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1 Uvod

Predkladana habilita¢ni prace dle § 72 odst. 3 pism. b) zdkona o vysokych Skolach je
souhrnem studii a odbornych texti vénujicich se aktudlnimu tématu v oboru
otorinolaryngologie a chirurgie hlavy a krku. Jedna se o problematiku patogeneze stfedousniho

zanétu u déti a jeho nasledki, predevsim postizeni sluchu.

Préce je pro lepsi piehled rozdélena do tii ¢asti. Prvni ¢ast se vénuje vSeobecnému tivodu,
anatomii, histologii, embryologii a fyziologii stfedniho ucha. Ve druhé ¢asti je shrnuta
problematika akutniho a chronického stitedousniho zanétu v détském véku a jeho komplikaci.
Treti ¢ast je vénovana nejzavaznéjSimu nasledku stiedousniho zadnétu a tim je nedoslychavost.
V kazdé casti prezentuji své vlastni origindlni prace a soubory pacientt, které souvisi s danym

tématem.



2 Anatomie, histologie, embryologie a fyziologie stfedniho ucha

2.1 Anatomie stiredniho ucha

Stfedni ucho je tvofeno tiemi navzajem propojenymi ¢astmi. Je to dutina bubinkova,
sluchové trubice a pneumaticky systém spankové kosti. Navzajem tvoii jeden funkéni celek a

problém v jedné oblasti zptisobi obycejné poruchu funkce celého stiedniho ucha.

Dutina bubinkova

Dutina bubinkova (cavum tympani) je uloZzena ve spankové kosti. Ma plochy tvar a bézné
dosahuje rozmért ptiblizné 15x15x5 mm. Je ohranicena horni, dolni, zadni, pfedni, medialni a
lateralni sténou. Horni sténu neboli strop dutiny bubinkové tvoii kosténd plotna (tegmen
tympani), kterd oddéluje dutinu bubinkovou od stiedni jdmy lebni. Dolni st€na neboli spodina
je tvotena kosti, kterd kryje bulbus jugularni zily. Lateralni sténu predstavuje predev§im usni
bubinek a ¢ast tympanické kosti. Medialni sténu tvoii bazalni zavit hlemyzde (promontorium),
¢ast kanalu licniho nervu a procesus cochleariformis, nachazi se zde také ovalné a okrouhlé
okénko. Pfedni sténu vytvaii Gsti sluchové trubice, ¢ast kosténého kandlu vnitini krkavice a
sval musculus tensor tympani. Zadni sténa obsahuje nékolik dulezitych struktur, predevsim

eminentia pyramidalis, recessus facialis a sinus tympani.

Dutinu bubinkovou rozdélujeme na nékolik prostor, které maji sviij funkéni a klinicky
vyznam. Jsou to epitympanum, mezotympanum, hypotympanum, protympanum a

retrotympanum.

Epitympanum neboli nadbubinkova dutina je horni ¢ast dutiny bubinkové, nachazi se nad
hornim okrajem bubinku. Obsahuje stiedousni ktistky (hlavicka kladivka, télo a kratky vybézek
kovadlinky), jejich ligamenta a slizni¢ni fasy. Epitympanum se sklada z vlastniho epitympana

a Prussakova prostoru. Jeho laterdlni sténu tvofi kost (scutum) a pars flaccida membranae



tympani. U vlastniho epitympana rozliSujeme predni a zadni epitympanum, které pak dale

délime na medialni a lateralni ¢ast'.

Mezotympanum je stiedni ¢ast dutiny bubinkové. Horni hranici tvofi horni okraj bubinku
a spodni hranici dolni okraj bubinku. Nachazi se zde interatikotympanickd bariéra, ktera
oddé€luje mezotympanum od epitympana a obsahuje otvor (istmus tympani), ktery zajistuje

hlavni ventilaci nadbubinkové dutiny.

Hypotympanum je spodni ¢ast dutiny bubinkové, pod urovni dolniho okraje bubinku.
Ptedni sténu tvoii kostény kanal vnitini krkavice. Dno je podminéno polohou bulbu jugularni

zily a pneumatizaci spankové kosti.

Protympanum tvofii pfedni ¢ast dutiny bubinkové, nachéazi se zde usti sluchové trubice a

kostény kanal vnitini krkavice.

Retrotympanum je zadni ¢ast dutiny bubinkové. Nachéazi se zde kanal licniho nervu a
Slacha tfminkového svalu. V zadni sténé¢ retrotympana je prohluben — recessus facialis,
medidln€ od néj je situovany licni nerv, lateralné€ anulus tympanicus a chorda tympani. Recessus
facialis je dilezitou orientacni strukturou pfi sttedousni chirurgii, je to zaroven pfistupova cesta

do mezotympana pti uzavienych operacnich technikéch.
Struktury dutiny bubinkové
V dutiné bubinkové se nachazi fetézec stiedousnich ktstek, svaly a nervy.
Stiedousni kiistky

Retézec stiedousnich kistek tvoii kladivko, kovadlinka a timinek. Késtky jsou spojeny
pohyblivé, pomoci malych kloubt a zajist'uji pfenos vibraci z bubinku na tekutiny vnitfniho

ucha.



Kladivko (malleus) je prvnim ¢lenem fetézce kiistek a je v pfimém kontaktu s bubinkem.
Tvoti ho hlavicka, kréek, rukovet, kratky a dlouhy vybézek. Hlavicka kladivka se nachazi
v dutin€ nadbubinkové, kterou rozd€luje na vétsi zadni a mensi predni ¢ast. Kréek predstavuje
kratky usek, ktery spojuje hlavicku a rukovét'. Rukovet (manubrium) je v kontaktu s bubinkem
a vytvari s nim pevné spojeni — umbo. Obycejné se nachazi ve stiedni rovin€ a rozdé¢luje
bubinek na predni a zadni polovinu, ale mize byt i anteponovano. Kratky vybézek (processus
brevis) je chrupavcitou ¢asti fixovan k bubinku. Dlouhy vybézek (processus longus) je fixovan
ke stén¢ dutiny bubinkové prednim malearnim ligamentem a probihd podél n¢ho chorda
tympani. Kladivko je ve své pozici upevnéno vazy, kloubnim spojenim s kovadlinkou, §lachou
musculus tensor tympani a spojenim s bubinkem. Slacha musculus tensor tympani sméiuje od
processus cochleariformis ke krc¢ku a rukovéti kladivka a pasobi tah rukovéti medialné, ¢imz
dojde ke sniZzeni poddajnosti bubinku. U zdravého usniho bubinku je tah svalu vyrovnavan

prirozenou elasticitou bubinku.

Kovadlinka (incus) je prostfednim ¢lenem fetézce klistek a je z nich nejvétsi. Tvofi ji télo,
kratky a dlouhy vybézek a processus lenticularis. T¢€lo je uloZeno v dutiné nadbubinkové a
prostfednictvim sedlového kloubu je spojeno s hlavickou kladivka. Kloub je zesilen
inkudomaledrnimi vazy. Kratky vybézek (processus brevis) smétuje od téla kovadlinky
posteriorné. Dlouhy vybézek (processus longus) sméfuje do mezotympana a zajist'uje pienos
zvukové energie na timinek. Processus lenticularis je distalni Casti dlouhého vybézku a
prostfednictvim kloubu je spojen s hlavickou tfminku. Kovadlinka je ve své pozici upevnéna

tremi vazy: ligamentum incudis posterius, ligamentum incudomallei mediale a laterale.

Timinek (stapes) se v fetézci klistek nachdzi medidlné a prostiednictvim ploténky je
v kontaktu s tekutinami vnitfniho ucha. Je nejmensi stiedousni kiistkou. Tvoii ho hlavicka,
pfedni a zadni raménko a ploténka. Hlavicka je prostfednictvim kloubu spojena s processus

lenticularis. Jedna se o kulovy kloub, ktery nema interartikularni disk’>. Raménka spojuji



hlavicku s ploténkou. Zadni raménko je silnéjsi a vice prohnuté, upina se na néj Slacha musculus
stapedius. Ploténka je umisténa v ovalném okénku a jeji tvar i tlouStka jsou variabilni. Spojeni
mezi ploténkou a ovalnym okénkem je oznacovano jako stapediovestibularni skloubeni, i kdyz
se nejednd o pravy kloub, ale o syndesmoézu. Ploténku v okénku upeviuje ligamentum anulare

stapedis.

Svaly stfedousni dutiny

Ve stiedousni dutin¢ se nachazi dva drobné svaly, a to musculus tensor tympani a

musculus stapedius.

Musculus tensor tympani za¢ina na chrupavcité ¢asti sluchové trubice, vychazi z kanalu
(semicanalis musculi tensoris tympani), Slacha se dale ota¢i kolem kosténého vybézku
processus cochleariformis a upind se na krcek kladivka. Inervace svalu vychazi z ganglion
oticum patého hlavového nervu. Je oznacovan téz jako napina¢ bubinku, vtahuje jej smérem do

dutiny bubinkové a zptisobuje tak lehce nalevkovity tvar bubinku.

Musculus stapedius je nejmensi pricné pruhovany sval lidského téla. Jeho zacatek je
umistén na kosténém vybézku eminentia pyramidalis ze kterého smétuje Slacha, kterd se upina
na hlavi¢ku a zadni raménko tfminku. Je inervovan z licniho nervu. Jeho kontrakei je tfminek

lehce ,,vyzvedavan® z ovalného okénka, plni tak ochrannou funkci vnitiniho ucha pied hlukem.

Nervy stiredousni dutiny

Ve stfedousni dutin¢ je dominantnim licni nerv a jeho vétve, piredevSim pak chorda

tympani, dale se zde nachazi drobné vétve patého hlavového nervu.

Licni nerv (nervus facialis) je jednou z klicovych struktur stfedousi. Pies spankovou kost

prochazi v kosténém kandlu, ktery ma tfi segmenty (labyrintovy, tympanicky a mastoidni) a



dv¢ ohbi. Spankovou kost opousti ve foramen stylomastoideum. Znalost anatomie licniho nervu

je krucialni pro kazdého usniho chirurga.

Chorda tympani je oznaceni pro vétev licniho nervu, kterd prochazi dutinou bubinkovou
(nad dlouhym vybézkem kovadlinky a pod rukojeti kladivka) a obsahuje chut'ova vldkna pro
pfedni dvé tfetiny jazyka a mckké patro a sekretomotorickd vladkna pro podcelistni a

podjazykovou zlazu.
Sluchova trubice

Sluchova trubice piedstavuje spojeni dutiny bubinkové s nosohltanem. Jeji vnitini tsti se
nachazi na predni stén¢ dutiny bubinkové v protympanu. Zevni usti je lokalizovano na lateralni
sténé nosohltanu. Je tvofena kosténou a chrupavcitou ¢asti. Jeji délka u dospé€lého Clovéka je
31-39 mm, u novorozence je asi polovi¢ni®. U dospélych je odklonéna od horizontalni roviny

asi 45 stupit, u déti je to mnohem méné.

Kosténa ¢ast trubice navazuje na dutinu bubinkovou a tvofi asi 1/3 jeji délky. Tympanické
usti je Siroké asi 3-5 mm. Smérem k  nosohltanu se tato ¢ast ndlevkovité zuzuje a napojuje na
chrupavcitou ¢ast. Misto spojeni se oznacuje jako istmus a je nejuzSim mistem

sluchové trubice.

Chrupavcitou ¢ast sluchové trubice tvoii medialni a laterdlni lamela, které jsou spojeny
salpingofaryngedlni fascii. Jeji usti se nachazi na lateralni stén¢ nosohltanu a jeho ohraniceni

tvori torus tubarius.

Sliznice sluchové trubice je tvoiena vicetadym cylindrickym epitelem s fasinkami, které
kmitaji ve sméru od dutiny bubinkové do nosohltanu. Epitel obsahuje cetné poharkové bunky

a ve sliznici jsou ulozeny tuboalveolarni zlazky.



Pneumaticky systém spankové kosti

Pnemumaticky systém spankové kosti je zna¢né¢ individudln€ variabilni a jeho rozsah je

zavisly na vrozené dispozici, prodélanych stfedousnich zanétech a funkci sluchové trubice.

Do pneumatického systému spankové kosti patii dutina bubinkova, dale oblast mastoidni,
perilabyrintalni a oblast hrotu pyramidy. Pneumatizace se miize vyskytovat i v oblasti kosti

zygomatické, Supiny spankové kosti, nebo kosti okcipitalni.

Mastoidni oblast je tvofena systémem sklipkl v processus mastoideus a je propojena
s epitympanem dutiny bubinkové pies aditus ad antrum. Tim je zajiSténa ventilace této oblasti.
Systém sklipkt délime na centralni a periferni. Centralni sklipky se nachazi mezi mastoidnim
usekem kandlu licnitho nervu a esovitym splavem. Periferni sklipky jsou dle lokalizace

tegmentalni, perisinudzni, facialni, sinoduralni a hrotové.

Perilabyrintalni oblast je tvofena systémem sklipkii nad a pod kosténym labyrintem.

Oblast hrotu pyramidy tvoii sklipky hrotové (apikalni), které se nachazi pfimo v hrotu
pyramidy. Dale sem patii sklipky peritubarni, v okoli kosténé ¢asti sluchové trubice. Sklipky
sousedi s kanalem vnitini krkavice. Pfi sttedousnim zanétu muze dojit k zanétlivému postizeni
sklipkti této oblasti a rozvoji petrozitidy, v plné mife vyjadiena se oznacuje jako Gradenigiv

syndrom.
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2.2 Histologie stiedniho ucha

Bubinek

Usni bubinek je pruzna elastickda membrana, ktera oddéluje kanal zevniho zvukovodu od
dutiny bubinkové. Podili se vyznamnym zptusobem na pfenosu zvuku ze zevniho zvukovodu
na stfedousni ktistky. Normalni usni bubinek u dospélého ma rozméry 9x10 mm*. Klinicky se
bubinek deli na 2 Casti, a to vEtsi pars tensa a mensi pars flaccida neboli Schrapnnellova

membrana.

Pars flaccida je tenci, jeji tloustka se udava v rozmezi 0,01 az 0,023 mm, zatimco
tloustka pars tensa se pohybuje od 0,03 do 0,09 mm a je tvofena tiemi zakladnimi vrstvami.
Pars tensa se ztlustuje smérem k periferii v prstenec anulus fibrosus, ktery je ulozen v zlabku
sulcus tympanicus. Pars flaccida je ulozena v blizkosti incisura Rivini a upina se piimo na
scutum. Pars tensa je upevnéna v tympanickém zlabku pomoci anulu. Tympanicky anulus je
fibrokartilagin6zni struktura tvaru podkovy. V oblasti pars flaccida se anulus nenachazi,
ukotveni této ¢asti bubinku se déje pfimym spojenim vlaken prostiedni vrstvy bubinku s kosti.
Komplex anulu a sulcus tympanicus predstavuje strukturu podobnou ligamentu, ktera upeviuje
bubinek k okolni kosti, nazyva se téz Gerlachovo ligamentum. Hloubka sulcus tympanicus
urcuje stabilitu upevnéni anulu. Tato hloubka neni uniformni, nejm¢l¢i je zlabek v oblasti
zadniho horniho kvadrantu bubinku (posterosuperiorni cast). V této casti neni anulus ve
skutecnosti ve zlabku upevnén, pouze zde naléha. Tyto faktory zptisobuji, Ze posterosuperiorni

¢ast bubinku je nachylnéjsi ke vzniku retrakce.

Zevni vrstva (lamina externa membranae tympani) je tvorena epidermis, kterda ma
ochrannou funkci. Jedna se o mnohovrstevny dlazdicovy rohovéjici epitel. Povrchova

rohovéjici vrstva se odlucuje a postupné migruje z centra bubinku na periferii a dale smérem
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ven ze zvukovodu. Je tak zajisténa samocistici schopnost. Tato vrstva ma embryologicky pavod

v ektodermu prvni Zaberni vklesliny, ze které se vyviji zevni zvukovod.

Prostfedni vrstva (lamina propria membranae tympani) je tvofena pojivovou tkani
s prevahou kolagennich vlaken uspofadanych do 2 vrstev (zevni radidlni a vnitini cirkularni),
déle se zde vyskytuji vlakna elasticka °. Tloustka této vrstvy v oblasti pars tensa se pohybuje
od 0,04 mm v posterosuperiornim kvadrantu az po 0,09 mm v oblasti anulu. Pars flaccida je
velmi chudéd na kolagenni vlakna a ma tenkou prostfedni pojivovou vrstvu. Jde pfevazné o
kolagen typu II a IV, ktery se typicky vyskytuje v chrupavce. Kolagenni vldkna s ptimési
vlaken elastickych urcuji zdkladni mechanické vlastnosti bubinku. Prostfedni vrstva bubinku
obsahuje i jemnou cévni a nervovou pleteti’. Prostfedni vrstva vznik4 béhem embryologického
vyvoje z tenké vrstvy mesenchymu, ktery se nachdzi mezi ektodermovym a endodermovym

zakladem bubinku.

Vnitini vrstva (lamina interna membranae tympani) bubinku je tvofena sliznici
sttedousni dutiny a jeji funkei je ochrana, vyména latek a vyziva prosttedni vrstvy bubinku.
Béhem embryonalniho vyvoje vznika tato vrstva z endodermu prvni zaberni vychlipky, kterd

dava zaklad pro vyvoj sluchové trubice a dutiny bubinkové.
Stiedousni sliznice

Sliznice stiedousi je tvofena jednovrstevnym plochym az kubickym epitelem. V obdobi
nitrodélozniho vyvoje plodu se ve stfedousi nachazi i loziska dlazdicobunécného epitelu, které
se oznacuji téz jako epidermoidni loziska a jejich perzistence po narozeni je povazovana za
mozny zéklad vrozeného cholesteatomu®. Epitel nased4 na jemnou lamina propria, ktera
plynule ptechazi v periost kosténého podkladu. Sliznice stejné¢ho typu piekryva jako stratum
mucosum vnitini plochu bubinku a rovnéz i sluchové kistky (malleus, incus a stapes), tvotrené

lamel6zni kosti.
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Z bubinkové dutiny ptrechdzi sliznice 1 do systému mastoidnich sklipkt (antrum

mastoideum et cellulae mastoideae) a ma zde podobnou skladbu.

Stiredousni kiistky

Kladivko a kovadlinka se svou histologickou strukturou podobaji spiSe dlouhym kostem,

tfminek ma stavbu odliSnou.

Ploténka tfminku je tvoiena chrupavkou, ktera plynule prechazi v anulus fibrosus a je
zevn¢ kryta tenkou kosti, ktera je pokryta stiedousni sliznici. Raménka tfminku jsou tvotfena
periostalni kosti a hlavicka enchondréalni kosti s vrstvou chrupavky v inkudostapedialnim

skloubeni.

Kladivko a kovadlinka jsou tvofeny na povrchu periostdlni kosti a uvnitf kosti
enchondralni. U novorozenct ma kladivko i kovadlinka rozsahlé dienové prostory, které mohou
perzistovat do dospélosti. Také dlouhy vybézek kovadlinky ¢asto miva vétsi dienové prostory,
které mohou vysvétlovat mensi mechanickou pevnost vybézku pfi chirurgickych vykonech a

Castou osteitickou resorpci pti chronickém stiedousnim zanétu.

Sluchova trubice

Sluchova trubice je kryta cylindrickym fasinkovym epitelem respira¢niho typu. Obsahuje
pohéarkové bunky, v podsliznicnim vazivu chrupavcité ¢asti jsou seromucindzni zlazky.
Nakupeni lymfatické tkan¢ ve sliznici sluchové trubice pifi jejim nosohltanovém Tusti je

oznacovano jako Gerlachova tonzila.

Anteromedialni 2/3 sluchové trubice jsou tvoreny chrupavkou, ktera je u novorozencii
¢isté hyalinni, v dospélosti piibyva elasticka komponenta, kterd je koncentrovana piedev§im v

misté spojeni medialni a lateralni lamely.
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Posterolateralni 1/3 sluchovéa trubice je kosténa. Probihd v tésné blizkosti karotického

kanalu, kde je oddéluje jen 1 mm tenka lamela kosti, kterd byva casto dehiscentni.
2.3 Embryologie stfedniho ucha

Poznatky o vyvoji stiedniho ucha jsou velmi diilezité k pochopeni toho, ze vyse zminéné
struktury — sluchova trubice, dutina bubinkova a pneumaticky systém spankové kosti spolu tizce
souvisi a tvofi jeden funkcni celek. Béhem 4. tydne embryondlniho vyvoje dochazi k vzniku
vychlipky z endodermu prvni zaberni Stérbiny, kterd se nazyva recessus tympanicus. Tato
vychlipka pfedstavuje spole¢ny zaklad pro celé stiedni ucho. Vychlipka se postupné prodluzuje
a jeji medialni Cast se stava zdkladem pro sluchovou trubici. Laterdlni ¢ast vychlipky se
postupné rozsifuje a vytvori primitivni dutinu bubinkovou. Tato se dostava do tésného kontaktu
s ektodermem prvni zaberni $térbiny, mezi tyto dvé vrstvy vristd mezenchym a vznikd tak
zaklad usniho bubinku. V 9. mésici vyvoje plodu se vytvoti antrum mastoideum a také zacina
vyvoj pneumatizace spankové kosti, ktery probihd i po narozeni. Stiedousni kistky vznikaji
z prvniho a druhého zaberniho oblouku z Meckelovy a Reichertovy chrupavky. Pouze medialni
¢ast ploténky tfminku ma ptvod v otické kapsule, ze které vznika vnitini ucho. Dutina
bubinkovéa se po narozeni jiz nijak zasadné neméni, naopak dochazi k dalsimu ristu a vyvoji
jak u sluchové trubice, tak u pneumatického systému spankové kosti’. To vie ma vyznam i

v patologii sttedousniho zanétu, predevsim v jeho CastéjSimu vyskytu u déti.
2.4 Fyziologie stiredniho ucha
Ventilace stiedniho ucha

Obecné¢ uznavanou teorii o regulaci tlaku ve stiedousi je kombinace vyrovnavani tlaku
prostfednictvim difuze ve stfedousni sliznici a vyrovnavani tlaku pies sluchovou trubici'®
" Vzdélenost mezi cévami a bazalni membréanou stfedousni sliznice se pohybuje od 70 um

v anteroinferiorni oblasti az po 40 pm v posterosuperiorni oblasti. Z téchto idaji je patrny
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signifikantni rozdil v mnozstvi vymény plynt prostfednictvim difuze mezi témito dvéma
oblastmi, kdy jasné pievazuje vyména plynt difuzi v posterosuperiornim kvadrantu'® '°.
SloZeni plynti ve stiedousni duting je odlisné od slozeni atmosférického vzduchu nebo vzduchu
v nosohltanu, naopak je velmi podobné sloZeni plynti v cévach stfedousni sliznice coz svédci o
efektivni vyméné plynti mezi sttedousim a cévami prostiednictvim difuze'®. Tlak ve stiedousi
je udrzovan tlakem oxidu uhli¢itého, kysliku, dusiku a argonu. Za normalni okolnosti dochazi
k pasivni difuzi plynti z kompartmentu s vy$Sim parcialnim tlakem do kompartmentu s nizsim
parcidlnim tlakem az do dosazeni rovnovahy. Oxid uhli¢ity rychle proniké z krevnich cév do
sttedousni dutiny, kyslik pomalu pronika ze stfredousi do cév a dusik s argonem pronikaji velmi
pomalu stejnym smérem, ze stfedousi do krevnich cév a tak se také podileji na poklesu tlaku ve
sttedousni dutiné'>. Vysledkem této vymény je absorpce plynu ze stiedousi do sliznice
v posterosuperiornim kvadrantu. Kontinualni absorpce vzduchu tak vede k trvalému deficitu
plynii ve stfedousi, tento je vSak nahrazovan pravidelnou aktivitou sluchové trubice. V kazdém

kompartmentu sttedousni dutiny by méla byt za fyziologickych okolnosti udrzovana rovnovaha

mezi Gbytkem plyni difuzi sliznice a dodavkou plynti z nosohltanu pies sluchovou trubici'.

Sluchové trubice je za normalnich okolnosti uzaviena a otvird se pfi polykani nebo pfi
zivani. Jeji otvirdni napomahd kontrakce svalu musculus tensor veli palatini'’. Uzavér sluchové
trubice je pasivni proces a neni zavisly na kontrakci né€jakého svalu. Je vyvolan ptiblizenim
stén sluchové trubice plsobenim zevni sily podptrnych tkani a elastickych vladken. U zdravého
¢lovéka se trubice otvird asi 1,5krat za minutu a doba otevieni je ptiblizné€ 0,5 sekundy. Béhem
jednoho otevieni dojde k transportu asi 0,0001 cm? vzduchu z nosohltanu do stfedousni dutiny,
za den je to 1 cm? '8, Rovnovaha v objemu a tlaku mezi nosohltanem a stfedousni dutinou je
regulovéna pomoci centralniho a periferniho nervového systému, ktery reguluje aktivitu svalt
sluchové trubice. Taktéz je ve stitedousni dutin€ systém chemoreceptorti a baroreceptord, které

reaguji na aktualni sloZeni a tlak plynt. Sluchova trubice umoznuje simultdnni transport dvou
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rozdilnych substanci, plynu ve sméru z nosohltanu do stfedousi v horni ¢asti lumen a tekutiny

ve sméru ze sttedousi do nosohltanu v dolni ¢asti lumen.

Je potieba fict, Ze v rdmci vlastni bubinkové dutiny je vytvofen za normalnich okolnosti
systém mikrocirkulace, kdy vzduch, ktery se pies sluchovou trubici dostal do anteroinferiorni

rox~

¢asti dutiny bubinkové dale postupuje do posterosuperiorni ¢asti a nadbubinkové dutiny.
Funkce prevodniho systému

Prevodni systém stiedniho ucha je tvofen bubinkem, kladivkem, kovadlinkou a
timinkem. Funkci pfevodniho systému je pievod mechanického vinéni ze zvukovodu do
vnitiniho ucha. Dochézi k pfeméné mechanické vinéni ze vzdusného prostiedi zvukovodu ve
vlnéni v tekutém prostiedi labyrintu. Ukolem pievodniho systému je tento pievod zefektivnit.
Na zesileni mechanického vinéni ma vliv pfedev§im pomér ploch bubinku a timinku (1:17),
selektivni pienos energie pouze na ovalné okénko labyrintu, mén¢ pak pakovy mechanismus

fetézu kustek.
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3 Stredous$ni zanét v détském véku
3.1 Akutni zanét stiredniho ucha

Akutni zanét sttedniho ucha (OMA — ofitis media acuta) je definovan ptitomnosti
zanétlivych zmén sliznice sluchové trubice, dutiny bubinkové a pneumatického systému

bradavcitého vybézku. Je doprovazen piiznaky akutni infekce dychacich cest.
3.1.1 Epidemiologie

Akutni zanét stfedniho ucha piedstavuje jednu z viibec nejcastéjSich nemoci détského
véku'? 20, Statistiky uvadi, ze do dvou let véku piekona alespoii jednu ataku tohoto onemocnéni
vice nez dvé tfetiny vSech déti?!. Naklady spojené s terapii akutniho stfedousniho zanétu
predstavuji ve Spojenych statech americkych asi 2,5 miliardy dolar ro¢né a obecné predstavuji
pomémé velkou zatéZ pro zdravotni systém?>. OMA piedstavuje nejéast&jsi diivod preskripce
antibiotik u déti v rozvinutych zemich?* 2* a také nejéastéjsi divod k chirurgickému zakroku

(myringotomie, adenotomie, zavedeni tlak vyrovnavajici trubi¢ky, antromastoidektomie)?>.

Prevalence OMA se liSi mezi jednotlivymi regiony, zavisi do znacné miry od stupné¢ rozvoje

dané krajiny, v rozvojovych zemich se pohybuje aZ kolem 10%72°.

Castéjsi vyskyt, vyssi riziko komplikaci i pozdnich nésledkd pozorujeme u déti s poruchou
imunitniho systému, u déti pfed¢asné narozenych a u déti s rozStépovymi vadami patra a
obliceje. Je to onemocnéni rané¢ho détského veku s celoroénim vyskytem, nizsi frekvence je

pak pozorovéna v lété.
3.1.2 Patogeneze

Existuji tfi mechanismy, kterymi dochéazi ke vzniku akutniho stfedousniho zanétu.
Prvnim a jednoznacné nejcCastéjsim je prestup infekce z hornich cest dychacich ptes sluchovou

trubici do dutiny bubinkové a pneumatického systému. Druhou moznosti je prestup infekce do
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dutiny bubinkové ze zevniho zvukovodu pii existujici perforaci usniho bubinku. Posledni

cestou je hematogenni Sifeni zdnétu naptiklad pti chiipce.

Ve vétsiné piipadi akutniho zanétu stfedniho ucha se jednd o virovou etiologii*’. Nejéast&jsimi
puvodci jsou rinoviry, adenoviry a influenza viry, méné casto pak cytomegalovirus, virus

herpes simplex nebo virus Epstein-Barrové.

Hlavni bakterialni pavodci akutniho zanétu stiedniho ucha jsou Streptococcus pneumoniae,
Haemophilus influenzae a Moraxella catarrhalis®®. Dnes jiz vime, Ze spektrum patogent se
v pribé¢hu c¢asu méni, predevSim v souvislosti s Casnou antibiotickou terapii a také se
zavedenim novych ockovacich vakcin. Do popiedi se dostavaji také moderni diagnostické
metody, naptiklad molekuldrni techniky, které umozni provést detailni analyzu mikrobiomu
nosohltanu nebo stfedousni zanétlivé tekutiny®. Tyto pilotni studie ukazuji, Ze spektrum
puvodci OMA muze byt jiné, nez se uvadi a na patogenezi se pravdépodobné podili i dalsi,
méné zndmé druhy mikrobii, které nejsou pifi béznych mikrobiologickych kultivacich na
standardnich piidach zachyceni®® 3!, Nové poznatky v této oblasti miizou zdsadnim zptisobem
ovlivnit preventivni (o¢kovani), diagnostické (kultivace vs moderni techniky) i terapeutické

postupy (antibiotika).
3.1.3 Vlastni prispévek k problematice

Vroce 2017 jsme publikovali v ¢asopise Cesko-slovenskd pediatrie &lanek
,Hemofilové infekce v ORL oblasti u déti pred a po zavedeni ockovani antihemofilovou
vakcinou® 32 (Ptiloha 1). Clanek prezentuje origindlni vysledky prospektivni studie, ktera
zkoumala, jak se zménilo spektrum bakteridlnich patogenti zplsobujicich akutni otitidy,
meningitidy otogenniho ptivodu a epiglotitidy v détském véku po zavedeni povinného plosného
ockovani vakcinou proti Haemophilus influenzae typu b (dale Hib) v Ceské republice. Nikdy

predtim nebyla v Ceské republice obdobna studie provedena. V ramci studie jsme sledovali 2
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soubory pacientii. Kontrolni soubor tvofily déti narozené pied rokem 2001, které nebyly
ockované vakcinou proti Hib. Sledovany soubor tvorily déti narozené po roce 2001, které byly
ockované vakcinou proti Hib. V kazdém souboru byly sledovany 3 skupiny déti: 1. s akutni
otitidou, 2. s otogenni meningitidou a 3. s epiglotitidou. Ve vSech piipadech jsme provedli
kultivaci odebraného materidlu s cilem identifikovat Hib jako ptavodce onemocnéni. V
kontrolnim souboru bylo odebrano celkem 205 stérti ze zevniho zvukovodu ke kultivaci u déti
s akutni otitidou po paracentéze. Hib byl nalezen jako plivodce v 26,3 %. U meningitid
otogenniho ptivodu byl Hib jako ptivodce nalezen pouze v 1 piipadé. V tomto souboru se

vyskytla epiglotitida u 8 déti a ve vSech ptipadech byl ptivodcem Hib.

Ve zkoumaném souboru bylo odebrano celkem 201 stért ze zevniho zvukovodu u déti s akutni
otitidou po paracentéze. Hib byl zachycen pouze ve 4,4 %. U meningitid otogenniho ptivodu
nebyl Hib vykultivovéan ani v jednom piipad€. V souboru ockovanych déti jsme epiglotitidu

viubec nezaznamenali.

Z vysledku této studie je patrny vyznamny pokles vyskytu Hib jako ptivodce u akutniho zanétu
sttedniho ucha, otogennich meningitid a epiglotitid ve skupin¢ o¢kovanych déti vakcinou proti
Hib. V souboru ockovanych déti nebyl zaznamenén zadny piipad meningitidy ani epiglotitidy
zpusobené Hib. Ockovani zarucuje téméf kompletni ochranu pfed zdvaznymi invazivnimi
onemocnénimi, v nasem pripadé pfed meningitidou a epiglotitidou a snizuje pocet akutnich
otitid vyvolanych Hib. Tato informace je velmi dilezité jak pro rodice, tak pro praktické 1ékaie
pro déti a dorost vrozhodovani o provedeni ¢i neprovedeni ockovani antihemofilovou
vakcinou. Poskytuje dikazy ve prospéch ockovani. Obdobné studie nabyvaji na dulezitosti

obzvlasté v dnesni situaci ,,proti-ockovacich® nalad ve spolecnosti.

3.1.4 Klinicka manifestace akutniho zanétu stiredniho ucha
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Dit¢ s akutnim zanétem stfedniho ucha si sté¢Zuje na bolest v uchu, ma piiznaky akutniho
zanétu hornich cest dychacich (ryma, kasel, ucpany nos) a mize mit zvySenou teplotu. U
kojencii se velmi Casto vyskytuje horecka, odmitani pfijmu potravy a tekutin, piipadné i
zvraceni. Pokud ma kojenec tyto priznaky, vzdy by mél podstoupit vySetfeni
otorinolaryngologem. V ptipadé, ze u ditéte jiz doslo ke spontanni perforaci usniho bubinku, je
patrny i1 vytok z ucha. Zakladem pro stanoveni diagnoézy je provedeni otoskopie, pti které¢ 1ékat
prohlédne detailn¢ usni bubinek. Podle nalezu na bubinku rozliSujeme tii stadia akutniho zanétu
sttedniho ucha, a to stddium inicidlni, stadium rozvinuté otitidy a stadium rozvinuté otitidy

s perforaci usniho bubinku.

V ptipadé¢ inicidlniho stadia pozorujeme usni bubinek se zvysenou cévni kresbou, ale jsou
zachované jeho typické kontury, struktury a postaveni. Pacient udava pocit zalehnuti ucha,
pichani az bolest v uchu, je neklidny, mize se vyskytnout i nauzea. Tympanometrické vysetieni

pro bolestivost neprovadime.

U stadia rozvinuté otitidy vidime, Ze usni bubinek je zarudly, prosakly a typicky
se vyklenuje smérem do zevniho zvukovodu pod tlakem zanétlivé tekutiny, ktera se hromadi ve
sttednim uchu. Pacient si st€Zuje na vyraznou az nesnesitelnou bolest ucha a mnohem c¢astéji

se vyskytuje nauzea. Tympanometrické vysetfeni pro bolestivost neprovadime.

Stadium rozvinuté otitidy s perforaci usniho bubinku je charakteristické pfitomnosti
zanétlivého vytoku v zevnim zvukovodu. Vytok mutze byt ser6zni ¢i serosanquinolentni u
virové otitidy, hnisavy pak u bakterialni otitidy. Po vycisténi zvukovodu je patrny prosakly,
macerovany bubinek se spontanni perforaci a vytokem z dutiny bubinkové. Pacient Casto jiz
neudava bolest ucha, tato pominula uvolnénim tlaku na bubinek po jeho spontanni perforaci.

Byva vsak pritomna prevodni nedoslychavost, kterd odezniva spolu s hojenim zanétu.

3.1.5 Terapie akutniho zanétu stfedniho ucha
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V ptipad¢ pacienta s inicialnim stadiem otitidy se bézné aplikuji do zevniho zvukovodu
usni kapky, Casto zaloZzené na alkoholové bazi, alkohol plisobi lokalni zklidnéni na bubinku.
Dale je nutné Iéc¢it infekt hornich cest dychacich, podavaji se analgetika, antipyretika,

antihistaminika a nosni kapky.

U pacienta se staddiem rozvinuté otitidy se postupy ¢asto lisi. Okamzitou ulevu od bolesti
prindsi protéti usniho bubinku (paracentéza, myringotomie), kdy dojde k uvolnéni zanétlivého
sekretu ze stfedousi do zevniho zvukovodu. Myringotomie je zdroven prevenci rozvoje
komplikaci OMA, ptedevsim u nejmensich déti. Dle dalSich ptiznaki a potizi pacienta se pak

eventualn¢ podavaji antibiotika (ATB).

Neexistuje jednoznacné doporuceni, kdy podat antibiotickou 1é¢bu. Obecné se k nasazeni
antibiotik ptiklanime, pokud se jedna o dité¢ do 2 let véku, je pfitomen hnisavy sekret ze
sttedousi, pacient ma horecku, pacient ma poruchu imunity nebo neni fadné ockovan, pripadné
mame podezieni na rozvoj komplikace. American Academy of Pediatric a American Academy
of Family Physicians aktualizuji pravidelné¢ doporucené postupy pro 1écbu OMA u déti.
Posledni aktualizace probéhla v roce 2019. Podavani ATB je doporuceno u vSech déti ve véku
6 az 23 mésict bez ohledu na tizi ptiznaki, dale u vSech déti nad 6 mésicii, pokud trva otalgie
déle nez 48 hodin nebo je zvysena teplota nad 39°C. V ptipadé nezavazného pribéhu se mize
1ékat rozhodnout vyckat s nasazenim ATB, musi vSak byt jasné definovan postup kontroly a
sledovani pacienta a zajisténi v€asného nasazeni ATB v ptipadé zhorSeni stavu. Lékem prvni
volby je potencovany penicilin, u alergie pak makrolidy. Lékem druhé volby jsou cefalosporiny
druhé generace®®. Nové poznatky v oblasti slizniéni imunity a genetiky pfinaseji nové pohledy
na patofyziologii OMA a lécebnou vizi budoucnosti piedstavuji 1éky, které se budou aplikovat

transtympanicky a budou pisobit lokalné v misté zanétu>*.

