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UvoD

Nadorové onemocnéni je v 21. stoleti zadvaznym spole¢enskym, zdravotnim a ekonomickym
problémem. Nejcastéji diagnostikovanym zhoubnym nadorem na svété byla v roce 2022
rakovina plic.

V ptipadé zhoubného ¢i suspektniho nadorového onemocnéni plic je stanoven individualni
diagnosticko-terapeuticky plan multioborovym lékarskym tymem slozenym z onkologa, chirurga,
radioterapeuta, anesteziologa, radiodiagnostika a pneumologa. Nutna je jeho korelace s celkovym
zdravotnim stavem pacienta. Role chirurga v ramci multioborového tymu spociva, jak v diagnostice
(odbeér biopsie a staging), tak terapii (I1ékai ptimo provadéjici operaci). Chirurg ma rozhodujici slovo
Vv pripad¢ urceni resekability onemocnéni, zvoleni operacniho pfistupu a zvazeni rizik plynoucich
Z provedené operace. Rovnéz musi byt schopen zvazit alternativni, nechirurgické moznosti 1é¢by a
musi ovladat zakladni problematiku vyse uvedenych profesi.

Tak jako je tymova spoluprace Kli¢em k tispésné 1é¢bé onkologickych pacienti, tak je i pro mne v
m¢é védecko-vyzkumné/publikaéni aktivité, coz se odrazi v multioborové spolupraci (spoluautorstvi)
nize komentovanych praci.

Habilita¢ni prace se sklada z teoretické a praktické casti. V ramci teoretické Casti se zabyva
epidemiologii bronchogenniho karcinomu, jeho screeningem, diagnostikou, TNM Kklasifikaci,
managementem terapie, prognézou a dispenzarizaci. RovnéZz je zde uvedena problematika
vicenasobného nadorového onemocnéni plic, Veno-venozni extrakorporalni membranové
oxygenoterapie Vv hrudni chirurgii, piedoperaéniho zhodnoceni zdravotniho stavu pacienta,
pooperacnich komplikaci a pooperacni hyperoxémie.

Vramci praktické casti je uvedeno Sest komentovanych publikaci jejichz Spoleénym
jmenovatelem je nadorové onemocnéni plic a plicni resekce. Vsechny uvedené prace na sebe

tematicky navazuji.



Prvni publikace ,,Diagnosticko-terapeuticky management plicnich nodulii* byla publikovana
v ¢asopise Klinicka onkologie. Motivaci k vytvoreni této prace bylo zorientovani se v dané
problematice v dobé¢, kdy nartsta a bude nartstat pocet provedenych CT plic zejména v ramcli
zavedené pilotni faze screeningového programu rakoviny plic v Ceské republice v podobé
low dose CT plic.

Druha publikace ,,.Subpleural pulmonary nodule marking with patent blue V dye prior to
surgical resection”, byla publikovana Vv ¢asopise Frontiers in Oncology. Prace hodnotila
uspésnost a proveditelnost predoperacniho oznaceni subpleuralné (pro chirurga standardné
okem neviditelnych) lokalizovanych lozisek pod CT navigovanou kontrolou S
jejich naslednou videotorakoskopickou klinovitou resekci. Studie byla inspirovana praci Lina
a spol. (1) popisujici barevné znaceni subpleuralné lokalizovanych lozisek.

Treti prace ,,Vicenasobné nadorové onemocnéni plic — kazuistika a pichled literatury®, ktera byla
publikovana v ¢asopise Klinicka onkologie, se vénuje problematice vicenasobného nadorového
postizeni plic (multiple primary lung cancer, MPLC). Jedna se o nosologickou jednotku, pfii
které¢ je nadorové onemocnéni plic prezentovano vice nez jednim primarnim plicnim
loziskem.

Ctvrta publikace ,,Our experience with VV ECMO assisted surgery — case report series“ byla
publikovana v Casopise Anesteziologie a intenzivni medicina. Vénuje se problematice
mimotélni podpory poskytujici nahradu plicnich funkci, umoziujici oxygenaci a soucasné
eliminaci oxidu uhli¢itého z krve. V nasi praci jsme srovnavali jeji vyuziti v ptipadé elektivni
a akutni operativy mimo transplanta¢ni chirurgii. Nejenom tato publikace, ale zejména
moznost provadét operativu za pomoci této mimotélni podpory V nasi nemocnici je mozna jen

diky skvélé spolupraci s 1ékati anesteziologicko-resuscita¢ni Kliniky.


https://www.frontiersin.org/articles/10.3389/fonc.2024.1392398/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1392398/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1392398/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1392398/full

Nasledujici dvé prace vychazely z vysledkl vyzkumu v ramci grantového projektu NU21-06-
00086 Ministerstva zdravotnictvi Ceské republiky (Trénink dechovych svaldi jako zpiisob pre-
habilitace pfed plicnim resekénim zakrokem). Pata publikace se vénuje posouzeni Nové
vytvorenych modeld slouzicich k predikci pooperac¢nich plicnich komplikaci (postoperative
pulmonaly complication, PPC) po planovaném resekénim plicnim vykonu. Tato prace s
nazvem: “New models for prediction of postoperative pulmonary complications in lung
resection candidates* byla publikovana v ¢asopise Europen Respiratory Journal. Mezi kli¢ové
prvky k posouzeni zdatnosti pacienta k plicni resekci byl nové zafazen slope V'E/V'CO2
(pomér mezi minutovou ventilaci a produkci CO2) a klidovy PETCO2 (hodnota ¢asové
prumérné koncentrace oxidu uhli¢itého na konci vydechu).

Sestou publikaci je ,,Hyperoxemia post thoracic surgery - Does it matter?”, jez byla
publikovana v ¢asopise Heliyon. Piedpokladali jsme, stejné jako Staehr-Rye a spol. (2), ze
hyperoxémie po resek¢ni plicni operaci je spojena s vyssi incidenci pooperacnich plicnich a
kardiovaskularnich komplikaci. V nasi praci jsme sledovali incidenci PPC a 30denni mortalitu

u hyperoxemickych pacienti.



TEORETICKA CAST

EPIDEMIOLOGIE BRONCHOGENNIHO KARCINOMU

Nadorové onemocnéni je v 21. stoleti zavaznym spolecenskym, zdravotnim a ekonomickym
problémem, ktery je celosvétové zodpoveédny za témét kazdé Sesté umrti (16,8 %) celkem a
kazdé ctvrté umrti (22,8 %) na neinfekéni onemocnéni (3). Podle Evropského planu boje proti
rakoviné se predpoklada, Ze do roku 2035 se rakovina stane nejCastéjsi pfi¢inou Gmrti v
Evropské unii, pokud nebudou pfijata rozhodna opatieni, a to zejména v dusledku starnuti
populace, nedostate¢né zdravovédné gramotnosti a nezdravého zivotniho stylu.

Nejcastéji diagnostikovanym zhoubnym nadorem na svété byla v roce 2022 rakovina plic
(karcinom plic nebo také bronchogenni karcinom). Literatura udava celosvétovou incidenci
okolo 12,4 %, coz odpovida 2 480 301 piipadim za rok. Jedna se také o hlavni pti¢inu amrti
na nadorové onemocnéni (18,7 % z celkového poctu Umrti na nddorové onemocnéni
predstavuje 1 817 172 pacientt). Toto onemocnéni zaujima prvni misto mezi muzi a druhé
misto mezi zenami, pokud jde o vyskyt i umrtnost celosvétove. Pomér vyskytu a timrtnosti na
rakovinu plic mezi muzi a Zenami se pohybuje cca 2:1. Tento pomér se v jednotlivych
regionech svéta zna¢né 1isi, od téméf jednotného v severni Americe a severni Evropé (1:1), az
po Ctyf/pétinasobny v severni Africe a vychodni Evrop€. Nejvyssi narodni incidence je
zaznamenana V Mad’arsku (4). V USA je pro rok 2025 odhadovan pocet novych ptipada
V Ceské republice (CR) byla rakovina plic v roce 2021 &tvrtou nejéastéjsi onkologickou
diagnozou, pricemz muzi byli Castéji postizeni nez zeny vV poméru 1,6 : 1. V mezinarodnim
srovnani se CR v roce 2021 umistila v Evrop& na 28. misté a z hlediska incidence a na 21.

misté z hlediska umrtnosti (6).



Roéné je v CR nové diagnostikovano kolem 6 600 pacientil s timto karcinomem a piiblizné 5
200 pacientd na n¢j zemie. U muzd je incidence i mortalita karcinomu plic vyssi nez u Zen.
V obdobi mezi roky 2013 az 2022 byl u muzi pozorovan pokles incidence (-13,1 %) i
mortality (-17,8 %), naopak u zen byl zaznamenan vzestup jak incidence (+21,1 %), tak
mortality (+7,6 %). V roce 2021 byla v CR incidence u muz 73 a u Zen 46,1 novych piipadi
na 100 000 obyvatel (6). V poslednich deseti letech lze pozorovat stabilizaci ¢i dokonce
pokles mortality, pii stale rostouci incidenci, kterd je vSak nevyhnutelnym dusledkem
zvySovani prevalence. V roce 2022 dosahla prevalence hodnoty 15 673 osob a ve srovnani s
rokem 2013 (10 730 osob) vzrostla 0 46,1 %. U muza to bylo o 25,9 %, u Zen dokonce o
82,7 % (7).

Vice nez 65 % nové diagnostikovanych piipadi celosvétové bylo odhaleno v pozdnim stadiu,
coz prispélo k Sletému preziti pouze ve 21,5 % (8). Nicméné v n¢kterych zemich jsou hodnoty
preziti vyssi. Napriklad v Japonsku 33 %, v Izraeli 28 % a v Korejské republice 25 % (9).

V CR je i nadale velmi vysoky podil (vice nez 65 %) novych pacientdl s karcinomem plic
diagnostikovan v klinickém stadiu III nebo IV. Jedna se o velmi negativni skutecnost i1 s
ohledem na fakt, Ze Sleté relativni pfeziti pacientd 1é¢enych pro karcinom plic dosahuje u
stadia III 19,3 % a u stadia IV dokonce jen 10,2 %. Naopak u stadia I je Sleté pteziti 65,2 % .
Posileni ¢asného zachytu tak muze mit jisté ptiznivy dopad na celkovou mortalitu (7).
Geografické a casové vzorce incidence a mortality primarnich plicnich nadord do zna¢né miry
odrazeji fazi epidemie tabakismu v jednotlivych zemich, kde byla tato zavislost na nikotinu
rozsifena (10,11).

Vv

do zna¢né miry piedchazet prostiednictvim ucinnych zakont, které kontroluji jeho prodej.



SCREENING BRONCHOGENNIHO KARCINOMU

VétSina pripadu rakoviny plic je diagnostikovana v pozdnim stadiu, kdy neni mozna kurativni
terapie, proto je dlouhodobé kladen diraz na screening vysoce rizikovych osob (kutakd a
byvalych kufakt). Randomizované kontrolované studie, jako je napi. americka studie
National Lung Screening Trial [ClinicalTrials.gov identifier NCT00047385 ] (12) a studie
NELSON [International Standard Randomized Controlled Trial Number 63545820] (13)
prokézaly, Ze vypocetni tomografie s nizkou davkou zéteni (low dose computet tomography,
LDCT) vyrazné piispiva ke snizeni umrtnosti na rakovinu plic.

V USA se v soucasné dobé doporucuje kazdoro¢ni screening rakoviny plic pomoci LDCT u
osob ve véku 50 - 80 let, které v soucasné dobé kouii nebo piestaly koutit béhem poslednich
15 let. Stejn¢ tak je indikovan u o0sob, které spliuji anamnézu koufeni 20-ti bali¢koroki
(Jeden balickorok znamena, Ze ¢loveék koufil jeden rok jednu krabicku cigaret denné nebo 2
krabi¢ky denné po dobu pul roku, nebo pul krabicky denné béhem 2 let). Nedavna aktualizace
guidelines Americké onkologické spole¢nosti upravila kritéria indikace screeningu tak, aby
zahrnovala i byvalé kufaky, ktefi ukoncili koufeni pted vice jak 15 lety (14).

Australie planuje do Cervence 2025 zavést narodni program screeningu rakoviny plic pro
kufaky a byvalé kutaky s vysokym rizikem (15). Evropska komise prostifednictvim svého
Evropského planu boje proti rakovin€ rovnéz navrhuje zavedeni screeningu rakoviny plic ve
svych 27 ¢lenskych statech (16).

Od roku 2022 byla v CR spusténa pilotni fize screeningového programu rakoviny plic
vV podobé provadéni LDCT u pacienti ve veéku 55 — 74 let, ktefi vykoutili vice jak 20
bali¢korokt cigaret. Jeho hlavnim cilem je ¢asné odhaleni onemocnéni V latentni fazi. Program
zahrnuje i opatteni na podporu odvykani koufeni s cilem snizit jak nadorovou, tak nenadorovou

morbiditu kufakd. Pilotni faze programu je planovana 5 let a jeji pribéznou evaluaci zajistuje
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Nérodni screeningové centrum Ustavu zdravotnickych informaci a statistiky CR. Uspé&snost
pilotni faze muze vést k transformaci tohoto programu a implementaci do narodniho

screeningového programu (17).

LUNG RADS

Lung Imaging Reporting and Data Systém (Lung-RADS, LR) je klasifika¢ni systém, ktery ma
usnadnit interpretaci nalezd pii screeningovém vySetieni plic pomoci LDCT a standardizovat
nasledné sledovani a piipadnou terapii. Systém je podobny Fleischnerovym kritériim (systém
hodnotici plicni uzly na CT v ramci jejich potencionalniho biologického chovani). Prvni
klasifikace byla vydana v roce 2019 (Lung-RADS verze 1.1) a nasledné aktualizovana v roce
2022 (Lung-RADS v 2022) (18). Na zaklad¢é pravdépodobnosti rizika vzniku karcinomu plic
v nasledujicim roce se rozliSuje 5 kategorii LR. V piipadé soucasného vyskytu vice 1ézi,
urcuje celkové LR skére ta nejsuspektnéjsi, tedy ta s nejpravdépodobnéjsim malignim
potencidlem. Noduly se méfi v plicnim okné, primér uzlu se vypocitava jako primér dlouhé a
kratké osy a udava se na jedno desetinné misto, za rist nodulu se povazuje zvétseni o > 1,5

mm (18).

Lung-RADS definuje LR-1 a LR-2 jako ,,negativni, LR-3 jako ,,pravdépodobné negativni* a
LR-4 jako ,,suspektné pozitivni“. Naprosta vétSina vySetfeni v klinické praxi je LR-1 a LR-2
(85 %), LR-3 a LR-4 tvofi minimum. Od roku 2022 je zafazena nova kategorie LR-0 (19).

Podrobnéji viz tabulka 1 Lung-RADS kategorizace.
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Tabulka 1 Lung-RADS kategorizace (pievzato a upraveno dle (20))

Pravdé-
Kategorie Popis (noduly) Velikost/Riist podobnost || Doporucené sledovani
malignity
0 netplné zobrazeni plic porovnat s pfedchozimi
nekompletni nebo znamky - - studiemi pred
P infekce/zanétu kategorizaci
1 zadné nebo benigni
negativni noduly (kalcifikace, tuk ||- <1% ro¢ni screening LDCT
atd.)
s solidni <6 mm
ben2i ni igzls(l)ll?clinebo pomalu novy <4 mm <1% ro¢ni screening LDCT
5 GGO <30 mm
3 solidni 6-8 mm
pravdépodobné |pravdépodobné benigni |[novy 4-6 mm 1-2% LDCT za 6 mésict
benigni GGO =230 mm
Solidni 8-15 mm .
4A vysoce podezielé novy 6-8 mm 515 % I(':I.?((:Toiij mleiillli? PET-
velmi suspektni ||z malignity GGO solidni slozka 6- ° _\pokud so
8 mm slozka >8 mm)
=
4B vysoce podezielé rswzl\lfdl/lrlogtlsugnig mm CT s/bez kontrastu
. . ||z malignity, vétsi yrrostouet =0 mm, >15%  ||PET/CT
velmi suspektni . ; GGO solidni slozka >8 -
velikost/rust Biopsie
mm
kategorie 3, 4 s dalsimi |[|jakdkoli velikost, ale s CT s/bez kontrastu
4X
znaky malignity dal§imi susp. znaky >15% PET/CT

velmi suspektni

(spikulace)

malignity

Biopsie

LDCT = low dose computed tomography; GGO = ground glass opacity; CT = computed

tomography; PET/|CT = positron emission tomography/computed tomography

DIAGNOSTIKA

Rentgenovy snimek (RTG) hrudniku je vétSinou vySetfenim prvni volby. Ve Velké Britanii

dle doporuceni Narodniho institutu pro zdravi a pé¢i (National Institute for Health and Care

Excellence, NICE) by pacienti starsi 40 let, u nichZ jsou pfitomny alespon dva ptiznaky, ze

¢tyf uvedenych (kaSel, duSnost, hemoptyza a ubytek hmotnosti), méli neodkladné

absolvovat RTG dosetieni plic pro suspekci na nadorové onemocnéni. U pacientll se

suspektnim nalezem na RTG je indikovano nasledné dosetieni, které by mélo probéhnout do

dvou tydnl od tohoto podezieni (20). Senzitivita RTG dosetieni je velmi nizka a nelze na
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jeho zaklad¢ indikovat chirurgickou intervenci. Pro hrudni chirurgy slouzi RTG plic
zejména ke kontrole v poopera¢nim obdobi a zobrazeni vypotki, konsolidace nebo kolapsu
plicniho parenchymu (21). K urceni operability onemocnéni je primarni modalitou CT plic
S intraven6znim podanim kontrastni latky, které Slouzi k upfesnéni lokalizace a stadia
onemocnéni, Umoznuje posoudit velikost a invazivitu nadoru do okolnich struktur. Lze ho
vyuzit k navigaci pro transtorakalni jehlovou biopsii (22). Nejvyssi senzitivitu a specifitu
ma pozitronova emisni tomografie ve spojeni s pocitacovou tomografii (positron emission
tomography/computed tomography, PET/CT). PET/CT vySetfeni ma vyssi senzitivitu a
specificitu nez konvenéni CT (77 % vs 55 % a 86 % vs 81 %) (23). Nejdulezitéjsim
prediktorem malignity je, vedle velikosti a ¢aste¢né solidni komponety v nodulu, piitomnost
spikulaci, progrese rastu, onkologické onemocnéni v anamnéze, lokalizace v hornim laloku
a v&k pacienta (24). Jednim z limitujicich faktori PET zobrazeni je jeho faleSna pozitivita u
pacientli s tuberkulozou, sarkoid6zou a jinym zanétlivym onemocnénim. Je to dano
zySenym vychytavani fluorodeoxyglukozy (FDG) v dasledku zvySené metabolické aktivity
(25). Také v endemickych oblastech s infekénim onemocnénim, jako je napiiklad Indie, je
jeho vytéznost omezena. PET/CT rovnéz slouzi k hodnoceni efektu neoadjuvantni terapie.
Magneticka rezonance (magnetic resonance imaging, MRI) neni doporucena k rutinnimu
posouzeni T stadia (tumor, T) nadorového onemocnéni, nicméné jeji vyuZziti je zejména
Vv piipadé hodnoceni metastaz mozku a dale zhodnoceni piipadného efektu onkologické
terapie (20). MRI je vyuzivano pii nadorovém onemocnéni hrudni stény a postizeni horni
hrudni apertury v pfipadé Pancoastova tumoru (26). V nedavné dob¢ se objevily publikace,
které naznacuji, ze nové funkéni sekvence MRI, kam patii difuzné vazené zobrazeni
(diffusion-weighted magnetic resonance imaging, DWI), mohou poskytnout informace o

vlastnostech nadoru, které nemusi byt ziejmé z CT vysetieni, jako jsou pleuralni vypotky a
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cévni zasobeni nadoru (27). Studie Zhanga a jeho kolegt také naznacuji, ze DWI a PET/CT
jsou stejné piesné pii definovani hrubého cilového objemu (gross tumor volume, GTV)
plicniho nadoru u pacientli s atelektazou, coz je zasadni krok pii planovani cilené
radioterapie (28). MRI je rovnéz vyuzivano k diagnostice down stagingu, po neoadjuvantni
terapii, v pfipadé¢ nadorové invaze hrudni stény ¢i horni hrudni apertury. Ultrazvukové
techniky, jako je endobronchialni ultrasonografie s transbronchialni aspiraci jehlou
(endobronchial ultrasound-guided transbronchial needle aspiration, EBUS-TBNA) a
endoskopicka aspirace tenkou jehlou pod ultrazvukovou kontrolou (endobronchial
ultrasound-guided fine needle aspiration, EUS-FBA) se pouzivaji zejména k biopsii
z vétsiho poctu mediastinalnich lymfatickych uzlin, za ucelem stagingu onemocnéni (29) a

pfipadnému planovani neoadjuvantni terapie.

Bronchoskopie fizena obrazem (image-bronchoscopy guidet, IBG) se nejéastéji pouziva k
biopsii perifernich plicnich 1ézi (PPL). Ty jsou casto obtizn¢ dosazitelné a maji nizsi
diagnostickou vytéznost pii konvencni bronchoskopii. Jednou z moznosti je vyuziti
elektromagneticka navigace (elektromagneticky navigovana bronchoskopie, ENB). Jedna se
0 navigacni systém vrealném case, ktery kombinuje trojrozmérné CT zobrazeni s
bronchoskopii v  redlném c¢ase. ENB  vyuzivda lokdtor  nizkofrekvencniho
elektromagnetického pole k navedeni bronchoskopu na cilovou 1ézi v blizkosti
bronchialniho stromu (30). Diagnostickd piesnost ENB a radialniho endobronchialniho

ultrazvuku (R-EBUS) se nicméné blizi pouze 50 % (31).

