to clamp the carctid artery
for 7 min to perform this part of the surgery.
SEP monitoring showed no changes in cer-
ebral function, which suggested that collat-
eral vessels adequately supplied the right
side of the brain. The CBT was completely
remowved.

The patient exhibited no postoperative
complications, and the wound healed per
primam. The patient was discharged from
the hospital 7 days after the surgery. No
signs of tumor persistence or recurrence
were observed, and no signs of neurclogi-
«cal deficit were found during a 24-mionth fol-
low-up. A genetic examination showed no
genetic basis for the CBT in this patient.

These tumors typically ooour sporadically;
howewer, they can be assodated with a ge-
netic predisposition {familial or hereditary
CET) [6] They oocur most frequently in in-
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dividuals that reside at high altitudes, where
atmospheric oxygen pressure is low; these
conditions provide a chronic hypoxic stim-
ulus [3].

Typically, CET presents as a painless neck
mass. Signs of cranial nerve deficits, such
as dysphagia, dysphonia, or difficulties with
mastication, only ocour in 10-30% of pa-
tients [2]. In our patient, the CBT presented
only as a neck mass with no other accom-
panying symptoms. & very rare symptom is
excessive catecholamine release, which oc-
cursin 1to 3% of patients [7]. This rare ocour-
rence and the absence of signs of catechola-
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constricted.

Obr. 1. T1-vazeny obraz MR po podani gadolinia. Viditelnd masa
karotické prostoru vpravo zaujimajici a. carotis externa a interna.

mine release in our patient were the reasons
why levels of catecholamines were not as-
sessed preoperatively. The tumor growth is
very slow. Usually, the diagnosis is not made
until the CBT reaches a palpable volume.
Thus, CBTs typically appear in the fourth to
sixth decade of life, and they are extremely
rare in children [8]

There is no consensus opinion on preop-
erative embolization, and sometimes thisis a
controversial issue. Most authors prefer pre-
operative embolization, because it can sig-
nificantly reduce intraoperative bleeding
[9]. On the other hand, some authors avoid
the use of precperative embolization due to
the risk of stroke [101 In our patient, the pre-
operative embolization applied had a sig-
nificant effect on perioperative blood loss,
which was minimal. In addition, intraop-
erative electroencephalographic monitor-
ing is advantageous, because it can reduce
the risk of brain injury caused by restricted
blood flow through the internal carotid ar-
tery. In our patient, even though the internal
carotid artery was clamped for several min-
utes, no neurologic deficit ocourred. A spe-
cific feature of our treatment was that em-

Fig. 1. T1-weighted MRI scan, after administration of gadoli-
nium, demonstrates a mass within the right carotid space. Both
the external carotid artery and the intemnal carotid artery are

paraganglioma.

Fig. 2. Carotid arteriography shows a strongly vascularized le-
sion in the right carotid bifurcation with a typical image for

Obr. 2. Angiograficky obraz ukazuje silné vaskularizované

paragangliom.

bolization was followed by surgery during
a single general anesthesia administration.
This approach reduced the anesthesia dura-
tion and the number of anesthesia adminis-
trations required.

The carotid bedy tumor should be con-
sidered in the differential diagnosis of a neck
mass in older children. We showed that the
CBT could be successfully treated with pre-
operative embalization and surgical resec-
tion. Moreover, these procedures could be
performed during a single anesthesia ad-
ministration. When planning an early surgi-
cal resection, to avoid major surgery-related
complications, the main factors to consider
should be the slow growth of CBT, its low
malignancy rate, and the high rate of post-
operative morbidity in large tumors.
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8 SEZNAM ZKRATEK
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HSV-2
ChTr
JEP
KTP
LPR
NBI
ORL
OSA
PAP
RRP
vzVv

body mass index

cytomegalovirus

Ceska lékaiska spole¢nost

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

virus Epstein-Barrové

horni cesty dychaci

lidsky herpesvirus 6

lidsky papilomavirus

herpes simplex virus

herpes simplex virus typ 1

herpes simplex virus typ 2
chlamydia trachomatis

Jan Evangelista Purkyné
draslik-titan-fosfat
laryngofaryngealni reflux

Narrow Band Imaging
otorinolaryngologie

obstrukéni spankova apnoe

terapie pretlakovou ventilaci
recidivujici respiracni papilomatoza

virus varicella zoster

195



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 tézko uvétitelné mnozstvi prilezitosti, které mi na mé Kklinické
I védecké draze nabidnul, za jeho neutuchajici nadSeni do v§eho nového.

Dékuji panu doc. MUDr. Karolu Zelenikovi, Ph.D., MBA za privodcovstvi celou mou
kariérou, za naSe konzultace, za chirurgické znalosti i klinické zkuSenosti, které mi ptedal,
nejvice vSak za naSe dlouholeté ptatelstvi.

Dé&kuji také vSem kolegtim, ktefi se mnou spolupracovali na vyzkumu a védeckych pracich,
zejména pani MUDr. Lucii Stanikové, Ph.D., dale vSem kolegim a zdravotnim sestram, ktefi
se podileli na péci o nase pacienty.

Dékuji svému synovi Martinovi za lasku, domov a za to, ze mé naudil, co je v zivoté skute¢né

dilezité.

196