Lécba u pacienta, ktery prichazi se spontanni perforaci bubinku a vytokem z ucha se tidi

stejnymi postupy, jak je uvedeno vyse. V piipad¢, kdy provedeme myringotomii nebo ma
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pacient jiz spontanni perforaci, je velmi dilezita péce o zevni zvukovod. Zanétlivy sekret, ktery
vytéka ze sttedousi je obycejné velmi agresivni a miize zptisobit mokvani a ekzém kiize zevniho
zvukovodu. Rodi¢e jsou pouceni, aby né¢kolikrat denné zevni zvukovod vyplachovali

fyziologickym roztokem a Cistili ho.

Sledovani pacienta s akutni otitidou je individualni, obvykle provadime prvni kontrolni
vySetfeni po 3-5 dnech, dal$i pak za 10-14 dni. Sledovani pacienta ukoncime, pokud je
ptitomen zdravy celistvy bubinek, je normalizovan tympanometricky nalez a u spolupracujicich

déti 1 audiometricky nalez.

Lécebné postupy u akutniho zanétu stiedniho ucha se liSi nejenom mezi jednotlivymi
zemémi, ale 1 v ramci jednotlivych pracovist na konkrétnim izemi. Dodnes neexistuje jasny
konsenzus. V nékterych zemich vydéavaji odborné spolecnosti  (pediatrické a
otorinolaryngologické) narodni doporucené postupy pro léCbu otitidy, které pravidelné
aktualizuji*>>8. Je nutno zdfiraznit, Ze jednotlivé doporucené postupy se zna¢né lisi. Souvisi to
predevsim s konkrétni situaci a stavem zdravotnického systému v dané zemi, jednim
z klicovych faktorti je dostupnost otorinolaryngologa. V Ceské republice je velmi dobra
dostupnost, kdy podle vefejnych daji ptipada 1 otorinolaryngolog na 10 000 obyvatel*°. Timto
pomérem se naSe zemé fadi na popiedni misto v poc¢tu otorinolaryngologii na pocet obyvatel
v zemich Evropské unie. Otorinolaryngolog je tak osobou, kterd u nas vede diagnostiku a [éCbu
akutniho zanétu sttedniho ucha. V zapadnich zemich tuto roli obycejné piebiraji pediatii, kteti
nemaji tak velkou zkuSenost s vySetfovanim ucha (otoskopii), proto je v téchto zemich 1écebny
postup konzervativngj$i, mnohem méné se pouzivd myringotomie a mnohem castéjsi je
antibiotickd 1é¢ba*’. Rutinni pfedepisovani antibiotik u déti s OMA vede k vys§imu vyskytu
nezadoucich G¢inki a také ke zvySovani bakteridlni rezistence*'. V souvislosti s tim provedlo
mnoho rozvinutych zemi zménu doporucenych postupit pro 1écbu OMA u déti, kdy castéji
doporucuji sledovani pacienta a symptomatickou terapii a preskripce antibiotik ma byt
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vyhrazena jen pro definované skupiny (pifetrvavajici horecky, veék ditéte pod 2 roky,
oboustranny hnisavy zanét, riziko rozvoje komplikaci a podobn¢). Rozsahla analyza prokazala,
ze zavedeni novych narodnich doporucenych postupii mélo minimalni efekt na zmény
v 1éCebném pfiistupu lékaiti a k predepisovani antibiotik, ve vétSin€é zemi doslo k poklesu

preskripce antibiotik 0 maximalné 5 %, v nékterych zemich nedoglo k Z4dnym zménam*.

Jednou zmoznosti konzervativniho 1é¢ebného postupu OMA je provedeni
myringotomie. U ditéte v naSich podminkach se jedna o ambulantni zdkrok. V rukou zkuSeného
otorinolaryngologa je to pomérné jednoduchy a bezpecny vykon, je vSak nutno brat v potaz

mozné komplikace, v€etné zdvaznych.

3.1.6 Vlastni prispévek k problematice

Na toto téma jsme publikovali v zahranicnim Casopise International Journal of Pediatric
Otorhinolaryngology, ¢lanek ,,Post-myringotomy oto-liquorrhea in children - A case study and

literature review.*3

(Piiloha 2). V ¢lanku prezentujeme dilezitost myringotomie v terapii
OMA, predevsim okamzitou ulevu od bolesti a také je zdliraznén vyznam myringotomie jako
preventivniho kroku ke snizeni rizika rozvoje komplikaci OMA. Popisujeme ptipad dva a pul
roku starého ditéte, u kterého byla ambulantni cestou provedena myringotomie pro OMA. U
ditéte doslo do nékolika hodin od zékroku k rozvoji horecky, zvraceni, dit¢ odmitalo jidlo a piti
a zucha vytékala ser6zni sekrece. Vyslovili jsme podezieni, ze vytok zucha mize byt
mozkomisni mok, néasledné jsme provedli specidlni vysetieni, které nas tsudek potvrdilo.
Rozhodli jsme se pro provedeni operace, tympanotomie, kdy jsme po odklopeni bubinku spatiili
luxaci tirminku z ovalného okénka s vytokem nitrousni tekutiny. Jedna se o raritni, ale zdvaznou
komplikaci, kdy se neklidné dité pfi myringotomii cukne a dojde k poranéni timinku
chirurgickym nastrojem (kopickem). Jednda se o tak vzacny piipad, Ze neexistuji jasné

doporucené postupy, co dé€lat. Rozhodli jsme se vratit timinek do ptivodni polohy (luxace byla
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pouze ¢astecnd), provedli jsme tamponadu okoli ovalného okénka tukem a fibrinovym lepidlem
a bubinek vratili do pivodni polohy. Vzhledem k pomérné intenzivnimu vytoku nitrousni
tekutiny byla zaroven provedena i lumbalni punkce s cilem snizeni celkového tlakového
gradientu mozkomisniho moku. Pacient uzival antibiotika a kortikoidy a byl propustén do
domaéci péce ve vyborném stavu, bez teplot, bez zavrati, bez poruchy funkce licniho nervu.
Pacient je nadale sledovan a jelikoz dle vysSetfeni kmenovych evokovanych sluchovych
potenciali doslo k poskozeni sluchu, bude mu nabidnuta moznost rehabilitace nejnovejsimi
metodami. Upozornili jsme téz na fakt, ze pacient m¢l oboustranné vrozenou anomalii — usni
piiveésky (appendices preauriculares), které signalizuji 1 mozné anatomické anomalie stfedniho
ucha. Vysetfeni spankové kosti pocitacovou tomografii (CT) ukazalo, ze poloha tfminku i
ostatnich stiedouSnich kustek nebyla zcela standardni a toto mohlo pfispét k traumatické

iatrogenni luxaci tfminku.

Myringotomie je velmi u¢inny zakrok v 16écbé OMA a snizuje riziko rozvoje komplikaci,
u déti vSak jeho provedeni vyzaduje zkuSenost a je nutno myslet na mozné komplikace vykonu.
Jejich feseni si vyzaduje pfitomnost zkuSeného usniho chirurga. V détské otorinolaryngologii
se Casto setkavame s raritnimi ptipady a sdileni jejich feseni s dalSimi ¢leny odborné spolecnosti

je nenahraditelné.

3.1.7 Komplikace akutniho zinétu stfedniho ucha

Komplikace akutniho zanétu stfedniho ucha jsou znamy jiz z dob Hippokrata, ktery
poukazal na vztah vysoké teploty, mozkovych piiznakti a hnisavého vytoku z ucha. I mnoho
dalSich lékaii po ném naSlo tyto souvislosti, avSak az Morgagni jako prvni poznal, Ze
onemocnéni ucha je pri¢inou a postizeni mozku nasledkem. Postupem cCasu se menily
diagnostické i1 terapeutické postupy, 1 pfesto se jeSt¢ koncem minulého stoleti pohybovala

mortalita u téchto komplikaci kolem 33 %. Kli¢ovym momentem v 1écbé komplikaci OMA
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bylo zavedeni antibiotik do standardniho terapeutického protokolu. Poddvani antibiotik ma
vsak 1 jednu stinnou stranku, dochazi totiz k potlacovani typické klinické symptomatologie
téchto komplikaci. To vede k situacim, kdy i pifes zdanlivé lepSici se pribéh dochézi
k pozvolnému rozvoji prevazné nitrolebnich komplikaci. Dulezitym krokem v diagnostice

komplikaci bylo zavedeni magnetické rezonance (MR) a pocitacové tomografie (CT).

K rozvoji komplikaci OMA vede vice faktord. Pati sem pozdni ATB lécba, ptipadné
chybnd ATB lécba, poruchy imunitniho systému, pozdni provedeni myringotomie a také zde
existuji urCité anatomické predispozice. Zanét se Sifi pifimou erozi kosti, tromboflebitidou
drobnych zil, fyziologickymi cestami (dehiscence kosti, ovalné a okrouhlé okénko a jiné),
ptipadné pourazovymi ¢i iatrogennimi defekty kosti. Mezi faktory, které ovliviiuji Sifeni zanétu

patfi druh a virulence mikroba, celkovy stav organismu a dosavadni ATB lécba.

Komplikace OMA d¢lime do dvou velkych skupin, na komplikace intrakranialni a
extrakranialni. U intrakranidlnich se pouziva i déleni na komplikace prvni faze (zevné€ od tvrdé

pleny mozkové) a druhé faze (vnitin€ od tvrdé pleny mozkové) (Tabulka 1).

Komplikace prvni faze Zevni ohrani¢end pachymeningitida
Periflebitida
Epiduralni absces

Perisinudzni absces

Komplikace druhé faze Difuzni hnisava leptomeningitida
Mozkovy absces

Mozeckovy absces

Tromboflebitida nitrolebnich splavii

Subduralni empyém

Ostatni Oticky hydrocefalus
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Otogenni sepse

Tabulka 1: Déleni komplikaci stfedousniho zanétu dle vztahu k tvrdé plené mozkové.

U déti jsou mnohem castéjSi komplikace extrakranialni, souvisi to s anatomickymi
predispozicemi (vysoko ulozené antrum, tenkd vrstva sklerotické kosti nad bradavcitym

vybézkem).

Mezi extrakranialni komplikace patii akutni mastoiditida, subperiostalni absces,
Mouretiiv absces, Bezoldlv absces, paréza licniho nervu, labyrintitida, petrositida a

senzorineuralni nedoslychavost.

Zvlastni kategorii komplikaci pak pfedstavuje oticky hydrocefalus a otogenni sepse.

3.1.8 Symptomatologie komplikaci stfedousniho zanétu

Klinickd manifestace komplikaci stfedousniho zanétu zavisi na mnoha faktorech,
predevS§im na plvodci zanétu, jeho virulenci, na stavu imunitniho systému jedince, na
dosavadni 1écb¢ véetné podavani antibiotik a svou roli zde hraji i anatomické predispozice. |
proto se setkavame u nekterych pacientii a rychlym rozvojem komplikace a plnou manifestaci,
jindy je naopak rozvoj komplikace pozvolny, déle trvajici, ¢asto maskovan dosavadni

antibiotickou 1é¢bou.

3.1.9 Diagnostika komplikaci stfredousniho zanétu

Zakladem diagnostiky komplikaci stfedousniho zanétu je peclivé klinické vySetfeni
otorinolaryngologem. Nemén¢ dulezité je vSak i1 vysetfeni laboratorni a vyuziti modernich

zobrazovacich technik.

Z laboratornich vysetfeni bézn¢ provadime vySetieni krevniho obrazu, hladiny C-

reaktivniho proteinu (CRP) a sedimentace, zakladnich biochemickych markert a koagulace.
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V ptipad¢ rozvoje nitrolebnich komplikaci (meningitida) provadime lumbalni punkeci,
kterda méa vyznam diagnosticky a v nékterych piipadech i terapeuticky (snizeni nitrolebniho

tlaku).

Ze zobrazovacich metod vyuzivame ptfedev§im CT vySetfeni s nitroziln¢ podanym
kontrastem. CT ndm zobrazi abscesové lozisko a poskytne ndm detailni pohled na anatomii
spankové kosti, coz je klicové pro usniho chirurga. Pfi podezieni na trombdzu nitrolebnich
splavii provadime standardn¢ MR angiografii s podanim kontrastni latky. Standardné se
vyuziva i ultrazvukové vysetieni krku, které umozni posoudit pritok krve ve vnitini jugularni

zile.

3.1.10 Lécba komplikaci stifedousniho zanétu

Lécba komplikaci stfedousniho zanétu je v soucasnosti jednozna¢n€¢ multioborovou
zalezitosti. Zakladem terapie je podavani vhodné kombinace antibiotik, a to v dostatecné
vysokych davkach a po dostatecn¢ dlouhou dobu. Je idedlni, pokud se volba ATB odviji od
vysledki kultivace zanétlivého materiali a pokud se na vybéru podili svymi zkuSenostmi

infektolog nebo Iékar antibiotického stiediska.

Dulezitym krokem, ktery by mél byt proveden bez odkladu je myringotomie. Ta ndm

zajisti drendz stiedousi a snizi tlak zanétlivé tekutiny ve spankové kosti.

V ptipadé¢ nitrolebnich komplikaci, neustupujicich potizich nebo zhorsujicimu se stavu je
indikovana chirurgickd 1écba jejimz zakladem je provedeni antromastoidektomie. Pokud je

pfitomen i nitrolebni absces, je indikovana neurochirurgicka intervence.

V ptipad¢ trombdzy nitrolebnich splavii se podava antikoagulacni 1écba. Podplirnou
1écbu zahrnuji kortikoidy, analgetika a dalsi. V pfipad¢€ nutnosti snizeni nitrolebniho tlaku

provedeme lumbalni punkeci.
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3.1.11 Vlastni prispévek k problematice

V roce 2015 jsme publikovali v zahrani¢nim ¢asopise International Journal of Pediatric
Otorhinolaryngology raritni komplikaci OMA u ditéte: ,,Pott's puffy tumor: A rare complication
of acute otitis media in child: A case report.“* (Pfiloha 3). Jednalo se o subperiostalni absces,
ktery vzniknul nad loziskem osteomyelitidy lebe¢ni kosti a nazyva se Pottiiv tumor. Do této
doby byl v odborné literatute popsan pouze jeden ptipad u dospélého pacienta a jeden piipad u
desetilet¢ho ditéte s akutni mastoiditidou. Jednd se o typicky ptipad komplikace OMA, jejiz
ptiznaky jsou maskovany podavanim ATB terapie. Dité bylo n¢kolik dni 1é¢eno pro OMA,
nedochézelo vSak ke snizeni horecky a ptidavala se inava a spavost. Az nésledna vysSetieni
pomoci zobrazovacich metod poukéazalo na kombinaci intra a extrakranialni komplikace. Byla
provedena okamzita chirurgickd intervence, antromastoidektomie, evakuace hnisu, ktery
vytékal pod vysokym tlakem a odstranéni veskeré zanétem postizené kosti. Pacient dostaval
trojkombinaci antibiotik. V ¢lanku jsem poukazali na fakt, ze akutni stfedouSni zanét u déti je
jednou z nejcastéjsich diagnoéz, s velmi dobrou diagnostikou a 1é¢bou, ale porad se vyskytuji
komplikace, vcetné téch, které mohou dité¢ ohrozit na zivoté. Na tyto komplikace musime
neustale myslet, stejné jako na fakt, ze jejich priib¢h je maskovan dosavadni 1é¢bou a neni tak
pln¢ vyjadrena jejich typicka klinicka symptomatologie. V piipadé nejasnych, a predev§im
nelepSicich se potizi, je vzdy na mist¢ provést zobrazovaci vysetieni, které piipadnou
komplikaci potvrdi. Nutnd je pak urgentni chirurgicka intervence, protoze i zde plati stara
chirurgicka zasada ,,ubi pus, ibi evacua“. Adekvatni antibiotickd terapie a multioborova

spoluprace v péc¢i o komplikovaného pacienta jsou samoziejmosti a je ve prospéch pacienta.

Zakladnim chirurgickym vykonem v 1écbé komplikaci akutniho stfedousniho zanétu je
antromastoidektomie. Principem operace je otevieni pneumatického systému mastoidu a
uvolnéni aditu. Operace se provadi v celkové anestezii, v poloze na zadech, provede se
retroaurikularni fez, obnazi planum mastoideum a pomoci frézy a fezacich vrtaki se snasi kost.
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Je nutné brat zietel na dulezité anatomické struktury, které jsou zaroven orientacnimi body,
jako je lateralni polkruhovity kanalek, esovity splav, plotna stfedni jamy lebni, sinoduralni thel,
incisura mastoidea, aditus a kratky vybézek kovadlinky. Standardni operace koncéi po
odstranéni vSech zanétem postizenych sklepli a uvolnéni aditu. Antromastoidektomie (AMT)
se pouziva téz v terapii chronickych forem stfedousniho zanétu nebo jako piistupova cesta u

kochlearni implantace. Jeji bezpecné provedeni by mél ovladat kazdy usni chirurg.
3.1.12 Vlastni prispévek k problematice

Na nasem pracovisti jsme pozorovali pokles v po¢tu provedenych antromastoidektomii,
proto jsme se rozhodli pro provedeni analyzy, kterou jsme nasledné publikovali v ¢asopise
Otorinolaryngologie a foniatrie: ,,Antromastoidektomie v détském véku.“® (P¥iloha 4). Studie
ukdazala, ze ve sledovaném obdobi 1997-2013 (17 let) doslo k poklesu po¢tu provadénych AMT
az o 82 %, dale k obraceni poméru akutnich a planovanych vykona ve prospéch planovanych
operaci. Pokles indikaci k provedeni AMT u akutnich stavii je podminén efektivni, v€asnou
a racionalni antibiotickou terapii, ktera je zdroven i prevenci komplikaci akutniho stfedouSniho

zanétu.

Pokles planovanych operaci u chronickych sttedousnich zanéti Ize dat do souvislosti se
zlepsenim diagnostickych procesii (otomikroskopie, CT, MRI), v€asném zachyceni nemoci
v ptiznivéjSich stadiich i1 zavedeni pouziti tlak vyrovnavajicich trubicek v terapii recidivujici
akutni otitidy i chronického stifedousniho zanétu. Dulezitou roli zde hraje také dobra dostupnost
péée otorinolaryngologa v CR. V souvislosti s antibiotickou terapii, rutinné provadénou

paracentézou urozvinuté akutni otitidy a vcéasnym zachytem klesd ipocet zanétlivych

komplikaci akutniho stifedousniho zanétu.

Dale jsme identifikovali zménu v zastoupeni mikrobidlnich ptivodci u akutni

mastoiditidy. Do roku 2009 byl nejcastéj$im patogenem S. pneumoniae (31 %), od roku 2009
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byl hlavnim patogenem shodné S. pyogenes (13 %) a S. peumoniae (13 %), dale H. influenzae
(11 %). Méné casto se uplatnily dal§i bakterie (S. aureus, Pseudomonas aeruginosa,
Enterococcus a dalsi). Pokles nalezu S. pneumoniae od roku 2009, jako piivodce akutni
mastoiditidy vedouci k AMT, koresponduje scelkovym poklesem invazivnich
pneumokokovych onemocnéni u déti v CR (8). D4 se tak piedpokladat efektivita zavedeni
plosného ockovani polyvalentni pneumokokovou vakcinou, ktera je prokazana i v jinych

zemich (6, 13, 17).

Nase vysledky jednoznaéné dokazuji, ze provedeni AMT u akutni mastoiditidy ptindsi
pro vétsinu pacientll vyznamny benefit, urychluje proces hojeni akutniho zanétu, minimalizuje
riziko rozvoje intrakranidlnich komplikaci a recidiv akutniho stfedousniho zanétu a predstavuje
dobrou prevenci vuci rozvinuti chronickych zanétlivych zmén stfedousi a bradavcitého
vybézku. Z uvedenych skutecnosti se Ize domnivat, ze pocet détskych pacientti, kteti budou
muset podstoupit provedeni AMT (akutni i planované), bude v budoucnu v CR i nadéle klesat.
Z tohoto divodu vyvozujeme, Ze je nutné soustfedit tyto pacienty na vyssSi specializovana
pracoviste, kterd maji dostatek zkusenosti a trénovaného usniho chirurga. Pro mladé lékate
bude beze sporu t€zsi prakticky nacvik této operace v klinickém provozu. Je namisté, aby
vznikaly laboratofe pro vyuku usni chirurgie pfi klinickych pracovistich, kde bude mozné

trénovat na kadaverech.
3.2 Chronicky stifedousni zanét v détském véku

Chronicky zanét sttedniho ucha (otitis media chronica - OMCH) ptedstavuje ireverzibilni
zanétlivé zmeny stiedniho ucha trvajici déle nez 6 tydnii. U dospélych se typicky manifestuje
zapachajicim vytokem zucha, pfevodni nedoslychavosti a pfitomnosti perforace usniho
bubinku. Nebyvaji pfitomny znamky akutniho zanétu stfedniho ucha, jako je zvysena teplota,

ryma, bolesti ucha nebo zvysené hodnoty zanétlivych parametra (CRP, leukocyty).
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Klasifikace chronického stfedousniho zanétu neni zcela jednotna. V praxi se pouziva
déleni na chronicky stiedousni zanét epitympanalni, ktery je Castéji asociovan s vyskytem
cholesteatomu a mezotympandalni, u kterého se vyskytuje perforace a intermitentni vytok

z ucha. Mnoho autort toto déleni povazuje za nevhodné ¢i nedostacujici.

V roce 2005 byla ustanovena nova klasifikace (Nadol), kterd rozliSuje tfi kategorie:
chronicky aktivni stfedousni zanét, chronicky neaktivni sttedousni zdnét a chronicky neaktivni
sttedousni zanét s Castou reaktivaci. Tato klasifikace podle autorti blize charakterizuje klinicky

stav?*.

Na nasem pracovisti vidime u déti jasnou posloupnost a typicky vyvoj chronického

sttedousniho zanétu v ¢ase (Obrazek 1).

Akutni zanét stfedniho ucha
Recidivujici akutni zanét stredniho

OMCH - sekretoricky

OMCH - adhezivni

Obrazek 1: Typicky vyvoj chronického sttedousniho zanétu v ¢ase u déti.
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Z tohoto schématu je patrné, ze k vyvoji OMCH dochazi vétSinou u déti, které maji
v anamnéze jiz prob¢hly akutni stftedousni zanét, nebo recidivujici formu akutniho stitedousniho
zanétu (3 avice akutnich stfedousnich zanétt za ptl roku). Tento fakt se shoduje i s naSim
pozorovanim, kde ve studii u déti s retrakéni kapsou usniho bubinku jich az 76 % trpélo na

recidivujici akutni sttedousni zanét*’.
3.2.1 Chronicka sekretoricka otitida

U détskych pacientii je nejcastéjsi formou OMCH chronickd sekretoricka otitida
(OMCHS). Ta je definovana ptitomnosti tekutiny za celistvym usnim bubinkem po dobu
nejméné 3 mésicll. Zaroveri nejsou piitomny znamky akutniho stfedousniho zanétu*®. Prave

kvtli ptitomnosti sekretu ve stfedousi se ¢asto oznacuje jako ,,glue ear neboli klihové ucho.

Hlavni pfic¢inou rozvoje OMCHS je dysfunkce sluchové trubice. V dusledku toho je
porusena jak funkce drendzni, tak ventilacni. Pfi déletrvajicim problému dochazi k rozvoji
trvalého podtlaku ve stfedousi, méni se i sloZzeni plynt. Sliznice reaguje zmnozenim
poharkovych bunék a vznika patologicky sekret rtizné konzistence a barvy od fidkého az po
velmi husty organizovany hlen. Piitomnosti sekretu ve stfedousi je omezen pohyb bubinku i
sttedousnich kistek, proto je typickym piiznakem prevodni nedoslychavost. Pravé
nedoslychavost piivadi rodi¢e s ditétem k otorinolaryngologovi. Casto se vyskytuje i pocit tlaku

v uchu.

Diagnostika je zalozena na otoskopii, tympanometrii a vysetieni sluchu. Pti otoskopii
vidime vétSinou castecné vpaceny bubinek, za bubinkem je pfitomna hladina tekutiny nebo
bubliny vzduchu v tekutiné. Pfi provedeni pneumatické otoskopie je patrno omezeni pohybu
bubinku. Pokud dité spolupracuje a je mozné provést audiometrické vysetfeni vidime na
audiogramu pfevodni nedoslychavost. Tympanometrie ndm ukazuje typicky plochou kiivku

typu B.
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Lécba muze byt konzervativni nebo chirurgickd. Existuje mnoho studii, které hodnotily
vliv riznych medikamentt v 1¢écbé OMCHS (nosni kortikoidy, antihistaminika, nosni kapky,
antibiotika) u vSech se vsak potvrdil pouze kratkodoby efekt medikace*>!. Jedinou efektivni

konzervativni 1é¢bu  pfedstavuji autoinsuflaéni techniky®>.

Jejich princip spociva
v provzdusiovani stfedousi zvySenim tlaku v hornich dychacich cestach za soucasného

polykani. Nahrazuje se tak ventila¢ni funkce sluchové trubice.

Zakladem chirurgické 1écby OMCHS je protéti usniho bubinku, odsani sekretu ze
sttedousi a zavedeni tlak vyrovnavajici trubicky do bubinku (TVT). Tato trubic¢ka pak ptisobi
v bubinku dlouhodobou perforaci a slouzi k nahrazeni narusené ventila¢ni funkce sluchové
trubice, minimalizuje podtlak ve stfedousi a jeho nasledky. Soucasti 1é¢by byva standardné i
vySetfeni a pfipadné odstranéni zbytné¢lé hltanové tonsily (adenoidni vegetace), i kdyz nékteré
prace a doporuceni poukazuji na fakt, ze tento zakrok neni pro funkci sluchové trubice zasadni,
protoze zdkladnim problémem neni obstrukce sluchové trubice v nosohltanu, ale porucha jeji
funkce jako celku®®. Adenotomie miize téz piedstavovat rizika pro nékteré skupiny déti,

naptiklad s roz§tépovymi vadami®.

Indikace k chirurgické 1é¢bé predstavuje pievodni nedoslychavost vice nez 30 decibeld,
nedostateny vyvoj feci, soucasné pritomna té¢zka vada zraku a strukturni defekty na bubinku

(retrak¢ni kapsa, adhezivni proces nebo atelektaza).

Rizikovou skupinou pro rozvoj OMCHS jsou déti s kraniofacidlnimi deformitami,
predevsim pacienti s roz§tépem patra, u ktery je porucha funkce sluchové trubice ptitomna vzdy
a dlouhodobe&>®>8. Zavedena TVT v bubinku pacientovi nijak nevadi, diileZita je ochrana usi
proti vniknuti vody pfi koupani. Také je vhodné zavadét TVT od vyrobct, ktefi garantuji
bezpecné absolvovani vySetfeni pomoci magnetické rezonance bez nutnosti extrakce TVT.
Antromastoidektomii provadime v ptipad¢ chronickych zanétlivych zmén na CT spankové

kosti.
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U déti, které trpi na OMCHS a nedafi se nam konzervativni ani chirurgickou lé¢bou
dostateCn¢ eliminovat dysfunkci sluchové trubice, nebo jsou déti neadekvatné 1écené,
pozorujeme postupny piechod do dalSich forem chronického stfedousniho zadnétu, objevuje se

retrakéni kapsa, destrukce stiedousSnich kiistek, uplna atrofie bubinku s rozvojem atelektazy

24

Chronicky stfedousni zanét patii mezi nejveétsi oblast mého profesniho zajmu. Publikoval
jsem nékolik praci, které se vénuji tomuto tématu a poukazuji na moznosti diagnostiky, terapie

i komplikaci*>*% 33, Také upozoriiuji na asto podcefiovanou dynamiku onemocnéni. Progrese

4
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nebo vznik cholesteatomu.
3.2.2 Chronicky adhezivni zanét stifedniho ucha

Chronicky adhezivni zanét stiedniho ucha (OMCHA) je charakterizovan pfitomnosti
strukturnich abnormit usniho bubinku nebo stfedousi. Na bubinku se jedna typicky o vyskyt
retrakéni kapsy. Ve stiedousi mohou vznikat v disledku opakovanych akutnich zanéth nebo
pii dlouhodobém sekretorickém zanétu vazivové sristy, které omezuji hybnost ktstek. Také
muze dojit k ukladani vapniku a vzniku vapenatych inkrustaci na bubinku (coz omezuje jeho
pohyblivost) nebo i na riznych mistech v dutin¢ bubinkové, vcetné ploténky tfminku, ktera se

tak stava fixovanou a zvuk se nepienasi do vnitiniho ucha.

Retrak¢ni kapsa usniho bubinku (RK) je lokalizovana oblast bubinku vpac¢ena smérem do
bubinkové dutiny. Zatim co zdravy usni bubinek, je popsan jako relativné tuha, elasticka
membrana bez tendence ke kolapsu, je RK poddajnd astendenci ke kolapsu do dutiny

bubinkové. RK se mize vyskytovat ve vSech kvadrantech pars tensa bubinku, stejn¢ tak mutize

34



postihovat oblast pars flaccida. Miize postihovat i obé Casti bubinku zaroven. Jako hlavni
pricina vzniku RK se uvadi ptisobeni dlouhotrvajiciho nebo recidivujiciho podtlaku ve stiednim
uchu, ktery je zptisoben predevsim poruchou funkce Eustachovy trubice®-®!. V dostupné
literatufe jsou 1 studie, které tvrdi, ze v patogenezi vzniku RK se uplatiiuje pfitomnost
mesenchymu nebo zanétlivé reakce v ndvaznosti na otitidu ve stiednim uchu, predevsSim
v zadnim hornim kvadrantu pars tensa a v oblasti pars flaccida, coz jsou dvé mista typicka pro
vznik retrakéni kapsy a atelektdzy. Nekteré prace poukazuji na to, ze bez zanétu retrakce
nevznika” 3. Nové teorie konstatuji, Ze vznik RK je souéésti pfirozenych mechanizmii hojeni

v oblasti dutiny bubikové®?.
Klasifikace retrakénich kapes

V soucasnosti se celosvétoveé pouzivaji prevazné tii klasifikacni systémy retrakénich
kapes. Pro RK v oblasti epitymana je urcena klasifikace dle Tose, v oblasti mesotympana

klasifikace dle Sadého a pro obé¢ oblasti je mozno pouzit klasifikaci dle Charachona.

Klasifikace dle Sadého nezahrnuje délku trvani, ptitomnost ¢i nepiitomnost adhezivnich

zmen, které souvisi s reverzibilitou i dalsi faktory (Tabulka 2).

Sadé¢ 1 mirna retrakce bez kontaktu bubinku s inkudostapedialnim skloubenim,

prominence kratkého vybézku kladivka

Sadé¢ 11 kontakt bubinku s kovadlinkou nebo inkudostapedialnim skloubenim
Sadé III kontakt bubinku s promontoriem bez fixace
Sadé IV kontakt bubinku s promontoriem s fixaci, adheze do sinus tympani

Tabulka 2: Retrakce pars tensa, klasifikace dle Sadého®’.

Tos a Poulsen vytvortili klasifikaci retrakénich kapes v oblasti epitympana zalozenou na

rozsahu a zavaznosti®. Retrakéni kapsy déli na akutni, pokud trvaji méné nez 3 mésice a
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chronické, které trvaji 3 a vice mésictu. Klicové faktory, které reflektuji progresi a zavaznost

retrakcni kapsy uvadi Tabulka 3. Klasifikaci epitympanalich RK dle Tose uvadi Tabulka 4.

Vztah ke strukturam | Kontakt nebo adheze ke stiedousnim kustkam: kovadlinka,
sttedniho ucha kovadlinko-tfminkové skloubeni, tfminek, hlavicka kladivka,

nebo k jinym strukturdm jako je promontorium.

Expanze v souvislosti | Cela retrak¢ni kapsa je nebo neni schopna vratit se do ptivodni
s tlakem polohy pfi pouziti pneumootoskopu nebo pii inhalaci

anesteziologickych plynii v celkové anestezii.

Rozsah vizualizace Zdali je cela retrak¢ni kapsa viditelna pfi vySetieni nebo je jeji
¢ast neprehledna i1 pii aplikaci tlaku do stfedousi, lokalizace

v sinus tympani, recessus facialis, epitympanum).

Samocistici schopnost a | Zdali je retrakéni kapsa klidna se zachovalou samocistici
pritomnost infekce schopnosti a migraci povrchového epitelu nebo ne, zdali je

ptitomna debris, krusty, nebo hnisavy obsah.

Tabulka 3: Klicové faktory reflektujici progresi a zavaznost retrak¢ni kapsy.

S témito ndzory se ztotoznujeme i na naSem pracovisti a jejich hodnoceni povazujeme za

velmi dualezité v rozhodovani o chirurgické 1é¢bé retrakéni kapsy v détském véku.

Tos I lehka retrakce pars flaccida bez kontaktu s kr¢kem kladivka

Tos II kontakt pars flaccida s krckem kladivka bez eroze kosti

Tos IIT kontakt pars flaccida s krckem kladivka s erozi kosténého anulu

Tos IV kontakt pars flaccida s kr¢kem a hlavickou kladivka s erozi kosténé¢ho anulu.

Tabulka 4: Retrakce pars flaccida, klasifikace dle Tose®.
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Dalsim, Casto pouzivanym klasifikacnim systémem, je hodnoceni retrak¢ni kapsy dle

Charachona. Tento systém povazujeme za jednoduchy pro klinickou praxi a efektivni

v rozhodovani o konzervativni nebo chirurgické 1é¢b¢ retrakéni kapsy u déti.

Charachon I Retrak¢ni kapsa kontrolovatelna, nefixovana.
Charachon II Retrak¢ni kapsa kontrolovatelna, fixovana.
Charachon III Retrak¢ni kapsa nekontrolovatelna, fixovana.

Tabulka 5: Ohranicen4 retrakéni kapsa, klasifikace dle Charachona® .

Obrazek 2: Retrakeni kapsa pars tensa, Charachone II (Urik 2017).
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Obrazek 3: Retrakeni kapsa pars tensa, Charachone III (Urik 2017).

Z klinického hlediska délime retrakéni kapsy na reverzibilni a ireverzibilni.®’

U reverzibilnich retrak¢énich kapes miize dojit k jejich spontanni tipravé samovoln¢ nebo
po terapii (adenoidektomie, zavedeni ventilacnich trubicek, antromastoidektomie, rezimova
opatteni a dalsi). U ireverzibilnich je na misté chirurgické intervence v souvislosti s klinickym

stavem

V odborné vetejnosti se pravidelné diskutuje o patogenezi retrakéni kapsy, o dynamice
jejiho vyvoje, a predevSim o vztahu k cholesteatomu. Vzhledem k tomu, ze jsem nékolik let
pisobil jako odborny asistent na Ustavu histologie a embryologie LF MU v Brng, rozhodl jsem
se zaméfit svlj vyzkum praveé na patogenezi a strukturu retrakéni kapsy usniho bubinku u déti
a potvrdit nebo vyvratit retrak¢ni teorii vzniku cholesteatomu. Tato teorie tvrdi, Ze retrakcni
kapsa predchézi vyvoji cholesteatomu. V soucCasnosti existuje omezeny pocet praci
zabyvajicich se histologickou analyzou retrakéni kapsy pars tensa uSniho bubinku a jejiho

vztahu k cholesteatomu v détském véku.

3.2.3 Vlastni prispévek k problematice
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V prvni fazi vyzkumu byla provedena histologicka a histochemicka analyza. Jednalo se
o prospektivni studii, ve které bylo histologicky vysetieno 31 retrak¢nich kapes pars tensa
usniho bubinku odebranych béhem standardnich planovanych operacich u détskych pacientd.
Jednalo se o RK stadia II a III dle Charachona, bez znamek progrese cholesteatomu. Vysledky
studie jsme publikovali v Casopise International Journal of Pediatric Otorhinolaryngology:

,Histological analysis of retraction pocket pars tensa of tympanic membrane in children“’

(Ptiloha 5)

Indikace k operacnimu feSeni RK byly: nedoslychavost v souvislosti s RK, nebo
otomikroskopicky sledovana progrese onemocnéni. Ze studie byly vylouceny piipady RK
s klinickymi znaky cholesteatomu a RK, které nebylo mozno odstranit vcelku. Ve vSech
ptipadech nasledovala po odstranéni RK rekonstrukce bubinku chondroperichondriovym
Stépem ztragu. VSichni pacienti podstoupili predoperacni vysetieni zahrnujici odebrani
anamnézy, otomikroskopické vysetieni, tympanometrické vysetfeni a audiometrické vysetieni

sluchu (ténova audiometrie).

Retrak¢ni kapsy byly rozdéleny do 2 skupin dle klasifikace dle Charachona (II — RK
kontrolovatelna, fixovana, III — RK nekontrolovatelna, fixovana). RK stadia I (kontrolovatelna

a nefixovand) standardn¢ neoperujeme.

Z odebranych vzorki byly zhotoveny histologické fezy, které byly barveny zékladnim
histologickym barvenim hematoxylin-eozin. K upfesnéni pozorovanych nalezli byla pouzita
barveni k priikkazu kolagenniho vaziva dle Van Giesona, k prukazu elastickych vlaken barveni
dle Verhoeffa, k prikazu kyselych mukopolysacharidi barveni metodou Alcian a k prukazu

polysacharidl v bazalni membrané metoda PAS (Periodic Acid Schiff).