Roboticka bronchoskopie (RB) je relativné nova technologie, kterd nabizi alternativni
diagnostickou techniku PPL. K dispozici jsou dvé platformy RB: The Monarch™ Robotic
Endoscopy System (Auris Robotics, Redwood City, CA, USA) a The lon™ Robotic

Endoluminal System (Intuitive Surgical, Sunnyvale, CA, USA). Ve studii BENEFIT (32)
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byla za pomoci systému The Monarch™ stanovena diagnoza u 40 z 54 pacientt (74,1 %).
Z toho u 33 ze 40 pacienti (82,5 %) byla potvrzena malignita. Diagnosticka vytéznost u
perifernich 1ézi s koncentrickym zobrazenim byla 80,6 % (25/31 1ézi) ve srovnani se 70 % u
excentrickych 1ézi (14/20 1ézi) (33). Tyto novéjsi metody maji uplatnéni zejména u nodulti

obtizn¢ bioptovatelnych konvenénimi metodami, biopsie pod CT kontrolou.

Slozené neuronové sité (convoluted neural networks, CNN) je typ algoritmu hlubokého
uceni, ktery filtruje pixelova data z vlozeného CT plic dle pfedem naprogramovanych
kritérii (34). CNN se vyuziva v pocitatem podporované detekci (computer-aided detection,
CADe) lokalizace plicnich nodult. K jejich klasifikaci slouzi pocitatem podporovana
diagnostika (computer-aided diagnosis, CADx)(35). CNN slouzi k minimalizaci lidské

chybovosti.

Za ucelem stagingu mediastinalnich uzlin u nemalobunééného plicniho karcinomu lze v
piipadech jejich PET/CT pozitivity a sou¢asné EBUS neprokazujici malignitu provést kréni

mediastinoskopii k biopsii paratrachealnich uzlin (36).

Diagnosticko-terapeuticky management plicnich nodularit je diskutovan v publikaci ¢islo 1.

Chirurgickou biopsii za Gcelem diagnostiky karcinomu plic lze provést klasicky pomoci
otevieného pfistupu (torakotomie) nebo mini-invazivné (video/roboticky asistovang,
V/RATS). Miniinvazivni pfistup vyuziva optickou kameru a tradi¢né 3 - 4 malé incize
usporadané do trojuhelniku (37). V poslednim desetileti se rozsifilo pouzivani uniportalni
VATS (38). Po provedené VATS resekci je mozno resekat odeslat k perioperaénimu
cryotomovému dosetfeni. Dle vysledku lez ihned provést definitivni oSetfeni primarniho
nadorového onemocnéni, jako je anatomicka resekce v podobé segmentektomie nebo

lobektomie (39).
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ZNACENI PLICNICH NODULARIT

Subpleurdlné ulozena loziska v plicnim parenchymu nejsou perioperacné viditelnd, jejich
presna detekce je mozna za pomoci Setrné palpace operatérem, kdy je nutné provést nezbytné
velkou torakotomii, pii které musi byt chirurg schopen hledané lozisko vypalpovat, vytnout a
nasledné¢ odeslat k histologickému vySetteni. Loziska charakteru ground glass opacity (GGO)
nelze peroperacné bezpecné vypalpovat a perioperacni ultrasonografické vySetieni byva
vzhledem ke vzdusnosti plicniho parenchymu nepiesné.

Obecné je znamo, zZe torakoskopie je pro pacienta Setrnéjsi, nez-li torakotomie (bolestivost,
délka hospitalizace, rekonvalescence a dalsi) (40-43). K aspésnému provedeni opera¢niho
zakroku torakoskopickou metodou je nutné patologické lozisko operatérovi vizualizovat.

V tomto piipadé lze vyuzit lokalizacni techniky, které navedou operatéra do oblasti se
subpleuralni infiltraci. Vyrazné se tak usnadni provedeni resekce plicniho parenchymu $
patologickym nodulem, neni-li primarné v planu provedeni segmentektomie ¢i lobektomie.
Vyuziti lokaliza¢nich technik nabyva na vyznamu zejména v piipadé, kdy je planovano
provedeni klinovité (extra-anatomické) resekce, ktera je techniky snadnéji proveditelna oproti
anatomické resekci. Hlavni uplatnéni nachézi v piipadé planovani a nasledném provedeni
plicni metastasektomie.

Ke dvéma hlavnim lokalizaénim technikam patifi znaceni pod CT anebo bronchoskopicky
navigovanou kontrolou. Jako znackovaci substance mohou Slouzit barviva (methylenova
modf, patentni modf a indocyaninova zeleil), mikrokoily, hac¢ky, metalické znacky, kontrastni
latky nebo radiotracery. Mezi dal$i moznosti lze zahrnout perioperacni pouZiti
ultrasonografického vysetieni a zobrazeni na podkladé zafeni blizkého infraéervenému zafeni

(near infrared imaging, NIR).
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Doposud ale neni stanovena jednoznac¢né nejoptimalnéjsi lokalizacni technika, ktera by
spliiovala nasledujici atributy: ptesnost, nekomplikovanost provedeni, minimalni diskomfort
pro pacienta, ¢asova nenaroCnost, variabilni pouzitelnost, nastrojova nenarocnost, Siroka
uplatnitelnost, ekonomicka vyhodnost, soucasna proveditelnost na operacnim sale, minimalni
¢i zadna expozice RTG zateni, nejen pro pacienta, ale i pro radiologa a chirurga.

Znaceni subpleuralné ulozenych plicnich lozisek pomoci barevné smésy pod CT navigovanou

kontrolou pted planovanou VATS resekci se vénuje publikace ¢islo 2.

KLASIFIKACE NEMALOBUNECNEHO KARCINOMU PLIC

Nemalobunéény karcinom plic (non-small cell lung cancer, NSCLC) je klasifikovan Svétovou
zdravotnickou organizaci (World health organisation, WHO) a Mezindrodni asociaci pro
studium rakoviny plic (International Association for Study of Lung Cancer, IASLC) do
nékolika podtypu (44).

DlaZdicobunéény karcinom (squamous cell carcinoma) je vétSinou lokalizovany centralné
a ma uzkou vazbu s fumatorstvim. Incidence dlazdicobunécného karcinomu v poslednich
letech klesa.

Adenokarcinom (adenocarcinoma) je nejcastéjsi histologicky podtyp NSCLC s vyraznou
histologickou heterogenitou. Pokud je v adenokarcinomu pfitomna invaze do stromatu, cév
nebo pleury, klasifikuje se jako adenokarcinom smiSeného podtypu s dominantnim
bronchioloalveolarnim rastem a lozisky acinarniho, solidniho nebo papilarniho vzoru podle
invazivni slozky.

Neuroendokrinni nadory (neuroendocrine tumors) jsou vysoce maligni s velmi $patnou
prognézou. Tyto nadory nejsou oficidlné uznany v klasifikaci WHO/IASLC. Jsou souhrnné

oznacovany jako NSCLC s neuroendokrinni diferenciaci.
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Karcinomy s pleomorfnimi, sarkomatoidnimi nebo sarkomatéznimi prvky jsou vzacné
nadory, tvoii pouze 0,4 % vsech plicnich malignit, pfiCemz karcinosarkomy tvoii pouze 0,1
%. Identifikace genetickych variant u karcinomu plic vedla k vyvoji molekularné cilené
terapii, ktera zlepSuje preziti pacientdl s metastatickym onemocnénim (45). Zejména
podskupiny adenokarcinomu jsou nyni spojeny se specifickymi variantami v genech
kodujicich slozky signalnich drah EGFR, MAPK a PI3K. Tyto varianty mohou ovliviiovat
citlivost na léky a primarni nebo ziskanou rezistenci na inhibitory kindz. Mezi genomové
zmény, na které lze cilit schvalenymi 1é¢ebnymi piipravky (nebo pro které se 1écba vyviji)
patii napi: EGFR, ALK, BRAF, ROS1, RET, NTRK1, NTRK2 a NTRK3, MET, KRAS,

HER2.

TNM KLASIFIKACE A IMPLEMENTACE 9. EDICE

Ugelem TNM Kklasifikace je konzistentni nomenklatura uréujici anatomicky rozsah
nadorového postizeni, ktera nam usnadnuje spravnou kategorizaci jednotlivych pacientt.
Systém klasifikace TNM pro karcinom plic se vztahuje jak na nemalobunécny karcinom plic
(NSCLC), tak na vSechny neuroendokrinni nadory od malobuné¢ného karcinomu plic (small-
cell lung cancer, SCLC) az po typicky karcinoid. Nevztahuje se na plicni sarkomy, lymfomy a
dalsi vzacné nadory plic. Podskupiny kategorii T, N a M jsou seskupeny do stadii, v ramci
kterych maji pacienti obdobnou prognézu. Napt. onemocnéni cTINOMO (stadium [A) ma
pétileté preziti cca 82 %. Na druhém konci onemocnéni Mlc (Stadium IVB) ma pétileté
preziti cca 7 %.

Kategorie T (tumor) se urcuje dle nejvétsiho rozméru infiltrace. Hodnoceni probiha na CT
snimcich s tenkymi fezy, idedlné o tlouStce 1,5mm, ve zvoleném plicnim okné. MéEii se
solidni komponenta nadoru. V piipadé multifokalniho postizeni se T stadium hodnoti vzdy

dle nejvétsiho loziska. Hodnoceni je podrobnéji shrnuto v tabulce 2.
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Tabulka 2 Hodnoceni T (tumor) (pievazto a upraveno dle (47))

T
(tumor)

Velikost / Kritéria

Dopliiujici informace

T1

tumor < 3 cm, obklopen plicnim

parenchymem nebo visceralni pleurou, bez

postizeni hlavniho bronchu

Tla: <1 cm
Tib:>1cm<2cm
Tle:>2em<3cm

T2

tumor > 3 cm < 5 cm, nebo spliiuje alespoil

jedno z kritérii:

T2a:>3 cm<4cm

T2b: >4 cm <5cm

dalsi kritéria:

invaze do hlavniho bronchu (ale ne do
kariny),

invaze do visceralni pleury, atelektaza
nebo obstrukéni pneumonitida
dosahujici k hilu

T3

tumor > 5 cm < 7 cm, nebo spliuje nekteré

z nasledujicich kritérii:

dalsi kritéria:

invaze do hrudni stény, branice,
frenického nervu, parietalni pleury,
mediastindlni pleury,

samostatny tumor6zni uzel ve stejném
laloku

T4

tumor > 7 cm, nebo invaze do jednoho z
nasledujicich organu:

organy:

mediastinum, srdce, velké cévy,
prudusnice, jicen, karina, vertebralni
télo, zvratny nerv,

samostatny tumoro6zni uzel v jiném
laloku stejné plice

V ramci stagingu mnohocetnych plicnich lozisek je nutno zvazovat jejich odlisné biologické

chovani, kdy i pro n¢ plati odli$na pravidla v ramci TNM Kklasifikace. Jako moznosti pfipadaji

v ivahu dva synchronni primarni karcinomy plic, samostatny nadorovy infiltrat stejného

zhoubného nédoru, multifokalni adenokarcinom a pneumonicky typ adenokarcinomu.

Pro synchronni primarni tumor plati samostatna TNM klasifikace, viz kapitola vicenasobné

nadorové onemocnéni plic. Samostatné nadorové noduly stejné malignity jsou hodnoceny
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jako T3 - pokud se nachazi ve stejném laloku a T4 - pokud jsou na stejné strang, ale v jiném
laloku. Stadium Mla - je Klasifikovano pokud se nadorovy nodulus vyskytuje i v
kontralateralnim laloku, nebo jsou ptitomné postizené kontralateralni uzliny ¢i jiné metastazy.
U multifokalni GGO se ur¢uje stupenn T podle nejvétsi 1éze, jednotlivé N a M pro vSechny,
,,M*“ oznacuje multiplicitu. Pfi vyskytu 3 1ézi se oznacuje jako 3/m. Difuzni pneumonie jako
znak malignity je pro T3 charakteristicky postizenim ve stejném laloku, pro T4 na stejné

strang, ale v jiném laloku, a pro Mla nalezem Vv kontralateralnim laloku.

Kategorie N (nodulus - lymfaticka uzlina) se hodnoti na zakladé pfitomnosti metastatického
postizeni lymfatickych uzlin. Toto postiZzeni se zjiStuje kombinaci zobrazovacich metod a
histopatologického dosetfeni. Hodnoti se velikost uzliny na CT plic v mediastinalnim okné.
Uzliny > 10 mm v kratké ose jsou povazovany za suspektni, nicméné toto vySetfeni ma
nizkou specifitu (faleSna pozitivita v ptipad¢ infekce, sarkoidozy). PET/CT pozitivni uzlina
(SUV > 2,5 nebo vyssi metabolicka aktivita nez mediastinalni pozadi) ma vyssi specifitu nez
CT, ale stale mize dochazet k falesn¢ pozitivnim nebo falesné negativnim vysledkim. MRI
neni standardni metodou pro hodnoceni N stadia. Zlatym standartem je histopatologicka
diagnostika (EBUS-TBNA dosetieni je doporu¢eno u PET/CT pozitivnich nalezt). Dalsi
moznosti diagnostiky jako je mediastinoskopie, torakoskopie nebo torakotomie, jsou

indikovany Vv pfipadég, Ze nejsou jiné méné invazivni metody proveditelné.

Systém Kklasifikace regionalnich lymfatickych uzlin u karcinomu plic rozliSuje uzliny
nitrohrudni, skalenové a nadklickové. Mén¢ Casté je postizeni napiiklad parasternalnich nebo
axilarnich uzlin, a je tedy povazovano za metastatické. Pouziva se klasifikace lymfatickych

uzlin podle IASLC (46).

K snadnéjsimu hodnoceni rozd¢lujeme mediastinum na jednotlivé Grovné:
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Urovei 1: je tieba rozlisovat mezi uzly trovné 1 (N3) a uzly urovné 2 a 3 (N2). Dolni hranici
urovné 1 jsou kli¢ni kosti oboustranné a ve stfedni ¢afe horni hranice manubria.

Uroven 2R: horni hranici je vrchol plice a ve stiedni ¢afe horni hranice manubria. Dolni
hranici je prusecik kaudalniho okraje v. anonyma s tracheou. Mediélni hranice je podél levého
lateralniho okraje pridusnice.

Uroveti 2L: od vrcholu plice a horni hranice manubria aZ po horni hranici aortalniho oblouku.
Uroveii 3A: pretrachealni.

Uroveti 3P: retrotrachealni.

Urovenr 4R: zahrnuje pravé paratrachealni a pretrachedlni uzliny sahajici k pravému
lateralnimu okraji pradusnice. Od priseciku kaudalniho okraje vena anonyma s pradusnici az
po dolni okraj v. azygos.

Uroveti 4L: uzliny vlevo od levého laterdlniho okraje pridusnice, ale medialné od
ligamentum arteriosum. Od horniho okraje aortalniho oblouku po horni okraj levé hlavni
plicni tepny.

Uroveti 5: subaortalni uzliny laterdlng od ligamentum arteriosum. Tyto uzliny se nenachazeji

lateraln€ mezi aortou a plicnim kmenem.

Uroveti 10R: hilové uzliny jsou az po dolni okraj v. azygos, véetné uzlin v prekarinalni
oblasti.

Uroveti 10L: hilové uzliny sahajici az k hornimu okraji levé plicni tepny.

Podrobngjsi hodnoceni N stadium popisuje obrazek 1 a tabulka 3.
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Obrazek 1 Mountain — Dreslerova mapa stanic lymfatickych uzlin, pfevzato z The IASLC
Lung Cancer Staging Project (47).

Superior Mediastinal Nodes

@® 1 Highest Mediastinal

@ 2 Upper Paratracheal

' | @ 3 Pre-vascular and Retrotrachea

@ 4 Lower Paratracheal
(including Azygos Nodes)

N, =single digit, ipsilateral
N_=single digit, contralateral or supraclavicular

‘ Aortic Nodes
o Jdo@ \ @ 5 Subaortic (A-P window)
1‘&2@5 - \\ zuu| @ 6 Para-aortic (ascending
A e Int pulm.ligt aorta or phrenic

Inferior Mediastinal Nodes
@ 7 Subcarinal

@ 8 Paraesophageal
(below carina)

@ 9 Pulmonary Ligament

N4 Nodes
O 10 Hilar

@ 11 Interlobar

@ 12 Lobar

@ 13 Segmental
© 14 Subsegmental
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Tabulka 3 Hodnoceni N (lymfatické uzliny) (pfevazto a upraveno dle (50))

N

Popis

‘ NO Hbez metastaz

‘ N2 Hipsilaterélni mediastinalni/subkarinalni uzliny

‘NZaHpostiZeni jedné ipsilateralni a nebo subkarindrni uzliny

|
|
‘ N1 Hipsilaterélni peribronchialni a/nebo hilové uzliny ‘
l
|

‘NZprostiieni vice ipsilateralnich, popfipad¢ jedné ipsilateralni a subkarinarni uzliny

N3

postizeny kontralateralni mediastinalni, hilové uzliny, ipsilateralnich nebo
kontralateralnich skalenova ¢i supraklavikularni uzliny

Kategorie M (metastazy)

Tabulka 4 Hodnoceni M (metastaz) dle pritomnosti a lokalizace (pfevazto a upraveno dle

(49)).
M | Popis I Lokalizace metastiz |
‘ MO Hbez vzdalenych metastaz ||2édné metastazy ‘
maligni pleuralni/perikardialni vypotek,
M1a maligni vypotek nebo kontralateralni |[pleuralni/perikardialni noduly, oddélené

plicni noduly

tumordzni noduly v kontralateralnim plicnim
laloku

|M1b

Hextratorakélni metastaza

||p0uze jedna metastdza mimo hrudnik

Mlc

vice nez jedna extratorakalni
metastaza

Vice metastaz v jednom nebo vice
extratorakalnich organech/systémech

vice metastaz v jediném

napf. vice metastaz v jatrech nebo v kostech

M1lcl s . . kostni metastazy jsou povaZzovany za postiZeni
extratorakdlnimorgénu/systému ( ., razy JSou b yzap
jediného organu)
M1c2 vice metastaz ve vice Metastazy ve vice orgdnech (napf. jatra + mozek

extratorakalnich organech/systémech

+ nadledviny)

Od ledna 2025 vstupila v platnost nova TNM Kklasifikace nadorového onemocnéni plic.

Zménou je rozdé€leni kategorie N2 na podkategorie N2a a N2b. Kategorie N2 v 8. vydani

oznaCovala pfitomnost metastaz v ipsilaterdlnich mediastindlnich a/nebo subkarinalnich

uzlinach. V 9. verzi TNM je kategorie N2 rozdélena do nasledujicich podkategorii: postizeni
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jedné stanice (N2a) a postizeni vice stanic (N2b). Tato aktualizace vyplyvd z vyznamné
odlisné prognoézy mezi témito dvéma stadii onemocnéni. Dale je Kkategorie Mlc
(extratorakalni metastazy) nové rozdélena na Mlcl (viceCetné metastdzy v jednom
organovém systému) a M1c2 (viceCetné metastazy ve vice nez jednom orgadnovém systému).
Pro klasifikaci anatomickych stadii ma i nadale zasadni vyznam CT doSetfeni (48). Vyse
uvedené zmény maji piimy vliv na klasifikaci stddii s naslednou zménou: TIN1 je nyni
klasifikovéan jako stddium IIA (dtive I1IB), T1N2a je nyni klasifikovan jako stupen IIB, TIN2b
zustava ve stadiu I1IA (beze zmény), T2N2a je nyni klasifikovan jako stadium 1A, T2N2b je
klasifikovan jako stadium IIIB (diive IIIA), T3N2a zistava ve stadiu I1IA, T3N2b je
klasifikovan jako stadium IIIB (beze zmény), T4N2a a T4N2b zlistavaji zatazeny do stadia
IIIB (beze zmény). Zavedenim podkategorii M1cl a M1c2 se neméni stadium onemocnéni, to
zastava IVB, viz tabulka 5.

Diky pfidani dalsi podkategorie N2 dochazi v nékterych situacich k down stagingu, ¢imz se
potencialné rozsifuji pro pacienta moznosti 1é¢by. Napi. TIN2aMO 1éze, ktera byla diive
klasifikovana jako IITA je nyni klasifikovana jako IIB, coz legitimizuje provedeni chirurgické
1é¢by, jinymi slovy je stddium T1N2aMO hodnoceno jako operabilni stddium. Piipadné se

otvira prostor pro kombinaci neoadjuvantni chemo-imunoterapie.

TNM Kklasifikaci Ize dale upiesnit nasledujicim zpusobem. Dle klinického stadia (c) je ur¢eno
na zaklad¢ vSech informaci dostupnych pied 1écbou, dle patologického stadia (p) je ur¢eno
pouze z vysledk po chirurgické resekci a nemélo by se pouzivat mimo tento kontext.
Restaging (y) se pouziva po ukonceni ¢asti nebo celé 1é¢by, lze jej pouzit jak v ptipadé, Ze
resekce nebyla provedena (ycTNM), tak po resekci (ypTNM). Dale se navrhuje piidat
kategorizaci hodnoceni (,,E*), ktera oznacCuje typ pfislusného vysetfeni: E1 - informace

z fyzikalniho vysetieni, E2 - zobrazovaci metody, E3 - informace o tkani (3a: cytologie; 3b:
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histologie), E4 - po resekci. Prikladem cT2aN2aM0 E3a znamena, Ze pro stanoveni rozsahu
onemocnéni pred 1éCbou byl pouzit cytologicky dikaz stavu N, zatimco pT1cNOMO E4

znamena, ze staging byl zaloZen na definitivni histologii po provedené resekci (49).
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Tabulka 5 Srovnani 8. a 9. TNM Kklasifikace nadorového onemocnéni plic (47)

T4

M1

Tla:upto 1lcm

Tib:1to 2cm

Tic:2to 3 cm

T2a Visceral pleura / Central invasion

T2a:3to4cm

T2b:4to5cm

T3:5t0 7 cm

T3 Invasion

T3: Same lobe but separate tumor
nodules

T4: more than 7 cm

T4 Invasion

T4: Ipsilateral separate tumor nodules

M1la: Contralateral tumor nodules

M1la Pleural - Pericardial effusion or
nodules

M1b: Single extrathoracic metastasis

Mic: Multiple metastases

1A2 e
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T Tla:uptolcm

Tib:1to 2em 1A2

Tic:2t03em

T2 T2a Visceral pleura / Central invasion
T2a:3todcm
T2b:4toS5cm

" T3:5t07¢cm e
13 Invasion ne
T3: Same lobe but separate tumor nodules ‘ lli

T4 T4: more than 7 cm

T4 Invasion

T4: Ipsilateral separate tumor nodules -

M1 M1a: Contralateral tumor nodules

M1a Pleural ~ Pericardial effusion or
nodules

M1b: Single extrathoracic metastasis

Micl: Multiple metastasis in 1 organ
system

M1c2: Multiple metastasis in more than 1
organ system

Zavérem lze doplnit, ze okultni (skryté) stadium TxNOMO nadoru plic znamena, ze maligni
buriky jsou prokazany v cytologickém nebo histologickém vySetfeni, ale neni detekovan
primarni nador na zobrazovacich metodach (napi. CT, PET/CT).