Naslednou analyzou jsme zjistili nékolik zajimavych poznatkd. Popsali jsme histologické

znaky jako je hyperkeratoza, prorustajici epitelové Cepy (rete pegs), subepitelidlni zanétlivy
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infiltrat, hypervaskularizaci a degenerativni zmény prostiedni vrstvy bubinku s pfitomnosti
fragmentovanych elastickych vldken s vysokou cetnosti. Délka i1 tlouStka retrakéni kapsy,
tlouStka epidermis a vyskyt rete pegs byly vétsi ve skupiné III nez II, zvySoval se i podil
fragmentovanych elastickych vlaken. Sv&d¢i to o faktu, Ze v ptipadé RK se jedna o progresivni

onemocnéni, vedouci ke vzniku cholesteatomu.

Obrazek 4: Histologie, Basket hyperkeratoza ( ‘), barveni HE, (200x) (Urik 2017).
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Obrizek 5: Histologie, Epitelové ¢epy ( % ), barveni HE, (200x) (Urik 2017).

Na toto téma jsem obhdjil svou dizerta¢ni praci ,, Histologicka a histochemickd analyza

retrakéni kapsy pars tensa uSniho bubinku u déti, 2017.%

Druha faze vyzkumu retrakéni kapsy se zamcéfila na imunohistochemickou analyzu.
Vysledky jsme publikovali v ¢asopise International Journal of Pediatric Otorhinolaryngology:
,Immunohistochemical analysis of retraction pocket pars tensa of tympanic membrane in

children“®® (Ptiloha 6)

Imunohistochemie byla provadéna na parafinovych fezech o sile 2-3 pm v automatu
Benchmark XT (Ventana Medical Systems, Inc.). V optickém mikroskopu typu BX45 firmy
Olympus byla kvalitativné hodnocena pozitivita cytoplazmy a bunééné membrany u protilatek
D2-40 a CD31, cytoplazmaticka pozitivita u protilitky MMP9 a membranova pozitivita
u protilatky CD45 LCA. Jaderna exprese byla vyjadfena kvantitativné u protilatky Ki67.
Popsali jsme zmény na trovni imunohistochemie, kdy jsme prokazali, ze u retrakénich kapes

stadia III dle Charachona je signifikantn¢ vyss$i vyskyt Ki67 (hyperproliferace), CD31
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(novotvorba cév), CD45 (zénéct) a D2-40 (lymfatické cévy) nez u stadia II. Naopak jsme na
rozdil od né€kterych autorti nepozorovali poruchu kontinuity bazdlni membrany. U obou stadii

retrakéni kapsy jsme s vysokou €etnosti pozorovali vyskyt MMP9 (degenerace pojivové tkané).

Obrazek 6: Imunohistochemie, Ki-67 (t) v oblasti rete pegs (200x) (Urik 2019).
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Obrazek 7: Imunohistochemie, CD31 (=) — kapilary, (200x) (Urik 2019).

42



Obrazek 9: Imunohistochemie, D240 (=), lymfatické cévy (200x) (Urik 2019).
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Obrazek 10: Imunohistochemie, MMP9 (l) v bubinku (200x) (Urik 2019).

NaSe pozorovani svéd¢i o tom, Ze v piipadé retrakéni kapsy se jednd o progresivni
onemocnéni, které muze vést ke vzniku cholesteatomu. Uvedené nalezy podporuji inaSe
rozhodovani o v€asném opera¢nim feSeni RK pars tensa usniho bubinku, obzvlasté stadia III
dle Charachona. Na zaklad€ naSich pozorovani povazujeme retrakéni kapsu pars tensa usniho

bubinku u déti jednoznaéné za precholesteatomové stadium.

3.2.4 Vlastni prispévek k problematice
Poznatky z nékolikaletého vyzkumu patogeneze retrakéni kapsy usniho bubinku u déti
jsem publikoval v ¢asopise Medicina: ,,Pathogenesis of Retraction Pocket of the Tympanic

Membrane—A Narrative Review*® (Pfiloha 7).

Smyslem c¢lanku bylo shrnout sou¢asné poznatky védy v této oblasti a obohatit je 0 ndmi
ziskana data z histologickych studii. Poukazuji na fakt, Zze dlouho uznévané tvrzeni, ze za vznik
retrakéni kapsy je zodpovédny pouze podtlak ve stfedousi v disledku dysfunkce sluchové

trubice jiz neni platné. Existuji dostupné védecké studie, které jasné prokazali, ze ke vzniku
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retrakéni kapsy dochazi téz u pacientli s normalni funkci sluchové trubice. Rozvoj retrakéni
kapsy nebo cholesteatomu byl popsan u mnoha déti po odstranéni nosohltanové tonsily a
zavedeni tlak vyrovnavajicich trubicek, i kdyz tento zdkrok mél vést k normalizaci stavu a
prevenci vzniku téchto patologii. Zdaraznuji, ze existuje jasnd souvislost mezi vznikem

retrak¢ni kapsy a opakovanymi atakami akutniho sttedousniho zanétu.

Ze ziskanych dat plyne, Ze prvnim krokem v patogenezi retrakéni kapsy je afekce
zanétlivého procesu ze stfedouSni sliznice na us$ni bubinek. Zanétlivy proces vyvolava
v prostiedni vrstvé bubinku typické patologické zmény: hypervaskularizaci, degradaci dvojité
vrstvy kolagennich vlaken, fragmentaci elastickych vldken a dal$i. Tyto zmény nutné vedou
k signifikantnimu oslabeni usniho bubinku, pfedevsim v oblasti pars tensa. Tato oblast se pak
stava nachylnéjsi ke vzniku retrakéni kapsy. Zanétlivy proces tedy sehrava klicovou roli pii
vzniku a dal§im vyvoji retrakéni kapsy, jak to mizeme vidét u déti s normalni funkci sluchové

trubice. Prevence zanétu je tak dileZitou souc¢asti 1é¢ebné strategie retrakéni kapsy®’.

Diagnostika retrakéni kapsy je zalozena na peclivém otomikroskopickém vysetieni.
Doplitujici vySetfeni jsou: tympanometrie (bézné pozorujeme vSechny zékladni typy
tympanometrickych kiivek), téonova audiometrie (bézné¢ pozorujeme lehkou pievodni
nedoslychavost) a v pfipad¢ podezieni na komplikaci (cholesteatom) provadime zobrazovaci

vySetfeni spankové kosti (HRCT).

Terapie retrakéni kapsy je opakované ozehavym tématem tohoto onemocnéni. Neexistuje
jednoznac¢ny konsenzus, jak postupovat. Jsou pracovisté, které preferuji sledovani pacienta ve
smyslu ,,watch and wait“ a fe$i az piipadné vzniklé komplikace’. U kontrolovatelné RK se
Casto v prvni fazi snazime o zlepseni ventilace stfedousi, proto se provadi odstranéni zbytnélé
hltanové tonsily, zavedeni TVT do usniho bubinku pfipadné¢ antromastoidektomie. Na

nekterych pracovistich se provadi prosta resekce RK s ponechdnim perforace bubinku.
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Chirurgické feSeni RK je namiste, pokud se jedna o nekontrolovatelnou retrakéni kapsu,
je pritomna progrese otomikroskopického nalezu, ptevodni nedoslychavost nebo se jiz objevil
zapachajici vytok z ucha’" 72, Existuji rtizné chirurgické p¥istupy a techniky. P¥istup k bubinku
muze byt endaurdlni, ednomeatdlni nebo retroaurikularni. U déti preferujeme vzhledem
k anatomickym pomérim jednoznacné retroaurikularni ptistup. Dvé zakladni techniky operace
rekonstrukce bubinku jsou overaly a underlay, dnes se prevazné pouziva technika underlay, kde

se $tép uklada pod bubinek.

3.2.5 Chronicky stifedousni zanét s cholesteatomem

wvr

Cholesteatom je definovan pifitomnosti vrstevnatého dlazdicobunééného epitelu ve sttedousi’>.
Makroskopicky je prevazné bilé barvy a tvoti ho vrstvy keratinu. Cholesteatom ma typicky dve
zakladni slozky, a to matrix a perimatrix. Matrix je tvofena praveé koncentricky usporadanymi
vrstvami keratinu. Perimatrix je vrstva zanétlivé granulacni tkané, kterd je ulozena zevné od

matrix.

Incidence cholesteatomu se udava v rozmezi 3—6 na 100 000 obyvatel. Nékteré narodni
studie udavaji i vetsi incidenci v rozmezi 8-15 na 100 000 obyvatel a zmény v incidenci
v dlouhodobém sledovani’® 7. Na recidivé cholesteatomu se podili vice faktorti, obecné je
recidiva Casté€jsi u pacientti mladsich 15 let véku, dale pii lokalizaci cholesteatomu v mastoidu

a pti poskozeni timinku a kovadlinky’®.

Existuji rizné klasifikace cholesteatomu. Podle doby vzniku se rozliSuje cholesteatom
kongenitalni a ziskany. Podle stavu bubinku rozliSujeme cholesteatom za celistvym bubinkem
a s defektem na bubinku (retrakéni kapsa nebo perforace). Ostatni klasifikace nemaji tak velky
klinicky vyznam (rozliSuji cholesteatom dle anatomické lokalizace, dle perforace bubinku, dle

mechanismu vzniku a podobng¢).
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Cholesteatom za celistvym bubinkem

Cholesteatom za celistvym bubinkem je definovan pfitomnosti keratinu za neporuSenym
bubinkem s tim, ze v anamnéze pacienta nesmi byt zjistény perforace bubinku, Uraz ucha ani

myringotomie. Miize byt vrozeny i ziskany.

Incidence kongenitalniho cholesteatomu je nizka, udava se kolem 0,12 na 100 000
obyvatel. Jedna se o zbytek embryonalni epitelové tkané¢ ve stfedousi. Klinicky muze byt
dlouho némy a jeho nélez je ndhodny. Pokud ¢ini potize, miize se manifestovat prevodni
nedoslychavosti, parézou licniho nervu ptipadné i zapachajicim vytokem z ucha. V poslednim
uvedeném piipad¢ je ale jiz pritomna i perforace bubinku a nelze tak s jistotou potvrdit jeho

primarni ptavod.
3.2.6 Vlastni prispévek k problematice

Vroce 2020 jsme publikovali v zahranicnim c¢asopise American Journal of
Otolaryngology Head and Neck Medicine and Surgery pivodni praci ,,Experience With
Cholesteatoma Behind an Intact Tympanic Membrane in Children*”” (Piiloha 8). V ¢lanku
prezentujeme vysledky studie, ktera analyzuje soubor détskych pacientti s cholesteatomem za
celistvym bubinkem na nasi klinice za 12 let. Identifikujeme prediktivni faktory, které mohou
chirurgim pomoci v 1é¢ebné strategii, planovani operace a ve sledovani pacienta. Zjistili jsme,
ze zéachyt tohoto onemocnéni stoupl vyznamné po roce 2013, pravdépodobné v disledku
¢asnéjsi diagnostiky s vyuzitim modernich mikroskopti a zobrazovacich metod. Pied rokem
Protoze je cholesteatom u déti obecné agresivngj$i nez v dospélé populaci, preferujeme na
naSem pracovisti vzdy chirurgické feSeni. Recidiva cholesteatomu v détském véku je pomérné
Castd, v nasem souboru se vyskytla ve 23,5 %. V ¢lanku téz diskutujeme o diagnostickych

kritériich cholesteatomu za celistvym bubinkem, nazory v odborné spole¢nosti se lisi.
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Kongenitalni cholesteatom stfedniho ucha byl poprvé popsan roku 1953 (Howard House).
V roce 1965 zavedli Derlacki a Clemis diagnosticka kritéria pro kongenitalni cholesteatom.
Levenson a spol. poukézali na vysokou ¢etnost akutniho stfedousniho zanétu u déti do 2 let
v 70 % v USA. Proto dle Levensona znamky akutniho stfedousniho zanétu nevylucuji pacienty
z diagnostickych kritérii’®*°. Podobné u naSich pacientli, ukterych jsme diagnostikovali
kongenitalni cholesteatom, se v nékterych piipadech v anamnéze vyskytoval kataralni
sttedousni zanét (bez vytoku, spontanni perforace a bez paracentézy). V nasi studii splinovalo
kritéria kongenitalniho cholesteatomu celkem 11 pacientl (5,45 %). Incidence kongenitalniho

cholesteatomu se v literatufe 1isi, uvadi se ¢etnost 2-5 % ze vsech cholesteatoma®'> 32

, jind
literatura udava 4-24 %°** a vyjimeéné je udavana vyssi cetnost kolem 40 %3, Prokazali jsme,
ze klasifikace cholesteatomu za celistvym bubinkem dle Potsica, kterd rozlisuje stadium I-IV
dle rozsahu a zavaznosti, pIné koresponduje s klinickymi potizemi. Cim pokroéilejsi je stadium
v dob¢ diagndzy, tim horsi jsou pak pooperacni sluchové vysledky. Proto je nutné, aby terénni
otorinolaryngologové méli povédomi o tomto onemocnéni, diagnostikovali a odeslali pacienta

cvwr

mnohem lepsi.
Cholesteatom s perforaci bubinku

Ve vétsin¢ piipadld se u pacientli setkdvame s cholesteatomem ve formé, kdy je jiz
ptitomna perforace bubinku. Mnoho otorinolaryngologt diskutuje o tom, co bylo na pocatku
onemocnéni, zdali perforace nebo cholesteatom. Nase studie popsané vyse prokazuji, ze vyvoji
cholesteatomu u déti predchazi stadium retrakéni kapsy, ktera se v pokrocilém stadiu vyvoje
cholesteatomu jevi jiz jako perforace bubinku. Pro cholesteatom s perforaci na bubinku plati
vyskyt typickych potizi, jako je zapachajici vytok z ucha a ptevodni nedoslychavost, méné
Casto se pak vyskytuji zavraté, tinnitus nebo dochazi krozvoji intrakranidlnich ¢i

extrakranidlnich komplikaci, stejn€ jako je tomu u akutniho zénétu stfedniho ucha.
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Jedind moznad kauzalni 1écba cholesteatomu je léCba chirurgicka. Jejim cilem je
odstranéni vSech cholesteatomovych hmot véetné¢ zanétem postizené okolni kosti. Mluvime
také o sanacni fazi (operaci). U cholesteatomu v détském veéku se vétSinou setkavame
s destrukei stifedousSnich ktistek rizného rozsahu. Nejcastéji byva zanétem znicena kovadlinka,
dale pak suprastruktury tfminku nebo cely timinek. Kladivko byva vétSinou zéanctem
nepostizeno. V soucasné dob¢ je kladen stejné velky diiraz nejen na sanacni, ale i naslednou
rekonstruk¢ni fazi, kdy se snazime o rekonstrukci prfevodniho systému stfedniho ucha s cilem
dosahnout co nejlepSiho sluchového zisku pro pacienta. Tuto rekonstrukéni fazi mizeme
provést jiz v prvni dob¢, kdy navazujeme v ramci jedné operace na fazi sanacni. Toto je mozné,
pokud se jedna o cholesteatom mensiho rozsahu, jsou vhodné anatomické podminky a je zde
malé riziko recidivy onemocnéni. Pokud je naopak cholesteatom velkého rozsahu, nejsou
vhodné anatomické podminky a je velké riziko recidivy onemocnéni, provadime rekonstrukci
az ve druh¢é dob¢ v ramci tzv. second look operace. Tato operace se provadi s odstupem 8 az 12
mésict. Behem vykonu chirurg vylouci ptipadné odstrani recidivu cholesteatomu a provede
rekonstrukci. Moznosti provedeni rekonstrukce pfevodniho systému jsou riizné a stejn¢ tak se

1181 1 sluchové zisky, roli zde hraje mnoho faktort.
3.2.7 Vlastni prispévek k problematice

V roce 2017 jsme publikovali prvni ucelenou plivodni praci v nasi literatute, ktera se
pfehlednym zptisobem vénuje pravé problematice stiedousnich rekonstrukcei v détském veku:
“Stiedousni rekonstrukce u déti“®> (Piiloha 9). Ve studii jsme provedli analyzu celkem 89
pacientii ve véku 5 az 18 let, ktefi podstoupili na naSem pracovisti rekonstrukci pirevodniho
systému v letech 2005 az 2012. Prezentujeme klasifikaci rekonstrukénich operaci dle profesora
Tose, se kterymi mame vyborné zkusenosti. V ptipad¢ nejmensiho rozsahu cholesteatomu, kdy
jsou stfedousni kustky intaktni a je poskozena pouze membrana bubinku provadime
tympanoplastiku I. typu, kdy nahradime chyb¢jici ¢ast bubinku chondroperichondriovym
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Stépem z tragu. V piipad¢, Ze je zachovan tfminek, ale je poskozena kovadlinka nebo jeji ¢ast,
provadime tympanoplastiku II. typu, kdy vlozime mezi timinek a kovadlinku ptipadné mezi
timinek a kladivko interpozitum, vétSinou pouzivame chrupavku, méné¢ casto kousek
opracované kosti. Pokud zanét zpusobi destrukci timinku, provedeme tympanoplastiku III.
typu, kdy vlozime mezi ploténku tifminku a kovadlinku, ptipadné bubinek kolumelu. Také
pfipominame c¢asto zapomenuty chirurgicky postup, kterym je myringostapedopexe nebo
neomyringostapedopexe, kdy provedeme transpozici bubinku piimo na hlavicku tfminku.
Ptredpokladem je mala vzdalenost mezi timinkem a bubinkem a dobra pohyblivost tfminku.
Tento typ rekonstrukce byva velmi Gispésny a pacienti dosahuji dlouhodob¢ vyborné sluchové
zisky. V cClanku dale prezentujeme razné typy materialti, které se daji pouzit k rekonstrukeci.
Obecné jej miizeme rozdé€lit na autologni a biokompatibilni. Mezi autologni patii predevsim
chrupavka, perichondrium, fascie a kost. Biokompatibilni mohou byt zhotoveny z rtiznych
materialii (kov, keramika a jiné), my nej¢astéji pouzivame protézy z titanu, se kterymi mame
dobré zkusenosti. Pokud je protéza vlozena mezi hlavicku timinku a bubinek, byva oznacena
jako PORP (Partial Ossicular Replacement Prosthesis), v ptipad¢, ze je vloZzena mezi ploténku
timinku a bubinek byvéa oznafena jako TORP (Total Ossicular Replacement Prosthesis).

Poukézali jsem na diivody, pro¢ pouzivame autologni materialy vzdy, pokud je to mozné.

Pii analyze naSeho soboru pacientl jsme neprokazali vyznamné rozdily v poctu
provedenych rekonstrukci mezi chlapci a divkami ani v rdmci vékového nebo stranového
rozlozeni. Nej€ast&jsi patologii, kterd vedla k nutnosti rekonstrukce byl jednoznaéné vyskyt
cholesteatomu a to az u 78 % vSech pacientl. Dalsi, méné Casté pti¢iny pak zahrnovaly:
adhezivni otitida s destrukei kiistek (13 %), vyvojové anomalie sttedniho ucha (7 %) a urazy (2
%). Nejcastéjsim typem provedené rekonstrukce pak bylo zavedeni titanové protézy typu
TORP. Primérné hodnota vzdusného vedeni pred rekonstrukei ¢inila 52,5 dB, po rekonstrukci

31,6 dB coz je vynikajici vysledek. V ¢lanku jsme prezentovali i nejcastéjsi priciny vedouci
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k nutnosti revizni operace po rekonstrukci prevodniho systému a diskutovali mozné komplikace
a jejich feSeni. Dobry sluch je v détském véku nezbytny pro spravny vyvoj feci a uceni jedince.
Uzavér perforace bubinku, eradikace zanétu ve stfedousi a obnova prevodniho aparatu s cilem
zlepseni sluchu jsou u déti s chronickym zanétem stiedousi velmi vyznamné, protoze kvalita

zivota 1 mentalni a jazykové dovednosti a vyvoj déti jsou operaci pozitivné ovlivnény.

Stiedousni rekonstrukce v détském veéku predstavuji slozitou problematiku, kterou je
potteba fesit komplexné, vzdy s cilem dosahnout co nejlepsiho sluchového zisku pro pacienta,
pokud je to mozné. V détském veku doporucujeme retroaurikularni ptistup a pouziti
autolognich materiald. Vzdy je nutné peclivé zvazit indikaci k rekonstrukci vzhledem
k anatomickym a funkénim pomérim ve stfednim uchu u daného pacienta. Vysledky studie
ukazuji, ze i1v détském veéku je mozné¢ dosdhnout dobrych vysledkl jak operacnich, tak

sluchovych. Nase vysledky jsou srovnatelné s mnoha zahrani¢nimi pracovisti®®-®.

Problematiku chronického stfedousniho zanétu a tympanoplastik u déti jsme prezentovali

1 v dalsich publikacich, které¢ jsou uvedeny v ptiloze habilitac¢ni prace.

4 Nedoslychavost jako nejzavaznéjsi nasledek stifedousniho zanétu v détském véku

Nedoslychavost (hypacusis) je definovana jako snizend schopnost vnimat zvukové

informace, Uplna ztrata sluchu se pak oznacuje jako hluchota (anacusis).

Svétova zdravotnicka organizace (WHO) rozliSujeme nékolik stupiii nedoslychavosti dle

tize ztraty sluchu (Tabulka 6).

Stupen Velikost ztraty dle WHO Popis sluchové ztraty
1. 0-25dB Normalni sluch

2. 26-40 dB Lehka nedoslychavost
3. 41-55dB Stredni nedoslychavost
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4. 56-70 dB Stredn¢ tézka nedoslychavost

5. 71-90 dB Tézka nedoslychavost

6. 91 dB a vice Velmi tézka nedoslychavost

Tabulka 6: Stupné tize nedoslychavosti dle WHO.

Dle aktualnich udaji WHO trpi nedoslychavosti vice nez 466 miliént lidi na celém svéte,

coZ je cca 6% populace, z toho je 34 miliont déti™.

V klinické praxi je dulezité¢ predevsim rozde€leni nedoslychavosti dle lokalizace v ramci
zvukového aparatu. RozliSujeme tak nedoslychavost ptrevodni (hypacusis conductiva),

percepéni (hypacusis sensitiva) a smisenou (hypacusis mixta).

U ptevodni nedoslychavosti je pfi¢ina lokalizovana v oblasti zevniho nebo stfedniho
ucha, u percepéni je pak porucha v oblasti vnitiniho ucha, sluchového nervu nebo dalSich
etazich sluchové drahy. V piipadé smisené nedoslychavosti se jednd o kombinaci vyse
uvedenych pfi¢in. SlySeni je obzvlasté v ranné détském véku klicové pro rozvoj feci, uceni a
celkovy psychomotoricky vyvoj ditéte. Proto je i snahou otorinolaryngologti zachytit ptipadnou
sluchovou vadu co nejdiive a véas ji adekvatné rehabilitovat. V Ceské republice je zavedeny
systém novorozeneckého screeningu sluchu a déle pak screening sluchu u predskolakt ve véku

5 let.

Pric¢iny nedoslychavosti v détském véku mohou byt vrozené nebo ziskané. V piipadée
ziskané nedoslychavosti se jedna nejcastéji o nasledek néjaké formy stfedousniho zanétu.
Pokud selzou chirurgické metody feseni nedoslychavosti, jako jsou operace stendzy zevniho
zvukovodu nebo rekonstrukéni operace bubinku a ptevodniho systému stiedniho ucha, je
mozna rehabilitace naslouchadly. Naslouchadlo pfedstavuje moderni pfistroj, jehoz zakladnim
principem je zesileni zvuku ze zevniho prosttedi do vnitiniho ucha. V ptipadé¢, Ze je vada sluchu

takového stupné, kdy ani sluchadlo nema dostatecny efekt, mame k dispozici nejmoderngjsi
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moznosti rehabilitace sluchu, které reprezentuji implantabilni sluchové systémy. Patii sem

kochlearni implantaty, aktivni sttedousni implantaty a implantaty pro kostni vedeni.

Chronicky zanét stfedniho ucha vede pievazné k rozvoji prevodni nedoslychavosti.
Obzvlasté v piipad¢ opakovanych vytoki z ucha, recidivujiciho cholesteatomu nebo tekouci
trepanacni dutiny je pro pacienty té¢zké az nemozné vyuzivat bézna sluchadla. Tito pacienti byli
¢asto odsouzeni zit s trvalym sluchovym hendikepem. Prvni moznost adekvatni sluchové
rehabilitace prinesli zafizeni pro kostni vedeni zvuku, které vyuzivaji princip ptenosu zvuku do

vnitiniho ucha Sifenim vibraci lebecni kosti. Tyto zafizeni mlzeme rozdélit na dvé velké

skupiny podle toho, zda se vibrace §ifi pies kiizi nebo piimo do kosti’! (Obrazek 11).

Zarizeni pro kostni vedeni zvuku

Vibrace pres klzi Vibrace primo do kosti

Upevnéno
Upevnéno zvenci implantovanym
magnetem

Perkutanni (trvalé Transkutanni
poruseni klize) (celistva kaze)

Vibracni celenka Pasivni transkutanni

Vibracni bryle systém pro kostni
ADHEAR vedeni

Bone Anchored Hearing Implantat pro pfimé
Aids (BAHAs) kostni vedeni (aktivni)

Obrazek 11: Rizné typy zatizeni pro kostni vedeni zvuku.

Vzhledem k anatomickym pomériim, pfedevS§im pak nedostatecné tloust’ce lebecnich
kosti, mdme u déti omezené moznosti ve vyuziti pomiicek pro kostni vedeni zvuku. Pfedevs§im
u nejmensich déti jsme odkazani pouze na pouziti kostniho vibratoru upevnéného zvenci na

¢elence. Tyto zafizeni pracuji na principu, ze je vibrator pfitlacen utaZzenou ¢elenkou na kost,
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aby byl pienos vibraci co nejintenzivnéjsi®?. Vzhledem k principu fungovani maji pro déti
mnoho nevyhod. Kromé toho, Ze jejich noSeni na hlavé predstavuje urcity kosmeticky defekt,
dochazi Casto k neimérnému tlaku na kizi, kiize je zaCervenala, podrazdéna, vznikaji otlaky a
déti si ¢asto stézuji na bolesti hlavy”>*>. Mnohdy tak dité odmit4 ¢elenku nosit a neustale si ji
sundava. Z hlediska audiologického piedstavuje nevyhodu tlumivy ucinek kize (dumping
efekt) na pienos vibraci. Nékteré spoleCnosti se proto ve spolupraci s 1ékari a audiology snazi
vyvinout nové systémy, které jsou bezpecné, pohodlné, odolné vici vnéjSim vlivim, zajistuji

dostate¢ny sluchovy zisk, a pfitom je jejich noSeni pro pacienta komfortni.

Rakouska spole¢nost MedEl vyvinula unikatni zafizeni pro kostni vedeni zvuku s nazvem
ADHEAR®. Tento systém se sestiva z adhezivniho adaptéru, ktery se nalepi za ucho a
procesoru, ktery se na tento adaptér nacvakne. Procesor obsahuje baterie, mikrofon a vlastni
vibrator. Mikrofon zachytava zvukové viny z prostedi a vlastni procesor jej transformuje ve
vibrace, které se pak §iii pies adhezivni adaptér na lebe¢ni kost. ADHEAR® na rozdil od jinych
zatizeni této kategorie nepotiebuje pro své fungovani tlak na kizi hlavy, proto se téz oznacuje
jako ,,pressure free*. Nase klinika dlouhodobé¢ spolupracuje s otorinolaryngologickou klinikou
AKH ve Vidni a také s firmou MedE] a jako jedni z prvnich na svét€ jsme méli moznost pouzit

toto zafizeni u naSich détskych pacientt.
4.1.1 Vlastni prispévek k problematice

Vysledky prospektivni studie jsme publikovali v zahrani¢nim impaktovaném casopise
International Journal of Pediatric Otorhinolaryngology: ,,First experiences with a new adhesive

bone conduction hearing device in children*“® (Ptiloha 10).

Cilem nasi studie bylo zhodnotit sluchovy zisk, kvalitu Zivota, vyhody a nevyhody tohoto
nového neimplantabilniho zatfizeni pro kostni vedeni zvuku u déti. Pacienti byli rozdéleni do

tirech skupin dle pfi¢iny nedoslychavosti: skupina 1 — oboustrannd ptfevodni nedoslychavost,
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skupina 2 — jednostranna pfevodni nedoslychavost a skupina 3 — jednostrannd percepcni
nedoslychavost. U kazdého pacienta jsme provedli sérii audiologickych testli a dotaznikovych
Setfeni pied aplikaci zafizeni a po 14 dnech pouzivani. VSechny audiologické testy byli
provedeny nejdiive bez zatizeni a nasledné po aplikaci zafizeni. Pouzili jsme standardni metody
maskovani kontralateralniho ucha. Sluch byl vysetien na frekvencich 500, 1000, 2000 a 4000
Hz (hertz1) a to jako vysetieni sluchového prahu ve volném poli, feCova audiometrie a vySetieni
v hluku. Kazdy pacient ve spolupraci s rodi¢em podstoupil 1 dotaznikové Setieni, kdy vyplnil
dva typy dotazniki, a to The Speech, Spatial, and Qualities of Hearing Scale (SSQ10) a AQoL-
6D (Assessment of Quality of Life-6 Dimensions). Prvni z dotazniku byl zaméfen na ziskani
informaci ohledné feci, orientaci v prostoru a kvalitach slySeni. Druhy dotaznik hodnotil kvalitu
zivota pacientl. Kazdy pacient vyplnil dotaznik pied aplikaci zafizeni a po ukonceni jeho
pouzivani. Pacienti byli dale dotazovani na vydrz baterie, délku noSeni zatizeni béhem dne a

piipadné necekané udalosti, které se vyskytly béhem noseni zafizeni.

Statistickd analyza ziskanych dat ukézala, Ze zafizeni pfindsi uspokojivy sluchovy zisk u
vSech pacientl. Vyznamny pifinos predstavuje piedevSim u pacientli s jednostrannou
nedoslychavosti pii porozuméni v hlu¢ném prostiedi. U pacientl s pievodni nedoslychavosti
pak pfinasi vyznamny piinos ve sluchovém zisku ve volném poli, u fecové audiometrie a také
pfi porozuméni v hluéném prostfedi. Analyza dotaznikového Setfeni SSQI0 prokazala
signifikantni zlepSeni ve vSech sledovanych parametrech pfi pouzivani zafizeni. VétSina
pacientli odpovédéla, ze by rada pokracovala v pouzivani tohoto zatizeni i po ukonceni studie.
Cast pacientt se naslednd rozhodla po implantabilni sluchovou pomticku. Ani jeden z pacientt
neuvadél bolesti hlavy, bolest v misté aplikace zafizeni, iritaci klize nebo jiné potize a nikdo

nevnimal zafizeni jako kosmeticky problém.

Tato pilotni studie prokéazala, 72 ADHEAR® jako nové zaiizeni pro kostni vedeni zvuku

vvvvv
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benefit, zlepsuje kvalitu zivota détskych pacienti a jeho pouZzivani nepifinasi zadné zavazné
komplikace. Vedlejsim zjisténim byl fakt, Ze aplikace zafizeni na 14 dni je vyborna ,,zkouska®,
pokud pacient uvazuje nad implantaci aktivniho implantatu pro kostni vedeni, lokalizace,

velikost, hmotnost a princip fungovani jsou totiz velmi podobné.

5 Souhrn poznatki habilita¢ni prace

Stiedousni zanét predstavuje jednu z nejcastéjSich diagnoz v détském veéku. Vzhledem
k vysoké Cetnosti vyskytu, ekonomickym dopadiim a nasledkiim, které miize zpusobit, si

rozhodné¢ zasluhuje nasi pozornost.

Vyrazny pokrok v diagnostice a 1écbé stfedousniho zanétu zlepSil progndézu mnoha
détskych pacienti, piesto se porad setkavame se zavaznymi stavy, které mohou dité ohrozit na
zivoté nebo zpusobit trvalé nasledky véetné hluchoty. Moderni diagnostické metody jako je
pocitatova tomografie nebo magnetickd rezonance a také pouzivani antibiotik nemohou
nahradit klinické zkusenosti a peclivé vysetieni a pozorovani pacienta. Publikovali jsme vlastni
doporucené postupy v ramci diagnostiky i terapie neocekdvanych zavaznych komplikaci u
akutniho zanétu stfedniho ucha vcetné chirurgickych moznosti. Prokazali jsme, Ze zavedeni
ockovani zménilo Cetnost otitid a komplikaci zpisobenych konkrétnimi patogeny, setkavame
se vSak snovymi, méné¢ znamymi mikroby. Vyuziti novym molekuldrnich technik
v diagnostice ukazuje, ze jako plivodci akutniho stfedouSniho zanétu se pravdépodobné
uplatiiuji i1 jiné mikroby né€z dosud udavané. I ptes vyznamny pokles komplikaci stfedousniho
zanétu je nutno na jejich vyskyt myslet a trénovat I¢kate v zdkladnich chirurgickych
dovednostech. Analyza vlastnich klinickych dat ukazala, ze v poslednich letech dochazi
k poklesu v provedeni antromastoidektomie, jako zdkladniho usniho chirurgického vykonu.
Cileny vycvik rezidentl s vyuzitim modernich simula¢nich postupt v mediciné bude nezbytny

pro zachovani dostate¢né erudice v naSem oboru.
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Histopatologické studie provedené na naSem pracovisti poukazuji na jasny vztah mezi
jednotlivymi formami chronického sttedousniho zanétu a potvrzuji, ze retrakéni kapsa usniho
bubinku u déti je dynamické a progresivni onemocnéni, které vede jednoznacné ke vzniku
cholesteatomu. Tyto dlikazy je nutno brat v potaz pfi stanoveni 1écebné strategie a mluvi ve

prospéch casného chirurgického feSeni méné zdvaznych stavi.

I pfes veskerou nasi snahu dochazi u ¢asti détskych pacientl k rozvoji trvalych nésledka
sttedousniho zanétu, predevsim se jedna o nedoslychavost. Spravné fungovani sluchu je
v détském veku klicové pro celkovy rozvoj ditéte a ucCeni. Proto je nutné ztratu sluchu
identifikovat v€as a nabidnout pacientlim adekvatni rehabilitaci sluchu. NaSe studie ukazuji, ze
klasické rekonstrukéni operace stfedousi maji ve zkuSenych rukou velmi dobré a dlouhodobé
uspokojivé vysledky, a Ze v€k pacienta zde nehraje zadnou roli. V ptipadech, kdy neni mozné
pouzit klasickou chirurgii ani naslouchadla, disponujeme modernimi zafizenimi na jejichz
vyvoji pracuji firmy spolu s 1ékati a audiology. Vlastni data prokazala, Ze tyto zatizeni ptinaseji
détem dostatecny sluchovy zisk, rozvoj feci a dalSich dovednosti, maji minimu komplikaci,
nepredstavuji kosmeticky defekt a vyznamnym zplsobem zlepSuji kvalitu zivota détskych

pacienttl.
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Summary of habilitation thesis

Otitis media is one of the most common diagnoses in children. Considering its high
frequency of occurrence, economic impacts, and the consequences it may inflict, it surely

deserves our attention.

Although significant progress in diagnosing and treating middle ear infection has improved
prospects for many pediatric patients, we still encounter severe conditions that may be life-
threatening for the child or have permanent consequences, including deafness. Modern
diagnostic methods, such as computer tomography or magnetic resonance imaging, and use of
antibiotics cannot substitute for clinical experience and careful examination and observation of
the patient. We have published our own recommended procedures as part of diagnostics and
therapy for unexpected major complications of acute middle ear infection, including surgical
options. Although we have proven that introduction of vaccination has changed the frequency
of otitis media and complications caused by specific pathogens, we nevertheless encounter new,
less known microbes. Utilization of new molecular techniques in diagnostics shows that
microbes other than those reported to date also are likely to be sources of acute middle ear
infection. Despite significant decrease in the complications of middle ear infection, it is
important to keep their occurrence in mind and to train physicians in basic surgical skills.
Analysis of our own clinical data has shown that in recent years there has been a decline in
performance of the basic surgical ear procedure which is antromastoidectomy. Targeted training
of new graduates along with use of modern simulation procedures in medicine will be essential

to preserve sufficient erudition in our field.

Histopathological studies carried out in our department point to a clear relationship
between individual forms of chronic infection of the middle ear and confirm that retraction

pocket of the eardrum in children is a dynamic and progressive disease clearly leading to
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development of cholesteatoma. This evidence must be taken into account when determining

therapeutic strategy and calls for timely surgical resolution of less severe conditions.

In spite of all our efforts, permanent consequences of middle ear infection, mainly hearing
loss, do develop in a portion of child patients. Proper hearing function during childhood is
essential for the child’s overall development and learning. Therefore, it is necessary to identify
hearing loss in a timely manner and offer patients adequate hearing rehabilitation. Our studies
show that traditional reconstruction surgeries of the middle ear done by experienced hands have
very good and long-term satisfactory results and that patient age is not an issue here. In cases
when it is not possible to use either traditional surgery or a hearing aid, we have access to
modern devices being developed by cooperating companies, physicians, and audiologists. Our
own data have proven that these devices bring to children sufficient hearing gain, speech
development and other skills, present minimal complications and no cosmetic defect, and

significantly improve the quality of life for pediatric patients.

59



6 Seznam pouZzité literatury

1. Chrobok V, Simakova E, Northrop C. Klinicki anatomie nadbubinkové
dutiny (literarni ptehled). Otorinolaryngologie a foniatrie. 2006;55(4):217-224.

2. Gulya A. Gulya and Schuknecht’s Anatomy of the Temporal Bone with
Surgical Implications. Third Edition. Informa Healthcare; 2007.

3. Proctor B. Embryology and Anatomy of the Eustachian Tube. Archives of
Otolaryngology. 1967;86(5):503-514. doi:10.1001/archotol.1967.00760050505008

4. Bluestone C, Rosenfeld R. Surgical atlas of pediatric otolaryngology. Hamilton Ont:
BC Decker; 2002.

5. Lim DJ. Tympanic Membrane: Electron Microscopic Observation Part I: Pars Tensa.
Acta Oto-Laryngologica. 2009;66(1-6):181-198. doi:10.3109/00016486809126286

6. Lim DJ. Structure and Function of the Tympanic Membrane: A Review. Acta oto-rhino-
laryngologica Belgica. 1995;49(2):101-5.

7. Shunyu NB, Siddhartha DG, Alok T, Suresh CS. Histological and
Immunohistochemical Study of Pars Tensa Retraction Pocket. Otolaryngology--head and neck
surgery. 2011;145(4):628-34. doi:10.1177/0194599811409303

8. Michaels L. An Epidermoid Formation in the Developing Middle Ear: Possible Source
of Cholesteatoma. The Journal of otolaryngology. 1986;15(3): 169-174.

0. Slapak I, Urik M. Détska otorinolaryngologie. 2. ptepracované a doplnéné vydani.
Mlada fronta; 2019.

10.  Ars B, Ars-Piret N. Middle Ear Pressure Balance Under Normal Conditions. Specific
Role of the Middle Ear Structure. Acta oto-rhino-laryngologica Belgica. 1994;48(4):339-42.
11. Sadé J, Luntz M. Gas Diffusion in the Middle Ear. Acta oto-laryngologica. 1991;111(2):
354-7. d0i:10.3109/00016489109137400

12. Kanick SC, William JD, Samir NH a William JF. On Morphometric Measurement of
Oxygen Diffusing Capacity in Middle Ear Gas Exchange. Journal of applied physiology.
2005;98(1):114-9. doi:10.1152/japplphysiol.00203.2004

13.  Ars B, Wuyts F, Van De Heying P, Miled I, Bogers J, Van Marck E. Histomorphometric
Study of the Normal Middle Ear Mucosa. Preliminary Results Supporting the Gas-Exchange
Function in the Postero-Superior Part of the Middle Ear Cleft. Acta oto-laryngologica.
1997;117(5):704-7. doi:10.3109/00016489709113463

60



14. Kania RE, Herman P, Ar A, Huy PTB. Technical Pitfalls in Middle Ear Gas Studies:
Errors Introduced by the Gas Permeability of Tubing and Additional Dead Space. Acta oto-
laryngologica. 2005;125(5):529-33. doi:10.1080/00016480510026205

15.  Cantekin EI, Phillips DC, Doyle WJ, Bluestone CD. Gas Absorption in the Middle Ear.
The Annals of otology, rhinology & laryngology Supplement. 1980;89(3Pt 2):71-5.
doi:10.1177/00034894800890s320

16.  Mondain M, Vidal D, Bouhanna S, Uziel A. Monitoring Eustachian Tube Opening:
Preliminary Results in Normal Subjects. The Laryngoscope. 1997;107(10):1414-19.
doi:10.1097/00005537-199710000-00022

17.  Bluestone CD, Doyle WJ. Anatomy and Physiology of Eustachian Tube and Middle Ear
Related to Otitis Media. The Journal of allergy and clinical immunology. 1988;81(5Pt 2):997-
1003. doi:10.1016/0091-6749(88)90168-6

18. Bluestone CD. Eustachian tube: structure, function, role in otitis media. 1 st ed. USA:

BC Decker; 2005.

19.  Auinger P, Lanphear BP, Kalkwarf HJ, Mansour ME. Trends in otitis media among
children in the United States. Pediatrics. 2003;112(3 Pt 1):514-20. doi:10.1542/peds.112.3.514
20. Monasta L, Rofani L, Marchetti F, Montico M, Brumatti LV, Bavcar A, Grasso D,
Barbiero C, Tamburlini G. Burden of disease caused by otitis media: systematic review and

global estimates. PloS one. 2012;7(4). doi:10.1371/journal.pone.0036226

21. Sun Di, Mccarthy TJ, Lieberman DB. Cost-Effectiveness of Watchful Waiting in Acute
Otitis Media. Pediatrics. 2017;139(4). doi:10.1542/peds.2016-3086

22. Atkinson H, Wallis S, Coatesworth AP. Acute otitis media. Postgraduate medicine.
2015;127(4). doi:10.1080/00325481.2015.1028872

23. Venekapm RP, Sanders SL, Glasziou PP, Del Mar CH, Rovers MM. Antibiotics for
acute otitis media in children. The Cochrane database of systematic reviews. 2015(6):
doi:10.1002/14651858.CD000219.pub4

24, Coker TR, Chan LS, Newberry SJ, Limbos MA, Suttorp MJ, Shekelle PG, Takata GS.
Diagnosis, microbial epidemiology, and antibiotic treatment of acute otitis media in children: a
systematic review. JAMA. 2010;304(19). doi:10.1001/jama.2010.1651

25. Bondy J, Berman S, Glazner J, Lezotte D. Direct expenditures related to otitis media
diagnoses: extrapolations from a pediatric medicaid cohort. Pediatrics. 2000;105(6):e72.
doi:10.1542/peds.105.6.72

61



26.  Deantonio R, Yarzabal JP, Cruz JP, Schmidt JE, Kleijnen J. Epidemiology of otitis
media in children from developing countries: A systematic review. International journal of
pediatric otorhinolaryngology. 2016;85:65-74. doi:10.1016/j.ijporl.2016.03.032

217. Massa HM, Cripps AW, Lehmann D. Otitis media: viruses, bacteria, biofilms and
vaccines. The Medical journal of Australia. 2009;191(S9). doi:10.5694/5.1326-
5377.2009.tb02926.x

28. Schilder AGM, Chonmaitree T, Cripps AW, Rosenfeld RM, Casselbrant ML, Haggard
MP, Venekamp RP. Otitis Media. Nature reviews Disease primers. 2016;2(1).
doi:10.1038/nrdp.2016.63

29. Chonmaitree T, Jennings K, Golovko G, Khanipov K, Pimenova M, Patel JA,
McCormick DP, Loeffelholz MJ, Fofanov Y. Nasopharyngeal Microbiota in Infants and
Changes During Viral Upper Respiratory Tract Infection and Acute Otitis Media. PloS one.
2017;12(7). doi:10.1371/journal.pone.0180630

30. Sillanpéd S, Kramna L, Oikarinen S, Sipild M, Rautiainen M, Aittoniemi J, Laranne J,
Hyoty H, Cinek O. Next-Generation Sequencing Combined With Specific PCR Assays To
Determine the Bacterial 16S rRNA Gene Profiles of Middle Ear Fluid Collected From Children
With Acute Otitis Media. mSphere. 2017;2(2). doi:10.1128/mSphere.00006-17

31.  Brugger SD, Kraemer JG, Qi W, Bomar L, Oppliger A, Hilty M. Age-Dependent
Dissimilarity of the Nasopharyngeal and Middle Ear Microbiota in Children With Acute Otitis
Media. Frontiers in genetics. 2019;10. doi:10.3389/fgene.2019.00555

32. Forstova G, Urik M, Mikolasek P, Pavlovska D, Sevéikova A, glapék I. Hemofilové
infekce v ORL oblasti u déti pfed a po zavedeni ofkovani antihemofilovou vakcinou. .

Ceskoslovenska Pediatrie. 2017;18(1):20-24.

33.  Diagnosis and Management of Acute Otitis Media. Pediatrics. 2004;113(5):1451-65.
doi:10.1542/peds.113.5.1451

34.  Nanako S, Preciado D. Otitis media: what is new? Current opinion in otolaryngology &
head and neck surgery. 2019;27(6):495-8. doi:10.1097/MOO.0000000000000591

35. Rosa-Olivares J,Porro A, Rodriguez-Varela M, Riefkohl G, Niroomand-Rad I. Otitis
Media: To Treat, To Refer, To Do Nothing: A Review for the Practitioner. Pediatrics in review.
2015;36(11):480-6. doi:10.1542/pir.36-11-480

36. Tal M, Bobrow M, Eviatar E, Oron Y, Tamir SO. Adherence to acute otitis media
diagnosis and treatment guidelines among Israeli otolaryngologists. International journal of

pediatric otorhinolaryngology. 2017;95:63-8. doi:10.1016/}.ijporl.2017.02.003

62



37.  Chiappini E, Marchisio P. Updated Guidelines for the Management of Acute Otitis
Media in Children by the Italian Society of Pediatrics. The Pediatric infectious disease journal.
2019;38(12S Suppl):S1-2. doi:10.1097/INF.0000000000002428

38. Siddiq S, Grainger J. The diagnosis and management of acute otitis media: American
Academy of Pediatrics Guidelines 2013. Archives of disease in childhood Education and
practice edition. 2015;100(4):193-7. doi:10.1136/archdischild-2013-305550

39.  SpecialistsEUoM.
https://www.hno.at/fileadmin/hno/pdfs’/EUROPEAN UNION OF MEDICAL SPECIALIST
S final. Article Reidar ENT NEWS.pdf. Accessed 12th July, 2020.

40. Palma S, Rosafio C, Del Giovane C, Patianna VD, Lucaccioni L, Genovese E, Bertolani
P, Iughhetti L. The impact of the Italian guidelines on antibiotic prescription practices for acute
otitis media in a paediatric emergency setting. [talian journal of pediatrics. 2015;41.
doi:10.1186/s13052-015-0144-4

41.  Sakulchit T, Goldman RD. Antibiotic therapy for children with acute otitis media.
Canadian family physician Medecin de famille canadien. 2017;63(9):685-7.

42, Yelin D, Van Uum RT, De Hoog MLA, Schilder AGM, Damoiseaux RAMJ, Venekamp
RP. Impact of acute otitis media clinical practice guidelines on antibiotic and analgesic
prescriptions: a systematic review. Archives of disease in childhood. 2018;103(6):597-602.
doi:10.1136/archdischild-2017-314103

43.  Urik M, Slapak I, Lastovi¢ka D, et al. Post-myringotomy oto-liquorrhea in children - A
case study and literature review. Int J Pediatr Otorhinolaryngol. Dec 2018;115:153-155.
doi:10.1016/].ijporl.2018.06.013

44, Urik M, Machac J, §lapék I, HoSnova D, Janéikova J, Pavlovska D, HoSnova D,
Zarosska E, Toukalkova M. Pott's puffy tumor: a rare complication of acute otitis media in
child: a case report. [Int J Pediatr Otorhinolaryngol. 2015;79(9):1589-91.
doi:10.1016/].ijporl.2015.06.029

45, Urik M, §lapék I, Macha¢ J. Antromastoidektomie v détském véku.
Otorinolaryngologie a foniatrie. 2016;4(65):237-240.

46.  Nadol JB, McKenna MIJ. Surgery of the ear and temporal bone. 2nd ed. Lipponcott
Williams and Wilkins; 2005.

47.  Urik M, Hurnik P, Ziak D, Macha¢ J, Slapak I, Motyka O,Vaculova J, Dvorackova J.
Histological analysis of retraction pocket pars tensa of tympanic membrane in children. Int J

Pediatr Otorhinolaryngol. 2016,86:213-7. doi:10.1016/j.ijporl.2016.05.007

63



48.  Urik M, Slapak I, Macha¢ J. Chronic Secretory Otitis Media and Tympanoplasty in
Children. Casopis lekaru ceskych. 2019;158(6):240-2.

49.  Cantekin EI, McGuire TW, Griffith TL. Antimicrobial Therapy for Otitis Media With
Effusion ('Secretory' Otitis Media). JAMA. 1991;266(23):3309-17.

50. Rosenfeld RM, Culpepper L, JDoyle K, Grundfast KM, Hoberman A, Kenna MA,
Lieberthal AS, Mahoney M, Wahl RA, Woods CR, Yawn B. Clinical Practice Guideline: Otitis
Media With Effusion. Otolaryngology--head and neck surgery. 2004;130(5 Suppl):S95-118.
doi:10.1016/j.0tohns.2004.02.002

51.  Vanneste P, Page C. Otitis Media With Effusion in Children: Pathophysiology, Diagnosis,
and Treatment. A Review. Journal of otology.2019;14(2):33-9. d0i:10.1016/j.jot0.2019.01.005
52. Arick DDS, Silman DS. Treatment of Otitis Media with Effusion Based on
Politzerization with an Automated Device. Ear, Nose and Throat Journal. 2000;79(4):290-8.
doi:10.1177_014556130007900416

53.  Urik M, Macha¢ J. Chronicky zanét stiedniho ucha v détském véku. Cesko-slovenska
Pediatrie. 2017;72(8):504-509.

54. Casselbrant ML, Mandel EM, Rockette HE, Kurs-Lasky M, Fall PA, Bluestone CD.
Adenoidectomy for Otitis Media With Effusion in 2-3-year-old Children. International journal
of pediatric otorhinolaryngology. 2009;73(12):1718-24. doi:10.1016/}.ijporl.2009.09.007

55. Blioskas S° Karkos P, Psillas G, Dova S, Stavrakas M, Konstantinos M. Factors
Affecting the Outcome of Adenoidectomy in Children Treated for Chronic Otitis Media With
Effusion. Auris, nasus, larynx. 2018;45(5):952-8. doi:10.1016/j.anl.2018.01.003

56.  Di Francesco R, Paulucci B, Nery C, Bento RF. Craniofacial Morphology and Otitis
Media With Effusion in Children. International journal of pediatric otorhinolaryngology.
2008;72(8):1151-8. doi:10.1016/].ijporl.2008.03.027

57. Cuneyt AM, Losee JE, Seroky JT, Mandel EM, Richert BC, Doyle WJ. Resolution of
Otitis Media With Effusion in Children With Cleft Palate Followed Through Five Years of Age.
The Cleft palate-craniofacial journal : official publication of the American Cleft Palate-
Craniofacial Association. 2016;53(5):607-13. doi:10.1597/15-130

58. Bruce I, Harman N, Williamson P, Tierney S, Callery P, Mohiuddin S, Payne
K, Fenwick E, Kirkham J, O'Brien K. The Management of Otitis Media With Effusion in
Children With Cleft Palate (mOMEnt): A Feasibility Study and Economic Evaluation. Health
technology assessment. 2015;19(68):1-374. doi:10.3310/htal19680

59. Shraddha J, Sing P, Methwani D, Kalambe S. Role of Eustachian Dysfunction and

Primary Sclerotic Mastoid Pneumatisation Pattern in Aetiology of Squamous Chronic Otitis

64



Media: A Correlative Study. Indian journal of otolaryngology and head and neck surgery.
2019;71(Suppl 2):1190-6. doi:10.1007/s12070-018-1259-x

60. Han WG, Yoo J,Rah YC, Chang J, Im GJ, Song JJ, Chae SW, Jung HH, Choi J.
Analysis of Eustachian Tube Dysfunction by Dynamic Slow Motion Video Endoscopy and
Eustachian Tube Dysfunction Questionnaire in Chronic Otitis Media. Clinical and
experimental otorhinolaryngology. 2017;10(4):315-20. doi:10.21053/ce0.2016.01683

61.  Sadé J. Retraction Pockets and Attic Cholesteatomas. Acta oto-rhino-laryngologica
Belgica. 1980 1980;34(1):62-84.

62.  Hiittenbrink KB. A New Theory Interprets the Development of a Retraction Pocket as
a Natural Self-Healing Process. European archives of oto-rhino-laryngology. 2019;276(2):367-
73. doi:10.1007/s00405-018-5246-3

63. Sadé J. Treatment of Cholesteatoma and Retraction Pockets. European archives of oto-
rhino-laryngology. 1993;250(4). doi:10.1007/BF00171523

64. Tos M, Poulsen G. Attic Retractions Following Secretory Otitis. Acta oto-
laryngologica. 1980;89(5-6): 479-86. doi:10.3109/00016488009127165

65. Sudhoff H, Tos M. Pathogenesis of Sinus Cholesteatoma. European archives of oto-
rhino-laryngology. 2007;264(10): 1137-43. doi:10.1007/s00405-007-0340-y

66.  Charachon R. Classification of Retraction Pockets. Revue de laryngologie - otologie -
rhinologie. 1988;109(3):205-7.

67.  Bluestone C, Klein J. Pediatric otolaryngology. 4th ed. WB Saunders; 2003.

68. Urik M, Hurnik P, Ziak D, Macha¢ J, glapék I, Motyka O, Jabandziev P.
Immunohistochemical analysis of retraction pocket pars tensa of tympanic membrane in
children. Int J Pediatr Otorhinolaryngol. 2019;122:111-116. doi:10.1016/].1jpor].2019.04.008
69.  Urik M, Tedla M, Hurnik P. Pathogenesis of Retraction Pocket of the Tympanic
Membrane - A Narrative Review. Medicina. 2021;57(5):425. doi:10.3390/medicina57050425
70.  Nankivell PC, Pothier DD. Surgery for Tympanic Membrane Retraction Pockets. The
Cochrane database of systematic reviews. 2010;(7). doi:10.1002/14651858.CD007943.pub2
71.  Dornhoffer JL. Surgical Management of the Atelectatic Ear. The American journal of
otology. 2000;21(3): 315-21. doi:10.1016/s0196-0709(00)80038-1

72. Mansour S, Magnan J, Haidar H, Nicolas K. Management of Retraction Pockets.

Tympanic Membrane Retraction Pocket. Switzerland: Springer International Publishing; 2015.

65



73.  Rutkowska J, Ozgirgin N, Olszewska E. Cholesteatoma Definition and Classification:
A Literature Review. The journal of international advanced otology. 2017;13(2):266-71.
doi:10.5152/ia0.2017.3411

74. Djurhuus BD, Skytthe A, Christensen K, Faber CE. Cholesteatoma in Danish Children
- A National Study of Changes in the Incidence Rate Over 34 Years. International journal of
pediatric otorhinolaryngology. 2015;79(2):127-30. doi:10.1016/j.ijporl.2014.11.020

75.  Shibata S, Murakami K, Umeno Y, Komune S. Epidemiological Study of
Cholesteatoma in Fukuoka City. The Journal of laryngology and otology. 2015;129 Suppl 2:S6-
S11. doi:10.1017/S002221511400231X

76. Britze A, M@ller ML, Ovesen T. Incidence, 10-year Recidivism Rate and Prognostic
Factors for Cholesteatoma. The Journal of laryngology and otology. 2017;131(4):319-28.
doi:10.1017/S0022215117000299

77. Urik M, Kaliarikova A, Machac J, Jurajda M. Experience with cholesteatoma behind an
intact tympanic membrane in children. Am J Otolaryngol. 2020;41(2):102379.
doi:10.1016/j.amjot0.2019.102379

78. Bennett M, Warren F, Jackson GC, Kaylie D. Congenital cholesteatoma: theories, facts,
and 53 patients. Otolaryngologic clinics of North America. 2006;39(6):1081-94.
doi:10.1016/j.0tc.2006.08.001

79. Di Lella F , Bacciu A , Pasanisi E , Ruberto M , D’Angelo G , Vincenti V. Clinical
findings and surgical results of middle ear cholesteatoma behind an intact tympanic membrane
in adults. Acta bio-medica : Atenei Parmensis. 2016;87(1):64-9.

80. Park KH, Park SN, Chang KH, Jung MK, Yeo SW. Congenital middle ear
cholesteatoma in children; retrospective review of 35 cases. Journal of Korean medical science.
2009;24(1). doi:10.3346/jkms.2009.24.1.126

81.  Rohlfing ML, Sukys JM, Poe D, Grundfast KM. Bilateral congenital cholesteatoma: A
case report and review of the literature. International journal of pediatric otorhinolaryngology.
2018;107:25-30. doi:10.1016/5.ijporl.2018.01.013

82. Stapleton AL. Congenital cholesteatoma: predictors for residual disease and hearing
outcomes. Archives of otolaryngology--head & neck  surgery. 2012;138(3).
doi:10.1001/archoto.2011.1422

83. Cho HS, Kim HG, Jung DJ, Jang JH, Lee SH, Lee KY. Clinical Aspects and Surgical
Outcomes of Congenital Cholesteatoma in 93 Children: Increasing Trends of Congenital
Cholesteatoma from 1997 through 2012. Journal of audiology & otology. 2016;20(3):168-73.
doi:10.7874/ja0.2016.20.3.168

66



84. Chrobok V, Pellant A, Profant M. Cholesteatom spankové kosti. Tobias; 2008.

85.  Urik M, Macha¢ J, Slapak 1. Stfedousni rekonstrukce u déti. Otorinolaryngologie a
foniatrie. 2017;66(1):12-15.

86.  Colletti V, Fiorino FG. Malleus-to-footplate prosthetic interposition: experience with
265  patients.  Otolaryngology--head — and  neck  surgery.  1999;120(3):437-44.
doi:10.1016/S0194-5998(99)70288-3

87. Felek SA, Celik H, Islam A, Elhan AH, Demirci M, Samim E. Type 2 ossiculoplasty:
prognostic determination of hearing results by middle ear risk index. American journal of
otolaryngology. 2010;31(5):325-31. doi:10.1016/j.amjot0.2009.03.006

88.  Uyar Y, KeleS B, KoC S, OztUrk K, ArbaG H. Tympanoplasty in pediatric patients.
International  journal — of  pediatric  otorhinolaryngology.  2006;70(10):1805-9.
doi:10.1016/].ijporl.2006.06.007

89. Wolter NE, Holler T, Cushing SH, Chadha NK, Gordon KA, James AL, BC Papsin.
Pediatric ossiculoplasty with titanium total ossicular replacement prosthesis. The
Laryngoscope. 2015;125(3):740-5. doi:10.1002/lary.24896

90. WHO. https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss.
WHO. Accessed 15th July, 2020.

91. Dahm V, Baumgartner WD, Liepins R, Arnolder Ch, Riss D. First Results With a New,
Pressure-free, Adhesive Bone Conduction Hearing Aid. Otology & neurotology.
2018;39(6):748-54. doi:10.1097/MA0O.0000000000001829

92.  Hol MKS, Cremers CWRJ, Coppens-Schellekens W, Snik AFM . The BAHA Softband.
A new treatment for young children with bilateral congenital aural atresia. International journal
of pediatric otorhinolaryngology. 2005;69(7):973-80. doi:10.1016/.ijporl.2005.02.010

93. Mcdermott AL, Dutt SN, Tziambazis E, Reid AP, Proops DW. Disability, handicap and
benefit analysis with the bone-anchored hearing aid: the Glasgow hearing aid benefit and
difference profiles. The Journal of laryngology and otology Supplement. 2002;(28):29-36.
doi:10.1258/0022215021911310

94.  TjellstrOm A, HAkannson BO, GranstrOm G. Bone-anchored hearing aids: current
status in adults and children. Otolaryngologic clinics of North America. 2001;34(2):337-64.
doi:10.1016/s0030-6665(05)70335-2

95. Zarowski AJ, Verstraeten N, Somers T, Riff D, Offeciers EF. Headbands, testbands and
softbands in preoperative testing and application of bone-anchored devices in adults and

children. Advances in oto-rhino-laryngology. 2011;71:124-31. doi:10.1159/000323728

67



96. Urik M, HoSnova D, Slapék I, Janc¢ikova J, Odstr¢ilik J, Jarkovsky J, Baumgartner WD.
First experiences with a new adhesive bone conduction hearing device in children. /nt J Pediatr

Otorhinolaryngol. 2019;126:109614. doi:10.1016/j.1jporl.2019.109614

68



Ptiloha 1: Forstova G, Urik M, Mikol4sek P, Pavlovska D, Sevéikovd A, Slapak I. Hemofilové infekce v ORL
oblasti u déti pied a po zavedeni o¢kovani antihemofilovou vakcinou. . Ceskoslovenska Pediatrie.
2017;18(1):20-24.

Hemofilové infekce v ORL oblasti
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Uvod: Clanek prezentuje vysledky studie, kterd zkoumala, jak se zménilo spektrum bakteridlnich patogend zplsobujicich
akutni otitidy, meningitidy otogenniho plivodu a epiglotitidy v détském véku po zavedeni povinného plosného ockovani
vakcinou proti Haemophilus influenzae b (déle Hib) v Ceské republice.

Material a metodika: V rdmci studie jsme sledovali 2 soubory pacientl. Kontrolni soubor tvofily déti narozené pred rokem
2001, které nebyly o¢kované vakcinou proti Hib. Sledovany soubor tvofily déti narozené po roce 2001, které byly o¢kova-
né vakcinou proti Hib. Studie probihala v letech 2002-2012. V kazdém souboru byly sledovany 3 skupiny déti: 1. s akutni
otitidou, 2. s otogenni meningitidou a 3. s epiglotitidou. Ve vSech pfipadech jsme provedli kultivaci odebraného materialu
s cilem identifikovat Hib jako plivodce onemocnéni.

Vysledky: V kontrolnim souboru bylo odebrano celkem 205 stérii ze zevniho zvukovodu ke kultivaci u déti s akutni otitidou
po paracentéze. Hib byl nalezen jako plivodce v 26,3 %. U meningitid otogenniho plvodu byl Hib jako plivodce nalezen
pouze v 1ptipadé. V tomto souboru se vyskytla epiglotitida u 8 déti a ve viech pf¥ipadech byl plivodcem Hib. Ve zkoumaném
souboru bylo odebrano celkem 201 stérli ze zevniho zvukovodu u déti s akutni otitidou po paracentéze. Hib byl zachycen
pouze ve 4,4 %. U meningitid otogenniho ptivodu nebyl Hib vykultivovan ani v jednom pfipadé. V souboru o¢kovanych déti
jsme epiglotitidu viibec nezaznamenali.

Zavér: Z vysledkl této studie je patrny vyznamny pokles vyskytu Hib jako plvodce u akutnich otitid, otogennich
meningitid a epiglotitid ve skupiné ockovanych déti vakcinou proti Hib. V souboru ockovanych déti nebyl zaznamenan
zadny pfipad meningitidy ani epiglotitidy zplsobené Hib. O¢kovani zarucuje téméF kompletni ochranu pfed zavaznymi
invazivnimi onemocnénimi, v naSem ptipadé pfed meningitidou a epiglotitidou a sniZuje pocet akutnich otitid vyvolanych
Hib.

Haemophilus influenzae b, akutni otitida, meningitida, epiglotitida, détsky vék, ockovani

Haemophilus diseases in ENT in children before and after the introduction of Haemophilus influenzae
type b vaccine

Introduction: The article presents the results of a study aiming to find out the change in the spectrum of bacterial pathogens
causing acute otitis media, otogenic meningitis and paediatric epiglottitis after the introduction of compulsory vaccination
against H. influenzae b (Hib) at a national level in the Czech Republic.

Material and methods: Two patient groups were observed within the study. The control group consisted of children born
before 2001 who were not vaccinated by Hib vaccine. The observed group consisted of children born after 2001 who were
vaccinated by Hib vaccine. The study was performed during 2002-2012. Three subgroups of children were observed within
each group: 1. Suffering from acute otitis media, 2. Suffering from otogenic meningitis, 3. Suffering from epiglottitis. In all
cases the samples were cultivated in order to identify Hib as the cause of the infection.

Results: In the control group, a total of 205 smears from external ear canal were taken for cultivation in children with
acute otitis after paracentesis. Hib was identified as a cause in 26.3 %. In otogenic meningitis subgroup only one case was
caused by Hib. Eight children suffered from epiglottitis and all cases were caused by Hib. In the observed group, a total of
201 smears from external ear canal were taken in children with acute otitis after paracentesis. Hib was identified in only
4.4 % of cases. In the subgroup of otogenic meningitis Hib was not cultivated in any single case. There were no cases of
epiglottitis in the control group.
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Conslusion: The study results show a significant decrease in occurrence of Hib as a cause of acute otitis media, otogenic
meningitis and epiglottitis in the group of children vaccinated by Hib vaccine. There were no cases of meningitis or epiglo-
ttitis cases caused by Hib in the group of vaccinated children. Vaccination provides a complete protection against serious
invasive diseases, in our case meningitis and epiglottitis, and decreases the occurrence of acute otitis media caused by Hib.

Haemophilus influenzae b, acute otitis, meningitis, epiglotitis, pediatric age, vaccination

Infekce respira¢niho traktu tvoii témér polovinu vSech
onemocnéni v détském véku. Pfiznaky i etiologie ndkazy
zavisi na lokalizaci v dychacim traktu. Zanéty v détském
véku postihuji ¢asto sliznici nosnich dutin a nosohltanu
a odtud se mlze zanét rozsitit do stfedousi [1].

Mezi nejcastéjsi ptivodce akutnich zanéti stfedousi
u déti patti Streptococcus pneumoniae, Haemophilus influenzae
a Moraxella catarrhalis [1]. Na Détské otorinolaryngologic-
ké klinice FN v Brné byla provedena studie, zda a jak se
zméni spektrum patogent akutnich otitid a meningitid
otogenniho ptivodu po zavedeni povinného o¢kovani proti
H.influenzaeb. Dale jsme sledovali také vyskyt epiglotitidy
v obou souborech. Vakcina byla do ockovaciho kalendafe
déti zatazena od 1. 7. 2001.

H. influenzae je gramnegativni ty¢inka, ktera se podle
charakteru polysacharid@ pouzdra tfidi do 6 antigennich
typl oznacovanych pismeny a-f[2].

Prenos infekce se déje vzdusnou cestou. Virulence
kmene je podminéna tvorbou pouzdra. Prudké infekce
jsou vyvolany typem b [3].

V laboratorni diagnostice se vyuziva kultivace na krev-
nim agaru se stafylokokovou ¢arou (satelitismus) a sérolo-
gické vysetfeni - prikaz polysacharidového pouzderného
antigenu v krvi (latex aglutinace, ELISA) [2].

Zavazna celkova hemofilova onemocnéni zptisobuje
zejména H. influenzae b. Celkova invazivni onemocnéni
probihaji vétsinou jako meningitida, epiglotitida ¢i sepse.
Predisponovany jsou zejména déti ve véku od 3 mésicli do
5let [1]. Hemofilova meningitida u déti zanechava az ve
30 % neurologické poruchy a poskozeni sluchu.

Meningitidy délime podle zplisobu vzniku na primarni,
kdy k infekci dojde hematogenni cestou, a sekundarni,
kdy k zdnétu dojde prestupem infekce z okolniho loziska
(stfedousi, pneumaticky systém spankové kosti, vedlejsi
dutiny nosni).

V diagnostice sekundarnich meningitid je dfilezita
anamnéza s vyskytem opakovanych zanétd stfedousi
¢i dutin. Diagnéza se stanovi na zakladé pritomnosti
zanétlivého likvoru pfi lumbalni punkci. Biochemické
vysetfeni likvoru u bakteridlnich zanéti ukazuje zvyse-
nou bilkovinu a laktat, snizenou glukézu, cytologicky
nalez vykazuje pleocytézu s nalezem polymorfonuklear-
nich leukocytii. Cytologické vysetieni se provadi nejlépe
do jedné hodiny po odbéru, pozdéji dochazi u bunék
k destruktivnim a deformac¢nim zménam. Pokud nelze
cytologické vySetfeni provést do 45 minut, doporucuje se
vitalitu bunék prodlouZzit pfidanim kultiva¢niho média
nebo inaktivovaného AB séra [4].

Cilem vysetfeni odebraného moku je prikaz infek¢niho
agens primo ¢i kultivaci nebo priikazem bakteridlniho
antigenu pomoci PCR a nasazeni optimalni 1é¢by podle

citlivosti. Vhodna antibiotika jsou zvolena podle véku,
zavaznosti zanétu a vysledka odbérti.

Sekundarni meningitidy maji zpravidla protrahovanéj-
§1 pribéh nez primarni. Komplikace jsou cetné, akutni
stadium muZe byt provazeno edémem mozku. Byva
zrakové ¢i sluchové postiZeni, centralni obrny. U déti se
po prodélané meningitidé mtZe objevit psychomotoricka
retardace ¢i hydrocefalus.

Pfi sekundarni meningitidé je nutno provést sanaci
primarniho loziska. Dale se koriguje vnitini prostfedi,
pfipadny edém mozku, jsou podavana antibiotika in-
travenézné, dexametazon jako prevence neurologickych
nasledkd a hluchoty. Mezinarodni doporuceni upfednost-
nuji podavani dexametazonu jesté pred podanim prvni
davky antibiotika a v jeho podavani pokracovat po dobu
¢tyf dnfi. Lékem volby jsou cefalosporiny III. generace,
popt. aminopeniciliny v kombinaci s inhibitory beta-
laktamaz [5].

Akutni zanéty stfedniho ucha jsou frekventovanym
onemocnénim détského véku. Uvadi se, Ze az 40 % déti
pfekona alesporl jednou otitidu. NejvySsi procento vy-
skytu je u déti do jednoho roku. Akutni zanét stfedniho
ucha u déti vznika vétSinou jako komplikace infekce
hornich cest dychacich.

V terapii akutnich otitid zplisobenych H. influenzae b
zlistava lékem volby aminopenicilin, popf. s inhibitory
beta-laktamdaz. Pti precitlivélosti k penicilinu 1ze podat
stabilni cefalosporiny nebo makrolidy [1].

Epiglotitida je akutni onemocnéni s vysokymi horec-
kami. Pfed zavedenim ockovani proti Hib se vyskytovala
v kazdém rocnim obdobi u déti od 2 do 7 let. Nemoc
zacina nahle vysokou horeckou, dité je dyspnoické,
ma stridor, obcas kasel, zastfeny hlas. Dolni ¢elist ma
mirné vysunutou vpfed, oteviena usta, nékdy i s pro-
truzi jazyka. Dité zaujima sedici polohu s pfedklonem
vpied. Tato poloha umoznuje stabilizovat epiglotis tak,
aby uplné neobturovala vchod do hrtanu. Kazda zména
polohy miiZe zpiisobit ucpani hrtanového vchodu ede-
matézni epiglotis a uduseni ditéte. Intenzivni bolest
hrdla vede k porucham polykani, které se projevuji
dysfagii, slinénim a odmitdnim potravy. V krevnim
obraze je leukocytéza s posunem doleva, etiologickou
diagnézu potvrdi mikrobiologické vysetfeni z dychacich
cest a hemokultura.

Terapie - v lehéich ptipadech zabezpecime rychly
transport pacienta na specializované oddéleni, v tézsich
pfipadech je potfebna okamzita inhalace kysliku, pfi
zastaveni dychani intubace. Dité hospitalizujeme a ve
vétsiné pripadl epiglotitida vyzaduje nazotrachealni
intubaci, ktera obvykle trva 24 hodin. Vzhledem k bak-
teridlni etiologii onemocnéni jsou indikovana Siroko-
spektra antibiotika intravenézné, prevazneé cefalosporiny
III. generace, ampicilin nebo amoxicilin, u kmenti pro-
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Tab. 1. Vysledky testl pro otitis media acuta u o¢kovanych a neockovanych déti.

1 S. pyogenes 21 19 0,1045 0,0927 -0,3987 0,6901
2 H. influenzae b 9 54 0,0448 0,2634 6,0834 0

3 S. bneumoniae 105 94 0,5224 0,4585 -1,2868 0,1982
4 M. catarrhalis 15 14 0,0746 0,0683 -0,2478 0,8043
5 S. aureus 18 6 0,0896 0,0293 -2,5751 0,01

6 P. aeruginosa 9 5 0,0448 0,0244 -11255 0,2604
7 S. agalactiae 0 2 0 0,0098 1,4038 01604
8 N. meningitidis 0 0 0 0

9 S.nonAB 0 0 0 0

10 S.sk.C 3 1 0,0149 0,0049 -1,0248 0,3055
il S sk F 0 0 0 0

12 S.skG 0 2 0 0,0098 1,4038 01604
13 H. parainfluenzae 9 3 0,0448 0,0146 -1,793 0,073
14 H. influenzae non b 12 5 0,0597 0,0244 -1,776 0,0757
15 H. species 0 0 0 0

Vysvétlivky pouzitych symbol:
OD - pocet ockovanych déti
ND - pocet neockovanych détf

r.¢. OD, r. ¢. ND - relativni Cetnost o¢kovanych resp. neockovanych déti

t, - hodnota testové statistiky

p - p-hodnota (porovndvame ji se zvolenou hladinou vyznamnosti o, je-Ii p <o, nulovou hypotézu zamitame na hladiné vyznamnosti a,)

dukujicich B-laktamazu je vhodny amoxicilin s kyselinou
klavulanovou, ampicilin se sulbaktamem [1, 6].

Od roku 2001 bylo v CR zavedeno povinné ockovani
proti H. influenzae b dle vyhlasky ¢. 439/2000 Sb. jako
prevence zavaznych Hib infekci. Nejprve byla détem
podavana od 1. 7. 2001 tetravakcina ve ¢tyfech davkach
podle oc¢kovaciho kalendate, poté od 1. 1. 2007 hexavak-
cina ve ¢tyfech davkach podle ockovaciho kalendare.
Hexavakcina obsahuje antigen pfipraveny z polysacha-
ridu pouzdra Hib (7, 8].

MATERIAL A METODIKA

V ramci desetileté studie (2002-2012) byly odebrany
vytéry ze zevniho zvukovodu ke kultivaci u pacientl
s akutni otitidou po paracentéze narozenych pred rokem
2001 a neockovanych proti Hib, a dale u pacientti s akutni
otitidou po paracentéze povinné ockovanych proti Hib
a narozenych od roku 2001. Sledovali jsme také pocet
meningitid otogenniho ptivodu, epiglotitid a spektrum
pavodct v obou souborech. K prikazu Hib byla provadéna
kultivace na krevnim agaru se stafylokokovou ¢arou na
mikrobiologii ve FN Brno. Transportni Amiesova ptida
zarucuje preziti odebranych mikrobdl po dobu nejméné
48 hodin.