Stadium 0, (karcinom in situ, TiISNOMO) znamena, Ze nadorové butiky jsou pfitomné pouze v

epitelu pradusek nebo alveolt, ale nepronikaji do hlubsich vrstev tkané ani nemetastazuji.
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MANAGEMENT TERAPIE NSCLC

V nasledujicim textu se budeme podrobnéji vénovat chirurgicky feSitelnym stadiim
onemocnéni, jelikoz komplexni onkologicka 1é¢ba vysSich stadii je nad ramec této prace.

Lécba karcinomu plic zavisi na histologii nadoru (malobunéény versus nemalobunéény),
rozsahu (stadiu) a specifickych faktorech pacienta (napt. vék, plicni funkce, komorbidity). Pro
onemocnéni ve stadiu | a Il, cca 30 % vsech pacientd s NSCLC (50), je majoritni 1é¢ebnou
modalitou chirurgicka terapie. Stereotakticka radioterapic je Vtomto stadiu onemocnéni

1é€bou volby pro ty, ktefi nemohou byt bezpecné operovani nebo operaci odmitaji.

1.1.1 Okultni stadium onemocnéni TxNOMO

Chirurgicky zakrok je preferovanou 1écbou, pokud se beéhem dal§i diagnostiky podafi

lokalizovat nador.

1.1.2 Stadium 0, TisNOMO (karcinom in situ)

Na prvnim misté je chirurgicka 1écba ve smyslu segmentektomie nebo klinovité resekce za
ucelem zachovani maxima normalni plicni tkané€. Pacienti s NSCLC ve stadiu 0 maji vysoké
riziko vzniku druhého plicniho karcinomu (51). Vzhledem k tomu, Ze tyto nadory jsou z
definice neinvazivni a neschopné metastazovat, mély by byt kurativné vyléceny chirurgickou
resekei. Pokud jsou ale tyto 1éze identifikovany centralng, nelze vyloucit nutnost provedeni
lobektomie. Dalsi moznosti je u téchto 1ézi endobronchialni terapie (fotodynamicka terapie,

elektrokauterizace, kryoterapie a Nd-YAG laserova terapie (52,53).

1.1.3  Stadium IA a IB (TINOMO, T2aNOMO)

Terapeutické moznosti jsou chirurgicka 1é¢ba, adjuvantni chemoterapie nebo radioterapie.
Dilezité je podotknout, Ze nebylo prokazano, ze by adjuvantni chemoterapie a radioterapie

zlepsily preziti u pacientti s NSCLC ve stadiu I, ktefi byli kompletné resekovani.

28



Podle potieby lze provést lobektomii nebo segmentektomii, klinovou ¢i sleeve resekei.
Pacienti s omezenymi plicnimi funkcemi jsou kandidaty k segmentekomii ¢i klinovité resekci.
Samoziejmosti je predoperacni posouzeni celkového zdravotniho stavu pacienta. 30denni
poopera¢ni mortalita se pii lobektomii pohybuje od 1,5 do 3,5 %. 90 denni mortalita se uvadi
od 5 — 7 %, samoziejmé v zavislosti na véku, komorbiditach pacienta a poétu provadénych
operaci v daném centru. V piipadé pneumonektomie je pooperaéni mortalita dvoj az
trojnasobné vyssi (54-57).

Multicentricka prospektivni studie faze III (NCT00499330) hodnotila dobu preziti bez
onemocnéni (disease free survival, DFS) u lobarni (lobektomie) a sublobarni
(segmentektomie, klinovita) resekce u pacient S nadorem ve stadiu T1aNO (velikost nadoru <
2 cm). Mezi obéma skupinami nebyly nalezeny Zzadné statisticky vyznamné rozdily v
lokoregionalni kontrole, nebo v ¢etnosti vzdalené recidivy onemocnéni po dobu hodnoceni,
Vv tomto piipadé 7 let (58).

Cochrane Lung Cancer Group doporucuje provedeni systémové mediastinalni
lymfadenektomie (complete mediastinal lymph node dissection, CMLND) béhem vykonu,
nez-li pouze samplingu lymfatickych uzlon (lymph node sampling, LMLD) (59).

Diky PET/CT a EBUS vysetieni lymfatickych uzlin je mozné provést daleko piesnéjsi
predoperaéni staging. Pfesto je piekvapivé v cca 5 — 15 % verifikovano N2 onemocnéni (60),
kdy je nutné ke zlepSeni celkového pieziti pacienty lé¢it adjuvantni onkologickou terapii.
Z tohoto davodu je tieba vzdy provés peélivy perioperaéni staging. U karcinomi
lokalizovanych centralné, u kterych hrozi provedeni pneumonektomie, je tieba zvazit
indukéni chemoterapii.

Adjuvantni chemoterapie u kompletné resekovaného stadia I neni indikovana, nicméné je

diskutovan jeji urcity pfinost u tumort vétsich jak 4 cm.
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V USA byla schvalena adjuvantni cilena terapie osimertinibem pro pacienty EGRF + (delece
exonu 19 EGFR nebo varianta EGFR L858R) ve stadiu IB — I11A (61). Rovnéz byl prokazan
efekt adjuvantni cilené 1écby alectinibem pfi pfitomné fuzi genu ALK (anaplastic lymphoma
kinase) (62).

Imunoterapie, konkrétné Pembrolizumab, ze skupiny inhibitord imunitnich kontrolnich boda
(checkpoint inhibitord), je schvalena v monoterapii pro adjuvantni 1é¢bu. Je indikovana u
pacientii S NSCLC T2a, kdy je tumor > 4 cm, ale také v ptipadé Il a Il1A stadia, pokud byla
provedena resekce plice a podana adjuvatni chemoterapie na bazi platiny (63).

Pooperacni radioterapie (RT) je indikovana pouze u pacientti s R1/R2 pozitivni resekéni linii.
U ostatnich pacient s onemocnénim ve stadiu I nebo I, jsou-li schopni podstoupit a souhlasi-

li s operacnim vykonem, neni indikovana.

1.1.4 Stadium I1A a 11B (Tb2NOMO, TIN1IMO; T3NOMO, T2N1MO, T1N2aMO0)

Hlavni 1écbnou modalitou je chirurgicka resekce s anebo bez neoadjuvantni ¢i adjuvantni
terapie.

Jako adjuvantni terapie je doporu¢ovana chemterapie na bazi cisplatiny, u specifickych
pacientl je mozna cilena 1é¢ba nebo imunoterapie (viz kapitola adjuvantni terapie stadia IA,
IB).

Neoadjuvantni terapie ma za cil zmensit velikost nadoru (mtize usnadnit chirurgickou resekci)
a vCasné eradikovat mikrometastdzy. Pro pacienta je 1épe snesitelna, nicméné piedoperacni
chemoterapie mize oddalit potencialné kurativni operaci, zejména v ptipadech, kdy nedojde k
odpovidajici odpovédi na 1écbu.

Ve stadiu 11 je tedy spiSe indikovana indukéni chemoterapie s naslednou operaci, nez primarni
operace. Ukazuje se pozitivni pfinos v preZiti v pifipadé zavedeni indukéni imunoterapie

spole¢né s neoadjuvantni chemoterapii. Prozatim ale neexistuji data, ktera by poskytovala
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informace o neoadjuvantni 1é¢bé ve srovnani s adjuvantni 1écbou, a proto miize byt
ptijatelnou alternativou v prvni dobé provedeni chirurgické 1éCby s naslednou adjuvantni

terapii.

1.1.5 Stadium IH1A (T4NO-1MO, T3N1MO, T2-3N2aMO0, TIN2bMO)

Jednd se o heterogenni skupinu pacientd. V zavislosti na klinickych okolnostech jsou
hlavnimi formami 1é¢by radia¢ni terapie, chemoterapie, chirurgie a pfipadné jejich
kombinace.

Jedna-li se o operabilni nélez, je doporu¢ovano provést operaci S naslednou adjuvantni
chemoterapii. Pfimé srovnani neoadjuvantni chemoterapie versus neoadjuvantni
chemoradioterapie s vyuzitim modernich 1é¢ebnych rezimi nebylo dosud provedeno, proto
optimalni forma neoadjuvantni 1é¢by ztstava nejasna.

V ramci adjuvantni terapic byla v USA schalena cilena terapie osimertinibem a
pembrolizumabem ve stadiu IB — I11A — podrobné&ji viz vyse.

Definitivni RT je alternativou pro pacienty, u kterych je operace kontraindikovana z diivodu
komorbidit nebo ktefi operaci odmitaji. Stereotakticka radioterapie (Stereotactic body
radiation therapy, SBRT) se upiednostiiuje u pacientt s 1ézemi < 5 cm. U pacienttu s vEétSimi

1ézemi je indikovana radioterapie konvencni (64).

1.1.6 Stadium IIIB (T3-4N2, T1-T2N3)

Operacni terapie je obecné povazovana za kontroverzni a je indikovana pouze ve vybranych
ptipadech. Stadium IIIB obvykle zahrnuje rozsahlé postizeni lymfatickych uzlin nebo invazi
do okolnich struktur, coz ¢ini chirurgicky zékrok technicky ndroénym a rizikovym.
Chirurgicka terapie muze byt indikovana v ptipadé Gspé$né neoadjuvantni terapie, pokud

dojde k vyznamné regresi nadoru a restaging potvrdi moznost kompletni resekce. Tato
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modalita terapie je zvazovana u mladsich pacientll v dobré fyzické kondici. Rozhodnuti je

vzdy po konzultaci s pacientem a v ramci multidisciplinarniho tymu.

1.1.7 Stadium IV (T jakékoli, N jakékoli, M1a, b)

Lokalni konsolida¢ni terapie (local consolid therapy, LCT) oznaéuje cilenou 1éCbu
zbytkového nadoru nebo metastdz po primarni systémové terapii, ktera ma za cil zlepsit
kontrolu nad onemocnénim a prodlouzit pieziti. ZvaZzovana je u oligometastatického nebo
lokaln¢ pokroc¢ilého karcinomu plic, kde po uvodni systémové 1é¢bé (chemoterapii,
imunoterapii, cilené terapii) nedochazi k progresi nadoru, ale zustavaji operabilni rezidualni
loziska. Vybranym pacientim by tyto postupy mohly nabidnout prodlouzeni dlouhodobého

preziti, to ale prozatim neni neovéieno multicentrickymi randomizovanymi studiemi (65).

1.1.8 Neoadjuvantni imunoterapie

Klinické studie prokazaly, Ze neoadjuvantni imunoterapie samotna nebo v kombinaci s
chemoterapii je u¢inna a bezpecna u pacientti s resekabilnim NSCLC ve sadiu IB-IIIA.
Vysledky ukézaly vyznamné zlepSeni patologické odpovédi a prodlouzeni pieziti bez
progrese onemocnéni ve srovnani se samotnou chemoterapii. V roce 2022 Uiad pro kontrolu
potravin a 1é¢iv (food and drug administration, FDA) v USA schvalil pouziti v ramci
neoadjuvantni terapie nivolumab (inhibitor Programmed Death-Ligand 1, PD - L1)
v kombinaci s chemoterapii, u pacienti s resekovatelnym plicnim nadorem, na zakladé
vysledku studie CheckMate 816 (66).

Evropska lékova agentura schvalila nivolumab v kombinaci s chemoterapii na bazi platiny v
neoadjuvantni 1é€bé pouze u pacientil s vysokym rizikem recidivy a s hladinami exprese PD -

L1 v nédorovych buiikach vysS§imi nez 1 %. Hlavnim uskalim neoadjuvantniho pfistupu je
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riziko progrese zakladniho onemocnéni zabranujici naslednou kurativni chirurgickou terapii
(67).

V piipadné neoadjuvantni samotné chemoterapie byla zaznamenana vys§i progrese
onemocnéni, ktera vedla k tomu, ze nésledné nebyla indikovana operacni terapie, na rozdil pfi
kombinované neoadjuvantni chemoimunoterapii. Nicméné i tak cca 7 — 22,3 % pacientl po
neadjuvantni chemoimunoterapii nepodstoupili naslednou chirurgickou terapii (68). Operace
nebyla indikovana pro progresi zakladniho onemocnéni u 0 — 7,4 % av 1 — 8,9 % byla
odmitnuta pacienty (69). Je otazkou, zda-li by tito pacienti neprofitovali z nejpreve provedené
chirurgické resekce. Nicméné nelze vyloucit, ze by také u nich nedoslo k brzkému
poopera¢nimu metastazovani. Neoadjuvantni chemoimunoterapie miiZze byt jisté také spojena
s downstagingem onemocnéni pied operaci a sniZzenym rozsahem resekce vyzadovanym pro
kurativni operaci, zatimco adjuvantni strategie takovou pfilezitost nenabizi (67).

Dilezité je ale zminit, Ze v ramci neoadjuvantni imunoterapie je pravdépodobnéjsi nalez
perioperacni fibrozy v oblasti plicniho hilu. Plicni zily, tepny 1 bronchi jsou kieh¢i, coz ¢inni
konvertovat ptivodni mininvazivni pfistup na otevieny.

Optimalni nacasovani chirurgické intervence po neoadjuvantni terapii neni standardizovano.
Dulezité je nacasovani ve stadiu, kdy jesté nedoslo k transformaci pozanétlivych zmén ve
fibrotické, které stézuji disekci cév, a tim zvySuji riziko intraopera¢nich komplikaci véetné
zavazného krvaceni s nutnosti konverze (69).

Pacienti, u nichz se pfedpoklada, Ze maji neresekabilni onemocnéni — T4, N2b, byli prozatim
vylouceni ze studii tykajicich se pfedopera¢ni imunochemoterapie.

Cilem chirugické terapie je RO resekce, nicméné nasledné provedena bilobektomie Ci

pneumonektomie muze vést ke snizeni pooperacni kvality zZivota. Dosud nebylo provedeno
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objektivni hodnoceni Vvlivu neoadjuvantni chemoimunoterapie na naslednou technickou
naro¢nost plicni resekce. Obecné je preferovano provedeni sleeve resekce, nez-li
pneumonektomie, piestoze zhodnoceni komplikaci provedené sleeve resekce po neadjuvantni
imunochemoterapii neni prozatim v literatufe dostatecné ovéteno. Kazdopadné Minerviniho a
kol., uvadgji ,,lepsi konverze nez komplikace* (69). Moderni chirurgické pfistupy by nemély
usilovat pouze o minimalizaci invazivity zakroku, ale pfedev§im o omezeni organové
dysfunkce, maximalni zachovani plicnich funkci a s tim souvisejici zlepSeni kvality Zivota a
prodlouzeni pteziti pacienta (70).

Ackoli vysledky chirurgické 1é€by nebyly ovéfeny randomizovanymi studiemi, jeji piiznivé
vysledky stran dlouhodobého preziti vedly k preferenci této 1é¢ebné modality (71). Jiz
nékolikrat bylo potrvzeno, ze ve Vvysoko-objemovych pracovistich je niz§i pooperacni

morbidita a mortalita (72).

1.1.9 Standardni operace

Za standardni opera¢ni vykon je povazovana anatomicka resekce, a to ve formé lobektomie
(chirurgicka resekce jednoho laloku), u malych perifernich 1€zi do velikosti 2 cm je pfipustna
1 sublobarni resekce, a to v podobé segmentektomie. Operacni piistup je volen otevienou
cestou nebo mini-invazivni torakoskopii (MITS), jez zahrnuje VATS a RATS, zasadni rozdil
mezi nimi je v tom, ze u VATS drzi nastroje chirurg, zatimco u RATS chirurg ovlada nastroje
z konzoly a pfimo s nimi nemanipuluje. Obecné jsou periopera¢ni naklady na MITS vyssi
kratsi dob¢ hospitalizace a rychlejsimu zotaveni pacienta.

Robotické systémy jsou vhodnéji oznacovany jako pocitatem podporované chirurgické
systémy (computer-assisted surgery, CAS), protoze v podstaté neexistuje zadny pohyb robota

bez lidského vedeni. Osvojeni MITS vyzaduje trpélivost a vytrvalost. Obecné jsou
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komplikace souvisejici S MITS podobné, jako u otevieného chirurgického ptistupu. Mezi
vyznamnéj$i perioperacni kompliakce patii krvaceni. Krvaceni mize znemoznit vyhled pii
zastfeni videotorakoskopu krvi (napf. krvaceni z plicni tepny, aorty). Jedna se o velmi
znepokojivy stav, ktery si mize vyzadat konverzi za uc¢elem rychlé hemostazy. Mira krvaceni
u sérii video-asistované torakoskopické chirurgie (VATS) se pohybuje od 0,4 do 2 procent
(73). Retrospektivni ptehled, ktery zahrnoval 1304 pacientd, uvadél 2,6% miru zavazného
vaskularniho poranéni béhem robotické lobektomie (74). V literatufe nebyly zaznamenany
zadné piipady amrti v dasledku exsangvinace béhem chirurgické resekce technikou MITS.
Nicmén¢ je potieba poznamenat, ze takové piihody nebudou jisté dostate¢né hlaseny ani
publikovany.

Dalsi pti¢inou konverze muzou byt mimo krvaceni také nejasné anatomické pomeéry, centralni
nemoznost dosdhnout a tolerovat selektivni plicni ventilaci. Uvadéné miry konverze se
pohybuji od 1,6 do 21 % (73). Mize dojit k poranéni branice, jater nebo sleziny, zejména pti
umisténi primarniho portu, ktery se Casto zavadi naslepo, bez pouziti torakoskopu. Je
popisovana i recidiva onemocnéni v misté portu po provedené MITS (75). Pti torakoskopii
muze dojit také ke kompresi a poranéni meziZebernich nervill, coz miize vést k pretrvavajici
chronické bolesti v mistech, kde byly porty zavedeny. Dalsi moznosti minimalné invazivni
opertivy, ktera si ziskala oblibu v Evropé a Asii, je uniportalni VATS pfistup, jenZ ma
podobné vysledky jako standardni VATS. Rozdil oproti standardnimu VATS je pfiistup jen
z jednoho portu.

Je tfeba doplnit, Ze studie, ze kterych ¢erpame doporuceni preferujici lobektomii jako standart
anatomické resekce, ve srovnani s klinovitou resekci, jsou téméf 25 let staré (76,77). Navic
Vv nich byly prevazné resekovany nadory vétsi jak 2 cm. Bylo u nich také zjisténo trojnasobné
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zvyseni miry lokalni recidivy (5,4 % oproti 1,9 %) a trend k nizsi mife pfeziti pfi limitované
resekci ve srovndni s lobektomii. Existuji vSak podskupiny pacientd, u nichZ limitovana
resekce piinasi podobné vysledky jako lobektomie (pacienti s malymi, perifernimi nadory
nebo star$i pacienti, zejména s histologicky verifikovanym adenokarcinomem). Limitovana
(sublobarni) resekce — segementektomie/klinovita resekce je doporucovana u pacienti s
periferni nadorovou 1ézi < 2 cm a soucasné klinicky verifikovanym NO onemocnénim.
Pokroky ve V/RATS chirurgii usnadnily vyuziti limitovanych resekci u vybranych, vysoce
rizikovych pacientl. Rovnéz ptinasi lepsi miru pétiletého pieziti pti srovnani segmentektomie
a lobektomie (94,3 % oproti 91,1 %; pomér rizik je 0,66). Rozdil v pfeziti zfejmé souvisi s
umrtim z jinych pfi¢in, nez je pivodné diagnostikovany karcinom plic nebo vyskyt
poopera¢nich komplikaci. Dale byly popisovany stejné zmény Vv objemu vzduchu
vydechnutém béhem 1 sekundy usilovného vydechu nasledujiciho po maximalnim nadechu
(Forced Expiratory Volume in 1 second, FEV1) po jednom roce, jak po provedené
segmentektomii, tak po provedené lobektomii. N¢kolik prospektivnich, nerandomizovanych
studii rovnéz uvadi piiznivé, dlouhodobé preziti po klinovité resekci (neanatomické resekci)
nebo segmentektomii u pacientd s perifernimi plicnimi karcinomy NO velikosti <2 c¢cm (78),
zejména u pacientl s adenokarcinomem s lepidickym rastem.

Nicméné tvrzeni, Ze u starSich nebo polymorbidnich pacientli mtze limitovana resekce piinést
podobné vysledky, jako lobektomie, jsou nejednotné a omezené. Proto limitovanou resekci
obvykle vyhrazujeme pro pacienty, ktefi lobektomii netoleruji, nebo pro pacienty s malymi,
perifernimi nadory.

Dle databaze nejvyznamnéjsiho amerického populaéniho registru rakoviny The Surveillance,
Epidemiology, and End Result, SEER, ktery sbira detailni data o vyskytu, 1é¢bé a pieziti

pacientt s rakovinou, spravované¢ho National Cancer Institute, NCI vychazi zhorSeni preziti u
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pacientl starSich 65 let, s diagnostikovanym NSCLC ve stadiu IA v letech 1998-2010 a
lécenych limitovanou resekci oproti lobektomii (ackoli u podskupiny téchto pacientd s
histologii adenokarcinomu byly pozorovany rovnocenné vysledky pieziti) (79).

V roce 2006 doporucila Evropska spole¢nost hrudnich chirurgi (Europen thoracic surgery
society, ESTS) systematickou disekci lymfatickych uzlin ve vSech ptipadech k zajisténi
kompletni resekce. U perifernich 1ézi T1 byla povazovana za piijatelnou lalokové specificka
disekce uzlin, pokud byly hilové a interlobarni uzliny pfi cryo cut dosetieni negativni (80).
Podobna doporuceni navrhla i Britska hrudni spole¢nost (81).

Severoamericka studie faze III American College of Surgery Oncology Group Z0030
(NCT00003831) srovnavala strategie systematické disekce lymfatickych wuzlin oproti
samplingu (82). Systematicka disekce lymfatickych uzlin nezlepsila pteziti pacientt s Casnym
stadiem NSCLC ani nesnizila vyskyt lokalni nebo regiondlni recidivy. Ptekvapivé bylo
netusené postizeni N2 zjisténo pouze u 3,8 % pacientli ndhodné zatazenych k systematické
disekci uzlin. Aktualni smérnice v USA navrhuji systematicky odbér vzorkt lymfatickych
uzlin pro stanici 2, 4, 7, 8, 9 na pravé stran¢ a stanici 5, 6, 7, 8, 9 na levé strané (82). ESTS v
kazdém ptipad¢ doporucuje systematickou disekci uzlin k dosazeni a hodnoceni adekvatnosti
kompletni resekce. | kdyz v nékterych ptipadech (periferni malé skvamoézni karcinomy) je
mozné provedeni systematické, lalokové, specifické lymfadenektomie, kdy je doporucen
odbér ze tii mediastinalnich stanic, vzdy véetné stanice 7 (80). Zavérem America College of
Chest Physician doporucuje provadét radikalni mediastinalni lymfadenektomii v piipadé
cN1/cN2 onemocnéni, zatimco v piipadé malého NO onemocnéni se ptiklani k provedeni vyse
popsaného samplingu (83).

Byl potvrzen prognosticky vyznam v poctu resekovanych lymfatickych uzlin zejména

v ¢asnych stadiich onemocnéni (84).
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Pacienti s pozitivnimi resekénimi okraji (R1) maji daleko hor$i prognézu nez pacienti
s negativnim (R0) resekénim okrajem (85). Poopera¢ni radioterapie (RT) neni obecné
indikovana u pacientti s NSCLC ve stadiu I nebo II s negativnimi chirurgickymi resekénimi
okraji (R0O). Pooperacni RT ale byla, v rozsahlé databazové studii, spojena s lepsim celkovym
prezitim u pacientt ve stadiu Il a Il s pozitivnim resekénim okrajem (R1) (86). U pacientt
s nadorovou invazi do hrudni stény muize byt indikovana en bloc resekce. Pokud bylo pii
operaci zjiSténo postizeni lymfatickych uzlin (tj. stadium IIIA), byla pétiletd mira pieziti
pouze 12 % (87). Lokalni recidiva po operaci se ve stadiu I nebo II pohybuje od 6 do 55 %.
Pacienti s lokalni recidivou bez vzdalenych metastaz mohou byt kandidaty na dalsi resekci.
Pokud dalsi chirurgicky zakrok neptipada v tvahu, mohou mit pacienti prospéch ze samotné
RT nebo chemoradioterapie. Celkova doba pteziti je podobna jako u pacientti s podobnym

stadiem, ktefi byli na poc¢atku 1é¢eni RT (88).

1.1.10 Radioterapie

Radioterapie (RT) je primarni alternativou chirurgického zakroku u pacientia s NSCLC v
klinickém stadiu I nebo II, ktefi maji vyznamnou komorbiditu vylucujici bezpecnou resekci, a
u pacientd, ktefi odmitaji chirurgicky zakrok. RT muze byt Vv podobé stereotaktické
radioterapie (stereotactic body radiation therapy, SBRT), oznacované jako SABR (stereotactic
ablative radiotherapy), nebo v podobé konven¢ni radioterapie. Definitivni RT se pouziva také
u vybranych pacientli bez vzdalenych metastaz, u nichz doslo k lokalni recidivé po operaci
(88).

SBRT poskytuje velmi omezeny pocet frakci s vysokou davkou (obvykle jednu az pét)
pomoci né€kolika konvergentnich svazkii, vysledkem je rychly pokles davky na okraji
cilového objemu (nador plus dychaci pohyby a maly okraj). Nicméné srovnani SBRT

S operaci U pacientd, ktefi mohou byt kandidaty resekce a nebyli operovani, nebylo provedeno
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VvV rdmci randomizované studie. SBRT ve srovnani s konvencéni RT nepifinasi rozdil v preziti
bez progrese ani Vv celkovém pieziti, ale zlepSuje kvalitu zivota a ma niz§i vyskyt
pneumonitidy (19 % oproti 34 %) a ezofagitidy (8 % oproti 30 %).

V randomizované studii u pacientd s inoperabilnim periferné¢ lokalizovanym NSCLC ve
stadiu | byla SABR ve sroznani se standardni radioterapii G¢inn&jsi. Vysledky této studie
naznacuji, ze SABR by méla byt u této skupiny pacientd 1é¢bou volby. SBRT u pacientl
s CHOPN vykazuje niz§i morbiditou a mortalitou, nez-li provedena operace (89). Vyuziti
SBRT v kombinaci s imunoterapii je prozatim ve stadiu vyzkumu, se slibnymi prvotnimi
vysledky, prozatim ale neni soucasti rutinni praxe.

U pacientt s primarnimi nadory, které nelze resekovat nebo pouzit SBRT, je vhodnou volbou
definitivni RT se standardni frakcionaci. Konven¢ni frakcionovand RT s davkami 45 az 66 Gy
ve frakcich 1,8 az 2 Gy po dobu Sesti tydni byla v minulosti obvykle indikovana u
neoperabilnich pacientii. Pfehled literatury, ktery zahrnoval ptiblizné 2 000 neresekabilnich
pacientt zjistil, ze konven¢né frakcionovana RT piinasi pétiletou miru pieziti mezi 13 a 39 %
(90).

V soucasné dobé¢ je pouziti protonové terapie ve stadiu vyzkumu, nicméné prvni vysledky
naznacuji obdobny efekt jako SBRT. Mezi dal$i obrazem navadéné abla¢ni techniky patii
radiofrekvencni ablace, kryoablace, mikrovinna ablace, laserova ablace a ireverzibilni
elektroporace. V ramci pouziti t€chto technik nemame prozatim dostate¢né validni data stran
efektu jejich 1écby a Zadna z nich nema rutinni uplatnéni v 1é€bé NSCLC ve stadiu I nebo II.

Obecné neni indikovana pooperacni RT u pacienti po kompletni resekci ve stadiu I a II.
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Tabulka 6 MozZnosti 1é¢by (NSCLC) dle stadia onemocnéni (50)

Stadium ¥ .
(TNM Klasifikace) Moznostt lcby
‘Okultni Hchirurgicky zakrok
Stadium 0 chirurgicky .z’akfok .
endobronchialni terapie
chirurgicky zakrok
Stadia IA a IB adjuvantni terapie
radioterapie
chirurgicky zakrok s/nebo bez adjuvantni a/nebo neoadjuvantni
Stadia ITIA a IIB terapie
radioterapie
Resekovatelné nebo resekované onemocnéni:
chirurgicky zakrok s neoadjuvantni a/nebo adjuvantni terapii
neoadjuvantni terapie
perioperacni (neoadjuvantni a adjuvantni) imunoterapie s
Stadium IITA chemoterapii

adjuvantni terapie
Neresekovatelné onemocnéni:
kombinovana chemoradioterapie
radioterapie

Pancoastiv tumor

chirurgicky zakrok

kombinovana chemoradioterapie nasledovana chirurgickym
zakrokem

samostatna radioterapie

Nadory infiltrujici hrudni sténu

chirurgicky zakrok

chirurgicky zékrok a radioterapie

samostatna radioterapie

chemoterapie kombinovand s radioterapii a/nebo chirurgickym
zakrokem

Stadia I1IB a ITIC

sekven¢ni nebo konkomitantni chemoterapie a radioterapie
samostatna radioterapie

Nové diagnostikované stadium
1V, relabujici a rekurentni
NSCLC

cytotoxicka kombinovand chemoterapie

kombinovana chemoterapie s monoklonalnimi protilatkami
udrzovaci terapie po prvni linii chemoterapie (u pacientl se
stabilnim nebo reagujicim onemocnénim po Ctyfech cyklech
chemoterapie na bazi platiny)

EGFR TKI s/nebo bez chemoterapie (u pacientii s EGFR
mutacemi)

EGFR cilena terapie (u pacientd s EGFR exon 20 inzercemi)
ALK inhibitory (u pacientii s ALK translokacemi)

BRAF V600E a MEK inhibitory (u pacient s BRAF V600E
mutacemi)

ROS1 inhibitory (u pacientti s ROS1 piestavbami)

NTRK inhibitory (u pacientt s NTRK fazemi)

RET inhibitory (u pacientti s RET fuzemi)

MET inhibitory (u pacientd s MET exon 14-skipping mutacemi)
Inhibitory imunitnich kontrolnich bodt s/nebo bez chemoterapie
MTOR inhibitory (u pacientt s neresekovatelnymi, lokalné
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Stadium
(TNM klasifikace)

Moznosti 1écby

pokrocilymi nebo metastatickymi, progresivnimi, dobie
diferencovanymi, nefunkénimi neuroendokrinnimi nadory)
Lokalni terapie a specialni ptistupy

Progresivni stadium IV,
relabujici a rekurentni NSCLC

chemoterapie

EGFR cilena terapie

ALK cilené TKI

BRAF V600E a MEK inhibitory (u pacientd s BRAF V600E
mutacemi)

ROS1 cilena terapie

NTRK inhibitory (u pacientti s NTRK flizemi)

RET inhibitory (u pacientd s RET fuzemi)

MET inhibitory (u pacientd s MET exon 14-skipping mutacemi)
KRAS G12C inhibitory (u pacientti s KRAS G12C mutacemi)
HER?2 cilena terapie (U pacientd s HER2 mutacemi)
imunoterapie

mTOR inhibitory (u pacientt s neresekovatelnymi, lokalné
pokrocilymi nebo metastatickymi, progresivnimi, dobfe
diferencovanymi, nefunkénimi neuroendokrinnimi nadory)

EGRF = Epidermal Growth Factor Receptor; ALK = Anaplastic Lymphoma Kinase; BRAF = B-typ
Raf protoonkogen; ROS = Reactive Oxygen Species; NSCLC = Non-small Cell Lung Cancer; NTRK
= Neutrofilni receptorova tyrosinkinaza, RET = Rearranged During transfection; MET "MET Proto-
oncogene, Receptor tyrosine kinase; KRAS = Kristen Rat sarcoma viral onkology homolog; HER =
Human epidermal grow factor receptor

1.1.11 PROGNOZA ONEMOCNENI

Celkové pétileté preziti u NSCLC se pohybuje mezi 10 — 15 %, ptedevsim proto, Ze piiblizné

70 % pacientli méa bud’ lokdIn€ pokrocilé onemocnéni (stadium III), nebo vzdalené metastazy

(stadium 1V). S rostoucim klinickym stadiem se postupné snizuje délka pétiletého pieziti.

Z dat pouzitych pfi formovani 9. vyddni TNM Kklasifikace pro NSCLC vychazi pétileté

piezivani dle stadia onemocnéni 1A, IB, ITA a IIB - 82, 69, 62 a 54 % (91). U pacientl s

NSCLC ve stadiu I a II se nezda, ze by mél typ histologie vliv na délku pteziti. Pacienti

s diagnostikovanymi izolovanymi nadorovymi buiikami v lokoregionalnich lymfatickych

uzlinach dle imunohistochemického dosetfeni maji signifikantné hrosi prognozu nez pacienti

bez postizeni uzlin (92). Grading tumoru ma vliv na délku pieziti, které se snizuje od dobfe,

stfedn€, Spatn¢ diferencovany az po nediferencovany nador. Rovnéz komorbidity pacienta

maji vliv na dlouhodobé piezivani, mira tfiletého preziti se vyznamné zhorSuje s rostouci
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zavaznosti komorbidit (93). Pacienti operovani v nemocnicich, které provadéji velky pocet
zakrokl, maji vyznamné niz$i miru perioperacni mortality, nez pacienti 1é¢eni v zafizenich s
mensim objemem zakrokii. Rovnéz pétileté preziti bylo delsi u jedinct, kteti podstoupili

resekci ve vysoko objemovych centrech (44 % oproti 33 %) (94).

1.1.12 DISPENZARIZACE

Cilem dispenzarizace je v¢asné odhaleni recidivy nebo druhého primarniho karcinomu plic.
Béhem 4 let po ukonéeni kurativni 1é¢by je riziko recidivy v 6 — 10 %, béhem 1.-2. roku
dochazi vétsinou k lokoregionalnimu relapsu, po 2. roce vznikaji spise vzdalené metastazy.
Riziko vzniku metachronniho plicniho nadoru je 1-6 %, stejné pro kutédky i1 nekufdky a
neklesa ani s ¢asem.

1. rok jsou indikovany kontroly ve 3mési¢nich intervalech (anamnéza, klinické vySetieni), CT
vySetieni a/nebo zadopiedni a bo¢ni skiagram hrudniku, po 6 mésicich je dle zvazeni
oSetiujiciho Iékare indikovano bronchoskopické dosetteni.

2. rok je indikovano kontrolni CT vySetfeni a/nebo ZP a boc¢ni skiagram hrudniku po 6
meésicich.

Od tietiho roku jsou kontroly v rocnich intervalech (anamnéza, klinické vySetfeni, CT
vySetieni a/ZP a bo¢ni skiagram plic).

U podezielych nalezi dle CT vysetieni, u pacienti po RT, je mozno provést PET/CT. Nejasné
nalezy je nutno potvrdit bioptickym vySetfenim. Krevni odbéry (krevni obraz, biochemicka
vySetfeni, nddorové markery), bronchoskopie, spirometrie a vySetfeni na vzdalené metastazy
je provadéno individualné.

Individudlni sledovani si vyzaduji pacienti se zvySenym rizikem recidivy ¢i metastatického
procesu stanovenym pooperac¢né (vaskularni invaze s postizenim Visceralni pleury, provedena

atypicka resekce, nizce diferencované neuroendokrinni karcinomy, tumory > 4 cm a NX u
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pacienti po RT). Odpovédna osoba za dispenzarizaci je klinicky onkolog nebo radiaéni
onkolog pifipadn¢ pneumoonkolog. Po 5 letech remise je to prakticky 1ékar (95).
Pii dispenzarizaci je tfeba dbat na to, aby byl pokud moZzno omezen pocet CT vySetieni,

zejména u mladsich osob, vzhledem k obavam ze vzniku druhé malignity vyvolané ozafenim.

VICENASOBNE NADOROVE ONEMOCNENI PLIC

Relativné vzacnou nosologickou jednotkou je vicenasobné nadorové onemocnéni plic
(multiple primary lung cancer, MPLC), pfi kterém je nadorové onemocnéni plic prezentovano
vice nez jednim primarnim plicnim nddorem. D¢€li se na synchronni a metachronni variantu.
Synchronni forma je charakterizovana zachytem lozisek v dob&é primarni diagnozy, naproti
tomu u metachronniho vyskytu je druhy, primarni plicni nddor diagnostikovan s ¢asovym
odstupem.

onemocnéni v ranném stadiu spolu s prodlouZzenim piezivani pacientd, a tedy i prodlouzenim
intervalu pro moznost vzniku dalsiho primarniho plicniho tumoru. Dané problematice se

vénuje 3. publikace.

VENO - VENOZNI EXTRAKORPORALNI MEMBRANOVA OXYGENACE

Operace na plicich jsou provadény na kolabované (neventilujici plici) za Gcelem snadnéjsiho
pfistupu k cévnim strukturdm a bronchiim. Za standartnich okolnosti je kolaps plicniho
parenchymu zajisStén selektivni plicni intubaci s naslednou selektivni ventilaci. Dostate¢na
oxygenace s eliminaci oxidu uhli¢itého je zajisténa skrze kontralateralni (neoperovanou) plici.
Nicméné existuji piipady, pfi kterych neni pacient schopen zvladnout operaci na jednu plici.

Zajisténi ventilace na jednu plici mize byt i technicky obtizné, az nemozné pro nestandardni
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anatomické poméry, ale také jiz v minulosti provedenou pneumonektomii, nebo planovanou
lobektomii u pacienta po kontralateralni bilobektomii, ¢i lobektomii. Dal§im piikladem
komplikované ventilace muze byt pacient sbuléznim postizenim neoperované plice a
vysokym rizikem perforace buly pii selektivni ventilaci nebo pacient s potizemi se zajisténim
dychacich cest (sten6za, malacie trachei, poranéni tracheobronchialniho stromu, utlak
tracheobronchialniho stromu zvenci). Popiipadé je perioperacni zajisténi ventilace technicky
nemozné pro syndrom akutni respira¢ni tisn¢ (acute respiratory distress syndrom, ARDS).
Hrudni chirurg musi tyto nestandartni ventilatni situace piedvidat a v ptfipadé nutnosti
uvazovat 0 mozné alternativé umozinujici bezpeCnou operaci se zajiSténim adekvatni
ventilace. Jednou z moznosti nahrazujici selektivni intubaci, tryskovou ventilaci ¢i zajisténi
dychacich cest cestou operacniho pole a soucasné podporujici ventilaci je pouziti veno
vendzni extrakorporalni membranové oxygenace (VV ECMO).

VV ECMO je jedna z metod mimotélnich podpor poskytujicich podporu plicnich funkci
umoziujici oxygenaci a soucasné eliminaci oxidu uhlicitého z krve u pacient bez srdecniho
selhani a bez piedpokladu rozvoje kardidlni nestability. VV ECMO umoziuje dlouhodobé
zajistit vyménu plyna (dny, tydny) a s jeho vyuzitim jsem schopni nabidnut bezpec¢nou
chirurgickou 1écbu nékterym vybranym pacientim, ktefi by bez jejiho pouziti nemohli byt
doposud operovani (96).

Nicméné¢ intraoperacni pouziti VV ECMO bylo v hrudni chirurgii vyjimeéné a Casto bylo v
minulosti vyhrazeno jen pro pracovisté vénujici se transplanta¢ni chirurgii (97). K rozmachu
jeho rozsiteni doslo v ramci celosvétové pandémie COVID — 19 (corona virus disease)

onemocnéni
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PREDOPERACNI ZHODNOCENI

V CR je dosud nejvice pouzivano doporu¢eni Evropské respiraéni spole¢nosti (ERS) z roku
2009 (98). Kli¢ovymi prvky k posouzeni zdatnosti pacienta k plicni resekci byly spirometrie,

forsirovany jednosekundovy vydechovy objem (Forced Expiratory Volume in 1 Second,
FEV1), difuzni kapacita plic pro oxid uhelnaty (Diffusing Capacity of the Lung for Carbon
Monoxide, DLCO, synonymem je Transfer Factor for Carbon Monoxide, TLCO) a
spiroergometrie (Cardiopulmonary Exercise Testing, CPET). Spirometrie a vySetfeni TLCO
jsou zékladnimi testy, které musi podstoupit kazdy pacient indikovany k plicnimu resekénimu
vykonu. Hodnoty FEV1 i TLCO nad 80 % predikované hodnoty podle dokumentu ERS
znamenaji, Ze pacient je schopen resekce do urovné pneumonektomie. Naproti tomu, hodnota
pod 80 % nalezité hodnoty, kteréhokoli z téchto parametrti znaci, Zze pacient by mé¢l
podstoupit i kardiorespiracni zatézovy teste (cardiopulmonary exercise testing, CPET) k
hlubsimu posouzeni kardiorespira¢ni zdatnosti. P¥i CPET vySetieni je klicovym parametrem
dle doporuceni ERS hodnota vrcholové hodnoty spotfeby kysliku (peak VO2), méfeno v
ml/min/kg. Hodnota peak VO2 < 10 ml/min/kg je kontraindikaci k resekénimu vykonu. U
hodnot > 10 ml/min/kg se provadi kalkulace, jak velkou ¢ast parenchymu lze odstranit tak,
aby poopera¢ni hodnota peak VO2 ztstala nad 10 ml/min/kg. Funkéni specialista, pneumolog
a chirurg se nasledné domlouvaji, zda ma pacient dostate¢nou rezervu k provedeni
planovaného vykonu (napt. pokud by k odstranéni tumoru byla potieba bilobektomie, ale
pacient je schopen pouze segmentektomie) (99). Guidelines Americké spole¢nosti hrudnich
Iékaru (American college of chest physicians, ACCP) pracuji taktéz s hodnotami FEVI a
TLCO jako se zakladnimi parametry k posouzeni funkéniho stavu plic (100). Dokument
ACCP pouziva ale jinou metodiku kalkulace. Kalkulované piedpokladané pooperacni

hodnoty (ppo) FEV1 a TLCO vychazi ze vzorce: ppo FEV1 (TLCO) = piedopera¢ni hodnota
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FEV1 (TLCO) x (1-y/z), kde y je pocet funkénich segmenti, které maji byt odstranény a z je
celkovy pocet funkcénich segmentl. Dle hodnot ppoFEV1 a ppoTLCO se nasledné
vyhodnocuje riziko. Pacienti s ppoFEV1 a ppoTLCO > 60 % nalezitych hodnot maji nizké
riziko mortality a lze u nich provést velkou anatomickou resekci (lobektomii az
pneumonektomii). Pacienti s ppoFEV1 a ppoTLCO na urovni < 60 % nalezitych hodnot
podstupuji funk¢ni test s nizkou senzitivitou (kyvadlovy test chiizi nebo test chiize do schodi)
a/nebo kardiorespiracni zatézovy test (CPET). Nasledna stratifikace rizika se provadi pomoci
hodnoty peak VO2. Pacienti s hodnotou > 20 ml/min/kg maji nizké riziko. U pacienti s
hodnotami peak VO2 v pasmu 10 — 20 ml/min/kg je nutna rozvaha ohledné rozsahu resekce,
opera¢ni technice a pacientové preferenci. Pacienti shodnotou < 10 ml/min/kg jsou
kontraindikovani k operaci a méla by byt zvolena alternativni 1ééebna metoda (zejména
nechirurgické modality). I pfi spravné adherenci k uvedenym guidelines se perioperacni
morbidita a mortalita pohybuje v pomérné¢ vysokych ¢islech. Selhava zejména efektivni
vyhledavani rizikovych pacienti.