Kritéria zatazeni do studie:

1. Kontrolni soubor tvotily déti narozené pred rokem
2001, neockované proti Hib s akutni otitidou oSetfenou
paracentézou, sekundarni otogenni meningitidou nebo
epiglotitidou.

2. Zkoumany soubor tvofily déti narozené od roku
2001, ockované proti Hib s akutni otitidou oSetfenou

paracentézou, sekundarni otogenni meningitidou nebo
epiglotitidou.

VYSLEDKY

1. V kontrolnim souboru neockovanych déti bylo ode-
brano celkem 205 stérd ze zevniho zvukovodu. Stéry byly
odeslany na mikrobiologicky rozbor. V souboru bylo 110
chlapcti, 95 divek ve vékovém rozpéti 0-7 let, primeérny
vék byl 2,9 let. Mikrobiologické vySetfeni urcilo ptivodce
onemocnéni, tyto vysledky byly dile vyhodnoceny.

U Hib neockovanych pacientd s diagnézou akutni oti-
tidy byl vykultivovan z mikrobiologickych stérci nejvice
S.pneumoniae (45,5%), H. influenzaeb (26,3 %), S. pyogenes (9,2 %),
M. catarrhalis (6,8 %). U meningitid otogenniho pavodu
byl zaznamenan u neockovanych déti ve 3 prfipadech
S. pneumoniae, ve 2 pripadech S. pyogenes, 2x S. aureus,
v jednom pfipadé byl vykultivovan Hib a v jednom pfi-
padé H. influenzae non b. Sekundarni meningitida vznikla
prestupem loziska infekce z okoli pfi akutni mastoiditidé.
Ve vSech piipadech byla provedena antromastoidektomie,
sanace primarniho infekéniho loZiska, v Zadném ptipadé
nedoslo k trvalému poskozeni sluchu. Epiglotitidu jsme
u neockovanych déti zaznamenali celkem v 8 pfipadech.
Vzdy byl pivodcem Hib. Bylo provedeno mikrobiologické
vySetfeni, odebrana hemokultura.

2. Ve zkoumaném souboru ockovanych déti bylo ode-
brano celkem 201 stérQ ze zevniho zvukovodu ke kultivaci.
V souboru bylo 106 chlapct a 95 divek, ve vékovém rozpéti
0-7 let, primérny vék byl 2,6 let.

U Hib o¢kovanych déti u akutni otitidy byl vykultivovan
nejvice S. pneumoniae (52,2 %), S. pyogenes (10,4 %), S. aureus



(8,9 %), M. catarrhalis (7,4 %), H. influenzae b byl u akutni
otitidy u ockovanych déti v mikrobiologickych vytérech
zachycen pouze ve 4,4 %.

U meningitid otogenniho ptivodu u ockovanych déti
byl vykultivovan 4x S. pneumoniae, 2x S. aureus, 2x S. koa-
guldza negativni, 2x S. agalactiae, 1x H. influenzae non b. Opét
byla provedena vzdy sanace primarniho loZiska - antro-
mastoidektomie, v Zdadném pripadé nedoslo k trvalému
poskozeni sluchu. Epiglotitidu jsme ve zkoumaném
souboru nezaznamenali.

Vysledky testl pro otitis media acuta u ockovanych
aneockovanych déti uvadime v tabulce 1. Na§ komentar
k tabulce 1: Hypotézu o shodné pravdépodobnosti vyskytu
patogenu u ockovanych a neockovanych déti zamitame
na hladiné vyznamnosti 0,05 pro H. influenzaeb a S. aureus.

U meningitidy a epiglotitidy test nelze provést, protoze
se u o¢kovanych déti viibec nevyskytly.

Statistické zpracovani dat

Rozdilnost ve vyskytu jednotlivych chorob zptisobe-
nych zkoumanymi patogeny u skupiny ockovanych
a neockovanych pacientli byla zkoumana pomoci testu
homogenity binomickych rozloZeni. Nulova hypotéza
tvrdi, Ze pravdépodobnost vyskytu patogenu je u obou
skupin stejnd, zatimco alternativni hypotéza tvrdi, Ze je
rozdilna. Hladina vyznamnosti byla zvolena 0,05. Testy
byly provedeny pomoci systému STATISTICA Cz 12 (citace:
StatSoft, Inc. (2013). STATISTICA (data analysis software
system), version 12. www.statsoft.com).

Vakcinace Hib zménila Cetnost invazivnich hemofi-
lovych onemocnéni. Ve vyspélych zemich dosahovala
cetnost onemocnéni pred vakcinaci 20-60/100 000 déti
ve vékové skupiné do péti let véku [10]. Po zavedeni
imunizace konjugovanymi Hib vakcinami doslo k poklesu
poctu invazivnich hemofilovych onemocnéni o 70-95 %
[8, 9, 10]. Z nasich vysledki vyplyva taktéZ pokles poctu
hemofilovych meningitid a epiglotitid u o¢kovanych
déti. V zemich, kde se vakcinace neprovadi, pfedstavuje
uvedeny ptvodce spolu s pneumokoky a meningokoky
klasickou triddu, kterd vyvolava vétSinu komunitné
ziskanych purulentnich meningitid. U déti do péti let
véku byl Hib pfed ockovanim ptivodcem pfiblizné 60 -70 %
téchto onemocnéni. Smrtnost hemofilové meningitidy
ve vyspélych zemich je pomérné nizka, zavazné jsou ale
nasledky jako napt. hluchota ¢i jiné neurologické kom-
plikace, které se vyskytuji pfiblizné u ¢tvrtiny nemoc-
nych. Zavedena vakcinace od roku 2001 snizila celkovou
nemocnost v priabéhu péti let na pétinu, nejvyraznéji
Klesala ve vékové skupiné 0-11 mésict a 1-4 roky. V roce
2004 bylo hlaseno pouze 5 meningitid s imrtim jednoho
Ctyfletého neockovaného ditéte [4, 11].

V nasem souboru u ockovanych déti nebyl zaznamenan
zadny pripad meningitidy ani epiglotitidy zptisobené
Hib. U neockovanych déti byl zaznamenan jeden pripad
Hibmeningitidy a 8 pfipad epiglotitidy ve sledovaném
obdobi.

JiZ od roku 1992 byla v Ceské republice dostupna konju-
govana Hibvakcina. Individudlni vakcinace nebyla pfili§
vyuzivana. Podstatny zlom nastal v ¢ervenci 2001, kdy
byla zahdjena vakcinace kojenct proti Hib tetravakcinou

TETRAct-Hib (zaskrt, tetanus, davivy kasel, Hib). Od roku
2007 se pouziva hexavakcina (zaskrt, tetanus, davivy
kasel, Hib, pfenosnd détska obrna, virova hepatitida B).
Hib do té doby byl pivodcem pfiblizné 90 % vSech inva-
zivnich hemofilovych onemocnéni [11, 15]. PfibliZzné 90 %
téchto invazivnich onemocnéni se objevuje u déti do péti
let véku. Déti do dvou mésicii véku jsou chranény pasiv-
nim pfenosem mateiskych protilatek. Vékova distribuce
onemocnéni souvisi s rychlou kolonizaci nosohltanu déti
uvedenym mikrobem, ve véku dvou let je jiz kolonizovano
priblizné 80 % déti [12]. Z téchto diivodl vakcinace proti
Hib musi byt ¢asna, uz pred spontanni kolonizaci déti.
Po zahdjeni vakcinace je pozorovan vyraznéjsi pokles
poctu invazivnich hemofilovych onemocnéni aZ pii 90%
proockovanosti déti ohrozenych vékovych skupin [12]. Ve
vSech zemich byl béhem 2-3 let po zahdajeni vakcinace
pozorovan strmy pokles poctu invazivnich hemofilovych
onemocnéni, vét§inou az na 5 % pvodné hlasenych
onemocnéni.

Nejdelsi zkuSenosti s vakcinaci maji ve Finsku, kde bylo
zahdajeno ofkovani od roku 1988 az 1989, a ve Svycarsku,
kde byla vakcinace zahajena v roce 1990 [13]. V pribéhu
devadesatych let byla Hib vakcinace déti postupné zavede-
na ve vét§iné rozvinutych zemi. Ceska republika se mezi
tyto zemé zafadila v roce 2001. Imunita je podminéna
pritomnosti baktericidnich antikapsularnich protilatek,
které jsou ziskany transplacentarné, po prodélaném
onemocnéni a po imunizaci [3].

Na Détské otorinolaryngologické klinice FN v Brné
bylo béhem desetiletého obdobi (2002-2012) zhodnoceno
spektrum plvodci zpisobujicich akutni otitidy, sekun-
darni meningitidy otogenniho ptivodu a epiglotitidy
u dvou skupin pacientll. U déti neo¢kovanych a u déti
ockovanych proti Hib.

Z vysledkd studie je patrny pokles vyskytu Hib v mikro-
biologickych nalezech u akutnich otitid u o¢kovanych déti
proti mikrobiologickym nalezim u déti neockovanych.

V souboru ockovanych déti nebyl zaznamenan ptipad
meningitidy ani epiglotitidy zptisobené Hib.

Ockovani zarucuje témeét kompletni ochranu pfed za-
vaznymi invazivnimi onemocnénimi - meningitidami
a epiglotitidami, a snizuje pocet komplikaci pti bézZnych
ORL infektech.

Podpora FN Brno, podpofeno MZ CR - RVO (ENB,
65269705).
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Myringotomy is a surgical incision of tympanic membrane used mainly as therapy for acute otitis media. It is a
safe and simple procedure; however possible complications must be considered. In this article is described a case
study of a 2-and-a-half-year-old girl with a massive oto-liquorrhea following myringotomy.

1. Introduction

Tympanic membrane paracenthesis, or myringotomy, is defined as a
surgical incision of tympanic membrane. It is used in patients with
acute otitis media (AOM) with bulging tympanic membrane to im-
mediately drain the inflammatory content of tympanic cavity [1,3-5]. It
is also used in children with otitis media with effusion (OME) when
myringotomy is performed to drain liquid from tympanic cavity and
insert ventilation tube into tympanic membrane [2]. Myringotomy
seems to be a simple intervention; however it has its risks and several
possible complications have been described in literature. This paper
describes a case study of a two-and-a-half-year-old girl who underwent
myringotomy for AOM. A massive oto-liquorrhea occurred, the fol-
lowing surgical revision revealed luxation of stapes with a profuse flow
of inner-ear liquid from oval window.

2. A case study

The two-and-a-half-year-old girl was admitted to out-patient ENT
office at 6 a.m., parents informed about several hours lasting pain of
right ear, not responding to ibuprofen. The girl was subfebrile (tem-
perature between 37,5 and 38 °C) and had signs of upper airway in-
flammation. ENT specialist on call performed otoscopy which revealed

red, edematous and bulging right tympanic membrane, therefore he
decided to perform myringotomy at a site of its most prominent bulge -
posterior inferior quadrant. Serous secretion drained from tympanic
cavity following the myringotomy. Myringotomy was performed stan-
dardly (as is usual in our country) with no signs of complications. A
father firmly holds a child sitting on his lap, fixes child's arms, a nurse
fixes head (this is the standard fixation procedure used in our country)
and a doctor (ENT specialist) performs otoscopy and myringotomy,
using a myringotomy knife. He used the standard otoscope with mag-
nifying glass. The girl was discharged, the parents were informed about
the necessity of regular lavage of auditory canal, snot sucking, admin-
istration of analgetics and nose drops. The follow-up was scheduled
after two days. However, the parents returned with the girl six hours
later, stating the girl had fever and was vomiting, did not want to eat
nor drink and was sleepy. The ENT specialist decided the girl had to be
hospitalised, blood tests were performed (they were normal) and
treatment with antibiotics was initiated (Ceftriaxon 1.5 g & 24 hours).
The girl underwent neurological, ophthalmic and infectological ex-
aminations including lumbar puncture, all without significant findings.
Computed tomography (CT) examination of brain was performed re-
vealing pneumocephalus on a right side near tentorium, the air in the
vestibulum and in the internal meatus acusticus and liquid content in
middle ear cavity on right, the rest without pathology (Figs. 1 and 2).
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Fig. 1. CT scan of the temporal bone (coronar projection), air in the vestibulum
(blue), air in the internal meatus acusticus (green), communication between
vestibulum and internal meatus acusticus (orange). (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Because of the pathological liquid content in the tympani cavity, it was
not possible to sufficiently describe the ossicular chain and the position
of the stapes. The girl also suffered from a congenital impairment of
external ear - bilateral preauricular appendices, therefore a combined
developmental abnormality is expected. Profuse secretion of clear li-
quid was observed from right ear, with suspicion on oto-liquorrhea
(Fig. 3). A sample was taken and examined on presence of beta-2-
transferin, with a positive result. It is known that perilymph has a very
similar composition to that of cerebrospinal fluid. On day 5 of hospi-
talisation, oto-liquorrhea did not tend to stop, therefore we decided to
perform explorative tympanotomy. Under general anesthesia tympa-
notomy was performed. We observed the fluid leakage from the place
after myringotomy (posterior inferior quadrant) and revealing luxation
of stapes whose footplate was pulled into inner ear accompanied by
profuse flux of inner ear liquid (perilymph) through oval window.
Spontaneous closure of the perforation was not possible due to frag-
ments of stapes footplate. Extraction of stapes including footplate was
performed, oval window was closed with fat from auricle which was
compressed by placing tympanic membrane into its initial position,
malleus and incus were left at their positions (Fig. 4). Tympanic
membrane was compressed using tamponade of external ear canal by

International Journal of Pediatric Otorhinolaryngology 115 (2018) 153-155

Fig. 4. Insertion of the fat to the oval window, oto -microscopy.

Gelitaspon spheres. Immediately after compression, the flux of peri-
lymph stopped. During the surgery, neurosurgeon performed lumbar
puncture with drain insertion. During the following days of hospitali-
sation, 10 ml of cerebrospinal fluid every 4 hours was removed daily.
Extraction of Gelitaspon from external ear canal and extraction of
lumbar drain was performed on 7th day after the surgery. Hearing
examination using BERA (Brainstem Evoked Response Audiometry) was
performed with the result of severe hypacusis of right ear (response on
90dB). Oto-liquorrhea did not appear after the surgery. On tenth day
after the surgery, the girl was discharged, she has been coming for
regular visits, subjectively with no complaints, without nausea or ver-
tigo.

Fig. 2. CT scan of the temporal bone (axial projection): red — cochlea, yellow — stapes (on the right sight is the stapes much more anteriorly), green — oval window,
blue - handle of maleus. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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3. Discussion

Myringotomy is a procedure with a long history in otology and is
used daily in patients all over the world. ENT books describe possible
complications of this seemingly simple procedure. These include injury
of jugular vein leading to massive bleeding [6], injury of internal car-
otid artery [7], injury of the dura mater [8] and injury of ossicular
chain [9,10]. The most frequent injury is disruption of incudostapedial
joint [10]. Malleus and stapes are more stable than incus and therefore
less frequently injured [11]. According to available data, the most
frequent cause of ossicle bone injury is head trauma with fracture of
temporal bone [12]. No described case of luxation of stapes caused by
myringotomy was found (searched in Pubmed). In the case described in
this paper, standard myringotomy caused luxation of stapes with its
footplate being pressed towards inner ear and therefore blocked spon-
taneous closure of perforation. Several methods of solution are de-
scribed for case of lesion of stapes and its footplate [13,14]. In our case,
extent of injury and intensity of perilymph flux made reconstruction
and fixation of stapes and its footplate impossible. Therefore, extraction
of stapes and closure of oval window by fat was performed. If we have
suspicion for cerebrospinal fluid or perilymph, we take a sample to
detection of beta-2-transferin. In our department, myringotomy is a
standard procedure used daily for treatment of AOM. Indications of
myringotomy include bulging tympanic membrane, otalgia and signs of
upper airways infection. Parents are informed of the procedure and
must agree with its performation. We standardly used the otoscope with
magnifying glass or microscope. In some countries myringotomy is
performed under general anesthesia to avoid this kind of complication,
but the procedure of fixation described above is the standard and safe
fixation procedure used in our country for many years. The typical
place for myringotomy should exclude the postro-superior quadrant to
avoid ossicles trauma. No similar complication is recorded in the his-
tory of our department. The girl also suffered from a congenital im-
pairment of external ear - bilateral preauricular appendices, therefore a
combined developmental abnormality is expected, but no other ab-
normalities of the middle or inner ear are visible on CT scans. The girl
had no other visible malformation or diseases. Pediatric examination
was normal.

4. Conclusion

Myringotomy remains one of the treatment options in acute otitis
media. The procedure leads to immediate pain relief, evacuation of
inflammatory content from tympanic cavity and decreases the risk of
development of extra and intracranial complications of AOM. An
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important factor is that myringotomy may eliminate useless adminis-
tration of antibiotics. Although myringotomy is a quite safe and simple
procedure, possible complications must be thought of and myringotomy
should be performed carefully. A child with post-myringotomy com-
plications should be treated at a department with experience with
middle ear surgery.
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To describe a rare case of Potts’ puffy tumor (PPT) in the zygomatic area, which developed as a
complication of acute otitis media in a 6-year-old child. To date, only one case of PPT has been described
in the literature as a complication of latent mastoiditis in an adult, and one case of PPT as a complication
of acute mastoiditis in a 10-year-old child. Urgent surgical intervention, including evacuation of the
purulent lesion, removal of inflamed soft tissue and osteolysis of the involved bone, and
antromastoidectomy, intravenous treatment with broad-spectrum antibiotics, including G+, G-,
anaerobes and fungi, and local therapy.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Acute otitis media is one of the most common diseases of
childhood and may be accompanied by severe complications.
Complications of acute otitis media are classified as intracranial
and intratemporal. Complications of acute otitis are rare in today’s
age of antibiotics, but may result in increased morbidity and
significantly increase the economic cost of treatment [1-5]. Fortu-
nately, life-threatening intracranial complications are rare today.
Intratemporal complications include acute mastoiditis, subper-
iosteal abscess, facial nerve palsy, serous labyrinthitis and
suppurative labyrinthitis. Intracranial complications include sig-
moid sinus thrombosis, epidural or intracerebral abscess, menin-
gitis, petrositis, and otitic hydrocephalus [6-8]. Pott’s puffy tumor
(PPT) is a subperiosteal abscess located above the lesion of cranial
osteomyelitis [9]. It is a rare disease often leading to intracranial
spread of infection. The majority of published Pott’s puffy tumor
cases has been described in adolescents and adults, overwhelm-
ingly in the frontal area where PPT develops as a complication of
frontal sinusitis or trauma, or rarely as a complication of maxillary
sinusitis, postoperative craniotomy, dental abscess or respiratory
tract infection. As of 2014, only 36 pediatric cases have been
reported in the literature, mostly as a complication of sinusitis
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(according to MEDLINE). To date, only one case of PPT has been
described in the literature as a complication of latent mastoiditis
in an adult [10], and one case of PPT as a complication of acute
mastoiditis in a 10-year-old child [11].

2. Case report

A 6-year-old Caucasian boy, previously healthy, was referred to
our department by his practitioner for 2 days of fever (40 °C), pain
and discharge from the left ear. The patient was taking a macrolide
antibiotic for 2 days. During the examination, normal otoscopic
findings were observed on the right side, while on the left side,
the patient had purulent discharge from the external ear, but the
retroauricular and preauricular areas were without acute pathol-
ogy, with no redness or swelling, with signs of upper respiratory
tract infection. Meningeal signs were negative, without cervical
lymphadenopathy. The patient had no history of ear diseases. Pus
samples were taken for cultivation and the antibiotics were
changed to cephalosporins; the ear started clearing locally. The
next day we made a follow-up evaluation, which revealed
persistent fever (38-39 °C), the boy was tired, tearful, reported
headache and persistent secretion from the left ear. We completed
X-rays of the temporal bone (projection according to Stenvers
and Schuler) to rule out mastoiditis, which was not confirmed.
Further examination was carried out after 3 days; the patient’s
condition did not improve, and moreover, the boy developed soft
painful swelling in front of the left auricle, in the zygomatic area.
The patient was admitted to the hospital for intravenous antibiotic
(ATB) therapy. He had the following baseline results on admission:
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Fig. 1. Pott’s puffy tumor in the left zygomatic area, CT scan, coronal projection.

CRP 22 mg/l, WBC 7.8, and ESR 115/h; the patient was empirically
started on intravenous (I.V.) clindamycin, I.V. ceftriaxone and oral
ketoconazole. After 2 days, the swelling above the zygomatic area
resolved, the patient was afebrile, secretion gradually decreased.
On day 8, the patient’s condition deteriorated, and he re-developed
headaches, fever, and bulging above the zygomatic area. CT scan
was performed and revealed acute mastoiditis and epidural
empyema on the left side, with signs of temporal bone osteolysis
in the zygomatic area (Figs. 1-3). Under generalized anesthesia, we
made a wide incision at the site of bulging to evacuate large
quantities of purulent content that flew out under strong pressure,
and we found a bone defect that communicated with the epidural
space containing the abscess cavity; after the evacuation of pus,
the dura returned to its original position (Fig. 4). Further, we
performed antromastoidectomy to open the antrum, which was
obstructed by granulation. The patient was in the intensive care
unit for 24 h, and thereafter he was referred to the standard ward.
No causative agent was cultivated from the pus sample or blood
cultures. During the hospitalization, no abnormalities were found
from the blood counts, urine analysis and/or internal laboratory
tests. The patient was discharged home on postoperative day 10,

Fig. 2. Pott’s puffy tumor in the left zygomatic area, epidural empyema on the left
side, with signs of temporal bone osteolysis, CT scan, coronal projection.

[N\

Fig. 3. Pott’s puffy tumor in the left zygomatic area, epidural empyema on the left
side, with signs of temporal bone osteolysis, CT scan, axial projection.

Fig. 4. Wide incision at the site of bulging to evacuate large quantities of purulent
content that flew out under strong pressure.

and the antibiotic treatment was continued for an additional
1 week. Since then, the patient has had no difficulties, otitis or any
cosmetic or neurological defects.

3. Discussion

In 1760, Sir Percival Pott was the first to describe pericranial
abscess as a sign of a more serious epidural abscess, which
originated as a result of head injury [12].

Since then, several cases of Potts’ tumor have been published.
Only a few cases were described in the post-antibiotic era,
predominantly in adolescents. Pott’s puffy tumor is commonly
described as a complication of sinusitis or injury in the frontal area.
About 36 pediatric cases of Pott’s puffy tumor have been reported
in the age of antibiotics. The majority of cases were reported in
adolescents. The youngest case published was a 3-year-old child
with Pott’s puffy tumor resulting as a complication of acute
sinusitis [13]. Akiyama reported that adolescents are the most
commonly affected group, and only 27 cases of Potts’ puffy
tumor in adults (age 21-81 years) had been published in the
English literature from 1990 until 2011, according to the Medline
database [14]. Ketenci et al. reported that only 11 cases out of
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62 published in the English literature were in adult patients [15]. It
has been generally known that male patients are affected more
frequently [16].

Acute otitis media can cause intracranial or intratemporal
complications. Intracranial complications most commonly result
from extension of the inflammatory process from the mucoper-
iosteal lining of the mastoid air cells to the brain cavity. The
inflammation further develops in the brain area, lateral sinus,
epidural, subdural and subarachnoid spaces. In many cases, the
inflammation spreads through the dehiscent bone of the tegmen
tympani or antrum, via vascular connections directly to the lateral
sinus, through the superior petrosal sinus, vascular anastomosis,
caroticotympanic canaliculi, pericarotid venous plexus, cavernous
sinus, through the dehiscent bone of the tympanic cavity, through
the endolymphatic sac, a fistula in the otic capsule, or may
develop due to ostitis of the sinodural angle or petrous apex. If the
infection enters the meninges, it may result in the development of
pachymeningitis. The dura is very resistant to any noxious agents
and adheres to the bone in response to an inflammatory irritation,
which can prevent further propagation of the infection. Large
extradural abscesses can cause compression of the temporal lobe
or even compromise the squama of the temporal bone or occipital
bone and form a subperiosteal abscess known as Pott’s puffy tumor
[9]. Some authors believe that abscess formation occurs in children
due to insufficient ossification of the bones, but this was not
confirmed in our case. We did not observe any structural
abnormalities. In our case, no infectious agents were cultured
from the pus sample or blood cultures; apparently optimal
antibiotics were chosen given the rapidly improving condition
of the patient. A patient with a Pott’s puffy tumor can exhibit
considerable variability of symptoms and the disease itself may be
masked by other symptoms. The common symptoms are ear pain,
headaches, fever, signs of respiratory tract infection, vomiting,
itching, tension in the skin of the scalp and others [17]. Ear
discharge may or may not be present; completely intact or only
mildly hyperemic eardrum have been reported in the literature, or
intracranial complications may be the only signs of mastoiditis
[11]. Our patient had fever, signs of respiratory infections, and
symptoms of acute unilateral otitis, but no signs of acute
mastoiditis were initially present. Standard laboratory tests
revealed elevated sedimentation rate, only a slight elevation of
CRP levels and normal blood leukocyte count. X-rays of the
temporal bone at the onset of the disease showed no signs of acute
mastoiditis, and subsequent CT scans due to deterioration of the
patient’s condition revealed acute left-sided mastoiditis, left-sided
epidural empyema and signs of thinning or osteolysis of the
temporal bone in the zygomatic area. CT scan confirmed the
diagnosis and proved to be very successful in this case. After
diagnosing the Pott’s puffy tumor, surgical intervention is required
with immediate evacuation of the pus from both intracranial and
extracranial areas. Soft tissues affected by inflammation and bone
affected by osteomyelitis must be removed. In our facility, we also
perform paracentesis that provides drainage from the middle ear
and antromastoidectomy. After the surgery, intensive antibiotic
therapy should continue, optimally based on the results of pus
sample cultures. Typical pathogens responsible for the develop-
ment of Pott’s puffy tumor are beta-haemolytic streptococci,
Streptococcus pneumoniae, Haemophilus influenza, and less fre-
quently, bacteria of the genus Bacteroides and Proteus [13]. In our
case, we failed to detect any causative agent from the pus or
blood cultures, and we have tried to cover the spectrum of G+ and

G- bacteria including anaerobes and fungi. During the hospitali-
zation, the patient was treated with triple combination therapy:
clindamycin (lincosamide antibiotics to cover G+ bacteria and
anaerobes), ceftriaxone (a third generation cephalosporin to cover
G- bacteria) and ketoconazole (an imidazole antifungal to cover
the molds and yeasts). Clindamycin is generally very effective in
osteomyelitis.

4. Conclusion

Acute otitis media in children is one of the most common
diseases that can be currently very well diagnosed and effectively
treated. In some cases, however, it can lead to serious or even life-
threatening complications such as meningitis, brain abscess,
cerebral sinus thrombosis, and others. Pott’s puffy tumor is a rare
complication and its diagnosis may not always be easy. We believe
the most appropriate imaging technique is CT scanning. Once the
diagnosis is made, urgent surgical intervention is required with
sufficient evacuation of the purulent lesions, inflamed soft tissue
and the affected bone. Targeted antibiotic therapy is equally
important, and we should cover the full spectrum of potential
pathogens, unless we know the causative agent. Early diagnosis
and adequate treatment significantly improve the success of
treatment. Interdisciplinary cooperation of an otolaryngologist,
neurologist, infection specialist, and neurosurgeon is of crucial
importance.
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SOUHRN

Antromastoidektomie (AMT) predstavuje jeden ze za-
kladnich operacnich vykonU v chirurgické terapii usnich
nemoci. Pokles AMT na pracovisti Kliniky détskeé otorino-
laryngologie v Brné (KDORL) v poslednich letech vedl|
k vytvoreni této studie. Cilem je analyzovat a vyhodnotit
soubor détskych pacientl s provedenou AMT v letech
1997-2013 (17 let). Ve sledovaném obdobi byl zjistén
pokles provedenych AMT az 0 82 %, obraceni pomeru

SUMMARY

Urik M., Slapék I., Macha¢ J.: Antromastoidectomy
in Childhood

Antromastoidectomy (AMT) is one of the basic sur-
gical interventions employed in the therapy of ear
illnesses. The decreasing number of AMTs performed
at the Department of Paediatric Otorhinolaryngology
(DPORL), Brno, Czech Republic, in recent years has lead
to the publication of the present study. Its objective is to
analyse and evaluate a group of children patients after
AMT in the years 1997-2013 (a time-span of 17 years).
During that period, a decrease of as much as 82 per

uvop

Antromastoidektomie (AMT) pfedstavuje jeden ze zakladnich
operacnich vykonl v chirurgické terapii usnich nemoci.
Cilem je dostatecnd sanace zanétem postiZzeného systému
mastoidnich sklipkl a znovuobnoveni dostate¢né ventilace
stfedousni dutiny pres aditus, tak, aby stfedousni dutina
a dutina mastoidniho vybézku tvorily jeden funkéni celek.
Zpruchodnéni aditu a obnoveni ventilace stfedousi je zdsadni
pro dalsi vyvoj zanétlivého onemocnéni akutniho i chronic-
kého. Pokud dojde k obturaci v oblasti aditus ad antrum,
rozdéli se tento prostor na kompartmenty dva - tympanalni
amastoidedlni. Je zfejmé, Ze nachylnost oddélené tympanal-
ni dutiny k podtlakovym zménam pii uzaviené Eustachové
tubé bude v tomto pfipadé vétsi (8). AMT se u déti provadi
pouze v celkové anestezii. Rez se vede za boltcem, tésné za
uponovou ryhou, obnazi se planum mastoideum a zevni
plocha vy¢nélku bradavcitého. V pfipadé rozpadu kosti se toto
lozisko odstraniuje frézou, dlatky a chirurgickymi 1zickami.
Podle rozsahu nalezu a pneumatizace se trepanace rozsifuje

akutnich a planovanych AMT ve prospéch planovanych
operaci, ¢astéjsi operace u chlapcl, zména v zastoupenf
mikrobidlnich pdvodcl u akutni mastoiditidy (AM) prav-
dépodobné v souvislosti se zavedenim plosného ocko-
vani polyvalentni pneumokokovou vakcinou v Ceské
republice a vyskyt tradicné popisovanych komplikacf
AM i pres zavedeni moderni antibiotické terapie.

KLiCOVA SLOVA
antromastoidektomie, détsky vék, ockovani

cent in the number of performed AMTs occurred, as
well as a reversal in the ratio of acute and planned AMTs
in favour of the planned interventions, increasingly
frequent operations on boys, a change in the composi-
tion of microbial causes of acute mastoiditis (AM) due
to the introduction of mass polyvalent pneumococcal
vaccination in the Czech Republic, and occurrence of
common AM complications despite the introduction of
modern antibiotic treatment.

KEYWORDS
antromastoidectomy, childhood, vaccination
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z mastoiddlniho antra na vycnélek, za impresi esovitého
splavu, do Supiny spankové kosti, jaifmového vybézku a kosti
skalni. Postupuje se az na lamina interna. Kostény zvukovod
anadbubinkova dutina zlistavaji obvykle vykonem nedotce-
ny. Vlastni bubinkova dutina je drénovana paracentézou.
Hojeni po vykonu trva asi tyden. Sluch spravné provedenym
vykonem neni dotcen (7).

Indikace k provedeni AMT v détském véku predstavuji stavy
akutni a chronické. Mezi akutni stavy patfi akutni mas-
toiditida (AM) s pfipadnymi komplikacemi. Indikaci k pla-
novanému zakroku jsou chronické zanétlivé zmény v oblasti
mastoidnich sklipkil, oznacované jako latentni mastoiditida,
které vedou k recidivam akutniho stfedou$niho zdnétu nebo
se podileji na vzniku sekretorické otitidy a dalsich patolo-
gickych stavi. Indikace k vykonu se v jednotlivych zemich
1i8i. Nékterd pracovisté v soucasnosti preferujii u akutnich
stavli konzervativni postup pred chirurgickym fesenim (1,
12, 15). Pocet provedenych akutnich AMT podle nékterych
studii klesa v poslednich 1étech v souvislosti se zavedenim
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oCkovani polyvalentni vakcinou proti pneumokoktam (6, 17,
13). Cilem predkladané studie bylo analyzovat a vyhodnotit
soubor détskych pacientt s provedenou AMT na pracovisti
Kliniky détské otorinolaryngologie v Brné (KDORL) v letech
1997 - 2013.

METODIKA

V ramci retrospektivni studie jsme prostfednictvim nemoc-
nicniho infomac¢niho systému vyhledali a nasledné vyhod-
notili data o vSech pacientech, ktefi na KDORL podstoupili
AMT v letech 1997-2013. Do studie byli zahrnuti pouze pacienti
s prostou AMT, nebyly hodnoceny jiné typy sanacnich vyko-
ni, jejichz soucasti byla AMT.

VYSLEDKY

Ze ziskanych dat jsme zjistili, Ze pocet AMT u déti rapidné
klesl. Zatimco v roce 1997 bylo provedeno 35 operaci, v roce
2002 to bylo jiz 19 a v roce 2013 pouze 3 AMT (graf1). Jedna se
o pokles 0 82 %. Celkovy pocet operaci v uvedeném obdobi byl
187, z toho 90 akutnich a 97 pro chronické onemocnéni. Do
roku 2008 prevladaly operace akutnich stavii, od roku 2008
je patrné obraceni pomeéru ve prospéch operaci planovanych
pro chronické onemocnéni ucha (graf 2). Primérny vék paci-
entll byl 6 let, operovali jsme déti ve véku 4 mésicli az 16 let.
Ve sledovaném obdobi byl zachovan pomeér postiZeni mezi
chlapci a divkami 3:2, chlapci byli tedy operovani castéji.
Primérna celkova doba hospitalizace ¢inila 12 dni, u téZkych
postizeni pfesahovala 20 dni. Zjisténi mikrobialniho ptivodce
nemoci, ktera vedla k nutnosti AMT, se prokazalov 58 %. Do
roku 2009 byl nejcastéj$im patogenem S. pneumoniae (31 %),
od roku 2009 byl hlavnim patogenem shodné S. pyogenes
(13%) a S. peumoniae (13 %), dale H. influenzae (11 %). Méné
Casto se uplatnily dal$i bakterie (S. aureus, Pseudomonas
aeruginosa, Enterococcus a dalsi). Procentualni zastoupeni
mikrobidlnich ptivodcti ukazuje tabulka 1. Vyskyt a Cetnost
typickych patologickych nalezii a komplikaci uvadi tabulka 2.
Pouze 12 % operovanych pacienti mélo v minulosti zavedené
ventila¢ni trubi¢ky v bubinku.
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Graf 2  Pomér provedenych AMT akutnich (¢ervené) a pléano-
vanych (modfe) v letech 2002-2013.

Tab. 1 Mikrobialni plvodce dle vysledkl kultivace
S. pneumoniae 3% 13 %
S. pyogenes 10 % 13 %
H. influenzae 7% 1%
Negativni kultivace 52 % 32 %
Tab. 2 Patologické nalezy a komplikace
Obturace aditus ad antrum granulacemi 85%
Subperiostalni absces 12 %
Meningitida 8 %
Parézan. VII 7.4 %
Perisinuézni absces 3%
Trombdza sinus sigmoideus 25%
Epidurdini absces 1%
Labyrintitida X
Rhabdomyosarkom X

DISKUSE

Vyrazny pokles provedenych AMT na pracovisti KDORL se
neshoduje s nékterymi zahrani¢nimi studiemi. Tyto studie
ze zahrani¢nich pracovist udavaji vzestup AMT v posled-
nich letech, pfedevsim z diivodu akutni mastoiditidy, uvadi
ivyssi pocet intrakranialnich komplikaci (2, 6, 14). Je nutno
poznamenat, ze ve vét§iné piipadd jde o sdéleni ze zemi,
kde neni zdaleka tak dobfe dostupna péce otorinolaryn-
gologa jako v Ceské republice, kde v soucasnosti pfipada 1
otorinolaryngolog na 10 000 obyvatel. Ceska republika se
tak fadi na 2. misto v poctu orl specialistil na pocet obyvatel
vzemich Evropské unie (5, 16). Diagnostiku i terapii akutni-
ho stfedousniho zanétu v téchto zemich provadéji pfevazné
pediatfi. Jednim z faktort poklesu operovanych déti by mohla
byt i porodnost v CR. Dle Ceského statistického ufadu doslo
k poklesu poctu narozenych déti od roku 1996 do roku 2004,
a to v praméru o 10 tisic déti ro¢né. Od roku 2005 je opét
pozorovan vzestup porodnosti na hodnoty pred rokem 1996
(tab. 3). Vzhledem k uvedenym poc¢tiim nepovazujeme tento
faktor za vyznamny. Domnivame se, Ze pokles indikaci k pro-
vedeni AMT u akutnich stavii je podminén efektivni, véasnou
aracionalni antibiotickou terapii, kterd je zdrovern i prevenci
komplikaci akutniho stfedousniho zanétu. DiileZitou roli zde



hraje i dobra dostupnost péce otorinolaryngologa v Ceské
republice. V souvislosti s antibiotickou terapii, rutinné pro-
vadénou paracentézou u rozvinuté akutni otitidy a véasnym
zachytem Kklesd i pocet zanétlivych komplikaci akutniho
stfedous$niho zanétu. Svou roli v tomto poklesu mtize hrit
izavedeni plosného ockovani proti Haemophilus influenzae
typu B a pneumokok@m, nedisponujeme vsak relevantnimi
daty, kterd by to prokazala.

Tab. 3 Prehled ¢iselnych ukazateld porodnosti v CR.
| Rok | Pocetnarozenychdati
2013 106 800
2012 108 576
20Mm 108 673
2010 17153
2009 118 348
2008 119 570
2007 114 632
2006 105 831
2005 102 21
2004 97 664
2003 93685
2002 92786
2001 90 715
2000 90 910
1999 89 471
1998 90 535
1997 90 657
1996 90 446
1995 96 097
1994 106 579
1993 121025

Riizni autofi udavaji primérny vék pacientd v rozmezi 2,1 ro-
kuaz2,65roku (1, 11). Primérny vék nasich pacientd je 6 let.
Rozdil je dan tim, Ze ve vétSiné zahrani¢nich studii prevazuje
soubor pacientdl s akutni AMT pro akutni mastoiditidu, kdy
je Castéji postizena nizsi vékova skupina déti. Snazili jsme
se patrat po priciné vétsiho poctu operovanych pacient
muzského pohlavi, kdy pomér operovanych déti KDORL ¢inil
3:2ve prospéch chlapcl. Autofi vétSiny dostupnych publikaci
ale uvadéji, Ze rozdil mezi pohlavimi nepozorovali (6, 10).

Zjisténi mikrobialniho ptivodce se podatilo v 58 %. V obdobné
studii, provedené v roce 2007 na Klinice usni, nosni a kréni 2.
LF UK a FN Motol, autoti uvadéji objasnéni patogenu v 57 %,
nejcastéjsim patogenem zde byl Streptococcus pneumoniae
(33 %), na druhém misté Haemophilus influenzae ve 25 %
a prekvapivym vysledkem zde byla pfitomnost Pseudomonas
aeruginosav12,5 % pozitivnich vytéra (8), coZ se vnami pred-
kladané studii nepotvrdilo. Pokles ndlezu S. pneumoniae od
roku 2008, jako ptvodce AM vedouci k AMT, koresponduje
s celkovym poklesem invazivnich pneumokokovych one-
mocnéni u déti v CR (8). D4 se tak pfedpoklddat efektivita
zavedeni plosného ockovani polyvalentni pneumokokovou
vakcinou, kterd je prokdzana i v jinych zemich (6, 13, 17).

PUVODNI PRACE

V Ceské republice jsou registrovany 4 vakciny: PNEUMO 23,
PREVENAR, PREVENAR 13 a SYNFLORIX.

Vzhledem k neustdle se vyskytujicim rizikim extra i in-
trakranialnich komplikaci akutniho stfedousniho zanétu
s mastoiditidou (AM) u déti, povazujeme provedeni AMT za
béZnou soucast 1écebného protokolu spolu s intravenézni
aplikaci Sirokospektrych antibiotik a provedenim paracenté-
zy usniho bubinku. Nékterd pracovisté v soucasnosti prefe-
ruji konzervativni postup. V pfipadé AM se subperiostalnim
abscesem doporucuji tato pracovisté intravenézni podani
Sirokospektrych antibiotik, myringotomii a drenaz abscesu
punkci. AMT je na téchto pracovistich indikovana pou-
ze v ptipadé, Ze jsou pritomny znamky intrakranidlnich
komplikaci. Casto neprovadéji ambulantni paracentézu
(1, 12, 15). NaSe vysledky jednoznacné dokazuji, Ze prove-
deni AMT u akutni mastoiditidy pfinasi pro vétSinu paci-
entll vyznamny benefit, urychluje proces hojeni akutniho
zanétu, minimalizuje riziko intrakranidlnich komplikaci
a recidiv akutniho stfedousniho zanétu a pfedstavuje dob-
rou prevenci vici rozvinuti chronickych zanétlivych zmén
stfedousi a mastoidniho vybézku. Mnohem vice nejasnosti
je v definici latentni mastoiditidy i v naslednych indikac-
nich kritériich k provedeni AMT u této diagndzy. Na nasem
pracovisti povazujeme latentni mastoiditidu za subklinicky
infekéni zanétlivy proces sliznicni vystelky i kostnich struk-
tur mastoidnich sklipki pfi celistvém bubinku. Vyznacuje
se nejcastéji recidivujicim akutnim stfedousnim zanétem.
V pfipadé, Ze jsou zmény pouze slizni¢ni, pfistupujeme
k provedeni adenotomie (pokud je indikovana) a zavedeni
ventila¢nich trubic¢ek do bubinku. Dité sledujeme. Pokud
jsou na RTG nebo HRCT snimki patrné i zmény kostnich
struktur mastoidnich sklipkd, pfistupujeme k provedeni
antromastoidektomie. Nase zkuSenosti ukazuji, Ze v pfipadé
pouze slizni¢nich zmén je provedeni adenotomie a zavedeni
TVT dostateénym lé¢ebnym postupem s velmi dobrym efek-
tem a benefitem pro pacienta. Postupné dochazi k vyhojeni
stfedniho ucha i sliznice mastoidnich sklipki, obnovuje se
ventilace stfedousi i mastoidu, a tim se brani dalsimu rozvoji
patologickych procesii zde probihajicich. Pro pacienta se
jednd o nenarocny a malo rizikovy léCebny proces.

ZAVER

Ze ziskanych tidajli 1ze jednoznacné pozorovat pokles pro-
vedenych AMT v poslednich letech. Patrné jsou i zmény
v mikrobidlnim zastoupeni nej¢astéjsich pivodcti pfedevsim
akutnich stfedousnich zanétl s naslednou mastoiditidou.
Tento fakt davame do souvislosti se zavedenim ockovani
pneumokokovou vakcinou a naristajicim po¢tem proocko-
vané populace déti, co potvrzujiizahrani¢ni studie. Pokles
u akutnich stavi je dle nas podminén i efektivni, véasnou
a raciondlni antibiotickou terapii, ktera je zaroven i pre-
venci komplikaci akutniho stfedousniho zdnétu. DlleZitou
roli zde hraje i dobra dostupnost péce otorinolaryngologa
v Ceské republice. V souvislosti s antibiotickou terapii, ru-
tinné provadénou paracentézou u rozvinuté akutni otitidy
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a v€asnym zachytem klesa i pocet zanétlivych komplikaci
akutniho stfedousniho zadnétu. Pokles planovanych operaci
u chronickych stfedousnich zanétd lze dat do souvislosti
se zlepSenim diagnostickych procesti (otomikroskopie, CT,
izavedeni pouziti ventila¢nich trubicek v terapii recidivujici
akutni otitidy i chronického stfedouSniho zdnétu. Nelze
zduvodnit Castéjsi postiZzeni muzského pohlavi v détském
véku. Z uvedenych skutecnosti se 1ze domnivat, Ze pocet
détskych pacientii, ktefi budou muset podstoupit provedeni
AMT (akutni i planované), bude v budoucnu v CR i nadéle
Klesat. Z tohoto dvodu lze vyvodit, Ze je nutné soustfedit
tyto pacienty na vyssi specializovana pracovisté, kterd maji
dostatek zkuSenosti a trénovaného operatéra. Pro mladé
lékare bude beze sporu tézsi prakticky nacvik této operace
v klinickém provozu. Je namisté, aby vznikaly laboratofe
pro vyuku této operativy pfi klinickych pracovistich, kde
bude mozné trénovat na kadaverech. Rovnéz Ize jednoznacné
doporucit ockovani déti pneumokokovou vakcinou, alespon
u rizikovych pacientfi. Pokles vyskytu pneumokokovych
otitid od zavedeni ofkovani v CR je zfejmy.

Podpora projektu: Prdce vznikla za podpory projektu
MUNI/A/1266/2015.
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Aims: Histological and histochemical analysis of retraction pocket of pars tensa of tympanic membrane
in children. Identification of morphological abnormalities in comparison with a healthy tympanic mem-
brane as it is described in standard textbook. Identification of signs typical for cholesteatoma and support
for a retraction theory of cholesteatoma formation.
Study design: A prospective study analysing 31 samples of retraction pockets taken during surgery.
Departments: University Hospital, Children’s Medical Centre
Methods: Samples of retraction pockets were processed by a standard process for light microscopy, stained
by haematoxylin-eosin. Van Gieson’s stain was used for differential staining of collagen, Verhoeff’s stain
for elastic fibre tissues, Alcian blue for acidic polysaccharides and PAS (Periodic Acid Schiff) method for
basement membrane polysaccharides.
Results: The following findings were observed in the samples of retraction pockets: hyperkeratosis (100%),
hypervascularisations (100%), subepithelial fragmented elastic fibres (96%), myxoid changes (87%), sub-
epithelial inflammatory infiltration (84%), rete pegs (71%), papilomatosis (71%), intraepithelial inflammatory
cellularizations, (48%), intraepithelial spongiosis (16%) and parakeratosis (3%). No basement membrane
continuity interruptions were observed. Thickness of retraction pocket, thickness of epidermis, occur-
rence of rete pegs and frequency of fragmented elastic fibres was higher in a Grade III stage RP than Grade
Il stage RP (according to Charachon).
Conclusion: Morphological abnormalities in the structure of retraction pockets in comparison with a healthy
tympanic membrane were described. The changes are typical for a structure of cholesteatoma (these changes
are common in matrix and perimatrix), supporting retraction theory of its origin. Our observations show
that it is inflammation that probably plays a key role in the pathogenesis of retraction pocket. The fre-
quency of some of the changes increases with the stage of retraction pocket (II-IIl according to Charachon).
Basement membrane continuity interruptions are not typical for retraction pockets.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Tympanic membrane retraction pocket (RP) is a localised area
of tympanic membrane retracted into tympanic cavity. Unlike a
healthy tympanic membrane, which is described as a relatively tough,
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elastic membrane without a tendency to collapse, RP is flexible and
tends to collapse into the tympanic cavity. RP is characterised by
atelectasis of a part of tympanic membrane which is retracted into
the area of bony anatomical structures, such as incisura Rivini,
scutum or malleus [1]. RP can be located in all quadrants of pars
tensa of tympanic membrane; pars flaccida can also be affected. Both
parts can be affected simultaneously. RP is a result of a long-term
or relapsing negative middle ear pressure which is caused mainly
by a dysfunction of Eustachian tube [1-8]. On the other hand, there
are theories and hypotheses claiming that pathogenesis of RP in-
cludes the presence of mesenchyme (as a residue of intrauterine
development) or an inflammatory reaction that followed otitis media,
mainly in a posterosuperior quadrant of pars tensa and in the area
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of pars flaccida, the two places typical for RP and atelectasis. Some
authors claim that without inflammation, retraction does not occur
[9,10]. These two areas are generally very fragile parts of the eardrum
and therefore tend to retract in the presence of negative middle ear
pressure.

Some histological studies describe interruptions of basement
membrane continuity in cholesteatoma, supporting retraction theory
of cholesteatoma, and only one paper (in the last 5 years by PubMed)
described the histological structure of RP or signs leading to for-
mation of cholesteatoma [11]. Sadé studied ear drums with
atelectasis and observed degeneration of middle collagenous fibrous
layer of ear drum caused, in his opinion, by an inflammatory process
in this area [7,9]. In their works, Sudhoff and Toss describe disrup-
tions of basement membrane of cholesteatoma. These disruptions
of basement membrane are localised in areas of growing rete pegs
and subepithelial inflammatory infiltration focuses [12,13]. Based
on these and other observations the authors support retraction
theory of cholesteatoma based on the mechanism of tympanic mem-
brane invagination followed by epithelial proliferation resulting in
hyperplasia, impairment of cell migration and production and ac-
cumulation of keratin, all these being the basis for cholesteatoma
[12,13]. Their observations dealt only with cholesteatoma and up
till now only a few works have studied retraction pockets as a pos-
sible pre-stage of cholesteatoma.

Our study presents a histological and histochemical analysis of
retraction pocket of pars tensa of tympanic membrane (RP) in chil-
dren. It describes morphological abnormalities of RP in comparison
with a structure of a healthy ear drum and signs typical for cho-
lesteatoma. Also, it aims to prove or disprove hypothesis that RP
involves disruptions of basement membrane.

2. Methods

We performed a prospective study during which 31 RPs of pars
tensa of tympanic membrane were taken during standard planned
surgeries in children. These were RPs grade II and Il according to
Charachon, with no signs of progression to cholesteatoma. The
indications for surgery were: hypoacusis related to RP, recurring in-
fections or otomicroscopically observed for disease progression. The
criteria for exclusion included RPs with clinical signs of cholestea-
toma which could not be totally extracted. In all cases, after RP
excision, tympanic membrane was reconstructed using chondro-
perichondrial graft from tragus.

All patients underwent pre-operative assessment including
history, otomicroscopy examination, tympanometry and pure tone
audiometry.

RPs were divided into two groups according to Charachon clas-
sification (II — RP controllable, fixed, Il - RP uncontrollable, fixed).
RPs stage I (controllable, not fixed) are not operated [5].

After being taken, all samples were oriented and put on a stripe
of a foam fixing material and put into a histologic chamber so that
the outer (ear canal) part was upwards and the inner (middle ear)
part downwards in the block. The samples were then placed into
4% buffered formalin. After fixation (24-48 hours) the samples were
cut into max. 5 mm wide blocks. Fragments were divided into halves
and positioned on the cutting line. All tissue blocks were then de-
hydrated in a Tissue - Tek® VIP® 6 Vacuum Infiltration Processor
(Sakura). After being placed into paraffin wax, 2-4 um thin sec-
tions were prepared. All sections were stained with a basic
histological dye — haematoxylin and eosin. Van Giesson’s stain was
used for differential staining of collagen, Verhoeff’s stain for elastic
fibre tissues, Alcian blue for acidic polysaccharides and PAS (Peri-
odic Acid Schiff) method for basement membrane polysaccharides.
The samples were processed into 31 paraffin blocks and prepara-
tions stained with H-E and 31 preparations stained with Alcian blue,
PAS, Van Giesson and Verhoeff methods. With an optical microscope

Olympus BX 45 with magnification 100x and 200x, HPF 400x was
used for the assessment. Two pathologists cooperated to assess the
histological preparations. Epithelium width was measured at ten
different places, then an arithmetic mean was calculated.

3. Results

The mean age of patients with RP was 10 years and we oper-
ated patients from 6 to 18 years old.

The average sample length was 4955.4 um. A bigger length of
grade III RPs was observed compared to grade II (p=0.01293, two
sample T-test), which correlates with otomicroscopic findings. The
average sample thickness was 333.5 um. With two extreme values
excluded, the grade III thickness is bigger than in grade Il group
(p=0.001005, two sample T-test).

3.1. Epidermis: outer epithelial layer

Outer epithelial layer of tympanic membrane composing of ke-
ratinized stratified squamous epithelium was present in 31 samples.
The average thickness of epidermis was 46.3 um. A difference in
thickness of epidermis was observed between grade II and III, the
average thickness of epidermis in grade Il was 33.4 um, and in grade
Il it was 54.4 um, which is a statistically significant (p = 0.001469,
two sample T-test). All 31 RP samples showed increased keratini-
zation (hyperkeratinization) of the outer layer of tympanic
membrane (Figs. 1 and 2). Two types of Keratinization were ob-
served - lamellar (Fig. 1) and basket-weave (Fig. 2). Lamellar
hyperkeratosis was observed in all samples; 26 samples showed signs
of basket-weave hyperkeratosis. Parakeratosis (nuclei in keratin-
ized layer, indicates increased cell turnover) was identified in only
one case. Papilomatosis was observed in 71% of all samples.

3.2. Epidermis: Inner basement layer

In 22 cases we observed extensions of stratified squamous
epithelium (epidermis) in a form of rete ridges - rete pegs
(Fig. 3) - rete pegs projected into the middle layer of tympanic mem-
brane. These epithelial extensions were more frequent in RPs grade
Il (18 out of 18 patients) compared to grade II (4 out of 13 pa-
tients) (p = 3.547e-05, Fischer exact test).

Table 1 provides detailed descriptions of the observed abnor-
malities of epidermis depending on the grade of RP.

Fig. 1. Basket-weave hyperkeratosis (HE, 200x).
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Table 1
Listing of the epithelial layer histological features as per the grade of retraction.
External epithelial layer Charachon II, Charachon III, Summary,
74 L n=13 n=18 n=31
1 :\\\ ’/l; '.‘" Epithelial thickness, um
\ PR Range 222-512 349 - 106,5
G Mean 35,07 54,38
Rete pegs, n (%)
Present 4(30) 18(100) 22(71)
Absent 9(70) 0(0) 9(29)
Papilomatosis, n (%)
Present 9(69) 13(72) 22(71)
Absent 4(31) 5(28) 9(29)
Parakeratosis, n (%)
Present 1(8) 0(0) 1(3)
Absent 12(92) 18(100) 30(97)
Hyperkeratosis, n (%)
Lamellar 13(100) 18(100) 31(100)
Basket - present 10(77) 16 (89) 26 (84)
Basket - absent 3(33) 2(11) 5(16)
Intraepithelial
spongiosis, n (%)
Present 0(0) 5(28) 5(16)
Absent 13 (100) 13(72) 26 (84)
Intraepithelial
inflammation, n (%)
Present 4(30) 10(55) 15(48)
Absent 9(70) 8 (45) 16 (52)

Il (55%) was observed. Subepithelial chronic inflammatory infil-
trate was present in 26 out of 31 samples and contained mainly
lymphocytes, histiocytes and plasma cells, rarely oesinophils (Figs. 3
and 4). No difference in frequency of occurrence between the RP
stages was observed. To compare our findings we attach a picture
of normal eardrum (Fig. 6).

Table 2 provides detailed descriptions of the observed abnor-
malities of the middle and internal layer depending on the grade
of RP.

Length and thickness of retraction pocket, thickness of epider-
mis, occurrence of rete pegs and frequency of fragmented elastic
fibres was higher in a group IIl compared to group II.

3.5. Inner epithelial layer

Fig. 3. Rete pegs, subepithelial inflammation, hypervascularisation (HE, 100x). Inner epithelial layer was not present in 13 out of 31 samples.

This is similar to the appearance of cholesteatoma where the

3.3. Basement membrane

A PAS method was used to identify basement membrane. No
basement membrane disruptions were identified in RP samples
(Fig. 4).

3.4. Middle fibrous layer

In 27 cases we identified disruption of a double layer of
collagen fibres and its infiltration by neutral mucosubstances
(myxoid changes). The double layer of collagen fibres was well dif-
ferentiated in only 4 cases. There was no case with a complete
absence of lamina propria. The difference in the occurrence of myxoid
changes between grade II and III is not statistically significant.
Hypervascularisation of middle layer was present in all 31 cases,
with immature capillaries in 21% cases. Subepithelial elastic fibres,
both continuous and fragmented, were found in all cases (Fig. 5).
Fragmented elastic fibres were according to frequency evaluated as
+ and ++, and they were more frequent in group III (p=0.01699,
Fischer exact test). Intraepithelial spongiosis (intracellular oedema)
was present in 15 cases and difference between group II (30%) and Fig. 4. Basement membrane (PAS, 200x).
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Fig. 6. Normal eardrum.

accumulated epithelial layers are gradually surrounded by perimatrix
consisting of fibrous tissue with inflammatory infiltrate with no other
layer.

4. Discussion

This paper describes histological structure of retraction pocket
of pars tensa of tympanic membrane in children. It points out the
typical signs for the structure of cholesteatoma and their occur-
rence. Some of these signs occur with a higher frequency and extent
in higher grades of RP which supports a statement that RP is a pre-
stage of cholesteatoma. The main histological findings include
hyperkeratosis, hypervascularisation, subepithelial fragmented elastic
fibres, myxoid changes, subepithelial inflammatory infiltrate, pres-
ence of rete pegs and papilomatosis. Interruption of a double layer
of collagen fibres (myxoid changes) was observed in 27 cases. Inner
epithelial layer was not present in 13 out of 31 samples. PAS method
saw no disruptions in basement membrane. These findings were
not surprising as basement membrane disruptions are rather typical

Table 2
Listing of the middle collagen layer and the inner mucosal layer histological fea-
tures as per the grade of retraction.

Charachon II, Charachon III, Summary,
n=13 n=18 n=31
Middle layer, n (%)

Present 13 (100) 18 (100) 31(100)
Absent 0(0) 0(0) 0(0)
Myxoid changes, n (%)

Present 12(92) 15(83) 27 (87)

Absent 1(8) 3(17) 4(13)
Elastic fibres, n (%)

Present 13(100) 18(100) 31(100)
Fragmented fibres, n (%)

Present 12(92) 18 (100) 30(96)

Absent 1(8) 0(0) 1(4)
Subepithelial inflammation,

n (%)

Absent 3(23) 2(11) 5(16)

1+ 7(58) 12 (67) 19(61)

2+ 3(19) 4(22) 7(23)
Hypervascularisation

(capillaries), n (%)

Mature 13 (100) 18 (100) 31(100)

Immature - present 9 (69) 17 (94) 26 (84)

Immature - absent 4(31) 1(6) 5(16)

Internal layer, n (%)

Present 8(62) 10 (56) 18 (58)
Absent 5(38) 8 (44) 13 (42)

for malignancies, while RP and cholesteatoma are benign. Both length
and thickness of RP, thickness of epidermis and occurrence of rete
pegs were bigger in group III than in group II. This can be ex-
plained by increased proliferation of epidermis and disruption of
middle layer of tympanic membrane where double layer of colla-
gen fibres is weakened and the structure of elastic fibres is disrupted
which does not necessarily lead to visible reduction of this layer.
The bigger thickness of the epidermis in stage III can be explained
probably by higher proliferative activity in this stage of RP as de-
scribed by Shunyu et al [11].

In most papers it is the long-term negative pressure in middle
ear caused by dysfunction of Eustachian tube that is considered the
main aetiological factor of RP [1-8]. Few papers point out a fact that
negative pressure in middle ear alone is not sufficient to cause re-
traction [14,15]. Some authors consider the impairment of middle
collagen layer caused by inflammation an important factor leading
to retraction of tympanic membrane [7,9,14].

In our study subepithelial chronic inflammatory infiltrate was
present in 26 out of 31 samples, disruption of a double layer of col-
lagen fibres and its infiltration by neutral mucosubstances (myxoid
changes) in 27 samples. Lamina propria is composed of a complex
of collagen and elastic fibres and it is collagen fibres that influ-
ence elasticity and plasticity of tympanic membrane [16]. The
frequency of fragmented elastic fibres was highest in grade III. The
double layer of collagen fibres was well differentiated in only 4 cases,
according to some authors this may be a case of reversible RPs which
may return to normal position owing to adequate therapy, for
example after implantation of a pressure equalising tube [11]. We
assume that fragmentation of elastic fibres and disruption of a double
layer of collagen fibres significantly impair the structure of tym-
panic membrane and make it more vulnerable to the effect of
negative pressure in middle ear.

In some studies the description of cholesteatoma includes ep-
ithelial pegs invading into perimatrix [12,13]. These areas contain
more proliferating cells. Similar pegs (rete pegs) were in higher fre-
quencies observed in our samples (22 out of 31 patients) and were
more frequent in grade IIl. In our opinion it is one of the signs of
cholesteatoma.
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Frequency and extent of some of the observed signs increase with
the grade of clinical importance of retraction pocket. Hyperkera-
tosis, papilomatosis, intraepithelial spongiosis and subepithelial
inflammatory infiltrate were present in both grades at similar rates.
Parakeratosis was observed in only one case. Both length and thick-
ness of retraction pocket, thickness of epidermis and occurrence of
rete pegs were higher in a group III than II; higher also was the share
of fragmented elastic fibres. Higher stage of RP leads to degenera-
tion of the middle layer of tympanic membrane, increasing thickness
of epidermis and formation of epithelial pegs, and basement mem-
brane remains intact; all these are signs typical for development
of cholesteatoma. Increasing occurrence of these histological signs
in relation to clinical progression of RP (II-IIl) agrees with a fact that
RP is a precursor of cholesteatoma.

This paper supports retraction theory of formation of choles-
teatoma in children. It provides evidence that it is not only negative
pressure that participates in the formation of RP, but also the key
role is inflammation and destruction of middle layer of tympanic
membrane making it more vulnerable to the effect of negative
pressure.

5. Conclusion

There are only a limited number of papers that deal with the
histological analysis of retraction pockets of the pars tensa of
tympanic membranes and its influence on the formation of cho-
lesteatoma in children. This work corroborates and supports some
previous papers. We described histological signs such as hyper-
keratosis, growing rete pegs, subepithelial inflammatory infiltrate,
hypervascularisation and degenerative changes of middle layer of
tympanic membrane with frequent occurrence of fragmented elastic
fibres. Our observations show that it is inflammation that proba-
bly plays a key role in the pathogenesis of retraction pocket. Whether
inflammation is a cause or an effect of the disrupted homeostasis
of the tympanic membrane and middle ear mucosa secondary to
ventilation defects is still open to debate. Our findings give evi-
dence to a fact that RP is a progressive disease leading to formation

of cholesteatoma. On the contrary, in contrast to some other authors,
we did not observe disruptions of basement membrane continu-
ity. Based on our observations we consider retraction pocket of pars
tensa of tympanic membrane in children a pre-cholesteatoma stage.
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ARTICLE INFO ABSTRACT

Keywords: Aims: Immunohistochemical analysis of retraction pocket pars tensa of tympanic membrane in children.
Retraction pocket Identification of signs typical for cholesteatoma and support of retraction theory of cholesteatoma. Study design:
Cholesteatoma a prospective study analysing 31 surgically removed retraction pockets.

Immunohistochemistry Department: University Hospital, Children's Medical Centre Methods: Retraction pockets processed by a standard
E::rtzr:lsa process for immunohistochemical analysis. The observed findings were specified using antibodies CD45 LCA

(leukocyte common antigen), CD31 (platelet endothelial cell adhesion molecule), D2-40 (marker of lymphatic
endothelium), MMP9 (marker of degradation of connective tissue extracellular matrix) and Ki67 (cellular marker
of proliferation).

Results: All observed parameters except for MMP9 had a significantly higher incidence in retraction pocket stage
III compared to stage II according to Charachon.

Conclusion: We described immunohistochemical signs of retraction pocket pars tensa of tympanic membrane in
children resulting in cholesteatoma. All the observed signs occur in the structure of matrix and perimatrix of
cholesteatoma. A significantly higher incidence of all observed parameters except from MMP9 was proved in
retraction pocket stage III, unlike in stage II. This observation proves the fact that retraction pocket is a pro-
gressive disease and is a procholesteatoma stage.

1. Introduction

Retraction pockets of tympanic membrane (RPs) are localized parts
of the tympanic membrane retracted toward the tympanic cavity. In
contrast to a healthy tympanic membrane, which can be identified as a
relatively tough, elastic membrane with no tendency to collapse, an RP
is flexible and tending toward collapse into the tympanic cavity. An RP
is characterized by atelectasis of a part of the tympanic membrane,
which is retracted into the area of such bony anatomical structures as
the incisura Rivini, scutum, or malleus [1]. RPs can occur in all quad-
rants of pars tensa tympanic membrane as well as in pars flaccida. An
RP may also affect both parts of the tympanic membrane simulta-
neously. An RP forms as a result of long-term or recidive underpressure

in the middle ear, which is itself caused mainly by Eustachian tube
dysfunction [2-4]. An alternative theory claims that an RP forms due to
mucosal changes [5,6]. There also are theories and hypotheses claiming
that the pathogenesis of RPs includes a presence of mesenchyme or an
inflammatory reaction related to otitis media, mainly in a posterior
superior quadrant of pars tensa and in the area of pars flaccida, two
sites typical for formation of RP and atelectasis. Some authors state that
retraction does not occur without inflammation [7,8]. These two sites
are generally prone to invagination in the presence of underpressure in
the middle ear. We do not know why these parts of the tympanic
membrane are most frequently affected.

There have been some histological studies describing breakage of
basal membrane continuity in cholesteatoma, thus supporting the
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proliferation theory of cholesteatoma formation. An even smaller group
of works describes the histological and immunohistochemical structure
of RPs and potential signs leading to cholesteatoma formation [7]. Sadé
studied atelectatic tympanic membranes and observed degeneration of
the middle stromal layer of tympanic membrane that is, in his opinion,
caused by an inflammatory process [9]. In their works, Sudhoff and Tos
describe discontinuity of basal membrane in cholesteatoma. These basal
membrane disruptions are localized in the areas of growing rete pegs
and foci of subepithelial inflammatory infiltrate [10,11]. Based on these
and other observations, the cited authors support the proliferation
theory of cholesteatoma formation based on a mechanism of tympanic
membrane invagination followed by epithelial proliferation and re-
sulting in hyperplasia, cell migration malfunction, and accumulation of
keratin, all of which are responsible for cholesteatoma formation. Their
observations have dealt only with cholesteatomas, and there exist to
date only a few works examining the possibility that RP could be a
precondition of cholesteatoma.

Our study presents an immunohistochemical analysis of RPs in
children. It describes the abnormities of RPs and signs typical for cho-
lesteatoma.

2. Materials and methods

In this prospective study, 31 RPs taken during standard planned
surgeries in child patients were histologically examined. These included
RPs classified in stages II and III according to Charachon classification
and without signs of cholesteatoma progression. Indications for surgical
treatment of RPs were that the RPs were related to substantial con-
ductive hearing loss and relapsing infections or disease progression
proven by otomicroscopy. RP cases with clinical signs of cholesteatoma
and RPs that could not be removed completely were excluded from the
study. In all cases, reconstruction of tympanic membrane using a
chondroperichondrial graft from tragus followed upon RP removal. No
patients had active infections or were being treated with ototopical
antibiotics.

All patients underwent presurgical examinations including history,
otomicroscopy, tympanometry, and audiometry.

The RPs were divided into two groups according to Charachon
classification (II — RP controllable, fixed; III — RP uncontrollable, fixed)
[12]. It is standard procedure not to operate on RPs in stages con-
trollable and non-fixed.

Immunohistochemistry was performed on paraffin slices 2-3 um
thick in Benchmark XT (Ventana Medical Systems, Oro Valley, AZ,
USA.). After blockage of endogenous peroxidase H,O, (Ventana, iVIEW
kit 760-091) and buffer revitalization of CC1 antigen (Ventana, 950-
124), the following antigens were applied: CD31 (Dako Agilent M0823,
clone JC70A, 1:20, incubation of 30 min), D2-40 (Dako Agilent M3619,
clone D2-40, 1:50, incubation of 60 min), Ki67 (Dako Agilent M7240,
clone Mib-1, 1:100, incubation of 30 min), CD45 LCA (Dako Agilent
MO0701, clone 2B11 + PD7/26, 1:100, incubation of 30 min), and
MMP9 (DAKO Agilent A0150, polyclone, 1:100, incubation of 15 min).
Subsequently, the iVIEW DAB Detection Kit (Ventana, 760-091), he-
matoxylin (Ventana, 760-2021), and bluing reagent (760-2037) were
used.

Positivity of cytoplasm and cell membrane for antibodies against
D2-40 and CD31, cytoplasmic activity of MMP9 antibody, and mem-
brane positivity for CD45 LCA antibody were evaluated quantitatively
using a BX45 optic microscope produced by Olympus. Nuclear ex-
pression was evaluated quantitatively using Ki67 antibody. We identi-
fied all positive immunohistochemical signs in a sample and then the
number of elements was converted to a standard measure as number
per mm of RP length (i.e., length of the sample).

The following antigens and methodology were used for im-
munohistochemical processing and evaluating:

CD45 LCA (leukocyte common antigen) — This is a protein in the
tyrosine phosphatase category, typical for white blood cells of all
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categories. Absolute presence of elements with membrane positivity
was evaluated in the CD45 LCA preparations. Presence of the elements
was evaluated in both epithelium and stroma of tympanic membrane.

MMP9 (matrix metalloproteinase 9) — This is a metalloenzyme from
a category of peptidases and also is known as collagen type IV gelati-
nase B. It is an enzyme participating in degradation of extracellular
matrix within fibrous tissue, and its positivity is observed in some in-
vasive carcinomas (e.g., invasive urothelial carcinoma of urinary
bladder). It participates in the degradation of epithelial basal mem-
brane. All MMP9-positive elements were evaluated within the observed
preparations.

CD31 (also known as platelet endothelial cell adhesion molecule
[PECAM1]) — Owing to its strong sensitivity and specificity, CD31 is
used as a marker of blood vessel endothelium. Within the evaluated
preparations, all vessel structures with endothelium unequivocally
showing strong positivity of both cell membrane and cytoplasm were
evaluated as positive.

D2-40 (podoplanin) — This is a membrane mucoprotein used as a
marker of lymphatic vessel endothelium. All lymphatic vessel structures
with endothelium unequivocally showing strong positivity of both cell
membrane and cytoplasm were evaluated as positive in the evaluated
preparations.

Ki67 — This is a nuclear marker of cell proliferation that is expressed
in the cell nucleus, but only in the late G1, S, and G2 phases of the cell
cycle. Among the evaluated preparations, all epithelia with strong nu-
clear positivity were evaluated as positive. Positive epithelia were
further classified into two categories. The first category was represented
by a basal layer of squamous epithelium, where only the cells above the
basal membrane were evaluated. The second category contained all
elements of a squamous epithelium at the higher levels (suprabasally).
All nuclear-positive epithelia were counted suprabasally due to the non-
homogenous and asymmetrical width of squamous epithelia in in-
dividual samples.

The multivariate principal component analysis (PCA) approach was
adopted in order to assess the general trends and relationships between
the observed variables. PCA enables determining and investigating the
main sources of variance in the data, as well as correlations between the
data and the original variables and among the original variables in
multidimensional space. PCA biplot of the sample scores (points) and
variable loadings (vectors) according to the first two components of the
PCA. The samples were distinguished by colour according to their
Charachone group. No overlap in the confidence ellipses suggests an
overall difference between the samples of the two grades. The differ-
ence is associated mainly with the first principal component (Dim 1),
grade III samples, thus tend to have higher values in most of the vari-
ables than grade II samples. The analysis was performed in the R en-
vironment using the FactoMineR package. The factor Grade was taken
as a supplementary qualitative variable, which means it was only a
descriptive variable and did not contribute to the multivariate model.

3. Results

In the outer layer of tympanic membrane (epidermis), we identified
a presence of Ki67 in the cells of both basal and suprabasal layers
(Fig. 1). These observations suggest an increase of proliferation activity
in squamous epithelia. We saw significantly increased presence of Ki67
in the suprabasal layer of epidermis in comparison with the basal layer
of epidermis (p = 0.035, Mann-Whitney U test). We also observed a
significant increase of Ki67 in stage III RPs in comparison with stage II
RPs (p = 0.022, Mann-Whitney U test).

Typical for blood vessel endothelium, we identified CD31 positivity
in the central layer (connective tissue) of tympanic membrane (Fig. 2).
These observations suggest a significant increase of CD31 in stage III
compared with stage II RPs.

We observed CD45 LCA positivity, which is typical for all categories
of white blood cells, in both the tympanic membrane's external
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Fig. 2. Immunohistochemistry: CD31, capillaries in middle layer of tympanic
membrane. (200 x).

Fig. 3. Immunohistochemistry: CD45 LCA, inflammation (200 x).

epithelial layer and its central connective tissue layer (Fig. 3). These
observations suggest a significant increase of CD45 LCA in stage III
compared to stage II RPs (p = 0.005, Mann-Whitney U test).

We observed D2-40 positivity, which is typical for lymphatic
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Fig. 4. Immunohistochemistry: D2-40, lymphatic vessels (200 x ).

vessels, in the central layer of tympanic membrane (Fig. 4). These ob-
servations suggest a significant increase of D2-40 in stage III compared
to stage II RPs (p = 0.047, Mann-Whitney U test).

We observed MMP9 positivity in the central tympanic membrane
layer, thereby indicating a presence of degenerative processes in the
extracellular matrix of connective tissue (Fig. 5). We did not show a
significant increase of MMP9's prevalence in stage III RPs in comparison
with stage II RPs. Box and whisker plot of the data for each variable
examined are on Fig. 6.

One outlier was detected. That was patient (sample) number 13,
which contributed most (20.8%) to the construction of the first factor
plane. The outlier was thus removed from the further analyses.

Wilk's test indicates which variable factors are the best separated on
the plane (i.e., which ones best explain the distance between in-
dividuals). The only qualitative variable assessed — Grade — was found
to illustrate the distances between the individuals well. It significantly
separates groups alongside the first dimension (first principal compo-
nent), accounting for 41.4% of variance in the data (p = 0.008).

The results for individuals and variables were plotted together in the
form of a biplot (Fig. 7), wherein the individuals were distinguished by
the supplementary variable Grade. In the biplot, individuals are dis-
played as points and variables as vectors. The distances for both, then,
provide a visual representation of their similarity (in the case of in-
dividuals) or correlation (in the case of variables). As is apparent, the

Fig. 5. Immunohistochemistry:
(200 x).

MMP9 in middle layer of tympanic membrane
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Fig. 6. Box and whisker plot of the data for each variable examined: a - CD45 external layer of tympanic membrane, b - CD45 middle layer of tympanic membrane, c -
CD31, d - D2.40, e — MMP9, f - Ki67 basal, g - Ki67 suprabasal, h - Ki67 total.

categories of the supplementary variable Grade are highly correlated
with this dimension (correlation coefficient = 0.97). This category it-
self could therefore summarize the dimension 1, although it was not
used in constructing the model. It also is apparent from this graphical
output that the variables associated with the variable length were Ki67
and CD45str, while those associated with thickness were mostly
CD45_epi and, to a lesser extent, MMP9. Correlations were positive in
all cases, meaning that the thicker the sample, the higher was the
CD45_epi positivity. Overall, patient (sample) Grade was positively as-
sociated with all the observed variables. This association was further
confirmed by the analysis of covariance (ANCOVA) for the variables
CD45 _str, CD31, D2-40, and Ki67 (p = 0.003, p = 0.02, p = 0.03, and
p = 0.004, respectively).