Zajimavé je, ze procento predpokladanych hodnot FEV1 a DLCO vypovida o PPC vice, nez
jejich absolutni hodnoty (101). SniZzend hodnota DLCO pokryva jiny typ plicnich (&i
kardiovaskularnich) nemoci, nez snizend hodnota FEV1 a pouziti obou parametri pro
ptedoperacni zhodnoceni plicnich funkei je vzdjemné komplementarni a vysoce Zadouci.
Spiroergometrie umoznuje komplexni zhodnoceni piedevSim kardiopulmonalni rezervy.
Nicméné parametru VO2 max pacienti pied plicni resekci velmi ¢asto nedosahnou a parametr
peak VO2 je ovlivnén mimo jiné vili pacienta, uzivanim beta blokatori anebo pfitomnosti
chronické obstrukéni plicni nemoci. Neni proto ptekvapivé, Ze tfada studii, véetné velkych

multicentrickych analyz (102,103) identifikuje VO: jako nevhodny prediktor pooperacnich
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plicnich komplikaci, zejména ve srovnani s ventilacni efektivitou vyjadienou sklonem (slope)
V'E/V'COz, tedy pomérem minutové ventilace (V'E) k produkci oxidu uhli¢itého (V'COz).
Hodnota ¢asové primérné koncentrace oxidu uhli¢itého na konci vydechu End-Tidal Partial
Pressure of CO2 (PETCO2) zméiena po 2 minutach klidového dychani, se ukazala byt dobrou
alternativou k zatézovému parametru sklonu (slope) V'E/V'CO2. Rozsahla prospektivni
multicentricka studie prokazala stejny prognosticky potencial klidového PETCO2 a sklonu
V'E/V'CO2 v predikci pooperacnich plicnich komplikaci. Divodem se zdaji byt stejné
determinanty obou parametri jako je zvySené dechové usili a ventilace mrtvého prostoru.
Klidové PETCO2 se tak stavd vhodnou alternativou zatéZzového vySetfeni pro stratifikaci
rizika pacientll pied plicni resekci tam, kde spiroergometrie bud’ neni dostupna, nebo ji
pacient nemuze/nechce podstoupit. Nezanedbatelny vyskyt pooperacnich plicnich komplikaci
byl i ve skupiné pacienti s normalni hodnotou FEV1 a DLCO (nerizikovych pacientd ke
spiroergometrii neindikovanych). | u téchto pacientii klidové PETCO2 velmi dobfie predikuje
vznik pooperacnich plicnich komplikaci (103). Samotné kapnometrické méfeni je provadéno
pomoci side-stream kapnografu a nosnich bryli. Pacient sedi v klidné mistnosti @ ma 2 minuty
na to, aby si zvykl na nosni bryle a prostfedi. Vysledek je negativné ovlivnén, pokud je
pacient pii méfeni neklidny a hyperventiluje, nebo jinak modifikuje své normalni klidové
dychani, ¢i naptiklad dycha usty.

Byly vyvinuty mnohé predikéni modely pro PPC, jednim znich je ArozullahGv index
respira¢niho selhani, jez identifikoval sedm nezavislych faktord (typ operace, urgentnost
operace, albumin, dusikaté latky v krvi, funkéni stav, CHOPN a v¢k), které jsou spojeny s
poopera¢nim respiraénim selhanim. Na zaklad¢ sily jejich asociace v multivaria¢ni analyze
jsou pfifazena bodova skore, ktera stratifikuji pacienty do péti tid, dle miry respira¢niho

selhani, v rozmezi od 0,5 % do 26,6 % (104). Mezi dalsi moduly patii Guptova kalkulacka
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pro predikci pooperac¢niho respira¢niho selhani, jez vyuziva pét predoperacnich faktort (typ
operace, urgentnost operace, funkéni stav, predoperacni sepse a tiida ASA) (105).

Model ARISCAT zahrnuje sedm piedoperacnich rizikovych faktori (vek, saturace periferniho
kysliku, neddvnd anamnéza respiracni infekce, anémie, typ operace, délka trvani operace a
urgentnost operace) pro odhad pravdépodobnosti PPC (106).

Nékolik studii hodnotilo pooperaé¢ni plicni funkce v riznych ¢asovych bodech po lobektomii
nebo pneumonektomii. Po 3 mésicich od pneumonektomie pacient ztraci 34 - 44 % ptivodni
hodnoty FEV1, u lobektomie je to 13 — 22 % (107), u segmentektomie je to pramérné 5,5 %
na kazdy ztraceny segment (108).

V naSem pfipad¢ byly analyzovany dva nové predikéni modely rizika pooperacnich plicnich
komplikaci (PPC) u pacientli indikovanych k plicni resekci, které byly vytvoreny a nasledné
validovany tymem autorti Brat, Svoboda a Cundrle.

Oba modely se skladaji z péti parametrt, prvni model je slozen z pohlavi, FEV1/FVC,
rozsahu resekce, chirurgické techniky a slope V'E/V'CO2. Druhy model je zaméfen na
pohlavi, FEV1/FVC, rozsah resekce, chirurgické techniky a klidové PETCO2.

V modelech byl vyuzit Tiffeneau index (Forced expiratory volume in 1 second, FEV1/ Forced
vital capacity, FVC), tedy pomér mnozstvi vzduchu, které pacient mize vydechnout béhem
prvni sekundy maximalizovaného vydechu ku celkovému mnozstvi vzduchu, které pacient
muze vydechnout po maximalnim nadechu. Standardné¢ se Tiffeneau index pouziva
k posouzeni obstrukéniho nebo restrikéniho plicniho onemocnéni. Déle byly zahrnuty faktory
souvisejici s operaci, vcetné techniky a rozsahu resekce.

Zavedeni modernich operacnich technik (V/RATS), snizeni objemu resekce plicni tkané
pomoci parenchym Setiicich technik (segmentektomie/atypicka resekce) nebo zavedeni

protokolu pro zlepseni rekonvalsecence po provedené hrudné chirurgické operaci (Enhanced
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Recovery After Thoracic Surgery, ERATS) vedlo v poslednim desetileti jednoznacné ke
snizeni miry PPC a poopera¢ni mortality (109). Samotna roboticka operace rovnéz snizila
miru nemocni¢ni pooperac¢ni mortality ptiblizné 0 50 % ve srovnani s otevienou torakotomii
(110). Dulezitym aspektem je, Ze faktory souvisejici s operaci jsou modifikovatelné, to
Znamena, ze typ operace a rozsah resekce Ize projednat v rdmci multidisciplinarniho tymu i se
samotnym pacientem.

Zasadni otazkou zlstava, jaky rozsah kalkulovaného rizika by mél byt u plicni resekce
povazovan za akceptovatelny, jaky za zvysSené rizikovy a pii jaké hodnoté by jiz méla byt
operace kontraindikovana. Jako ptijatelné riziko PPC je takové, které je < 30 %, zatimco
riziko > 50 % je pro chirurgickou 1é¢bu kontraindikovano. U pacientd s odhadovanym
rizikem PPC v rozmezi 31-50 % by méla byt zvazovana opatieni zaméfend na jeho snizeni, a
to na zdklad¢ konsenzu multioborového indika¢niho tymu a informovaného souhlasu
pacienta.

Cilem soucasnych studii jsou intervence vedouci ke zlepSeni respira¢nich funkci, jako je
incentivni spirometrie, cvi¢eni hlubokého dychéni, fyzioterapie a trénink inspiracnich svala
(111). Bylo prokazano, ze jiz jediné 30minutové cvieni v ramci piedoperacéni fyzioterapie
vyznamné snizuje vyskyt PPC, vcetné atelektaz pozorovanych na rentgenovych snimcich
hrudniku (112). Trénink dechovych svalii obvykle zahrnuje pét az sedm cviceni tydné, kazdé
v délce 15 az 30 minut, po dobu 2 tydnt pied operaci. Cochranetv piehled zahrnujici 695
pacientil ve 12 studiich ukézal, Ze ptredoperacni trénink dychacich svalli vyznamné snizuje
miru pooperacni atelektdzy a pneumonie a také zkracuje dobu hospitalizace po

kardiochirurgickych a velkych bfi$nich operacich (113).
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Predoperacni fyzikdlni vySetfeni by mélo zahrnovat posouzeni dechové frekvence a
auskultace obou plicnich poli k vylouceni akutni exacerbace CHOPN, akutni respiracni

infekce, chronického plicniho onemocnéni a selhani pravého srdce.

POOPERACNI KOMPLIKACE

Mezi pooperacni komplikace po plicnich resekcich fadime komplikace kardiovaskuldrni
(arytmie, hypotenze, srdecni selhani, plicni embolie, plicni edém, infarkt myokardu, cévni
mozkovou piithodu nebo KPR) a plicni (postoperative pulmonary complication, PPC) -
(pneumonie, ARDS, atelektaza, respiracni selhani vyzadujici mechanickou plicni ventilaci,
prodlouzeny Unik vzduchu z hrudniho drénu ¢i tracheostomie, viz. tab. 7. Pooperaéni plicni
komplikace vyznamné zvySuji morbiditu a mortalitu chirurgickych pacientl, zejména
pacientii s plicnim onemocnénim.

Mezi kliCové rizikové faktory PPC patii funkéni plicni omezeni, hypoalbuminemie, anémie,
souCasné koufeni a pfitomnost komorbidnich onemocnéni, jako je CHOPN nebo méstnavé
srde¢ni selhani (114). Pacienti s neuromuskularni slabosti rovnéz Celi zvySenému riziku v
dusledku zvyseného sklonu k hypoventilaci a stizenému kasli (115). Mezi dalsi rizikové
faktory patii obezita, dilatace pravé siné, perikardidlni vypotek (104) a operace trvajici vice
jak 2 hodiny zdvojnasobuje az ztrojnasobuje riziko PPC (116).

PPC jsou stejné Casté jako kardidlni komplikace a potencidlné vice vypovidaji o dlouhodobé
pooperacni mortalité, zejména u starSich pacientd (114). Prodluzuji pobyt na jednotce
intenzivni péce (mechanické ventilace) a ovliviiuji miru readmise, ¢imZ zvySuji naklady na
zdravotni péci (117). Pfesna stratifikace rizika PPC a G¢inna strategie zmirnujici toto riziko je

kruciélni pro kazdého pacienta.
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Tabulka 7 Poopera¢ni komplikace dle EPCO (Europen Perioperative Clinical Outcome)

(104)

Komplikace

Definice EPCO

Respiraéni

infekce

pacient byl 1é¢en antibiotiky pro podezieni na respira¢ni infekci, ktera spliiuje jedno nebo
vice z nasledujicich kritérii: nova nebo zménéna produkce sputa, nové nebo zménéné plicni

opacity, horecka nebo pocet bilych krvinek presahujici 12x10°/L

Respiracni selhani

pooperac¢ni PaO: pod 8 kPa (60 mm Hg) pfi dychani vzduchu, pomér PaO::FiO: pod 40
kPa (300 mm Hg) nebo arterialni oxyhemoglobinova saturace métena pulzni oxymetrii pod

90 %, vyzadujici oxygenoterapii.

RTG snimek hrudniku prokazujici tupy thel mezi Zebernim a brani¢nim listem pleury,

Pleuralni vypotek [|zastfenou konturu ipsilateralni branice ve stoje, posun pfilehlych anatomickych struktur,

zastfeni jednoho hemitoraxu pti zachované vaskularni kresbé
, plicni opacity vedouci k posunu mediastina, hilu nebo branice smérem k postiZzené oblasti,

Atelektiza o ., . , , C
doprovazené kompenzacni hyperinflaci v sousedni neatelektatické plici

Pneumotorax ptitomnost vzduchu v pleuralni dutiné

Bronchospasmus |[nové zjisténé exspiraéni sipani, které je 1é¢eno bronchodilatatory

Aspiracni

pneumonitida

akutni plicni poskozeni zptisobené vdechnutim regurgitovaného zalude¢niho obsahu

Pneumonie

RTG snimek plic s alesponi jednim z nasledujicich nalezt: infiltrat, konsolidace, kavitacni
léze. Alespon jedno z nasledujicich kritérii: horecka > 38°C bez jiné pficiny, pocet bilych
krvinek < 4 nebo > 12 x 10°/L, nebo vék > 70 let s nové vzniklou zménou mentalniho stavu
bez jiné ptiCiny. A alesponn dvé z nasledujicich kritérii: nové nebo zménény charater
hnisavého sputa, zvySena sekrece/nutnost odsavani, novy nebo zhorSujici se kasel, dusnost

nebo tachypnoe, chropy/bronchialni dychani, nebo zhorseni vymény plynt

RTG = rentgen;

inspired oxygen

PaO2 = partial pressure of oxygen in arterial blood; FiO2 = fraction of

Klasifikace zavaznosti PPC je rozd€lena do ¢ty stupnia (118): stupent 1 - méné zavazné

rizikové piihody, které nevyzaduji 1é€bu; stupenl 2 - potencialné Zivot ohrozujici komplikace

vyZzadujici intervenci nebo hospitalizaci del§i neZ dvojnasobek primérné doby, rozdélené na

stupent 2a pro lécbu pouze medikament6zni a stupeit 2b pro invazivni postupy; stupen 3 -

komplikace zpisobujici trvalé postizeni nebo resekci organu a stupen 4 - fatalni nasledky v

disledku komplikaci.
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Vyskyt PPC se obvykle pohybuje kolem 9 % u pacientli s normalnimi hodnotami FEV1 a
DLCO (103) a 14,5 — 37,5 % u neselektované populace pacientti se snizenymi hodnotami
FEV1a DLCO (102,119).

Dale je jako komplikace popisovana infekce v misté¢ chirurgického vykonu (surgical site
infection, SSI). Jedna se o preventabilni komplikaci, ktera vede k prodlouzeni pooperaéni
hospitalizace a zvySeni ekonomickych nakladi na 1é¢bu (120). V zavaznych piipadech mize
byt dokonce zivot ohrozujici. Mezi kli¢ova zakladni opatieni patii asepticky pristup, technika
provedené operace, kontrola glykémie, normotermie, vhodna profylakticka ATB terapie a
snaha o minimalni krevni ztraty. Rozdil v incidenci SSI u VATS/RATS lobektomie neni

signifikantni a pohybuje se kolem 7 % (121).

POOPERACNI HYPEROXEMIE

Poopera¢ni oxygenoterapie se jiz mnoho let pouziva k prevenci hypoxémie a popisuje se jeji
preventabilni ucinek na vznik SSI (122). Hyperoxemie ale muzZze mit nepfiznivé ucinky na
dychaci systém, véetné vzniku absorpéni atelektazy, zhorSeni ventilaéné-perfuzniho poméru,
snizeni mukociliarni clearance a zvySeni oxidac¢niho stresu plic (123-126). Hyperoxemie
mize mit také nepiiznivé ucinky na kardiovaskularni systém, vcetné sniZeni srde¢niho vydeje

a zvyseni cévni rezistence (127).

MozZnym mechanismem organového poskozeni spojeného s hyperoxemii je produkce
reaktivnich forem kysliku (reactive oxygen species, ROS) (128). Tvorba reaktivnich forem
kysliku (ROS) je obzvlasté¢ zvySend pii ischemicko-reperfuznim poskozeni nebo hypoxii
nasledované reoxygenaci (129), coz jsou stavy Casto spojené s plicnimi resekcemi a selektivni
ventilaci jedné plice (130). To naznacuje, ze tito pacienti mohou byt citlivéjsi na negativni

ucinky hyperoxémie.
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V retrospektivni analyze Saehr-Rye uvadi hyperoxémii jako vyznamny prediktivni faktor
vzniku zavaznych pooperacnich plicnich komplikaci a nartistu 30 denni mortality (2), na
rozdil od Mehoffovy studie (131), kdy nebyla zjsisténa souvislost mezi hypoxemii a

pooperac¢nimi komplikacemi.
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Tato prace vznikla ve spolupraci s MUDr. Vladimirem Cervetidkem z Kliniky zobrazovacich
metod Fakultni nemocnice u sv. Anny v Brn¢, ktery je jiz fadu let nedilnou soucasti
multioborové indika¢ni komise pro hrudni chirurgii.

Hlavni motivaci byla evaluace v problematice plicnich nodularit, kdy nardista a bude nartstat
pocet provedenych CT plic zejména v ramci zavedeni pilotni faze screeningového programu
rakoviny plic v Ceské republice v podobé low dose CT plic, a tedy daleko ¢ast&jsi zachyt
plicnich nodularit. Pfesna diagnostika je esencialni pro efektivni klinicky management, terapii
a prognozu pacientl. Nespravné zhodnoceni miize vést k nadmérnému sledovani a
nadbyte¢nym invazivnim zakrokiim (overtreatmentu) nebo naopak k prodleni a nezahajeni
adekvatni 1écby se vSemi negativnimu disledky pro pacienta. Vyskyt téchto nahodnych
nalezu (incidentalomi) uvadi literatura u kufaka nad 50 let v rozmezi 15 -30 % (132) a u
nékterych studii dokonce az 50 % (133). Etiologie plicnich nodultt muize byt benigni (infekce,
zanétlivé procesy, granulomy) nebo maligni kam patii primarni plicni karcinom, lymfom,

karcinoid, sarkom a metastatické nadorové onemocnéni plic (134), kdy jsou plice druhym
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nejcastéjSim mistem vyskytu téchto lozisek. Odhaduje se, ze 20 az 54 % zhoubnych nadori

vznikajicich v jinych ¢astech lidského téla bude metastazovat do plic (135).

Clanek analyzuje kli¢ové faktory predikujici malignitu nodulu, a to: velikost, morfologii,
ristovy potencial, ¢as zdvojnasobeni objemu (volume doubling time, VDT) (136), ptitomnost
kalcifikaci, tukové slozky, spikulaci. Zaméfuje se rovnéz na zdravotni profil a rizikové
faktory pacienta: kouteni, v€k, expozice kancerogenim, onkologickd anamnéza a chronické
plicni onemocnéni. Hodnoti a srovnava doporuceni Fleischner Society (FS) (137), British
Thoracic Society (BTS) (138) a American College of Chest Physicians (ACCP) (139) viz
tabulka 8.

Dale se zamé&fuje na hodnoceni denzity nodulu (solidni, subsolidni), rozdéluje subsolidni noduly
na cCisté ground glass noduly (pure ground glass) se svou typickou denzitu mlé¢ného skla a
Castecné solidni noduly (part solid) se svou nehomogenitou, obsahuji Solidni slozku a také ground
glass slozku. Casteéné solidni noduly predstavuji riziko v podobé& pomalu rostoucich nadort
zejména plicniho adenokarcinomu (AIS, MIA a lepidicky prevazujici invazivni adenokarcinom).
V téchto ptipadech je doporuc¢ena prodlouzena dispenzarizace, které piesahuje bézny 2lety casovy
ramec (137,138). Rizkovost maligniho potencialu GGO je dana piitomnosti solidni slozky,
pomérem solidni a celkové velikosti nodulu (consolidation-to-tumor ratio, CTR) >0,5,
celkovou velikosti loziska a rychlosti ristu loziska v ¢ase (vice jak 2 mm/rok).

Dluzno podotknout, Ze termin GGO byl historicky poprvé popsan u rentgenovych snimkd,
jeho specifika byla ale definovana pro CT a mél by byt pouzivan pouze v kontextu CT. Tento
nalez je nespecificky, protoZe ground-glass muZe byt zplisoben jakymkoli abnormélnim
procesem pod rozliSovaci schopnosti CT, ktery zcela nevytlacuje alveolarni vzduch, naptiklad
castenym vyplnénim alveold tekutinou nebo bunéénym materidlem, zvySenim objemu

kapilarni krve, histologickou fibrézou a jiz zminénym lepidickym vzorem adenokarcinomu

55



nebo kombinaci vySe uvedenych.

Plicni noduly mohou byt solitarni nebo mnohocetné. Je klicové posuzovat kazdy nodulus zv1ast,

jelikoz i pfi ptitomnosti maligniho hlavniho nodulu mohou byt ostatni noduly benigni a naopak

(140). Detekce vice nez jednoho podezielého nodulu vyznamné zvySuje pravdépodobnost

malignity. Maligni nodulus nemusi byt vzdy ten nejvetsi.

Clanek rovn&z analyzuje piinosy vyuziti umélé inteligence (Al) v diagnostice plicnich noduli. Al

technologie, zejména techniky hlubokého uceni, vykazuji vysokou piesnost v detekci a hodnoceni

maligniho rizika, pficemz jejich vyuziti je prozatim doplikem odborného klinického posouzeni.

Clanek zdiirazituje vyznam multidisciplinarniho piistupu v diagnostice a 1é¢bé plicnich noduld.