4. Discussion

This work investigates the immunohistochemical structure of re-
traction pockets pars tensa of tympanic membrane. It has shown ab-
normalities in RP occurring in the structure of cholesteatoma. Some of
the signs occur with higher frequency and with wider range in RPs of
higher stage, thus supporting the statement that RP is a pre-cholestea-
toma stage. The immunohistochemical findings in the group of RPs we
evaluated show an increased incidence of CD45 LCA, CD31, D2-40,
MMP9, and Ki67 positivity.

In most papers on this subject, the main etiological factor re-
sponsible for RP formation is attributed to long-term underpressure in
the middle ear cavity caused by Eustachian tube dysfunction [2-4] and
mucosal changes of the middle ear [5,6]. A few studies point out that
underpressure alone is not enough to cause retraction [11]. Some au-
thors are of the opinion that damage of the middle collagen layer
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caused by inflammation is an important factor leading to tympanic
membrane retraction [5,7].

A middle ear cholesteatoma is characterized by hyperproliferation
of keratinocytes and signs of chronic inflammation. It is able to grow
invasively and destroy the surrounding bones and middle ear struc-
tures. Some studies have shown that autocrine and paracrine factors are
responsible for a cholesteatoma's invasive and proliferative behavior. It
has been shown that Ki67 expression is significantly increased in cho-
lesteatoma in comparison to normal, healthy skin. It is therefore re-
sponsible for hyperproliferation [13,14]. A significant overexpression
of Ki67 also has been shown in chronic otitis with cholesteatoma in
comparison to other forms of chronic otitis without cholesteatoma [15].
This expression was found to be increased in superficial (suprabasal)
layers of cholesteatoma in comparison to basal layers of matrix [13].
We observed the same phenomenon. In the study od Dornelles C de C
(2009) is no significant difference in Ki67 expression in children's
cholesteatomas versus that seen in those of adults. Therefore, Ki67 is
probably not responsible for cholesteatoma aggressivity in children
[18]. We have shown that Ki67 activity is significantly greater in stage
III RPs than in stage II RPs. This observation suggests a slow pro-
liferation of RPs that leads to the formation of cholesteatoma.

CD31 is used for blood vessel detection. Studies comparing micro-
vascular density of cholesteatoma and the skin of the auditory tube
have shown significantly greater occurrence of CD31 in the cholestea-
toma structure [17]. Microvascular density of cholesteatomas is sig-
nificantly greater in children compared to adults [18]. We have shown
that CD31 positivity is significantly greater in stage III RPs than in stage
II RPs. This observation suggests that RPs have a progressive nature and
constitute another sign pointing to cholesteatoma formation.

LCA is used for the diagnosis of hematopoietic cell-related tumors.
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Fig. 7. Results for individuals and variables together in a biplot (where individuals were distinguished by the supplementary variable Grade).

Significantly greater expression of CD45 has been shown in cholestea-
tomas in comparison with other forms of chronic otitis without cho-
lesteatoma [19]. It has been shown that the numbers of activated T
lymphocytes and macrophage cells are high in the structure of a cho-
lesteatoma, while the number of B lymphocytes is low [10,20]. We have
shown that CD45 occurrence is significantly greater in stage III RPs than
in stage II RPs. This observation suggests that inflammation plays a key
role in the formation and progression of RPs.

Podoplanin (D2-40) is a useful marker for tumorous invasions of
lymphatic vessels. It has been shown that a reduction and degeneration
of lymphatic vessels occurs in cholesteatoma matrix. The im-
munohistochemical study analyzing the occurrence and distribution of
lymphatic vessels in the structure of normal tympanic membrane has
shown that under normal conditions lymphatic vessels occur only
around the manubrium of the malleus and in tympanic membrane pars
flaccida. If tympanic membrane is perforated, rapid regeneration occurs
within the following several days along with proliferation of lymphatic
vessels into pars tensa, as well, mainly originating from the manubrium
area. Lymphatic vessels thus probably play an important role in spon-
taneous healing of the perforation [21]. Only a small number of lym-
phatic vessels have been identified in the edematous part of the cho-
lesteatoma perimatrix. Lymphatic vessels contained mucus and
consisted of degenerated endothelial cells. Edema of perimatrix is
caused by lymphatic vessel degeneration, and normal lymphatic vessels
were found in fibrous perimatrix. Connective tissue degeneration
caused by lymphatic edema was evident in perimatrix [16,19,22]. We
have shown that D2-40 occurrence is significantly greater in stage III
RPs than in stage II RPs. This observation suggests that RPs have a
progressive nature and constitute a sign of potential future cholestea-
toma formation.

MMP9 causes collagen type IV degeneration and plays a key role in
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inflammation-related cell migration. It has been shown that MMP9
occurs more frequently in cholesteatoma matrix structure than in
healthy epidermis structure, and it plays an important role in the pa-
thogenesis of cholesteatoma [23]. Significantly greater MMP9 activity
has been found in children's cholesteatomas than in those of adults, and
it probably participates in the greater aggressivity of cholesteatomas in
children [18]. We have shown that MMP9's occurrence is not sig-
nificantly greater in stage III RPs than in stage II RPs. MMP9's occur-
rence was observed in both RP stages with high frequency, and its
presence is among the signs pointing to cholesteatoma formation.

Our work supports the retraction theory of cholesteatoma forma-
tion. It offers proof that not only middle ear underpressure but also
inflammation activity as well as weakening and destruction of the
middle layer of tympanic membrane play key roles in RP formation.
Tympanic membrane thereby becomes more susceptible to the under-
pressure, as was shown also by our previous study [8].

We are aware that our work does not include a negative control
group, but it is not possible to obtain samples of a healthy child's ear-
drum.

5. Conclusions

There exist a limited number of works dealing with histological
analysis of RPs and their relationship to cholesteatomas in children. The
present work corroborates and supports findings reported in several of
our previous papers. We describe here changes on the
munochemistry level, showing increased occurrence of Ki67 (hyper-
proliferation), CD31 (angiogenesis), CD45 (inflammation), and D2-40
(lymphatic vessels) in stage III RPs compared to stage II RPs. This
suggests RP to be a progressive disorder leading to cholesteatoma for-
mation. In contrast to other authors, we observed no disruption in basal

im-
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membrane continuity. We observed MMP9 frequently in both RP stages,
thereby indicating connective tissues degeneration. Based on our ob-
servations, RPs in children can be considered a precholesteatoma stage.
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Abstract: Several theories describe the development of the retraction pocket of the tympanic mem-
brane (RP). Many authors suggest that the negative middle ear pressure is the main reason responsible
for developing this condition. A narrative review has been undertaken, and conclusions are drawn
reflecting a current knowledge with our new observations in the histological and immunohisto-
chemical study. Recent studies show the important role of inflammation in the development and
progression of RP. A review of the available literature shows that the inflammation plays a key role
in pathogenesis of the RP and its progression to the cholesteatoma. We support this statement with
our new results from histological and immunohistochemical analysis of the RPs.

Keywords: retraction pocket; tympanic membrane; pathogenesis; pathology; chronic otitis me-
dia; cholesteatoma

1. Introduction

Retraction pocket (RP) of the tympanic membrane is a common entity, especially
in children. The danger of RP lies in ossicular chain erosion (Figure 1), cholesteatoma
formation and potentially life-threatening complications of cholesteatoma. No consensus
exists about the optimal treatment. We have a lot of new knowledge regarding pathogenesis,
but there are still many unknown factors that influence development of this condition.

16.09.2020 h 9:38
Right

Figure 1. Retraction pocket of pars tensa caused erosion of the incudostapedial joint. ¥ Malleus, <2
Erosion of the incudostapedial joint.

Medicina 2021, 57, 425. https:/ /doi.org/10.3390/medicina57050425

https://www.mdpi.com/journal /medicina



Medicina 2021, 57, 425

20f7

Epidemiological studies have shown that the retraction pocket is a relatively rare
disease and it largely affects the child population. In 1994, Stangerup published a study
where it examined 294 healthy children aged 5 to 16 years and found the occurrence of
retraction pockets in 26% in the area pars flaccida and at 3.7% in the pars tensa area [1].
The largest long-term study in a healthy population includes 7000 children under the
age of 10, when the prevalence of retraction pockets in the pars flaccida was 9.6 % and
pars tensa 7.9%. Most retraction pockets were classified as “mild”, only a small part
represented serious cases. This study also showed frequent bilateral disability retraction
pocket [2]. Relatively frequent occurrence of retraction pockets in the younger age group
of children up to 10 years was not found in the older age group. A study of children aged
8-18 years demonstrated that a significant proportion of tympanic pathologies found on
first examination healed spontaneously during a 10-year follow-up [3].

Histologically the normal tympanic membrane consists of an external epithelial layer,
middle layer, and internal mucosal layer. A healthy tympanic membrane is relatively tough
and elastic, this is due to the structure and properties of its middle layer.

The external layer is formed by the epidermis, which has a protective function and
is composed of stratified keratinizing epithelium. Keratinizing cells from the surface
gradually migrate from the center of the tympanic membrane to the periphery and further
outwards from the ear canal. This ensures self-cleaning ability [4]. The middle layer is
formed by connective tissue with a predominance of collagen fibers arranged in two layers
(outer radial and inner circular); elastic fibers also occur [5]. The thickness of this layer in
the pars tensa region ranges from 0.04 mm in the posterosuperior quadrant up to 0.09 mm
in the annulus region. It is mostly collagen type II and IV, which typically occurs in the
cartilage. Collagen fibers with admixture of fibers elastic determine the basic mechanical
properties of the drum. The middle layer of the eardrum also contains the delicate vascular
and nerve plexus [6]. The inner layer (lamina interna membranae tympani) of the eardrum
is formed by the middle ear cavity mucosa and its function is protection, metabolism and
nutrition of the middle layer of the tympanic membrane.

The three most used classification systems of retraction pockets are Sadé [7] (for pars
tensa RPs), Tos [8] (for pars flaccida RPs), and Charachon [9]. These systems grade the
severity of RP, but they do not explain the pathogenesis or possibility of progression of
retraction pocket. The association of severity of the retraction pocket in the development of
acquired cholesteatoma is the key point, however, there is no consensus existing staging
systems on retraction pockets or cholesteatoma in serving this purpose [10].

Retraction pocket is a localized area of the tympanic membrane invaginated into the
tympanic cavity. It is much more common in children than in adults. The incidence of
atrophy increases from 4% at age 4 years to 11% at age 16 years [11]. A normal tympanic
membrane is tough and elastic, but the retraction pocket is flexible and collapses into the
tympanic cavity. The place of weakness is most often located near the anatomical structures
such as incisura Rivini, scutum or malleus [12]. It can affect both parts of the TM, pars
tensa or pars flaccida. Many theories explain the pathomechanism of the development of
the retraction pocket.

2. The Eustachian Tube and Pathogenesis of the Retraction Pocket

One of the theories identifies the long-term negative middle ear pressure caused
by dysfunction of the Eustachian tube as a main reason causing development of the
retraction pocket. Normal TM has a certain capacity to buffer the pressure changes [13].
Ears that have anomalies in the volume and ventilation of the epitympanum may be
more susceptible to retraction pockets [14]. The healthy Eustachian tube equilibrates
the pressure between middle ear and nasopharynx. There are a lot of factors causing
dysfunction of the Eustachian tube (congenital malformations, mucosal oedema, adenoid
vegetations and many others). This ex vacuo theory is based on clinical studies and
animal experiments [15-17], but the results are contradictory. In many children after
adenoidectomy or ventilation tube insertion, retraction pocket or cholesteatoma [18,19]
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developed. RP can occur even in the absence of negative pressure in the middle ear
while the ventilation tube is inserted in the TM. It is probably caused by the presence of
chronic inflammatory changes in the musculus tensor tympani, which retracts malleus [20].
Some studies point out a fact that negative middle ear pressure alone is not sufficient to
cause retraction [21-24]. In conclusion, there is no clear evidence that negative middle ear
pressure alone will cause invagination of normal tympanic membrane.

3. The Relationship of Otitis Media and Pathogenesis of the Retraction Pocket

It is true that the retraction pockets are commonly observed in children with recur-
rent acute otitis media or otitis media with effusion. Sadé described that inflammation
as responsible for the degeneration of the lamina propria of the tympanic membrane [6].
Experimental study showed that the initial reason for the development of cholesteatoma
from the retraction pocket is local inflammation of the mucosa of the middle ear [25]. A
wide spectrum of theories describes the pathogenesis of acquired cholesteatoma [26] and
tries to clarify why keratinizing squamous epithelium starts growing from the outer layer
of the tympanic membrane into the cavity of the middle ear (metaplasia theory, migration
theory, papillary ingrowth theory). However, there is no clear evidence why the epithelial
cells prefer to migrate medially rather than laterally as is normal for cleaning of the healthy
tympanic membrane. Of course, some common middle ear pathogens increase proinflam-
matory cytokines in monocytes, especially intracellular adhesion molecule-1(ICAM-1)
which mediate to adhesion of leukocytes to the vascular epithelium and the transition to
the extravascular space by the proinflammatory signaling, and soluble forms increase in
the middle ear effusion and serum due to autogenic infections. ICAM-1 was significantly
higher in patients with cholesteatoma, ossicular chain defects and tympanic membrane
retraction [27].

In 2018, Hiittenbrink published the self-healing hypothesis as the starting point of a
tympanic membrane retraction [28]. This idea interprets the horizontal migration of skin
into the middle ear cavity as a self-healing process, repairing an underlying inflammation
in the tympanic cavity, through the overgrowth and contact with immunologically active
tissue. This theory is supported by analogous phenomena that exist, e.g., the migration of
the omentum towards a local inflammation in the abdomen [29]. The findings in 209 s look
surgeries (from authors) provide the first explanation of the origin of retraction pockets
that is compatible with the various characteristics of original or recurrent cholesteatoma.
The process of changes in the TM structure may evolve to the cholesteatoma formation [30].

4. The Role of Inflammation in Pathogenesis of the Retraction Pocket

We conducted the histological and immunohistochemical analysis of 31 pars tensa
retraction pockets (stadium II and III by Charachon) in children. We identified the patho-
logical anomalies in the structure of external and middle layers of the tympanic membrane
compared with normal healthy tympanic membrane. We identified subepithelial inflam-
mation infiltrate in 86% of patients, disruption of a double layer of collagen fibers and
its infiltration by neutral mucosubstances in 87% and fragmented elastic fibers in 96%
(Figure 2) [31]. Degeneration of the middle collagenous fibrous layer caused by inflamma-
tion was observed by Sade [1] or Yoon [32]. We also described hyperkeratosis (100%) and
ingrowing rete pegs (71%) [31]. In the outer layer of the tympanic membrane (epidermis),
we identified a presence of Ki67 in the cells of both basal and suprabasal layers. These
observations suggest an increase of proliferation activity in squamous epithelia. The pro-
cess of keratinocyte proliferation within cholesteatoma epithelium is important not only
for understanding the complex mechanisms of the pathogenesis of this disease, but also
to anticipate the possible development or recurrence of cholesteatoma [30-33]. We identi-
fied CD45 LCA positivity, which is typical for all categories of white blood cells, in both
the tympanic membrane’s external epithelial layer and its central connective tissue layer
(Figure 3). We observed MMP9 positivity in the central tympanic membrane layer, thereby
indicating a presence of degenerative processes in the extracellular matrix of connective tis-
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sue (Figure 4) [34]. MMP affect both inhibitory and stimulating effect on cell apoptosis [35].
Our observations show that it is inflammation that plays a key role in the pathogenesis of
the retraction pocket. This statement is supported by other studies [26,36-38]. Of course,
these anomalies commonly occur in the matrix and perimatrix of cholesteatoma, so our
observations support the retraction theory of development of cholesteatoma.

Figure 2. Fragmentation of the elastic fibers in the middle layer of tympanic membrane, histology of

retraction pocket, Verhoeff, (400 x). <°> External epithelial layer, = Basal membrane, ﬁ Fragmented
elastic fibers in the middle layer.
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Figure 3. Inmunohistochemistry-CD45 LCA, inflammation (200 x ). ﬁ External epithelial layer, {}
Basal membrane, ¥ Rete peg (area of ingrowing squamous epithelium), = White blood cells of all
categories (CD45 LCA+).
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Figure 4. Immunohistochemistry—-MMP9 in the middle layer of tympanic membrane (200x). 1}
External epithelial layer, + Middle layer of the tympanic membrane, <@ MMP9+.

Degeneration of the lamina propria of the tympanic membrane is a long-term pro-
cess. Inflammation leads to destruction of the collagen and elastic fibers. Mediators of
inflammation lead to the release of collagenases and destroy the disulfate bridges. For
this reason, the tympanic membrane becomes thin and elastic properties are changed.
Weakened tympanic membrane loses its resistance to pressure changes. After the initial
insult and loss of strength, inflammation is no longer necessary for progression of the
retraction pocket. The problem of retraction pockets lies in the loss of original histological
and anatomical structure, therefore its inability to resist the negative middle ear pressure.

Based on this knowledge, it is very important to prevent and treat the inflammation
early. All children with recurrent acute otitis media or secretory otitis media should have a
comprehensive examination by a pediatrician and otorhinolaryngologist. We can perform
an adenoidectomy, insertion of the ventilation tube to the tympanic membrane or a special
treatment in case of immunodeficiency. Watch and wait strategy can be dangerous and
it can lead to damage of the middle ear ossicles or to development of cholesteatoma in
many cases.

5. Conclusions

All of these claims also support the basic mechanism of why an intact tympanic
membrane invaginates into the tympanic cavity and also support the retraction theory
of cholesteatoma. The first step in pathogenesis of the retraction pocket is affection of
the inflammation from the middle ear mucosa to the tympanic membrane. Inflammation
caused the pathological changes in the middle layer of the tympanic membrane: hyper-
vascularisation, degradation of the double layer of collagen fibers, fragmentation of the
elastic fibers and others. These changes lead to significant weakening of the tympanic
membrane, especially in pars tensa. This area of the tympanic membrane is more flexible
and less resistant to negative pressure in the middle ear in children with dysfunction of the
Eustachian tube. Inflammation is important for the development of the retraction pocket,
as we can see the presence of retraction in children with normal function of the Eustachian
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tube. Therefore, prevention of inflammation is important in the treatment strategy of the
retraction pocket.
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ARTICLE INFO ABSTRACT

Keywords: Introduction: To systematically investigate all surgeries for cholesteatoma behind an intact tympanic membrane
Cholesteatoma at our department. To identify predictive factors that can help the surgeon to plan surgery, surgical techniques,
Intact tympanic membrane and follow-up treatment.

Children

Material and methods: This retrospective study evaluates 21 child patients, who were operated in the period
2007-2017 on for cholesteatoma behind an intact tympanic membrane.

Results: A total of 202 primary operations were performed for cholesteatoma. In 21 cases (10,4%) there was a
cholesteatoma behind an intact tympanic membrane and in 11 (5,45%) cases of it there was the congenital
cholesteatoma. The most frequently affected area was the anterior-superior quadrant. The preoperative hearing
loss increased significantly with disease severity (I-IV by Potsic).

Conclusions: The classification system according to Potsic is sufficient and fully corresponds to the surgeon's
needs. It has been clearly shown that a higher CC stage is associated with worse postoperative hearing results.

1. Introduction

Cholesteatoma behind an intact tympanic membrane (CITM) is a
rather rare pathology defined by clear diagnostic criteria. CITM is most
commonly congenital (CC), but it may also be acquired. The best known
theory of acquired CITM is the inclusion theory (Tos) or metaplasia
theory of the middle ear mucosa (Sadé). The prevalence of CC is about
2-5%. Diagnostic criteria for congenital cholesteatoma were originally
defined by Derlack and Clemis [1], later amended by Levenson as white
matter present behind an intact tympanic membrane, with no history of
tympanic membrane perforation, ear discharge, or middle ear surgery.
Patients with external ear canal atresia, intra-membranous cholestea-
toma, and extensive cholesteatoma (large-scale cholesteatoma) are ex-
cluded. The history of acute otitis without spontaneous perforation and
paracentesis does not exclude the patients [2-4]. Cholesteatoma behind
an intact tympanic membrane requires surgical treatment. Several
classification systems for CC were developed in order to maximise op-
timal treatment results; the most commonly used one is the system by
Potsic et al. [5]:

Stage 1 single quadrant: No ossicular involvement or mastoid ex-
tension

Stage 2 multiple quadrant: No ossicular involvement or mastoid
extension

Stage 3 Ossicular involvement, no mastoid involvement

Stage 4 mastoid extension (regardless of findings elsewhere)

The aim of our work was to systematically investigate all CITM
surgeries at our department during the last 10 years. We wanted to
identify predictive factors that can help the surgeon to plan surgery,
surgical techniques, and follow-up treatment.

2. Methods

A retrospective study that was conducted between 1 January 2007
and 31 December 2017, at the Department of Pediatric
Otorhinolaryngology of University Hospital in Brno. At the beginning,
we identified all patients diagnosed with cholesteatoma. Anyone who
met the Levenson's diagnostic criteria was considered a CITM patient.
Medical records of these patients were then examined and a database
containing the following data was created:

- Demographic data: age, gender, and CITM location (right, left, bi-
lateral).

* Corresponding author at: Department of Pediatric Otorinolaryngology, Faculty Hospital Brno, Cernopolni 9, 61300 Brno, Czech Republic.
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Table 1 Table 2
Characteristics of 21 ears in 21 patients. Demographic characteristics of the patients with CC.
Age, median (range), y Value ID Age (Years) Side Gender Stadium Second look
Age, category, No. (%), y 6 (3-17) 1 14 L F 111 Y
<4 5 (24) 2 3 R F v N
4to5 4 (19) 3 14 R F v Y
>6 12 (57) 4 5 L F 111 Y
Sex, No. (%) > 7 L F I Y
6 3 R F I Y
Male 12 (57) - 4 L M 1 N
Female 9 (43) s s L M I v
Disease laterality, No. (%) 9 15 L F I N
Right 7 (33) 10 12 R M 111 Y
Left 14 (67) 11 6 L M 111 Y
Bilateral 0(0) 12 12 L M 11 Y
Disease stage by Potsic, No. (%) 13 5 L M v Y
1 3(14) 14 3 L M I Y
9 4(19) 15 4 L M I Y
3 11 (53) 16 17 L F 111 Y
17 6 R M 111 Y
4 3014
Before surgery hearing, median (range), db 31.4 18 7 R F 1 Y
19 4 R M I N
Before surgery hearing category, PTA, No. (%) 20 5 L M 111 Y
0-20 db 3 (14%) 21 7 L M 111 Y
21-39 db 8 (38%)
> 40 db 10 (48%)
) significant (binomial test, p = .095). There were no cases of bilateral
dB - decibel.

PTA - Pure Tone Average.

- History of disease: history of acute otitis, preoperative imaging
method (CT or MRI).

- Peroperative findings: CITM stage according to Potsic et al., quad-

rant localisation, localisation in relation to middle ear bones, and

potential anatomical abnormalities.

Procedures performed: type of primary surgery, bone removal re-

quired, total number of surgeries (second and third look), and re-

construction procedure type.

Treatment: preoperative hearing performance (pure tone average) at

250, 500, 1000, 2000, and 4000 Hz in decibels, postoperative

hearing performance after reconstruction, CITM residue and its lo-

calisation.

Complications: facial nerve injury, perceptual hearing loss, re-

current infections, and others.

Selected important characteristics for each event are summarized in
Table 1

Residual cholesteatoma was defined as CITM finding at all sites,
except for the tympanic membrane and the external auditory canal,
which after the first surgery unintentionally kept tissue that was sur-
gically unobservable and detected during the next procedure.

We used descriptive statistics methods (median, standard deviation,
quartile interval), binomial test (sex, laterality), Spearman's correlation
(stadium of Potsic), Fischer exact test (residual disease) and Wilcoxon
test (auditory thresholds) to analyze the results.

3. Results

Between 2007 and 2017, a total of 202 primary cholesteatoma
surgical procedures were performed. In 21 cases (10.4%), it was cho-
lesteatoma behind an intact tympanic membrane, and 11 patients
(5.45% from all 202) met the stricter initial criteria for CC (without the
history of acute otitis). Out of the total number of 21 patients, there
were 12 boys (57.1%) and 9 girls (42.9%). The increased CITM in-
cidence in men in our cohort is not statistically significant (binomial
test, p = .331). The ratio of children and the number of operated ears
was 1:1. Cholesteatoma behind an intact tympanic membrane was
found 14 times on the left side and 7 times on the right side. The in-
creased CITM incidence on the left side in our cohort is not statistically

CC. During the reporting period, the number of surgeries per year was
1.9 on average. The average age of children was 8.17 years (SD +/—
4.33), the median age was 6.33 (quartiles 4.92 and 12.15). The average
age according to Potsic was 5 years in the stage I, 6.25 years in the stage
11, 7.9 years in the stage III, and 7.3 in the stage IV. We have not found
any age-related increase of cholesteatoma severity according to Potsic
(Spearman's correlation, coefficient 0.28, p = .227). History of acute
otitis was present in 10 patients (48%). Cholesteatoma stage was de-
termined during the surgery according to the criteria set by Potsic et al.
Stage III was predominant, with 11 (53%) cases of cholesteatoma be-
hind an intact tympanic membrane. Stage II followed, with 4 (19%)
cases. The number of stage I and stage IV patients was identical, 3
(14%) (Table 2). The most frequently affected area was the anterior-
superior quadrant (16 out of 21, ie 76%) — Figs. 1, 2. The posterior
upper quadrant was affected in 14 cases (67%). Single-quadrant in-
volvement was reported in 3 patients (14%), the age of the children was
2, 3, and 4 years. The primary surgical procedure was the retro-auri-
cular transmeatal approach according to Portman. All primary surgeries
were performed using the canal wall up technique; the canal wall down

Fig. 1. Cholesteatoma behind an intact tympanic membrane in the typical lo-
calisation — anterosuperior quadrant.
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Fig. 2. Cholesteatoma behind an intact tympanic membrane in the typical lo-
calisation — anterosuperior quadrant (white pearl).

technique was chosen only in one case due to the extent of the disease.
All surgeries we start with microotoscopy, we look for the external ear
canal and tympanic membrane and we make a pre-tympanic incision
(localisation of this incision depends on the localisation of the choles-
teatoma). Then we continue with retroauricular incision (separately
dermis and muscular tissue and separately incision of the periosteum).
We identified posterior wall of the external meatus and make a tym-
panomeatal flap. Next step is tympanotomy, we identify the localisation
and size of the cholesteatoma and we identify the important structures
as chorda tympani, ossicles and of course the facial nerve. If the cho-
lesteatoma growth into the mastoid, we provide the antromastoi-
dectomy and we remove step by step all cholesteatoma, if it is possible
and safe, we remove it in toto. At the end of the surgery we provide the
reconstruction of the tympanic membrane if it is necessary with tam-
ponade of the external meatus with silk strip and gealfoam. Four pa-
tients underwent only one surgery without the need for a second look.
Second look surgery was performed in 17 patients (81%) within
7-13 months of first surgery (9 months on average). A third look was
required in 1 patient for suspected disease recurrence. Tympanic
membrane reconstruction was performed 19 times (90%): in 15 cases
(79%) using a chondro-perichondrial graft from the tragus and in 4
cases (21%) from temporal muscle fascia. Reconstruction of middle ear
bones was performed in 10 patients (48%). Autologous materials were
used in the reconstruction of the middle ear bones in 4 patients (colu-
mella from anvil or cortical layer, cartilage interposition); biocompa-
tible material (TORP) was used in 6 patients. Residual disease was
found in 4 cases (19%). 3 cases of residual disease were children under
the age of 7, one case was older than 7 years. 3 patients were male, 1
was female. The presence of residual disease is not gender-related
(Fisher exact test p = 1.00). The left side was affected in 3 cases, the
right side in one case. The presence of residual disease is not related to
the affected side (Fisher exact testp = .624). In 3 cases, it was primarily
a stage III, one case was stage II. The mean age of patients with residual
disease was 7.25 years. One or more middle ear bones were collected in
10 (48%) patients. The preoperative hearing threshold was 31.4 dB on
average. Scattergram of preoperative hearing results shows Fig. 3.
Postoperative hearing performance (6 weeks after surgery) was avail-
able in 85% of patients. The average PTA in this period was 29 dB HL.
The average PTA after the second look was 27.9 dB HL. Scattergram of
postoperative hearing results shows Fig. 4. Comparison of the auditory
threshold before and after the surgery, regardless of the stage of the
disease, shows improvement in post-operative hearing (Wilcoxon test
p = .055) — Fig. 5. When considering the individual stages according to
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Potsic et al., the average PTA before and after the surgery was: stage I
(20/20 dB), stage II (22.7/20 dB), stage III (35.8/31.4 dB) and stage IV
(36.5/34.5 dB). The comparison of the auditory threshold before the
surgery shows statistically significant differences between the stages
according to Potsic (Kruskal Wallis ANOVA p = .029). The comparison
of the auditory threshold after the surgery shows statistically significant
differences between the stages according to Potsic (Kruskal Wallis
ANOVA p = .038). There were no severe complications such as facial
nerve palsy, cerebrospinal fluid leakage, perceptive hearing loss, or
poor healing of the surgical wound. Tympanosclerosis developed in one
case. The most common symptom of cholesteatoma behind an intact
tympanic membrane was hearing impairment. Conductive hearing loss
was present mainly in more advanced stages (Potsic stage III and IV).
Lower stages (I and II) were diagnosed predominantly by chance
(otoscopy during ENT examination of unrelated reasons - check-up after
otitis, examination of adenoid vegetation, etc.). In one case, we diag-
nosed the disease based on transient peripheral facial nerve palsy. Due
to the extent of cholesteatoma (stage II) and the fact that we did not
find a clear damage to the facial nerve bone cover, we can assume that
facial nerve palsy was not directly related to the presence of choles-
teatoma in this case. We follow up all patients to 18 years of life.

4. Discussion

The CC classification system provides a unified view of the disease
and the comparison of patient populations, epidemiological data, sur-
gical findings and procedures, complications, and recurrences of CC.
Our aim was to find and compare the factors that are involved in the
onset of CC, the factors we find during the surgery and that may be
associated with residual disease risk. Some of our findings confirmed
the importance of CC classification according to Potsic et al. [5]. In our
study population, the preoperative hearing loss increased significantly
with disease severity (I-IV). While hearing is normal in stage I, stage IV
is associated with the progression to 36.5 dB. We also observed the
same correlation in hearing loss after surgery, which was again the
lowest at stage I and the most significant at stage IV. This observation is
confirmed by other authors [6]. Compared with available data from
other studies, the incidence of acute otitis before the surgery was very
similar — 48% [7]. Various studies indicate different involvement of
individual CC quadrants. In our group, the involvement was most
commonly present in the anterior-superior quadrant (76%), like in
many other studies [5-9]. This finding supports the theory of the CC
origin and progression published by Koltai in 2002 [10]. He described
the progression of the CC from the anterior-superior quadrant to the
posterior-superior quadrant, to the attic and to the mastoid. The final
stage of CC was discussed, which included a discharge from the ear of
the child, conductive hearing loss, perforation in the tympanic mem-
brane and non-traditional cholesteatoma localisations or an extensive
cholesteatoma filling the entire mastoid. We cannot provide further
information to this discussion as we have limited the choice of patients
by the presence of an intact tympanic membrane. An advantage to our
study is the fact that one surgeon performed the procedure in all the
patients during the monitored period. Hence, the findings and proce-
dures are very consistent. The risk of residual disease ranges from 34%
to 44% [5,7,8], but CC residuum was found in only 19% of patients in
our study population. Less than two surgeries per one cholesteatoma
have been performed on average, which is a very good result compared
to other studies. Especially when we consider that we prefer the canal
wall up at our site, which generally involves a higher risk of residual
disease. This fact proves that canal wall up in children with CC is op-
timal to avoid problems that affect patients with open cavity. It pro-
vides much higher quality of life for the child. One of the major factors
in our opinion is the fact that we prefer removing middle ear bones at
the time of the first surgery, if the ossicles are eroded or in contact with
cholesteatoma. This philosophy is supported by other authors [6].
Imaging methods play an important role in diagnostics, planning and
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Fig. 3. Scattergram of preoperative hearing results.

post-operative monitoring. Preoperative CT scanning of the temporal
bone is considered a standard that allows to identify key anatomical
structures and also describe the extent and localisation of cholestea-
toma. A temporal bone CT scan was standard for all patients in our
population. Magnetic resonance imaging can be used for postoperative
monitoring of patients. There are many studies today that have con-
firmed that MRI is a suitable method for detecting residual disease, thus

B —— Improved

Word Recognition Score (%)

reducing the need for further surgery in patients [11-13]. We did not
perform MRI routinely in our CC patient group, but we are currently
introducing this method as a part of our protocol for monitoring pa-
tients after cholesteatoma surgery based on very good experiences.
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Fig. 5. Preoperative pure-tone average decibel (dB) hearing level as a function
of stage (p = .029) and postoperative hearing results (most recent post-
operative audiogram results) by initial stage from all patients.

5. Conclusion

The classification system according to Potsic is sufficient and fully
corresponds to the surgeon's needs. It has been clearly shown that a
higher CC stage is associated with a worse postoperative hearing results
in the patient. Removing middle ear ossicles when they are eroded or in
contact with cholesteatoma appears to be the correct procedure, as
confirmed by the very small number of relapses in our group.
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Stredousni rekonstrukece u deti

Urik M., Macha¢ J., Slapdk I.

Klinika détské otorinolaryngologie LF MU a FN Brno

SOUHRN

Uvod: Clanek prezentuje problematiku stfedousnich
rekonstrukci v détském veku. Poskytuje pohled na
moznosti operacniho fesenti, jak je provadime na Klinice
détské otorinolaryngologie Lékarské fakulty Masarykovy
univerzity v Brneé.

Metodika: Retrospektivni studie, ve které bylo hodno-
ceno 89 pacientd ve véku 5 az 19 let, u kterych byla pro-
vedena stredousni rekonstrukce v letech 2005 az 2012.

SUMMARY

Urik M., Machaé J., Slapak I.: Middle Ear Reconstruction
in Child

This article presents the problems of middle ear re-
construction in children. It provides insight into the
possibilities of surgical treatment, as performed at the
Department of Pediatric Otolaryngology, Medical Faculty
of Masaryk University in Brno. Here are the results of a
retrospective study in which we evaluated a group of

uvob

Stfedousni operace jsou operac¢ni vykony, jejichz cilem
je odstranit patologicky proces ve stfedousi a nasledné
provést obnoveni pfevodniho systému stfedniho ucha.
Rekonstrukce pfevodniho systému s cilem co nejlepsiho
sluchového zisku je obzvlasté v détském véku pro dalsi
zivot pacienta zasadni. Existuje nékolik typd a klasifikaci
stfedousnich rekonstrukci. Na Klinice détské otorinola-
ryngologie v Brné (KDORL) pouzivame operacni postupy
dle profesora Tose s velmi dobrymi vysledky a sluchovy-
mi zisky u détskych pacientli. Hlavnim cilem stfedous$ni
operace neboli tympanoplastiky je odstranéni aktivniho
patologického procesu, ktery probiha v oblasti stfedniho
ucha, zabranit jeho dalsi recidivé a docilit zlepseni sluchu
(11). v ptipadé chronického stfedousniho zanétu dochazi
k poskozeni stfedousnich kistek, a tedy i k po§kozeni pre-
vodni slozky sluchu pomérné casto (1, 10). Pri¢iny, které
vedou k poskozeni stfedousnich kiistek, se obecné déli do 2
skupin: cholesteatom a ostatni formy chronického zanétu
stfedniho ucha bez vyskytu cholesteatomu. Mezi méné Casté
priciny poskozeni pfevodniho systému stfedousi patii arazy
a vyvojové anomadlie v oblasti stfedniho ucha. Stfedousni
operace za¢ina fazi ,sanacni*. Cilem této faze je odstranéni
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Zaveér: Studie ukazuje, ze i v détském veéku je mozné
rekonstrukci prevodniho aparatu dosahnout dobrych
vysledd jak anatomickych tak funkénich.

KLiCOVA SLOVA

chirurgie, stfedni ucho, rekonstrukce, sluch, détsky
vék

89 patients aged 5-19 years, who had undergone middle
ear reconstruction in the years 2005 to 2012. The study
shows that even in childhood, it is possible to achieve
good results data, both anatomical and functional.

KEYWORDS

surgery, middle ear, reconstruction, hearing,
childhood
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patologie z oblasti stfedniho ucha a dostate¢na ,sanace*,
kterda minimalizuje riziko recidivy onemocnéni, pfedevsim
v ptipadé cholesteatomu. Po dostatecné sanaci onemocnéni
pristupujeme k fazi ,,rekonstrukéni“, kdy se snazime o ob-
noveni pfevodniho systému stfedniho ucha s cilem co nej-
lepsiho sluchového zisku pro pacienta. Rekonstrukeni faze
se provadi zpravidla az v tzv. druhé dobé, kdy provedeme
kontrolu, zda nedoslo k recidivé onemocnéni (8). V ptipadé

Graf 1  Typy stfedousnich rekonstrukci a jejich pocet.



Graf 2  Priciny vedouci ke stfedousni rekonstrukci.
chole - cholesteatom, adhesiva - Otitis media chronica adhesiva,
VVV - vrozené vyvojové vady

méné rozsahlé patologie a dobrych anatomickych i funk¢-
nich podminkach mozno provést rekonstrukci i v prvni dobé
na zavér tympanoplastiky, po sanaci.

TERMINOLOGIE A KLASIFIKACE

V terminologii a Kklasifikaci stfedousnich operaci i rekon-
strukci vychazime z pojmi a postupli profesora Tose (11).
Pokud operujeme pouze na bubinku s cilem uzavieni perfora-
ce a stfedousi je zcela intaktni, mluvime o myringoplastice.
Pokud provadime pouze rekonstrukci stfedousnich kistek,
pak mluvime o osikuloplastice. V pfipadé, Ze se oba vykony
kombinuji, jedna se o tympanoplastiku. K rekonstrukci
pouzivame materidly autologni i biokompatibilni.

TYPY STREDOUSNICH REKONSTRUKCI NA KDORL

A) Autologni materialy

Tympanoplastika I. typu dle Tose.

Jedna se o odstranéni drobné patologie vétSinou z oblasti
epitympana (retrakéni kapsa, drobny cholesteatom) a nasled-
nou rekonstrukci bubinku chondroperichondriovym Stépem
z tragu. Stfedou$ni kiistky jsou zcela intaktni.
Tympanoplastika II. typu dle Tose

Pfedstavuje interpozici chybéjiciho ¢lena do fetézu stfedous-
nich kiistek mezi hlavic¢ku tfminku a kovadlinku, eventualné
bubinek. Provadi se na zavér sanacni faze v piipadé defektniho
fetézce kiistek. Tfminek je zachovan. K interpozici pouzivame
chrupavku (u malych defektd dlouhého vybézku kovadlinky),
méné Casto kost nebo zbylou ¢ast opracované kovadlinky.
Tympanoplastika IIL. typu dle Tose

Je vlozeni , kolumely*“ z kovadlinky mezi ploténku tfminku
a kladivko, eventudlné bubinek. Pouziva se v ptipadé za-
chovalé kovadlinky a poskozenych raminek tfminku, které
se odstrani. Kovadlinka se ofrézuje tak, aby spodni ¢asti
nasedla na ploténku tfminku a horni na rukovét kladivka,
eventudlné na bubinek.

Myringostapedopexe a neomyringostapedopexe

Provadime transpozici bubinku pfimo na hlavicku tfminku.
Predpokladem je mala vzdalenost mezi hlavickou tfminku
a bubinkem a dobra pohyblivost tfminku. V pfipadé, Ze je
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nutnd i rekonstrukce bubinku. mluvime o neomyringosta-
pedopexi.

Manubriostapedopexe

U tohoto vykonu nejdfive uvolniujeme manubrium kladivka
zbubinku az po umbo, pak nasleduje transpozice manubria
kladivka piimo na hlavi¢ku tfminku. Pouziva se pti destrukci
kastek v epitympanu. Piedpokladem je zachovalé manubri-
um kladivka, dostatecna pohyblivost tfminku a vyhodou je
opét maly prostor mezi bubinkem a tfminkem.

B) Biokompatibilni (umélé) materidly

PORP - Partial Ossicular Replacement Prosthesis

Protéza, ktera je vloZena mezi hlavi¢ku tfminku a bubinek.
TORP - Total Ossicular Replacement Prosthesis

Protéza, ktera je vlozena mezi ploténku tfminku a bubinek.
Stfedousni protézy mohou byt zhotoveny z riiznych materidla
(kov, keramika a jiné). My pouzivame jiz del$i dobu protézy
titanové s dobrymi vysledky.

METODIKA

Provedli jsme retrospektivni studii, ve které jsme hodnotili
soubor vSech pacientli se stfedous$ni rekonstrukci, které
byly provedeny v letech 2005 az 2012. Jedna se o soubor 89
pacientdl ve véku 5 az 19 let. Z dostupnych informaci ziska-
nych z nemocni¢niho informacniho systému a operac¢nich
zaznamu jsme hodnotili vékové rozlozeni pacientt, pohlavi,
stranové postizeni, primarni patologii, ktera vedla k nutnosti
stfedousni rekonstrukce, typy a pocty provedenych operaci
are - operaci a audiogram pfed a po rekonstrukéni operaci.

VYSLEDKY

Ve studii jsme nezjistili Zddny vyznamny rozdil v poc¢tu
provedenych rekonstrukci mezi chlapci a divkami ani v ram-
ci stranového postizeni. Nejcastéj$im typem stfedousni
rekonstrukce bylo zavedeni protézy typu TORP, a to ve 46
pripadech. Zavedeni protézy typu PORP je az na poslednim
misté u 8 pacientd. Tyto protézy byly témét vzdy zavedeny
az ve druhé dobé (operace typu second look). Jednalo se pfe-
vazneé o pacienty po operaci cholesteatomu. V pofadi druhym
nejcastéjs§im vykonem byla tympanoplastika II. a III. typu
dle Tose, tedy interpozice chrupavkou (ev. kosti) a vloZzeni
kolumely z kovadlinky. Tento vykon jsme provedli u 25 paci-
entll. Tfetim nejpocetnéj$im typem operace bylo provedeni
manubriostapedopexe, myringostapedopexe a neomyringo-
stapedopexe, a to u 10 pacientli. Na rozdil od rekonstrukce
pomoci PORPu a TORPu se v pripadech pouziti autolognich
materiald jednalo vZdy o rekonstrukci jiz v prvni dobé, tedy
na zaveér sanacni faze stfedousni operace (graf 1).
Nejcastéjsi patologii, ktera vedla k nutnosti rekonstrukce
stfedous$nich kiistek, byl v nasem souboru jednoznacné vys-
kyt cholesteatomu ve stfednim uchu, a to az u 69 pacientd,
to pfedstavuje 78 % vSech pacientl. Dalsi pfi¢inou byl vyskyt
téz81 formy adhezivni otitidy s fixaci nebo destrukci kiistek
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(13 %) a minoritni podil na postiZzeni stfedousnich késtek
tvoti vyvojové anomalie stfedniho ucha (7 %) a trazy (2 %).
Dilezitym parametrem sledovanym ve studii bylo samozrtej-
mé hodnoceni sluchového zisku. Graf 3 ukazuje primeérné
vzdus$né vedeni pfed rekonstrukéni operaci (Cervené) a po
operaci (modfe). Z audiogramu je patrné Ze z praimérného
sluchu na drovni 52,5 dB pfed operaci doslo ke zlepSeni sluchu
na priumérnou hodnotu 31,6 db po operaci. Hodnoty sluchu
jsme ziskali jako primér naméfenych hodnot na danych
frekvencich ziskanych z audiogrami pfed rekonstrukéni
operaci a cca 1 rok po operaci. Vékové rozlozeni pacientd
ukazuje graf 4, nejmladsi pacient byl ve véku 5 let.

Ve 24 ptipadech byla nutna revizni operace. Indikaci k revizni
operaci bylo ve vSech pfipadech zhorSeni sluchu. Tabulka 1
ukazuje pticiny, které vedly ke zhorSeni sluchu.
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Graf 4  Vékové rozlozeni pacientt.

Tab.1 P¥iciny, které vedly ke zhorseni sluchu.

Recidiva zakladniho onemocnéni (cholesteatom) 2%

Jiné (tympanoskleréza, zména polohy TORPu) 10x

Vyména kolumely za TORP (z divodu fixace kolumely) | 7x

Adheze a srlsty ve stredousi 5%
DISKUSE

Rekonstrukci prevodniho systému stfedniho ucha v dét-
ském véku miiZeme Gspésné obnovit sluch naruseny patolo-
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gickym procesem v této oblasti, a to dokonce s velmi dobrym
sluchovym ziskem. Dobry sluch je v détském véku nezbytny
pro spravny vyvoj feci a u€eni jedince. Uzavér perforace bu-
binku, eradikace zanétu ve stfedousi a obnova pfevodniho
aparatu s cilem zlepSeni sluchu jsou u déti s chronickym
zanétem stfedousi velmi vyznamné, protoze kvalita Zivota
i mentdlni a jazykové dovednosti a vyvoj déti jsou operaci
pozitivné ovlivnény (3). Rlzna pracovisté pouzivaji podobné
chirurgické ptistupy, casto se 1i§i pouzivané materidly a sys-
témy k rekonstrukci stfedousi, véetné vlastnich navrzenych
protéz (4). Na naSem pracovisti preferujeme u déti retroau-
rikularni pfistup. MiiZeme potvrdit, Ze se jedna o pfistup,
ktery umoznuje dobrou orientaci a pfehlednost opera¢niho
pole, nizké riziko komplikaci a dobré hojeni. Ztotoznujeme
se s nazorem jinych autorli, Ze retroaurikularni pfistup
nepfedstavuje v rukou zkusSeného operatéra zadny trvaly
kosmeticky defekt (7). Z hlediska pouzitych materidld,
pokud to je mozné, uprednostiiujeme autologni material
(chrupavka, kovadlinka, kost). Jedna se o tympanoplastiku
1., II. aIll. typu, dale o manubriostapedopexi, myringosta-
pedopexi a neomyringostapedopexi. Tyto vykony provadime
vzdy v prvni dobé, navazuji tedy pfimo na sanacni fazi,
a to v pfipadé, kdy jsou k tomu vhodné funkéni podminky
(drobny cholesteatom odstranén in toto, vzdusné stfedousi
i systém mastoidnich sklipki, ucho bez aktivniho zanétu
a sekrece, nizké riziko recidivy cholesteatomu) i podminky
anatomické (zachovani tfminku, dobrd pohyblivost tfmin-
ku, velikost bubinkové dutiny a podobné). Tyto faktory
potfebné k tspésné rekonstrukci jsou obecné znamé (6).
Z literatury popisovanych komplikaci jako trvala percepéni
ztrata sluchu, tinitus a vertigo (13) jsme v nasem souboru pa-
cientl pozorovali pouze 2x tinitus pfechodného charakteru.
K castému pouziti autolognich tkani nas vede presvédceni,
Ze vlastni tkané se lépe pfihoji, 1épe funguji, neptisobi jako
cizi téleso, vydrzi dlouhou dobu beze zmény. Tyto nazory
podporujiihistopatologické studie, které ukazuji, Ze auto-
logni materialy (kladivko, kovadlinka, chrupavka, kost) si
udrzuji po implantaci sviij tvar, velikost a funkci i vic nez
30 let, na rozdil od syntetickych protéz z porézniho plastu
nebo biokompatibilniho skla, kde byla pozorovana reakce
na cizi téleso i ¢astecny rozpad materidlu po urcité dobé
(2). Urcitou nevyhodou autolognich materialdl je moZnost
vzniku fixace po rtizné dlouhé dobé. V pfipadé dobrych ana-
tomickych pomérti je mozné provést manubriostapedopexi,
myringostapedopexi nebo neomyringostapedopexi. Jedna se
dnes o milo pouzivané, ale efektivni postupy s velmi dobrym
pribéhem hojeni, vybornym sluchovym ziskem a trvalym
uspéchem operace bez nutnosti re - operace (9). Pfirozhodo-
vani, zdali pouzit autologni nebo biokompatibilni material,
je nutno brat na védomi fakt, Ze v mnoha ptipadech, kdy si
muiZeme vybrat jednu nebo druhou variantu jsou funkéni
vysledky velmi podobné, ale operace s vyuzitim vlastni
tkané je mnohem levnéjsi (5). Stavy, kdy nejsou vhodné
funkéni a anatomické podminky k rekonstrukci pomoci
autologniho materidlu, fe§ime ndhradu retézce kiistek bio-
kompatibilnimi protézami PORP a TORP. Tyto rekonstrukce
probihaji ve vét§iné ptipadii az ve druhé dobé, po dostatecné



sanaci zanétu. Nejcastéj$im typem rekonstrukce s vyuzitim
biokompatibilniho materidlu bylo zavedeni protézy typu
TORP. Na naSem pracovisti pouzivime vyhradné titanové
TORPy, se kterymi mame dlouhodobé dobré zkuSenosti. I ji-
na pracovisté povazuji titanové TORPy za vhodné k ispésné
rekonstrukci pfevodniho systému stfedniho ucha u déti,
s nizkou Cetnosti extruze a dlouhodobé dobrymi sluchovy-
mi zisky (13). PrAimérny zisk sluchu po rekonstrukci dosahl
hladiny 20,9 dB a kostné vzdusni rozdil (ABG - air bone gap)
nepresahl10 dB. Primeérna ztrata sluchu pied operaci ¢inila
52,5 dB. Nase vysledky jsou na dobré tirovni i v porovnani
se zahrani¢nimi pracovisti (4, 6, 12, 13, 14). Néktefi autori
povazuji tympanoplastiku za operaci vhodnou az od urcitého
véku ditéte (12). VEk ditéte nepovazujeme za zcela rozhodu-
jici kritérium uspésnosti operace. V nasem souboru jsou
déti od 5 let véku.

ZAVER

Stfedousni rekonstrukce v détském véku predstavuji slo-
Zitou problematiku, kterou je potfeba fesit komplexné,
vzdy s cilem dosdhnout co nejlepsiho sluchového zisku
pro pacienta, pokud je to mozné. Na nasi klinice pouzi-
vame postupy a Klasifikace operaci dle profesora Tose.
V détském véku doporucujeme retroaurikularni pristup
a pouziti autolognich materialdi, pokud je to mozné. Vzdy
je nutné peclivé zvazit indikaci k rekonstrukci vzhledem
k anatomickym a funkénim pomeéram ve stfednim uchu
udaného pacienta. Vysledky studie ukazuji, Ze i vdétském
véku je mozné dosahnout dobrych vysledki jak opera¢nich
tak sluchovych. NaSe vysledky jsou srovnatelné s mnoha
zahrani¢nimi pracovisti.
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ARTICLE INFO ABSTRACT

Keywords:
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Bone conduction hearing aid
Children

Objectives: To evaluate the hearing benefit, advantages, and disadvantages in a series of children using a new,
nonimplantable, pressure-free, adhesive bone conduction hearing aid.

Methods: Seventeen children were included in the study. 5 children suffered from bilateral conductive hearing
loss (CHL), 6 children with unilateral CHL and 6 children with unilateral sensorineural hearing loss. An
audiological tests were provide. Additionally, sound quality (SSQ10) and quality of life (AQoL-6D) were assessed
using questionnaires.

Results: The average value of speech audiometry with bubble noise in children with SNHL is 21.33 ( = 5.72) dB
HL with the device and 27.67 ( + 4.59) dB HL without the device, which is a statistically significant gain
(p = 0.027). The analysis showed the average value of hearing threshold in sound field in the group of children
with CHL supported 20.23 ( = 16.84) dB HL and not supported 33.52 ( = 27.27) by the hearing aid for bone
conduction, which i a statistically significant gain (p = 0.008). The average value of speech audiometry is 23.45
( + 14.45) dB HL with the device and 37.27 ( + 26.65) dB HL without the device, which is a statistically sig-
nificant gain (p = 0.012). The average value of speech audiometry with bubble noise is 30.55 ( + 10.03) dB HL
with the device and 45.45 ( = 18.41) dB HL without the device, which is a statistically significant gain
(p = 0.008). No patient referred pain or irritation.

Conclusion: This new device for bone conduction show a hearing benefit for a paediatric patient, without any
concomitant aesthetic and other complications.

1. Introduction

Children with conductive hearing loss or unilateral sensorineural
hearing loss can be rehabilitated using bone conduction hearing devices
(BCCHD) which are located outside as a softband or are surgically
implanted into temporal bone. Dumping effect of skin is overcome by
implantation of the device into skin or by increased pressure on skin
[1,2]. Implantable devices are divided into passive and active. Passive
systems include bone implants (BAHI), for example Cochlear BAHA
Connect and Attract, series Oticon Ponto and Sofono, Soundbite (teeth),
Spectacle (glasses) or other adhesive retained bone conduction devices
that are available for use in children (conventional bone conduction
aids (with metal headband) that have been modified to be adhesive
retained (Carroll-Ann Trotman and all.). Active devices for children

include Vibrant Soundbridge (VSB, Med-El, Innsbruck, Austria) and
Bonebridge (BB, Med-El, Innsbruck, Austria). Numerous studies proved
the benefit of BAHI for hearing development, however, on the other
hand, frequent infections near the device required seeing the doctor
repeatedly and despite the conservative treatment surgical revisions
were often necessary [3]. When increased pressure on skin is used to
improve the effect, the skin may be irritated, red and itchy, leading to
significant discomfort. Skin necrosis was also reported [4]. Of course a
lot of children don't wear them because of pressure on the head,
sweating, or cosmetic stigma.

In order to overcome complications related to pressure on skin and
implantations, Med-El company developed a new device for bone
conduction which minimises pressure on skin and may not be im-
planted. It is ADHEAR. The device consists of two parts, an adapter and
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Fig. 1. A, The adhesive adapter attached behind the ear. B, The audio processor coupled to the adhesive adapter.

a vibrator. Audio processor contains a battery, microphone, amplifier
and vibrator. The processor transforms sound waves into vibrations.
Vibrations are then transferred from the processor to adapter, to the
skin and through skull bone into cochlea. There is no constant pressure
on the skull, the contact is maintained only via the adhesive glue of the
adapter. The device is depicted in Fig. 1. The patent details are avail-
able [5]. The aim of the study is to present first experience with the new
device in 11 children with conductive hearing loss (CHL) and 6 children
with unilateral sensorineural hearing loss (SNHL).

2. Methods

11 paediatric patients with CHL and 6 with SNHL were included in
this study. Demographic characteristics of the patients are summarised
in Table 1 and Table 2. An audiologist checked the device before its use.
For each patient an ideal site behind the auricle in the area near planum
mastoideum was identified and cleaned with alcohol before the adapter
application. Patients were instructed on how to put on the device, how
to set volume and manipulate with the device. Hearing was examined
right after the device was set, then after 2 weeks, and also without the
device. Based on the manufacturer recommendations and a previous
study, 14 days interval seems to be adequate to assess the device effect.

Table 1

Table 2

Summary of demographic parameters of patients.

Characteristics”

Patients with

Patients with

Total (N = 17)

SNHL (N = 6) CHL (N =11)
Age (years) 11.00 (5.00; 11.00 (5.00; 11.00 (5.00;
16.00)/11.00 19.00)/11.71 19.00)/11.71
(+3.85) (+3.84) (+3.84)
Sex Male 3 (50.0%) 8 (72.7%) 11 (64.7%)
Female 3 (50.0%) 3 (27.3%) 6 (35.3%)
Side L 2 (33.3%) 3 (27.3%) 5 (29.4%)
R 4 (66.7%) 3 (27.3%) 7 (41.2%)
R+ L 01(0.0%) 5 (45.4%) 5 (29.4%)

@ Absolute and relative frequencies for categorical variables; median sup-
plemented with minimum and maximum, mean supplemented with standard
deviation for scale variable.

The study was performed with the approval of ethics committee of
University Hospital Brno. The pressure free adhesive bone conduction

device is called ADHEAR and distributed by Med-EL

Patients details and Pure tone average treshold for 0.5, 1, 2 and 4 kHz in dB HL. F — Female, M — Male, R - right, L — Left, B — Billateral, Ac — Air Conduction, BC -
Bone Conduction, SNHL - Sensorineural Hearing Loss, Atresia — congenital atresia of external ear canal, Stenosis — congenital stenosis of external ear canal, Cholest —
Cholesteatoma (after canal wall down), AUDIO before — warble in the sound field with the previously device (mean in db for 0,5,1,2, and 4 kHz).

1D AGE (Y) SEX SIDE AC right BC right AC left BC left DIAGNOSIS Previously aided Further treatment AUDIO before
P1 11 F R 111 0 10 5 SNHL 0 0 -

P2 16 M R 92 0 7,5 5 SNHL 0 Cross -

P3 9 M R 107 0 8,75 5 SNHL 0 0 -

P4 11 F L 3,7 2,5 92,5 0 SNHL 0 0 -

P5 14 F R 102 0 2,5 2,5 SNHL 0 Cross -

P6 5 M R 112 0 7,5 5 SNHL 0 0 -

P7 10 F R 45 11 2,5 0 Atresia 0 0 -

P8 10 M B 60 8,75 55 10 Atresia BAHA 5 BAHA Attract 25
P9 11 M B 58 10 60 15 Atresia BAHA Divino Bonegridge 31.25
P10 13 M B 57 5 60 5 Atresia Bone hearing aid Bonebridge 26.25
P11 13 F L 19 15 57,5 15 Atresia 0 Bonebridge -
P12 5 M R 55 0 10 5 Atresia 0 0 -
P13 10 M L 20 15 61,25 15 Atresia 0 0 -
P14 14 M B 59 20 57,5 15 Atresia 0 0 -
P15 18 M L 20 15 62,5 15 Stenosis 0 0 -
P16 10 F B 58 25 67,5 23,7 Cholest Hearign aid Hearing aid 45
P17 19 M R 92 24 12,5 15 Cholest 0 Cross -
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2.1. Audiological evaluations

All audiological examinations were performed with and without the
device. In order to minimise the hearing input from the contralateral
ear, a standard masking of the nontest ear based on the level of con-
tralateral hearing loss was performed. Sound-field audiometry was
performed using a narrow band masking noise. All examinations were
performed using Interacoustic AC 40 audiometer.

The threshold values for the hearing field were measured on the
ipsilateral ear at frequencies 500, 1000, 2000 and 4000 Hz. Frequency-
modulated tones were presented from the speaker from the distance of
3 m. Sound-field audiometry (SF), speech audiometry (SPEECH) and
speech audiometry with bubble noise (SPEECH + W) were performed.
The results are presented as average values of hearing threshold for
individual frequencies with and without the device.

All patients have a standard pure tone audiometry at the start of the
study.

2.2. Hearing-related questionnaire

The Speech, Spatial, and Qualities of Hearing Scale (SSQ) [6] is
designed to measure auditory disability across a wide variety of do-
mains, reflecting the reality of hearing in everyday life. A short form of
the questionnaire (SSQ 10) comprises 10 instead of 49 items and is
therefore less time consuming, while providing similar outcomes [10].
Items are scored with ratings of 1-10 on a visual analogue scale (Likert
scale), with higher numbers representing greater satisfaction. Apart
from a total score, SSQ10 provides three subscores for speech under-
standing, spatial hearing and other qualities of hearing. The SSQ10 was
completed by the subjects at the beginning to assess their hearing
ability before the study and after wearing the device for 2 weeks.

2.3. Quality of life assessment

The AQOL-6D (Assessment of Quality of Life-6 Dimensions) ques-
tionnaire is a multiattribute utility measure for health-related quality of
life evaluation [7]. It comprises 20 questions covering a multitude of
quality of life aspects. Weighted utilities were generated using the al-
gorithms provided on the AQoL website [8] and used for statistical
analysis.

2.4. Device-specific questionnaire

Subjects completed a device-specific questionnaire to report any
encountered adverse events during the testing period, battery-life, and
the durability (continuous wearing time) of the adhesive adaptor.

All questionnaires were completed by children or both children with
parents depending on age.

2.5. Statistical analysis

Standard descriptive statistics was applied in the analysis; absolute
and relative frequencies for categorical variables, median supplemented
with minimum and maximum and mean supplemented with standard
deviation for continuous variables. Statistical significance of differences
in paired data was tested using Wilcoxon paired test. Analysis was
computed using SPSS 25.0.0.1 (IBM Corporation, 2018) and R version
3.5.1 with ggplot2 package.

3. Results
3.1. Audiology results — patients with SNHL
The analysis showed the average value of hearing threshold in

sound field in the group of children with SNHL supported 9.00
( £ 5.16) dB HL and not supported 13.54 ( = 5.50) by the hearing aid
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for bone conduction with an average functional gain of 4.54 ( = 3.81)
dB HL, which is not a statistically significant gain (p = 0.058). The
average value of speech audiometry is 10.17 ( = 6.31) dB HL with the
device and 12.33 ( = 6.35) dB HL without the device, with an average
functional gain of 2.17 ( = 10.23) dB HL, which is not a statistically
significant gain (p = 0.916). The average value of speech audiometry
with bubble noise is 21.33 ( + 5.72) dB HL with the device and 27.67
(= 4.59) dB HL without the device, with the average gain of 6.33
( £ 5.28) dB HL, which is a statistically significant gain (p = 0.027).
Any patients had never used a hearing aid before.

3.2. Audiology results — patients with CHL

The analysis showed the average value of hearing threshold in
sound field in the group of children with CHL supported 20.23
( £ 16.84) dB HL and not supported 33.52 ( = 27.27) by the hearing
aid for bone conduction with an average functional gain of 13.30
( £ 13.88) dB HL, which i a statistically significant gain (p = 0.008).
The average value of speech audiometry is 23.45 ( + 14.45) dB HL with
the device and 37.27 ( + 26.65) dB HL without the device, with an
average functional gain of 13.82 ( + 14.11) dB HL, which is a statisti-
cally significant gain (p = 0.012). The average value of speech audio-
metry with bubble noise is 30.55 ( = 10.03) dB HL with the device and
45.45 ( £+ 18.41) dB HL without the device, with the average gain of
1491 (= 14.10) dB HL, which is a statistically significant gain
(p = 0.008). 4 patients had used a hearing aid before.

The complete results for the audiological outcomes between chil-
dren with SNHL and CHL are illustrated in Figs. 2-4.

3.3. Questionnaire results — patients with SNHL

The SSQ6 questionnaire revealed a mean total score of 199.88
( £ 85.68) at the first visit and improved to 267.99 ( = 50.39) after 2
weeks of device usage. There was a statistically significant difference
between the two test intervals in terms of total score (p = 0.028).

The mean utility of the AQoL-6D questionnaire increased from 0.80
( = 0.24) out of 1 at the first visit to 0.90 ( = 0.11) at the 2 - week visit.
Statistical analysis not revealed a statistically significant difference
(p = 0.144) between the two test intervals. In the subcategories were
any statistically significant differences between the two test intervals.
The complete results for the questionnaire outcomes in children with
SNHL are illustrated in Table 3a.

3.4. Questionnaire results — patients with CHL

The SSQ6 questionnaire revealed a mean total score of 215.67
( £ 54.45) at the first visit and improved to 261.39 ( = 73.02) after 2
weeks of device usage. There was not a statistically significant differ-
ence between the two test intervals in terms of total score (p = 0.050).

The mean utility of the AQoL-6D questionnaire increased from 0.78
( = 0.25)) out of 1 at the first visit to 0.87 ( = 0.24) at the 2 - week
visit. Statistical analysis not revealed a statistically significant differ-
ence (p = 0.059) between the two test intervals. In the subcategories
were statistically significant differences between the two test intervals
in independent living (0.012). The complete results for the ques-
tionnaire outcomes in children with CHL are illustrated in Table 3b.

The complete results for the questionnaires between children with
SNHL and CHL are illustrated in Figs. 5 and 6.

3.5. Clinical experience

Based on this study, 2 patients with SNHL decided for Cross hearing
aid (at their own cost, because in Czech Republic is any financial sup-
port from insurance company for hearing aid in the case of unilateral
SNHL). In the group of patients with CHL 1 patient decided for Cross
hearing aid, 1 for classic hearing aid, 1 for BAHA Attract and 3 for
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Patients with SNHL: SF

Patients with SNHL: SF with AD
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Fig. 2. Soundfield tresholds with and without Adhear (AD) in group with SNHL and CHL. Hearing in dB HL.

Bonebridge. In all patients who chose not to continue with ADHEAR,
the resason was that this device is not funded in our country now.

The patient details about previously hearing aid and further treat-
ment are in Table 1. A battery change was necessary 1-2 times in 14
days. No patient referred pain or irritation at the site of ADHEAR ap-
plication and no patient considered the device a cosmetic problem. The
doctor asked each patient/parents at the end of the study “Is the AD-
HEAR cosmetically acceptable for you?” If NO, why?”

4. Discussion

Our study showed that children with CHL or SNHL may have a good
benefit in hearing as well as in speech comprehension when using the
novel hearing aid ADHEAR. 15 patients were fully satisfied and wanted
to continue using the device after the study finished (if it will be

Patients with SNHL
N=6
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possible). The success in using the hearing aid depends on the ratio
between the severity of the hearing loss and the level of improvement
which can be brought by the device to a compliant patient. Various
studies state that a reasonable gain when using the hearing devices is
hearing threshold is 30-35dB HL [9]. Our paediatric patients gained
the average hearing threshold in sound field of 9.00 ( + 5.16) dB HL in
SNHL group and 20.23 ( = 16.84) dB HL in CHL group. Conventional
hearing aids for bone conduction are limited mainly by a dumping ef-
fect of skin, mainly at frequency of 1kHz. We did not examine the
thickness of skin and subcutaneous tissue volume as previous studies
proved no significant difference in hearing gain depending on skin and
subcutaneous tissue thickness [10]. Common hearing aids for bone
conduction are placed by a principle of certain pressure affecting the
skin. The device used in our study is attached to skin using glue and
adapter which might give an impression of insufficient effectiveness.

Patients with CHL
N =11

1

T T
first visit after 2 weeks

T T
first visit after 2 weeks

Fig. 3. SPEECH audiometry with and without ADHEAR in group of patients with SNHL and CHL. Hearing level in dB HL.
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Fig. 4. SPEECH audiometry in noise with and without ADHEAR in group of patients with SNHL and CHL. Hearing in db HL.
Table 3a
Summary of clinical parameters of patients with SNHL before usage of AD and after with usage of AD.
N=6 Patients without AD": Patients with AD": Difference: p-value?
SF 15.00 (3.75; 18.75)/13.54 ( + 5.50) 9.38 (2.50; 17.50)/9.00 ( + 5.16) —5.63 (—8.75; 1.25)/—4.54 ( + 3.81) 0.058
SPEECH 11.00 (4.00; 23.00)/12.33 ( + 6.35) 12.50 (0.00; 16.00)/10.17 ( + 6.31) 1.00 (—18; 11)/—-2.17 ( = 10.23) 0.916
SPEECH + w 28.50 (22.00; 34.00)/27.67 ( = 4.59) 21.00 (12.00; 29.00)/21.33 ( = 5.72) —5.00 (—15.00; —1.00)/—-6.33 ( = 5.28) 0.027
SSQ 209.00 (102.50; 298.50)/199.88 ( + 85.68) 279.67 (174.00; 310.00)/267.99 ( + 50.39) 37.15 (1.00; 181.00)/68.12 ( + 78.47) 0.028
Independent Living 0.95 (0.81; 1.00)/0.94 ( = 0.07) 0.95 (0.81; 1.00)/0.94 ( = 0.07) 0.00 (0.00; 0.02)/0.00 ( = 0.01) 0.317
Relationships 1.00 (0.47; 1.00)/0.89 ( + 0.21) 1.00 (0.49; 1.00)/0.90 ( + 0.20) 0.00 (0.00; 0.03)/0.00 ( = 0.01) 0.317
Mental Health 0.68 (0.08; 0.95)/0.60 ( + 0.30) 0.90 (0.65; 0.98)/0.84 ( = 0.13) 0.00 (0.00; 0.25)/0.04 ( = 0.10) 0.317
Coping 0.68 (0.35; 0.98)/0.68 ( + 0.24) 0.90 (0.41; 0.98)/0.85 ( = 0.15) 0.00 (0.00; 0.58)/0.16 ( = 0.26) 0.180
Pain 1.00 (0.66; 1.00)/0.91 ( + 0.15) 1.00 (0.77; 1.00)/0.94 ( + 0.10) 0.00 (0.00; 0.19)/0.03 ( = 0.08) 0.317
Senses 0.82 (0.41; 0.99)/0.79 ( + 0.22) 0.95 (0.88; 0.99)/0.94 ( = 0.05) 0.13 (—0.08; 0.47)/0.15 ( = 0.21) 0.141
Utility Score 0.87 (0.35; 0.99)/0.80 ( + 0.24) 0.93 (0.72; 0.99)/0.90 ( + 0.11) 0.06 (—0.02; 0.37)/0.10 ( = 0.15) 0.144

2 p-values are computed using Wilcoxon test.
1 Absolute and relative frequencies for categorical variables; median supplemented with minimum and maximum, mean supplemented with standard deviation for

scale variable.

Table 3b

Summary of clinical parameters of patients with CHL before usage of AD and after with usage of AD.
N=11 Patients without AD: Patients with AD: Difference: p-value?
SF 20.00 (0; 68.75)/33.52 ( = 27.27) 17.50 (0.00; 48.75)/20.23 ( = 16.84) —8.75 (—35.00; 0.00)/—13.30 ( = 13.88) 0.008
SPEECH 20.00 (8.00; 80.00)/37.27 ( = 26.65) 22.00 (6.00; 46.00)/23.45 ( + 14.45) —8.00 (—34.00; 2.00)/—13.82 ( = 14.11) 0.012
SPEECH + w 40.00 (23.00; 76.00)/45.45 ( = 18.41) 30.00 (14.00; 54.00)/30.55 ( = 10.03) —10.00 (—38.00; 0.00)/—14.91 ( = 14.10) 0.008
SSQ 219.67 (115.00; 295.00)/215.67 ( = 54.45) 287.36 (82.00; 329.50)/261.39 ( = 73.02) 36.94 (—117.56; 114.34)/45.72 ( = 65.50) 0.050
Independent Living 0.95 (0.21; 1.00)/0.82 ( = 0.24) 0.97 (0.37; 1.00)/0.89 ( = 0.19) 0.02 (0.00; 0.31)/0.07 ( = 0.10) 0.012
Relationships 0.90 (0.42; 1.00)/0.88 ( = 0.17) 1.00 (0.42; 1.00)/0.88 ( = 0.19) 0.00 (—0.23; 0.13)/0.00 ( = 0.08) 1.000
Mental Health 0.63 (0.11; 0.95)/0.65 ( = 0.24) 0.82 (0.09; 0.95)/0.74 ( £+ 0.25) 0.08 (—0.11; 0.39)/0.09 ( = 0.15) 0.066
Coping 0.90 (0.34; 0.96)/0.79 ( + 0.20) 0.90 (0.41; 0.96)/0.85 ( + 0.16) 0.00 (—0.02; 0.42)/0.06 ( = 0.13) 0.080
Pain 0.85 (0.10; 1.00)/0.77 ( = 0.31) 1.00 (0.06; 1.00)/0.85 ( + 0.28) 0.00 (—0.23; 0.74)/0.08 ( + 0.26) 0.345
Senses 0.89 (0.41; 0.99)/0.84 ( = 0.17) 0.97 (0.63; 1.00)/0.90 ( = 0.12) 0.02 (—0.34; 0.58)/0.06 ( = 0.22) 0.314
Utility Score 0.88 (0.26; 0.99)/0.78 ( + 0.25) 0.95 (0.15; 1.00)/0.87 ( + 0.24) 0.04 (—0.11; 0.56)/0.09 ( = 0.18) 0.059

2 p-values are computed using Wilcoxon test.

1 Absolute and relative frequencies for categorical variables; median supplemented with minimum and maximum, mean supplemented with standard deviation for

scale variable.

For common hearing aids for bone conduction the effect of pressure on
skin cannot be omitted. Even studies including children using softband
proved irritation and pain at the site of pressure [11]. In our study, no
patient had any irritation, pain or local complications. This novel

hearing aid overcomes the problem with pressure on skin using an
adhesive adapter that sticks to the skin. And there is the positive cos-
metic implication of the ADHEAR, which is an important benefit of this
technology. BAHA Softband is the most commonly used hearing aids in
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Fig. 5. SSQ6 score with and without ADHEAR in group of patients with SNHL and CHL. Range = 0-300.
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Fig. 6. AQoL-6D score with and without ADHEAR in group of patients with SNHL and CHL. Range = 0-1.

paediatric patients. The average hearing gain in children with ear canal
atresia, using BAHA Softband, is 27dB HL [13]. In our study, the
average hearing gain in patients with ear canal atresia was 19.5 dB HL.
Active or passive transcutaneous or percutaneous hearing aids for bone
conduction are other possibilities than the ones mentioned above.
These, however, do not account for better hearing rehabilitation as they
do not achieve sufficient effect at higher frequencies. The best values of
hearing threshold of normal tone or speech audiometry were found in
patients with BAHA anchored on abutment compared to patients using
BAHA Softband. Hearing threshold improved by 5-20 dB HL in sound
field and by 4-7 dB HL in speech audiometry at frequencies 1-4 kHz. No
differences were observed at frequencies 125-500 Hz [12]. This new
bone conduction device, attached using an adhesive adapter, represents
a good option for children with CHL or unilateral SNHL. There is no risk
of surgery and general anaesthesia. It is a valuable alternative for

children who only need a bone conduction hearing aid for a limited
period of time. This adhesive BCD can also be used in the same way as
the Baha Softband: as a temporary solution for small children who do
not have sufficient thickness of the skull bones to allow implantation
[12]. The ADHEAR show a potential additional benefit for kids that are
too young for implantable bone conduction hearing devices. These first
results of 17 paediatric patients using a new pressure-free, adhesive
bone conduction hearing aid show promising results. Our observation is
in agreement with other authors and prove the fact that ADHEAR re-
presents a good options for bone conduction [14,15]. We are aware of
the limitations of this study because we did not compare the ADHEAR
with the already existing aids for bone conduction and we did not use it
in small children under 5 years. The other problem can be the limita-
tions of this device in young babies which is particularly relevant in the
setting of bilateral atresia where a device is required in infancy.
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Likewise there may be challenges in having enough surface area for
application in young children with atresia particularly those with
hemifacial microsomia.

5. Conclusion

In our pilot study we present our first experiences with a new non-
adhesive hearing aid for bone conduction in children which is very well
tolerated and brings a good benefit for paediatric patients. An im-
provement was proved using questionnaires which were filled in at the
beginning and at the end of the study. Sound-field audiometry, speech
audiometry and speech audiometry with buble noise proved a hearing
benefit with the device. No patient suffered from skin irritation or pain
at the site of adhesion. This new device for bone conduction show a
hearing benefit for a paediatric patient, without any concomitant aes-
thetic and other complications.
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