Tabulka 8 Komplexni diagnosticko - terapeuticky management pacienti s plicnimi

noduly
\Iﬁgﬁfét Stfedné
morfolo i,ck , Malé velké Vétsi solidni Vétsi subsolidni
charalfter ! solidni
6-8mm/
FS <6mm/ <1000 104 250 > 8 mm/>250 mm?| >6mm/> 100 mm®
mm mm>
5—-6 mm />
BTS <5Tnn:n/3<80 6 mm/> ||>8 mm/>300 mm? > 5 mm
80 mm?
Cisté ground glass noduly
— CT po 6-12 mésicich a
SN bez cT pak kazdé 2 roky po dobu
sledovani nebo kontrola v CT po 3 mésicich, 5 let. Caste¢né solidni
kontrolni CT intervalu nebo PET/CT, zvazit ||noduly — pokud je solidni
., ., llzal2 mésictuu biopsie nebo slozka stabilni a < 6 mm,
Solitarni léze o 6-12 ot . o
rizikovych mesici chirurgickou resekci || CT po 3-6 mésicich a
pacientli, SSN ak 18_2’ 4 (zejména rizikovi || pak ro¢né po dobu 5 let;
kontrola CT po P mesici pacienti) pokud je solidni slozka >
2 a 4 letech 6 mm nebo roste, dale
PET/CT, biopsie, nebo
chirurgicka excize
Mnohocetné CTpo3-6 |[CT po3-6| CT po 3—6 mésicich, || CT po 3 mésicich a pak
1éze mésicich a pak | mésicich a|| dalsi postup podle ||dalsi sledovani CT (1,2 a
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Velikost

nodulit Stiedné
o Malé velké Vétsi solidni Vétsi subsolidni
morfologicky cy .
solidni
charakter
voliteln¢ za 2 a||pak po 18—|| nejpodezielejsiho 4 roky), popt. biopsie

4 roky 24 loziska nebo chirurgicka resekce

meésicich v zavislosti na rizikovych

pfi nizkém faktorech a predik¢énich

riziku modelech

BTS = British Thoracic society; FS = Fleischner society, SN = solidni noduly, SSN = subsolidni noduly, VDT =
¢as zdvojnasobeni objemu; CT = computed tomography; PET/|CT = positron emission tomography/Computed
tomography
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PREHLED

Diagnosticko-terapeuticky management

plicnich nodulu

Diagnostic-therapeutic management of pulmonary nodules

Cervenak V., Chovanec Z.2, Berkova A2, Resler J. 2, Hanslik T2, Kelblova M.!, Novosadova K.!, Weiss V.3,

Bilek O.%, Vanicek J.!

'Klinika zobrazovacich metod LF MU a FN u sv. Anny v Brné
?|. chirurgicka klinika LF MU a FN u sv. Anny v Brné

?|. neurologicka klinika LF MU a FN u sv. Anny a v Brné
“Klinika komplexni onkologické péce LF MU a MOU Brno

Souhrn

Vychodiska: Rakovina plic je jednou z nejéastéjsich pficin umrti na celosvétové urovni, pricemz jeji
incidence i mortalita jsou vyrazné ovlivnény starnutim populace a zménami v prevalenci rizikovych
faktordi. Plicni noduly, ¢asto detekované nahodné pii zobrazovacich vysetienich, predstavuji vyznam-
nou diagnostickou vyzvu, jelikoz mohou signalizovat benigni i maligni procesy. Spravna diagnostika
amanagement téchto nodulli jsou proto zasadni pro optimalizaci klinickych vysledku. Cil: Tento ¢lanek
poskytuje komplexni prehled diagnostickych a terapeutickych postupl u plicnich nodull se zame-
fenim na hodnoceni maligniho potenciélu na zakladé morfologie, velikosti a riistového potencialu
nodull. Diskutovany jsou takeé rizikové faktory, které ovliviuji rozhodovaci proces, jako je koufeni, vék
a expozice karcinogeniim. Dale jsou detailné rozebrana klicova doporuceni Fleischnerovy spolecnosti
aBritish Thoracic Society. Clanek analyzuje pfinosy modernich zobrazovacich metod, vé. vyuziti umélé
inteligence (Al) v diagnostice plicnich nodull. Al technologie, zejména techniky hlubokého uceni,
vykazuji vysokou presnost v detekci a hodnoceni maligniho rizika, pficemz jejich vyuZiti je stale do-
plitkem odborného klinického posouzeni. Zavérem ¢lanek zdlraziuje vyznam multidisciplinarniho
pfistupu v diagnostice a lé¢bé plicnich nodulti a také zmifiuje implementaci pilotniho screeningového
programu rakoviny plic v CR, ktery je zaméfen na ¢asny zéchyt onemocnéni. Tento program mé poten-
cial vyznamné snizit mortalitu spojenou s rakovinou plic a zlepsit prognézu pacientt.

Klicova slova
plicni nodulus - CT - management plicnich nodult - dispenzarizace - rakovina plic

Summary

Background: Lung cancer is one of the leading causes of death worldwide, with incidence and mor-
tality significantly affected by population ageing and changes in the prevalence of risk factors. Lung
nodules, which are often detected incidentally on imaging studies, pose a significant diagnostic
challenge as they may indicate both benign and malignant processes. Correct diagnosis and man-
agement of these nodules is therefore essential to optimize clinical outcomes. Purpose: This article
provides a comprehensive review of diagnostic and therapeutic approaches to pulmonary nodules,
focusing on the assessment of malignant potential based on nodule morphology, size and growth
potential. Risk factors influencing the decision-making process such as smoking, age and exposure
to carcinogens are also discussed. In addition, key recommendations from the Fleischner Society
and the British Thoracic Society are discussed in detail. The article analyses the benefits of modern
imaging techniques, including the use of artificial intelligence (Al) in the diagnosis of lung nodules.
Altechnologies, particularly deep learning techniques, have shown high accuracy in detecting and
assessing malignancy risk, and their use is increasingly complementary to expert clinical judge-
ment. Finally, the article highlights the importance of a multidisciplinary approach to the diagnosis
and management of lung nodules, and also mentions the implementation of a pilot lung cancer
screening programme in the Czech Republic aimed at early detection of the disease. This progra-
mme has the potential to significantly reduce lung cancer mortality and improve patient prognosis.
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DIAGNOSTICKO-TERAPEUTICKY MANAGEMENT PLICNICH NODULU

Uvod

Podle zpravy WHO z roku 2020 je rako-
vina druhou nej¢astéjsi pfi¢inou amrti na
svété a hlavni pfi¢inou Uumrti pred dovrse-
nim 70 let véku [1,2]. Globalni zatéz spo-
jend s vyskytem rakoviny a jeji smrtnosti
se zvysuje v dUsledku starnuti populace,
jejiho rGistu azmén v prevalenci klicovych
rizikovych faktord, které jsou casto spo-
jeny se socioekonomickym rozvojem [1].
V roce 2020 byla rakovina plic celosvé-
tové druhou nejcastéjsi onkologickou
diagnézou s 11,4 % vsech pfipadu a pred-
stavovala 18,0 % vsech umrti zplsobe-
nych onkologickymi onemocnénimi,
coz znamen4, Ze kazdy desaty pfipad ra-
koviny a kazdé paté umrti na rakovinu
bylo zptisobeno rakovinou plic [2]. Péti-
leté preZiti pacientl diagnostikovanych
mezi lety 2010 a 2014 se ve vétsiné zemi
pohybuje mezi 10 a 20 %. Nicméné v né-
kterych zemich jsou hodnoty preziti vy3si
- v Japonsku 33 %, v Izraeli 27 % a v Korej-
ské republice 25 % [3].

V CR byla rakovina plic v roce 2021
¢tvrtou nejcastéjsi onkologickou dia-
gnoézou, pficemz muzi byli castéji po-
stizeni nez zeny v poméru 1,6 : 1 [4].
V mezinarodnim srovnani se CR v roce
2021 umistila na 28. misté v Evropé z hle-
diska incidence a na 21. misté z hlediska
umrtnosti [4,5]. Vice nez 65 % nové dia-
gnostikovanych pfipadt bylo odhaleno
v pozdnim stadiu, coz pfispélo k 5le-
tému preziti pouze ve 21,5 % pfipadu [5].

Plicni noduly, ¢asto detekované na-
hodné pii CT hrudniku, predstavuji dia-
gnostickou vyzvu. Jejich etiologie mize
zahrnovat infekce, zanétlivé procesy,
granulomy, primérni nebo sekundarni

Tab. 1. Etiologie plicnich nodul.

maligni nadory
plicni metastazy

benigni nadory
infekce
autoimunitni

onemocnéni

ostatni etiologie

nadorové onemocnéni [6]. Vyskyt téchto
ndhodnych nélez (incidentalomy),
zvlasté u kurakl nad 50 let, uvadi litera-
tura v rozmezi 15-30 % [7], nékteré stu-
die az 50 % (tab. 1) [8].

Vcasna a presna diagnostika plic-
nich nodull je esenciélni pro efektivni
klinicky management a prognézu pa-
cientd. Neadekvatni zhodnoceni mohou
vést k nadmérnému sledovani a nad-
bytec¢nym invazivnim zakrokim (overt-
reatmentu), nebo naopak k prodleni
a nezahajeni adekvatni [écby se viemi
negativnimi dusledky pro pacienta.

Kli¢covym faktorem diagnostiky je od-
had pravdépodobnosti malignity nodulu
zalozeny na velikosti, morfologii, risto-
vém potenciélu, pfitomnosti kalcifikaci,
tukové slozky, spikulaci a samoziejmé na
zdravotnim profilu a rizikovych faktorech
pacienta. Vyznamné do této problema-
tiky promlouvaji data z velkych screenin-
govych studii a odbornych spole¢nosti.
Fleischner Society (FS), zalozena v roce
1969, je mezinarodni multidisciplinarni
organizace zaméfend na studium nemoci
hrudniku, pfedevsim plic, s diirazem na
vyzkum a vyuziti zobrazovacich metod.
Publikuje smérnice pro klinickou praxi
v oblasti diagnostiky a Iécby plicnich ne-
moci, které jsou ve zdravotnické komu-
nité Siroce uznavany [9]. British Thora-
cic Society (BTS), zalozend v roce 1982, je
britska profesni organizace, které podpo-
ruje vyzkum, vzdélavani a tvorbu smérnic
pro lékafe a zdravotniky pracujici v ob-
lasti respira¢ni mediciny [10]. American
College of Chest Physicians (ACCP), za-
lozena v roce 1935, je predni svétova or-
ganizace zdravotnickych profesionall za-

bronchogenni karcinom plic, lymfom, karcinoid, sarkom,

hamartom, chondrom, lipom, papilomatéza, benigni me-
tastazujici leiomyom plic

mykobakteridIni infekce, absces plic, septické embolie,
Nocardia spp., hydatidova cysta, zénétlivy pseudotumor

revmatoidni artritida, granulomatéza s polyangiitidou

okrouhla atelektaza, intraparenchymové lymfatické
uzliny, plicni fibréza, amyloidéza, lipoidni pneumonie

méfena na prevenci, diagnostiku a lé¢bu
nemoci hrudniku, v¢. plicni onkologie. Pu-
blikuje odbornou literaturu a vyzkumné
préace, vydava smérnice pro klinickou
praxi v oblasti plicniho Iékafstvi [11].

Piikladem jedné z nejznaméjsich
screeningovych studii s rozsdhlym sou-
borem pacientl je studie NELSON se
zaméfenim na screening rakoviny plic
pomoci nizkodavkového CT vysetieni
(low-dose CT - LDCT) u silnych kufaka
a byvalych kuraku. Cilem studie bylo po-
soudit, zda pravidelny screening muze
snizit mortalitu zpGsobenou rakovinou
plic. Vysledky, publikované v roce 2020,
ukdzaly vyznamné snizeni umrtnosti na
rakovinu plic 0 24 % u muzl a az 0 33 %
u Zen, ktefi se zucastnili pravidelného
screeningu LDCT ve srovnani s kontrolni
skupinou bez screeningu [12]. Pro za-
chovaéni prehlednosti se dalsi ¢ast textu
bude vénovat doporucenim FS a BTS.

Cilem této edukacni review je po-
skytnout komplexni piehled o dia-
gnostickém a terapeutickém manage-
mentu plicnich noduld, které se bézné
nachazeji pii zobrazovacich vysetrenich.
Tyto noduly jsou vétsinou benigni a ne-
vyzaduiji dalsi sledovéni nebo Ié¢bu. Nic-
méné nékteré z nich mohou signalizovat
rana stadia plicni rakoviny, coz vyzaduje
pfesnou diagnézu a naslednou lécbu.
Clanek zdtraznuje vyznam hodnoceni
biologické povahy nodulG pomoci CT,
pficemz se zaméfuje na rozdily mezi so-
lidnimi a subsolidnimi noduly.

Detailné jsou popsany klicové sledo-
vané parametry, jako je velikost, ristovy
potencial a morfologicky charakter no-
dulG. Dalezité je také posouzeni riziko-
vého profilu pacienta v¢. faktortl jako
veék, pohlavi, kouteni, expozice karcino-
genim a geneticka predispozice. Text
je doplnén nazornou obrazovou doku-
mentaci, piehlednymi tabulkami a shr-
nujici tabulkou pro uceleny a snadno po-
chopitelny prehled problematiky. Vedle
hlavnich témat ¢lanek také okrajové ro-
zebird problematiku screeningu karci-
nomu plic v CR a detekce noduld po-
moci umélé inteligence (Al).

Tento prehled cerpéd z nejnovéjsich
doporuceni FS a BTS, pficemz poskytuje
dalezité informace jak pro diagnostiku,
tak pro nasledny klinicky management
plicnich nodul.
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DIAGNOSTICKO-TERAPEUTICKY MANAGEMENT PLICNICH NODULU

Jak pFistupovat k pacientim

s plicnimi noduly?

Zékladni diagnostickou technikou, jak
bylo uvedeno vyse, je nativni CT plic. Pfi
podezieni na maligni nodulus se mohou
vyuzit dalsi diagnostické metody jako
PET/CT, transtorakalni nebo broncho-
skopicka biopsie ¢i chirurgicka resekce.
Hodnoceni rizika malignity loziska musi
byt komplexni - zahrnujici zdravotni
profil pacienta (rizikové faktory) a cha-
rakteristiku nodulu na provedeném CT.
Zhodnoceni CT vysetieni a rizikovosti
pacientl s plicnimi noduly by mélo byt
provadéno multidisciplinarnim tymem
zahrnujicim radiology, plicni lékate, on-
kology, hrudni chirurgy a anesteziology
s odbornymi znalostmi v oboru.

Rizikové faktory ze strany pacienta
Koureni tabdku

Jedna se o hlavni a dobfe znamy rizikovy
faktor pro vznik rakoviny plic, odpo-
védny za 85 % vsech umrti souvisejicich
s touto nemoci [2,5]. Byvali i soucasni
kufaci maji az 8x vyssi pravdépodob-
nost vyvoje malignich nodul( ve srov-
nani s nekuraky [13]. Riziko rakoviny plic
je pfimo Umérné mnoizstvi spotfebova-
ného tabaku a délce doby koufeni, pfi-
¢emz zadna droven koufeni neni pova-
Zovana za bezpecnou. Navzdory snizeni
rizika po ukonéeni koufeni zlistava prav-
dépodobnost vzniku rakoviny plic u by-
valych kufak( vyssi nez u osob, které
nikdy nekoufily [14]. Elektronické ciga-
rety, ackoliv jsou povazovany za méné
skodlivé nez tradi¢ni cigarety, prinaseji
vlastni zdravotni rizika [15].

Vék pacienta

Predstavuje vyznamny rizikovy faktor pro
rakovinu plic, jeji vyskyt vyrazné stoupé
s pribyvajicim vékem [2,4]. Nejvyssi in-
cidence rakoviny plic v CR byla zazna-
menana u osob starsich 65 let [4]. Tento
trend reflektuje dlouhodobou expozici ri-
zikovym faktorim, jako je koureni, a aku-
mulaci genetickych zmén v bunkach ve-
douci k vyvoji nadort. Pravdépodobnost
vzniku rakoviny plic se primérné zdvoj-
nasobi s kazdou dekadou zivota [5].

Expozice karcinogennim ldtkdm
At uz se jednd o latky z pfirodnich zdroj,
znecisténého Zivotniho prostiedi, |ékar-

ské diagnostiky, nebo z pracovisté, jde
o dalsi vyznamny rizikovy faktor pro
vznik rakoviny plic. Rizné prachy, kovy
a pary byly prokézany jako faktory zvy-
sujici riziko rakoviny plic, pficemz kom-
binovana expozice témto latkam a ciga-
retovému koufi riziko jesté zvysuje [16].
Piikladem jsou nekufaci vystaveni
azbestu, ktefi maji téméf dvojnasobné
riziko vzniku rakoviny plic ve srovnani
s lidmi, ktefi nebyli témto latkam vysta-
veni, zatimco u kuraku se riziko zvysuje
az na devitinasobek [17].

Anamnéza plicniho karcinomu

Je vyznamnym rizikovym faktorem pro
vznik druhého primarniho plicniho
karcinomu [18]. Pacienti, ktefi prodé-
lali chirurgickou resekci nemalobuné¢-
ného plicniho karcinomu ve stadiu |,
maji téméf 7x vyssi riziko vzniku dru-
hého plicniho karcinomu v prvnim roce
po operaci a 4x vyssi riziko i 10 let po
operaci [19]. Riziko zlistavé vyznamné
i dlouhodobé po lé¢bé prvniho karci-
nomu [19]. Pacienti s historii karcinomu
hlavy a krku nebo jinych naddort spoje-
nych s koufenim, jako jsou karcinomy
mocového méchyie nebo pankreatu,
maji zvysené riziko vyvoje primarniho
plicniho karcinomu [20]. Plicni karci-
nom je také castym nasledkem u pa-
cienttl po lécbé Hodgkinovy choroby
a je Casty u pacientt s nehodgkinskymi
lymfomy [21,22]. Rodinnd anamnéza
plicniho karcinomu zvysuje riziko vyvoje
této nemoci. Osoby s pfibuznymi prv-
niho stupné postizenymi touto nemoci
maji dvojnasobné riziko. Riziko nartsta
s poctem postizenych ¢lenti rodiny, ze-
jména pokud byli diagnostikovani
v mladsim véku [23].

Chronické plicni komorbidity

Patii sem chronickd obstrukéni plicni
nemoc (CHOPN) a idiopaticka plicni fib-
r6za, jsou silné a nezavisle spojeny s vys-
sim rizikem rakoviny plic, a to i pres
spole¢ny rizikovy faktor koufeni [24].
V Narodni studii plicniho screeningu
(National Lung Cancer Screening Trial -
NLST) bylo zjisténo, Ze ticastnici s CHOPN
méli dvojnasobné riziko vzniku plicniho
karcinomu ve srovnani s osobami s nor-
malnimi plicnimi funkcemi [25]. Zvy-
ené riziko bylo také nezavisle spojeno

s pritomnosti emfyzému na CT snimcich
hrudniku, i po Gpravé pritokovych plic-
nich parametrti [24]. Odhadovany vyskyt
rakoviny u pacient( s idiopatickou plicni
fibrézou je asi 10 % [26), coz naznacuje,
Ze samotna fibréza muize prispét k vyvoji
karcinomu prostiednictvim dosud ne-
znamych mechanizma.

Genetické aspekty a familidrni vyskyt
rakoviny plic
Genetické predispozice spolu s vlivem
koufeni a primyslovych skodlivin vy-
znamné pfispivaji k vyskytu rakoviny
plic. Zatimco vétsina piipadi zvyse-
ného rizika v rdmci rodiny vyplyva z ku-
mulace téchto faktord, familiarni vyskyt
muze byt vzacné spojen se zarodec-
nymi mutacemi v genech jako TP53, APC,
RB1, NF2 a MSH2. Syndrom Li-Fraumeni,
zpUsobeny mutaci TP53, vyrazné zvy-
3uje riziko rznych nador(, vé. plicnich.
Sporadické pripady rakoviny plic jsou
polygenné determinované a ¢asto zahr-
nuji dosud nezndmé geny.

Pokud jerakovina plicdiagnostikovana
u jednoho ¢lena rodiny, riziko pro ostatni
se zvysuje zhruba 1,5x oproti bézné po-
pulaci. Toto riziko dale roste s po¢tem
postizenych osob v rodiné; pokud dvé
osoby onemocni, riziko pro dalsi ¢leny
rodiny stoupa na 1,8ndsobek.

Radiologické zhodnoceni noduli

Pro pfesné hodnoceni plicnich nodul(
jsou nezbytné tenké CT rezy, idedlné
v submilimetrovém rozliseni. Tloustka
fezu by neméla prekro¢it 1 mm, coz za-
jistuje izotropni zobrazeni umoznujici
multiplanérni rekonstrukce bez ztraty
obrazové kvality. Hodnoceni je prova-
déno jak v plicnim, tak v mediastindl-
nim okné pro identifikaci odlisnych den-
zitnich slozek nodul. Pomocna mlze
byt také technika maximum intensity
projection (MIP), ktera zvyraziiuje malé
plicni noduly spojenim voxel(i s nejvy3si
denzitou [27].

Velikost nodulu

Je primarnim faktorem v hodnoceni ri-
zika malignity. Noduly < 6 mm maji
obecné nizké riziko vzniku rakoviny, za-
timco u noduld > 8 mm vyrazné na-
rista pravdépodobnost malignity. Toto
kritérium se aplikuje jak na solitarni

410

Klin Onkol 2024; 37(6): 408-418

60



DIAGNOSTICKO-TERAPEUTICKY MANAGEMENT PLICNICH NODULU

Obr. 1. A) axialni CT scan se solitarnim, solidnim, hladce ohrani¢enym nodulem v S6 dolniho laloku vpravo. Histologicky se jednalo

c

o hamartom. B), C) Axidlni scany s hladce ohrani¢enym, solidnim loZiskem u stejného pacienta s odstupem 12 let. Vzhledem k veli-
kostni progresi z 16 na 22 mm a PET pozitivitu bylo resekovano. Histologie potvrdila typicky karcinoid.

solidni noduly, tak i na mnohocetné
noduly [8,9].

Méreni se provadi bud' jako nejvétsi
rozmér v jedné roviné, objem, nebo
stfedni primeér. FS doporucuje pouziti
stredniho prliméru ziskaného z nejdelsi
a nejkratsi osy ve stejném misté v axialni
roviné [9]. Tento parametr [épe koreluje
s objemem nédoru, obzvlasté u oval-
nych nodult [9]. Méfeni elektronickym
pravitkem ma urcitou variabilitu mezi
rGznymi hodnotiteli i u jednoho hod-
notitele. Proto FS doporucuje zhodno-
tit rGst loziska, dojde-li ke zvétseni pru-
méru alespon o 2mm [9].
nodult. Pfindsi vyhody v pfesnosti od-
hadu trojrozmérné struktury umoziu-
jici vypocet ¢asu zdvojnasobeni ob-
jemu (volume doubling time - VDT),
snizuje chybu méfeni mezi vice hodno-
titeli [28]. Pro ovéfeni ristu objemu no-
dulu je tieba, aby nové namérend hod-
nota presahla 25 % putvodniho objemu.
Zmény objemu < 25 % mohou byt du-
sledkem variability zobrazeni, obzvlasté
u mensich |ézi [29]. Malé zmény v roz-
mérech mohou naznacovat vyznamny
narlst objemu. Volumetrické méreni
umoznuje detekci ristu presnéji nez sle-
dovani jednotlivych rozmért, protoze
25% zvyseni rozméru sférického nodulu
znamend vyrazny narist jeho celkového
objemu [29].

Klasifikace FS z roku 2017 definuje
plicni nodulus jako okrouhlou opa-
citu obklopenou plicnim parenchymem

o velikosti < 3cm. Zatimco léze > 3cm
jsou povazovany za masy, které maji
velmi suspektni maligni potencial a mély
by byt histologicky verifikovany.

Denzita nodulu

Je klicovym znakem, ktery noduly dife-

rencuje na solidni a subsolidni |éze.

« Solidni noduly jsou nejcastéjsim
typem nodult, maji homogenni mék-
kotkénovou denzitu. Jejich etiologie je
velmi $irokd, od pozéanétlivych granu-
lom( az po primarni plicni karcinom
(obr. 1) [8,15].

« Subsolidni noduly se déle déli na dvé
skupiny:

- Cisté ground glass noduly (pure
ground glass) maji typickou den-
zitu mlé¢ného skla, kterd nezakryva
struktury plicniho parenchymu, jako
jsou cévy a bronchy (obr. 2A);

« castecné solidni noduly (part-solid)
jsou nehomogenni, obsahuji solidni
slozku a také ground glass slozku
(obr. 2B).

Caste¢né solidni noduly v plicich
mohou predstavovat pfitomnost mi-
nimalné invazivniho adenokarcinomu
(MIA), ktery se vyznacuje primarné le-
pidickym vzorcem rlstu. Tyto noduly
jsou rovnéz spojovany s invazivnim ade-
nokarcinomem, zejména s lepidicky pre-
vazujicim subtypem. Podle studii Inter-
national Association for the Study of
Lung Cancer (IASLC) / American Thora-
cic Society (ATS) / European Respiratory

Society (ERS) [30] primarni adenokarci-
nomy plic koreluji na patologické trovni
se subsolidnimi noduly viditelnymi na
CT. Pure ground glass noduly predsta-
vuji preinvazivni formy adenokarci-
nomu plic. Jedna se o atypickou adeno-
matoézni hyperplazii a adenokarcinom
insitu (AIS). Tyto formy jsou také znamy
lepidickym neoplastickym ristem, ktery
pfedstavuje rlst nadorovych bunék
kolem alveol(i bez invaze do stromatu,
lymfatickych cest nebo pleury [30].
Vzhledem k tomu, Ze radiologicky obraz
nodull na CT koreluje s patologickymi
nélezy, mGze mit tento obraz poten-
cialné prediktivni vyznam pro prognézu
pacienta [30].

Rustovy potencidl nodulu

Jde o dalsi kli¢covy indikator malig-
nity. Je dualezité srovnavat predchozi
zobrazeni. VDT je citlivym ukazate-
lem rychlosti rastu [31]. Jedna VDT od-
povida 26 % nartstu priméru no-
dulu. Vétsina plicnich karcinomG ma
VDT < 400 dnd, s nejvyssim rizikem ma-
lignity u VDT < 100 dnd [31]. Ale ani
VDT > 400 dnl nevylucuje malignitu.
Studie autortl Horeweg etal. ukazuje, ze
pravdépodobnost malignity je zvysena
u VDT v rozmezi 400-600 dni, pficemz
plicni karcinom byl diagnostikovan
u 1% pacientt s VDT > 1 000 dni [31].

Pocet noduli
Plicni noduly mohou byt solitarni nebo
mnohocetné. Studie NELSON ukazala, ze

Klin Onkol 2024; 37(6): 408-418

411

61



DIAGNOSTICKO-TERAPEUTICKY MANAGEMENT PLICNICH NODULU

B N

Obr. 2. Axialni CT scany. A) isty ground glass nodulus (pure ground glass); B) ¢astecné solidni nodulus (part-solid).

Obr. 3. A), B) Axialni CT fezy v plicnim okné s loziskem s nepravidelnymi okraji, spikulacemi na obrézku B s bronchogramem.V obou
pripadech se jednalo o nemalobunéény plicni karcinom. C) Kavitujici spinocelularni karcinom plic s nepravidelné tlustou sténou.

u poloviny osob byl zjistén solitarni no-
dulus [14], zatimco jiné studie nasly pru-
mérné 5-7 nodult na osobu na zac¢atku
screeningu [33]. Je kli¢cové posuzovat
kazdy nodulus zvlast, jelikoz i pfi pfitom-
nosti maligniho hlavniho nodulu mohou
byt ostatni noduly benigni a naopak [34].
Kazdorocné se u 3-13 % Gcastnikd scree-
ningu objevuji nové noduly, prevazné
solidni [35]. Nové subsolidni noduly se
vyskytuji v holandsko-belgické screenin-
gové studii béhem tfi screeningovych kol
v 0,9 %. [3]. Jsou nejcastéji zanétlivého
pavodu, pri¢emz 67 % téchto novych no-
dull regreduje nebo se zmensuje pfi dal-
$im CT vy3etieni.

Maligni znaky nodulu

Mezi né patfi napf. spikulace a nerovné
nebo nepravidelné okraje, pficemz zvy-
Suji pravdépodobnost malignity [33].
Vyskyt karcinomu je ¢astéjsi v hornich
lalocich plic a lokalizace nodulu v této
oblasti je povaZzovana za dalsi rizikovy
faktor [33].

Dalsi charakteristiky naznacujici ma-
lignitu jsou pleuralni vklinéni, kde no-
dulus deformuje pleuru, konvergenci
krevnich cév sméfujicich k nodulu
a vzduchové bronchogramy, kavitace
(Joresova kaverna) s nepravidelnou tlus-
tou sténou a se sytici se solidni slozkou
(obr. 3) [39].

Benigni znaky nodulu

Hladké, ostré kontury a kalcifikace v plic-
nich nodulech se vétsinou vykladaji jako
znak benignity, pfesto u 10 % plicnich
karcinomu byly zjistény kalcifikace [39].
Specifické vzory kalcifikaci (difuzni,
centrdlni, vrstvené, popcorn) nazna-
¢uji benigni charakter nodulu [40]. Tu-
kové denzity jsou téméf vzdy znakem
hamartomu a vylucuji plicni karcinom
(obr. 4) [40].

Bodové a excentrické kalcifikace

Ve vétsich nodulech (nad 8 mm) vyZzaduji
dalsi vysetieni kontrolnim CT, PET/CT
nebo biopsii (obr. 5) [40].
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hamartomu.

Obr. 5. Axialni CT fezy s excentricky uloZzenymi kalcifikacemi, nerovnymi okraji a spikulacemi. A), B) Klinovité pfitazeni pleury;

Obr. 4. Axialni CT fezy. A), B) Hruba kalcifikace v benignim granulomu; C) hladce ohranicené lozisko s tukovymi denzitami v plicnim

C), D) perkutanni biopsie loZiska s excentrickou kalcifikaci. U viech lozisek byl histologicky prokazan primarni adenokarcinom plic.

Perifisurdlni noduly

Byvaji umistény blizko plicnich fisur
nebo pleury, jsou obvykle benigni a po-
vazovany za intrapulmonalni lymfatické

uzliny [41]. Dlouhodobé screeningové
studie u pacientt s témito noduly nepo-
tvrdily vyssi vyskyt plicniho karcinomu.
Z toho divodu BTS guidelines nedopo-

rucuji daldi vysetiovani malych (< 10 mm)
hladkych perifisuralnich a subpleurélnich
nodul. Smérnice FS vsak zdlraznuji, ze
pouha perifisuralni nebo subpleuralni
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poloha nodulu nevylucuje riziko malig-
nity, a dalezité je vzit v Gvahu i dalsi mor-
fologické a klinické rizikové faktory jako
spikulace nebo dislokace fisury (obr. 6).

Management pacientt s plicnimi
noduly

Dukladné posouzeni pacientovy anam-
nézy a obrazovych studii je zasadni v dia-
gnosticko-terapeutickém procesu. Exis-
tuje nékolik modelt pro odhad rizika
malignity nodul, které zahrnuiji faktory
jako vék pacienta, historii koufeni, veli-
kost a morfologii nodulu. Tyto modely,
dostupné jako online kalkulatory, se lisi
v zavislosti na specifickych pacientskych
skupinach. Balata etal. ve svém sdéleni
uvadéji, ze vyuzitim smérnic BTS a predik-
tivnich modelG podle Brocka a Herdena
bylo zaznamenano pouze 4,6 % chirur-
gickych resekci pro benigni noduly [42].
Pfesto nebylo v jinych studiich jedno-
znacné prokazano, ze predikéni modely
prevysuiji klinicky usudek, a jejich pouzi-
vani neni univerzalné doporuceno [43].
Nejnovéjsi smérnice FS dokonce od pou-
ziti predikénich model odrazuji. Pre-
feruje dichotomicky systém stratifikace
nizkého rizika (< 5 %) spojené s mladsim
vékem, nizsim stupném koureni, men-
simi hladkymi noduly mimo horni lalok.
Vysoké riziko (> 5 %) pak spojené s opaky
popsanych charakteristik [9].

Malé noduly

Maji velikost (< 5 nebo 6mm) a jsou spo-
jeny s velmi nizkym rizikem malignity. Neni
doporuceno jejich dalsi sledovani. Presnd
definice malé velikosti se mirné lisi. Prokla-
sifikaci podle FS jsou malé noduly < 6mm
v primeéru nebo < 100 mm? v objemu. BTS
guidelines stanovuji hranici 5mm nebo
objem < 80 mm? [9,10]. Ve studii autor(i
Horeweg etal. bylo zjisténo, Ze pouze no-
duly < 5mm nebo < 100 mm? nebyly spo-
jeny s vyznamné zvysenym rizikem rako-
viny [32]. Tato doporuceni se vztahuji na
vsechny solitarni i mnohocetné solidni
noduly. U pacient( se solitarnimi nebo vi-
cecetnymi malymi subsolidnimi noduly
je doporuceno kratkodobé sledovani na
CT [9,10].

Stfedné velké solidni noduly
Maji velikost < 8mm, ale > 5 nebo
6mm), u nich se vzdy doporucuje sledo-

Obr. 6. Modfe je oznaceny typicky perifisuralni nodulus triangularniho tvaru reprezen-
tujici lymfatickou uzlinu. Cervené je oznacen netypicky perifisuralni nodulus.

véani na CT. Doporuceni je zaloZzeno na
odhadovaném riziku rakoviny v rozmezi
0,5-2 % ve skupinach s vysokym rizi-
kem [9,10,32]. CT se obvykle doporucuje
opakovat v rozmezi 6-12 mésich u soli-
tarnich lézi. Pro mnohocetné noduly je
doporuceny interval v prvnim kole sle-
dovéni 3-6 mésicl. V pfipadé stabi-
lity je nasledna kontrola doporucena za
18-24 mésic(.

Noduly, které se béhem 2letého sledo-
vani nezméni, jsou obecné povazovany
za benigni, coz umoziuje ukonceni sle-
dovani vétsiny pacientl [44]. Velikostni
stabilita nodul po dobu az 2 let oviem
zcela nevylucuje malignitu ve viech pi-
padech [9,10]. Podle doporuceni BTS
guidelines je pro ukonceni sledovéni ne-
zbytna objemova stabilita [10]. Pacienty
s rostoucimi noduly béhem sledovaciho
obdobi je tieba podrobit dalsimu dia-
gnostickému vysetieni.

Vétsi solidni noduly

Jejich velikost je > 8mm a jsou spojeny
s rizikem malignity presahujicim 2 %,
proto vyzaduji agresivnéjsi pristup. PFi-

pustné moznosti zahrnuji kratkodobé
sledovéni na CT v intervalu po 3 mési-
cich, PET/CT, bioptickou verifikaci nebo
chirurgickou resekci [9,10]. Pfesna srov-
natelnost a vysledny dopad téchto pfi-
stup(l neni znam [45]. Volba obvykle
zavisi na velikosti, uloZeni, morfologii
nodulu, stejné jako na faktorech sou-
visejicich s morbiditou pacienta a jeho
preferencich [46].

Pokud je chirurgicky zakrok prove-
ditelny, doporucuje se chirurgicka re-
sekce u pacientll s vysokym rizikem.
V piipadé nizké/stfedni pravdépodob-
nosti malignity by mélo byt provedeno
PET/CT vysetieni, a pokud je negativni,
doporucuje se sledovéni na CT nebo ne-
chirurgicka biopsie [13].

U pacientd s vice solidnimi no-
duly, z nichz alespon jeden ma veli-
kost > 8 mm, by mélo byt rozhodnuti
dalsiho postupu zaloZeno na nejsuspekt-
néjsim nodulu. Tento nodulus je obvykle,
ale ne nutné nejveétsi [9].

V téchto pfipadech uvazujeme na prv-
nim misté o metastatickém onemocnéni
plic, zejména jsou-li noduly umistény
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Obr. 7. Axialni CT a PET scany stejné pacientky sledované primarné pro kolorektélni karcinom. A) Vysetieni bylo provedeno v bieznu
2011, nalezem je Cisty ground glass nodulus. B) Obrazek doklada vysetieni ze zaii 2011, kde je velikost nodulu stacionarni, jeho den-
zita je ale vyssi. C) Vysetieni je z bfezna 2016 se zfetelnou velikostni progresi a zménou denzity uzlu na solidni. Jiz dle kontrolniho
vysetieni na obr. B by méla byt alarmujici persistence nodulu se zménou jeho denzity. Pfilozené PET scany nevykazuji patologic-
kou akumulaci fluorodeoxyglukézy. Histologicky se jednalo o primarna plicni adenocarcinom s predominantnim lepidickym ristem
(90 %) a loziskovym acinarnim ristem (10 %).

periferné v dolnich ¢astech plic a lisi se
svou velikosti. PET/CT vy3etfeni mGze
byt v téchto pfipadech uzite¢né [9,10].

Vétsi subsolidni noduly

Jejich velikost je > 5 nebo 6mm a jsou
méné casté nez solidni noduly. Ve dvou
velkych screeningovych studiich byly
Cisté ground glass noduly zaznamenany
v 15,8 a 9,3 % pfipadu, zatimco ¢aste¢né
solidni noduly byly jesté méné bézné,
vyskytly se v 4,3 a 0,9 % viech deteko-
vanych nodul( [33]. V tézZe studii byla
morfologie subsolidnich noduli identi-
fikovéna jako vyznamny prediktor malig-
nity [33], coz doklada korelaci mezi veli-
kosti solidni slozky v subsolidnim nodulu
a invazivnim chovanim nadord. Objevi-li
se u pacient( béhem sledovéni nové so-
lidni slozka v ptvodné cistych ground
glass nodulech, je to alarmujici zjisténi
s vysoce pravdépodobnou konverzi
v maligni 1ézi [33]. Cim vétsi je solidni
slozka nodulu, tim vy33i je riziko invaziv-
niho karcinomu [38]. Adenokarcinomy
s prevahou lepidického ristu, které maji
vétsi podil solidni slozky v subsolidnim
nodulu, jsou povazovény za agresivnéjsi

nez adenokarcinomy (AIS a MIA) se so-
lidni slozkou o velikosti < 5mm. Tyto se
na CT mohou zobrazit jako ¢isté ground
glass noduly nebo subsolidni noduly se
solidni slozkou < 5mm (obr. 7) [38].

Velikost solidni slozky predikuje i pre-
Ziti pacient s perifernimi adenokarci-
nomy plic. PfeZiti je delsi, pokud subso-
lidni nodulus obsahuje > 50 % ground
glass slozky ve srovnani s nadory, které
maji < 50 % ground glass slozky a vice
solidni komponenty [46].

Celkova velikost subsolidniho no-
dulu byla také spojovana s pravdeé-
podobnosti vyskytu invazivniho ade-
nokarcinomu [47]. Ve studiich, kde byly
resekovany cisté ground glass noduly
velikosti < 10mm, byly tyto jen zfidka
identifikovany jako invazivni adenokar-
cinomy. Naopak jak u ¢istych ground
glass nodul(, tak i u ¢astecné solidnich
nodulé > 10mm, a zejména > 15mm,
je pravdépodobnost malignity vyrazné
zvysena (tab. 2) [48].

Screening rakoviny plicv CR
V roce 2018 bylo 18,3 % nové dia-
gnostikovanych pfipad( nadorG plic

v klinickém stadiu Ill a 48,7 % v kli-
nickém stadiu IV. U 14,6 % nové dia-
gnostikovanych karcinoma nebylo kli-
nické stadium uréeno, coz naznacuje, ze
skutecny vyskyt pokrocilych stadii mtze
byt jesté vy3si. Tento fakt je spojen s rea-
litou, Ze vétsina pacientl s diagnézou
karcinomu plic navzdory zlep3ujicim
se terapeutickym mozZnostem na tuto
nemoc umira [51,52].

Vétsina rozsahlych studii zaméfenych
na casny zachyt karcinomu plic proka-
zala, ze aktivni vyhledavani nadord po-
moci LDCT u rizikovych osob vyrazné zvy-
suje podil nizsich stadii v dobé diagnézy
(az na 70 % piipadu pro stadia | a ll), coz je
spojeno s vyznamnym snizenim mortality.

Vysledky nejrozséahlejsi studie NLST
vedly k vydani doporuceni pro zavedeni
plosného screeningu v USA, coz podpo-
fily odborné spolecnosti. Podobné ERS
a Evropska radiologicka spolecnost (ESR)
v Evropé doporucuji screening a na za-
kladé studii, jako je nizozemsko-belgicka
studie NELSON (Nederlands-Leuvens
Longkanker Screenings ONderzoek).

Dne 1.ledna 2022 byl v CR na zakladé
téchto zjisténi spustén Populacni pi-
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lotni program ¢asného zachytu karci-
nomu plic. Jeho hlavnim cilem je ¢asné
odhaleni onemocnéni v latentni fazi. To
pacientiim umozni podstoupit |é¢bu
v nizkém klinickém stadiu onemocnéni,
coz v kombinaci s vhodnou lé¢bou po-
vede ke snizeni mortality. Program za-
hrnuje i opatieni na podporu odvykani
koufeni s cilem snizit jak nadorovou,
tak nenddorovou morbiditu. Soucasti
programu je také osvétova kampan za-
méfena na zvyseni povédomi o pro-
blematice mezi odbornou i laickou
verejnosti.

Tab. 2. Komplexni diagnosticko-terapeuticky management pacientu s plicnimi noduly [8,9].
Velikost noduli a jejich morfologicky charakter
Malé Stiedné velké solidni Vétsi solidni Vétsi subsolidni
Fleischner BTS Fleischner BTS Fleischner BTS Fleischner BTS
<6mm/ <5mm/ 6-8mm/ 5-6mm/ >8mm/ =28mm/ >6mm/ =25mm
<100 mm’ 80 mm? 100-250 26mm/ 250 mm3 2300 mm? 100 mm?
mm? >80 mm’
solitarni SN bezsle-  bezkontroly  CT kontrola CT po CTpo3mé- CTsledovani, cistéground CT po 3 mé-
léze dovéni nebo vintervalu 12 mésicich, sicichnebo nebo biopsie, glassnoduly sicich a pak
kontrolni CT 6-12 mé- je-liobjem  PET/CT, zva- popf. CTpo dalsi sle-
za 12 mésicl sict, pak staly, dale  Zenibiopsie  chirurgicka 6-12 mésicich dovani CT
u rizikovych 18-24 mésici  bez kont- nebo chirur- excize apakkazdé (1,2 a4roky)
pacientd, roly, pokud  gické resekce v zavislosti 2rokypo  popi. biopsie
SSN kon- je stabilni, (zejménarizi- rizikovych dobu5let  nebo chirur-
trola CT po jen primér, kovi pacienti)  faktorech ~ céstecnéso- gicka resekce
2 a4 letech kontrola CT a predik¢nich  lidninoduly v zavislosti
PO 24 mési- modelech  pokud jeso- na rizikovych
cich/=6mm lidni slozka faktorech
/=80 mm?, stabilni  a predikénich
CT po 3 mé- a<6mm,CT  modelech
sicich a v pi- po 3-6 mé-
padé sta- sicich a pak
bilniho ro¢né po
objemu nebo dobu 5 let;
VDT > 400 dni pokud je
CTza 12 mé- solidni
sictl a pak slozka = 6mm
jako vyse nebo roste,
dale PET/CT,
biopsie, nebo
chirurgicka
excize
mnoho- Fleischner Fleischner Fleischner Fleischner
cetné <6mm/ <100 mm? 6-8mm / 100-250 mm? 6-8mm / 100-250 mm’? >6mm/ 100 mm?
leze CT po 3-6 mésicich CT po 3-6 mésicich CT po 3-6 mésicich CT po 3-6 mésicich,
apakvolitelnéza2a4roky  apak po 18-24 mésicich a pak po 18-24 mésicich dalsi postup podle
pii nizkém riziku pii nizkém riziku nejsuspektnéjsiho loziska
BTS - doporuceni British Thoracic Society, Fleischner — doporuceni Fleischnerovy spole¢nosti, SN - solidni noduly, SSN - subso-
lidni noduly, VDT - ¢as zdvojnasobeni objemu

Pilotni faze programu ma planova-
nou dobu trvani 5 let a jeji pribéznou
evaluaci zajisti Narodni screeningové
centrum Ustavu zdravotnickych infor-
maci a statistiky CR. Uspé&$nost pilotni
faze muze vést k transformaci tohoto
programu na narodni screeningovy
program.

Na evropské urovni jsou podobné ini-
ciativy soucasti Evropského planu boje
proti rakoviné a Narodniho onkologic-
kého programu CR 2030. V Evropé jiz
byly zahajeny screeningové programy
na narodni trovni, napf. v Polsku a Chor-

vatsku. Ve Velké Britanii byl spustén re-
gionalni screeningovy program v oblasti
Manchesteru [51,52].

Vyuziti Al v detekci, diagnostice

a klasifikaci plicnich noduli

V poslednich desetiletich pfinesl rozvoj
informacnich technologii a umélé inte-
ligence zasadni zmény ve zdravotnictvi.
Diky rostouci vypocetni kapacité a do-
stupnosti velkych datovych soubortl se
Al stava klicovym nastrojem pro ana-
lyzu zdravotnickych udajd. Je vyuzivana
v predikci onemocnéni, personalizo-
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vané medicing, robotické chirurgii i dia-
gnostickych zobrazovacich metodach.

Nové techniky hlubokého uceni (deep
learning) a konvolué¢nich neurono-
vych siti (convolutional neural network
- CNN) dokézou automaticky deteko-
vat a hodnotit plicni noduly na CT snim-
cich. Dosahuji vysoké pfesnosti a niz-
kého poctu falesné pozitivnich vysledka.
CNN jsou Ucinné pfi zpracovani obra-
zovych dat diky schopnosti extrahovat
prostorové rysy, coz je klicové pro de-
tekci plicnich nodul. Segmentace no-
duli je zasadni pro presné odhadovani
jejich objemu.

Moderni pfiistupy kombinuji klinicka
a radiologicka data k odhadu pravdépo-
dobnosti malignity noduli. Studie uka-
zuji, Ze Al mize dosdhnout senzitivity
az 89 % pii detekci plicnich noduld, za-
timco prlmérna senzitivita lidskych ra-
diologi je kolem 71 % [53].

Radiomika je slibna metoda, ktera
extrahuje kvantitativni rysy z CT snimk,
propojuje je s genetickymi a molekular-
nimi profily nador a umoznuje perso-
nalizovanou medicinu [54].

Al technologie vyrazné prispivaji k po-
kroku v detekci, diagnostice a klasifikaci
plicnich noduld. PrestozZe Al v nékterych
aspektech prekonava lidské radiology,
jejich role zGstava klicova pro findini roz-
hodnuti a interpretaci vysledku. Al je
vykonny nastroj, ktery radiologim po-
maha zvysovat presnost a zkracovat ¢as
analyzy snimkd, ale nemze je nahradit.

Shrnuti
Z vyse uvedeného vyplyva, Ze manage-
ment solidnich nodulti zavisi hlavné na
jejich velikosti. Solidni noduly < 5 nebo
6mm neni tieba sledovat, solitarni no-
duly do 8 mm kontrolujeme za 6-12 mé-
sic, mnohocetné za 3-6 mésicd. Solidni
noduly vétsi nez 8mm sledujeme po
3 mésicich nebo podle rizikovosti bio-
ptujeme i resekujeme. U subsolidnich
nodull se fidime jednak jejich velikosti,
jednak, je-li nodulus vétsi nez 6 mm, je
dalsi postup fizen hlavné podle velikosti
solidni komponenty. Dle doporuceni
FS neni pak uz celkova velikost nodulu
hlavnim sledovanym parametrem [9].
Riziko malignity, ale i invazivity pod-
pofi i dalsi morfologické znaky jako
pfitomnost vzduchovych dutin, air-

bronchogramti, spikulace a retrakce
pleury [49].

Dulezitym faktem pro subsolidni no-
duly je jejich spojitost s pomalu ros-
toucimi nadory ve spektru plicniho
adenokarcinomu (AIS, MIA a lepi-
dicky pfevazujici invazivni adenokarci-
nom) [38,48]. Proto se v téchto piipadech
doporucuje delsi sledovani, které presa-
huje bézny 2lety ¢asovy ramec [9,10].
U cistych ground glass nodul( selhava
diagnostika na PET/CT. Ani biopsie ne-
musi byt vytézna. [50]

Na zékladé vyse uvedeného se viem
pacienttim s jedinym subsolidnim plic-
nim nodulem o velikosti = 6 mm do-
porucuje sledovani na CT. Navrhované
intervaly jsou kratsi pro subsolidni no-
duly. Delsi intervaly mohou byt pro sle-
dovani cistych ground glass noduld,
které vykazuji nizsi riziko. PFi potvrzeni
perzistence a bez zjisténé rlstové pro-
grese je doporuéeno dalsi sledovani na
CT po dobu celkem 5 let pro stabilni
cisté groung glass noduly a mensi sub-
solidni noduly. U perzistentnich solitar-
nich subsolidnich noduli o celkovém
prdméru > 8 mm nebo noduld se solidni
slozkou o velikosti = 6 mm je vyZzadovan
agresivnéjsi postup v¢. PET/CT (pouze
pokud je pevna slozka > 8 mm), biopsie
nebo chirurgické resekce, event. kombi-
nace téchto metod.

U pacientll s vicecetnymi subsolid-
nimi noduly, z nichz alespon jeden ma
rozmér 6 mm a vice, se doporucuje sle-
dovaci CT za 3-6 mésicli a zaméfit se na
nejsuspektnéjsi nodulus. Bézna etiolo-
gie nodulti jsou infekéni a jiné zanétlivé
priciny. V pfipadé subsolidnich noduld
bez regrese, ¢i dokonce velikostni pro-
grese by mél byt zvazen mozny vyskyt
primérnich plicnich adenokarcinomi.
Detekce vice nez jednoho podezielého
nodulu vyznamné zvy3uje pravdépo-
dobnost malignity. Maligni nodulus ne-
musi byt vzdy ten nejvétsi.

Zaver

Diagnostika a management plicnich no-
duld je komplexnim multidisciplinarnim
procesem, ktery vyzaduje peclivé zva-
Zeni mnoha aspekta v¢. velikosti, mor-
fologie sledovanych nodull a také epi-
demiologickych a rizikovych faktor
pacienta. Vyznamna role je prikladéna

véasnému odhaleni malignity a zajis-
téni adekvatni lécby se zlepsenim dlou-
hodobého prezivani oproti nadbytec-
nému navyseni poctu provedenych CT
vysetieni se viemi jejich dusledky. Proto
jsou presna diagnostika a efektivni ma-
nagementové terapeutické strategie
zalozené na doporuc¢enich odbornych
spole¢nosti klicové pro dosazeni opti-
malnich vysledkd. Dulezita je implemen-
tace screeningovych programd, jakym je
Populacni pilotni program ¢asného za-
chytu karcinomu plic, ktery by mohl pfi-
spét k ¢casnému odhaleni a lécbé plicni
rakoviny. Vyuziti umélé inteligence v de-
tekci, diagnostice a klasifikaci plicnich
nodull zvysuje presnost diagnostiky
a zkracuje ¢as analyzy snimku.
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K provedeni adekvatni resekce plicniho loziska je pro operatéra kli¢ova informace o jeho
lokalizaci v plicnim parenchymu. Tuto informaci ziska operatér diky pfedopera¢né
provedenému CT, kdy ma nyni diky 3D planovani k dispozici nejen informaci o lokalizaci
loziska v pfislusném plicnim segementu, ale i o jeho vztahu k okolnim cévam a bronchum.
Nicméné pokud nema chirurg tento program v podobé ,,GPS*“ kdispozici a neplanuje
provedeni anatomické resekce, je dalezité pro uspéSnou mini-invazivni operaci znat piesnou
lokalizaci loziska v plicnim pranchymu, a to zejména, je-li uloZzeno subpleuralné.

Subpleuralné ulozena loziska nejsou pii mini-invazivnim pfistupu (V/RATS) perioperacné
viditelna. Jejich detekce béhem operace byla do neddvna moZna pouze za pomoci Setrné
palpace operatérem vétSinou skrze provedenou torakotomii. Samostatnou kapitolou jsou
loziska charakteru ground glass opacity (GGO), které neni mozno technicky bezpec¢né
vypalpovat a ultrasonografické vySetieni je vzhledem ke vzdusnosti plicniho parenchymu
nepiesné. K uspésnému provedeni operaniho zdkroku mini-invazivni metodou je nutné

loZisko ur€ené k resekci operatérovi vizualizovat.
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Po prostudovani celé skaly lokaliza¢nich technik, diskutovanych v teoretické casti této prace,
a se zohlednénim moznosti naseho pracovisté jsme se rozhodli, zvolit metodu barveni pod
kontrolou CT navigace.

Nase studie byla inspirovana praci Lina (1) popisujici detekci subpleuralné lokalizovanych
lozisek pomoci Patent blue dye V a jeho navazujici praci kompletujici moznosti vizualizace
subpleralné lokalizovanych loZisek operatérovovi pired VATS (141). Studie byla realizovana
za velkého prispéni MUDr. Vladimira Cerveidka.

Anotace:

Cilem nasi studie bylo posoudit proveditelnost a uspésnost lokalizace subpleuralné uloZzeného
plicniho nodulu, pomoci smési Patent Blue V a jodové kontrastni latky, pfed planovanou
extraanatomickou VATS resekci u pacientl, u kterych nebyla primarné indikovana
anatomicka resekce typu segmentektomie ¢i lobektomie.

Metodicky se jednalo o retrospektivni studii z obdobi 2017-2023. Do studie byli zafazeni
pacienti s plicnimi noduly lokalizovanymi < 30 mm od parietalni pleury a soucasné
indikovani k VATS extra-anatomické resekci. Pacienti podstoupili bezprostfedné pied
planovanou operaci barevné oznaceni, oblasti s plicnim loziskem, aplikované subpleuralné -
0,2 — 0,3ml barevné smési (0,5 ml jodové kontrastni latky Omnipaque 350 mgl/ml a 1,5 ml
Patent blue V ve 2ml). Hodnocena byla tspésnost provedeného znacni, ¢asovy interval od
oznaCeni k operaci a jeho vliv na periopera¢ni viditelnost oznacené oblasti, komplikace
souvisejici se znacenim, definitivni histologicky ndlez a 30denni mortalita. Dale byla
hodnocena souvislost Gispésnosti znaceni s kurackou anamnézou pacienta.

Celkem bylo oznageno 62 1ézi. Usp&$né oznadeni bylo zaznamenano u 56/62 (90,3 %)
pacientd. Kritérium pozitivity byla zfetelna vizualizace znacené oblasti plicniho parenchymu

operatérem pii VATS V rozsahu plicniho parenchymu mensi jak jeden plicni segement. Za
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negativni bylo povazovano oznaceni parenchymu v rozsahu vice jak jednoho segementu (2
ptipady) nebo VATS nedetekovatelna znacena oblast (3 piipady). U jednoho pacienta bylo
lozisko lokalizované v odlisném plicnim laloku, nez bylo provedené znaceni.

Median doby od oznaceni 1éze do zahajeni operace byl 75,0 (IQR 65,0-85,0) minut.
Pneumotorax souvisejici se zdkrokem byl pozorovan u 6 (9,7 %) pacienti a
intraparenchymovy hematom u 1 (1,6 %) pacienta. Komplikace v podobé¢ alergické reakce
nebyla zaznamenana. Nebyla pozorovana statisticky vyznamna souvislost mezi lokalizaci
subpleuralni 1éze, vyskytem komplikaci nebo dobou od oznaceni do operace. Tticetidenni
mortalita byla nulova. Nebyla pozorovana zadna souvislost mezi koufenim a uspéSnosti
Znacent.

Zavérem: metoda znaceni subpleuralné ulozenych plicnich lozisek pod CT navigovanou
kontrolou smési Patent Blue V a jodové kontrastni latky poskytuje, dle vysledkl nasi studie,
chirurgovi moznost piesné vizualizace oznafeného okrsku plicniho parenchymu pied
planovanou extra-anatomickou VATS resekci. Nase studie potvrdila, ze se jedna o bezpe¢nou
a efektivni metodu s minimem periproceduralnich komplikaci.

Nase vysledky jsou limitovany jednak malym poc¢tem pacientl, jednak potencidlnim rizikem
rozptyleni zna¢ené smési v plicnim parenchymu pii velmi ¢asné aplikaci pifed samotnou
resekei, které by mohlo vést k nadmérnému zvétSeni znacené oblasti — tento efekt se vSak v
nasi studii neprokazal. Pro realizaci této studie bylo tfeba synchronizovat provoz na CT
pracovisti soucasné s provozem na operaénim sale s pfitomnosti intervenéniho radiologa a
hrudniho chirurga, coz bylo a je v akutnim provozu vyzvou pro oba tymy.

Doposud neni stanovena jednozna¢né nejoptimalnéjsi lokalizaéni technika, jez by spliiovala
atributy: presnost, nekomplikovanost provedeni, minimalni diskomfort pro pacienta, ¢asovou

nenaro€nost, variabilni pouZitelnost, ndastrojovou nendro¢nost, Sirokou uplatnitelnost,
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ekonomickou vyhodnost, minimalni ¢i zadnou expozici RTG zafeni (také pro radiologa a

chirurga) a soucasnou proveditelnost na operac¢nim sale.

Nicméné¢ vysledky této studie ptispély k implementaci této techniky do repertodru

diagnosticko terapeutického managementu plicnich nodularit v nasi nemocnice.
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marking with patent blue V dye
prior to surgical resection
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of Medicine, Masaryk University, Bro, Czechia, *Klinik fur Neuroradiologie, Universitaetsklinikum
Freiburg, Freiburg im Breis, Germany, ‘Department of Anesthesiology and Intensive Care, St. Anne's
University Hospital Brno and Faculty of Medicine, Masaryk University, Brno, Czechia, *Department of
Pharmacology, Masaryk University Faculty of Medicine, Brno, Czechia, *Department of Biostatistics,
International Clinical Research Centre of St Anne’s University Hospital Brno, FNUSA, Brno, Czechia

Background and objective: Subpleural located pulmonary nodules are
perioperatively invisible to the surgeon. Their precise identification is
conventionally possible by palpation, but often at the cost of performing a
thoracotomy. The aim of the study was to evaluate the success rate and
feasibility of the pre-operative CT-guided marking subpleural localized nodule
using a mixture of Patent Blue V and an iodine contrast agent prior to the extra-
anatomical video-assisted thoracoscopic surgery (VATS) resection in patients for
whom the primary anatomical resection in terms of segmentectomy or
lobectomy was not indicated.

Methods: The data of consecutive patients with pulmonary nodules located < 30
mm from the parietal pleura, who were indicated for VATS extra-anatomical
resection between 2017 to 2023, were retrospectively reviewed and analyzed. All
patients indicated for VATS resection underwent color marking of the area with
the pulmonary lesion under CT-guided control immediately before the surgery.
The primary outcome was the marking success. Morphological lesion
characteristics, time from marking to the surgery, procedure related
complications, final histology findings and 30day mortality were analyzed.
Additionally, we assessed the association of the successful marking and the
patient’s smoking history.

Results: A total of 62 lesions were marked. The successful marking was observed
in 56/62 (90.3%) patients. The median time from the lesion marking to the
beginning of surgery was 75.0 (IQR 65.0-85.0) minutes. The procedure related
pneumothorax was observed in 6 (9.7%) patients, intraparenchymal hematoma in
1 (1.6%) patient. No statistically significant association of the depth of the
subpleural lesion’s location, occurrence of complications or time from the
marking to surgery and the successful marking was observed. The 30day
mortality was zero. No association of smoking and successful marking
was observed.
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Conclusions: The method of marking the subpleural pulmonary lesions under
CT-guided control with a mixture of Patent Blue V and iodine contrast agent is a
safe and effective method with minimal complications. It provides surgeons the
precise visualization of the affected pulmonary parenchyma before the planned
extra-anatomical VATS resection.

KEYWORDS

computed tomography-guided dye labeling, video-assisted thoracoscopic resection,
patent blue, pulmonary nodule, lung cancer

1 Introduction

Pulmonary nodules represent a significant diagnostic challenge
within the realms of radiology, pneumo-oncology, and surgery. Their
etiology notably varies, encompassing a wide spectrum from benign to
malignant lesions including infectious and inflammatory processes,
granulomas, primary tumors or metastatic lesions. These nodules are
often incidentally detected on computed tomography (CT) of the
chest. According to a study by American authors GOOD CA,
pulmonary nodules are among the most frequent incidental findings
on chest CT, occurring in approximately 50% of smokers over the age
of 50 (1). Other studies report the incidence of pulmonary
incidentalomas in 15-30% of performed lung CT scans (2).

Technical advances in CT imaging of the lung parenchyma
allow improved diagnosis and allow estimation of the oncological
potential of these lesions.

There is an array of recommendations and guidelines for the
evaluation of pulmonary nodules, which may vary slightly. The
recommendations based on the Fleischner classification (3) and
BTS guidelines (4) have been recently updated based on the insights
from large screening studies (5). They play a crucial role in the
assessment of the malignant potential of lesions, risk evaluation,
and recommendation of the further management of the pulmonary
nodules in daily clinical practice (6).

Small subpleural lesions are challenging for percutaneous
transthoracic or transbronchial biopsy, typically resulting in low
diagnostic yield (7). Therefore, it is preferred to perform a complete
resection of the pathological focus. Video-assisted thoracoscopic
surgery (VATS) is often the method of choice (8).

Subpleural lesions are invisible to surgeons during thoracoscopy
and their precise location is usually performed by palpation, which
can be problematic in minimally invasive approaches due to limited
access through a small incision. Subsolid nodules can be difficult to
palpate, and pure ground-glass nodules are impalpable (9-11).
Therefore, alternative methods of visualization are required.
Techniques for visualizing pulmonary nodules are divided into
noninvasive, such as localization by ultrasound during surgery (12).
Invasive methods involving marking with radiopaque materials such
as wires, coils or fiducial markers (13, 14) or staining the resection
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area with dyes (Patent Blue V, Methylene Blue, indocyanine green)
under CT or bronchoscopy guidance (14-18). Dyes are particularly
effective in subsolid and pure ground-glass lesions, which are not
palpable (8-11). The choice of method depends on facility capabilities
and the preferences of radiologists and surgeons. The ideal method
should be simple, reliable, and safe.

We have chosen to use color marking with mixture of Patent Blue
V and an iodine contrast agent due to its simplicity, safety, excellent
results as evidenced in published studies, and its cost-effectiveness.
This method allows for precise, reliable localization of lesions.

2 Materials and methods

The retrospective study protocol was approved by the ethics
committee of the St. Anne s University Hospital Brno (FNUSA) in
the Czech Republic. Patients were informed in detail about their
disease, the proposed treatment and the procedure, and based on
this information they provided their informed consent prior to
the procedure.

2.1 Study population

We retrospectively analyzed data from consecutive patients
with pulmonary nodules who were indicated for and underwent
the extra-anatomical VATS resection with prior marking of these
nodules using a mixture of blue dye and contrast agent between
2017 and 2023.

The patients indicated for VATS resection consisted of patients
with new incidental findings (incidentalomas), and patients with
known oncological disease with newly occurred pulmonary lesions,
lesions showing size progression, or lesions with a conspicuous
change in their morphological character.

All patients had available baseline CT chest scans that were
acquired no longer than 8 weeks prior to the scheduled surgery.
Baseline CT chest scans were either conducted at the Department of
Medical Imaging at FNUSA or sent to the FNUSA for evaluation
from surrounding regional hospitals in the South Moravian region.
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2.2 Inclusion and exclusion criteria

All patients indicated for VATS resection were individually
assessed by institutional multidisciplinary lung tumor board, which
included a radiologist, surgeon, oncologist, and pulmonologist.
Patients were selected for marking and subsequent surgery after the
evaluation of their CT scans, pulmonary examinations (including
spirometry and determination of the extent of safe lung resection),
oncological assessment, and overall clinical status based on the
clinical examinations by an anesthesiologist and internal medicine
physician. The evaluation of CT findings was conducted according to
the 2017 revised Fleischner Society recommendations and BTS
guidelines. A newly diagnosed pulmonary nodule in oncological
patients was considered a possible metastasis.

Criteria for VATS resection were solid subpleural nodules larger
than 8 mm, subsolid nodules with a solid component larger than 6
mm persisting or progressing in size, conspicuous pure ground-
glass nodules larger than 10 mm, and suspected metastatic lesions.
When multiple nodules were present, further management was
guided by the most conspicuous nodule. All nodules were located
within 30 mm of the pleura.

Patients were not indicated for the VATS resection when there
was a biopsy-verified primary pulmonary tumor or a highly
suspicious finding on CT suggestive of primary pulmonary
tumor, centrally located pulmonary nodules or those located
more than 30 mm from the pleura. Patients with known allergies
to Patent Blue V dye, iodine contrast agents, and those with a
negative attitude towards the chosen method were not included in
the study. Exclusion criterias were age under 18years, pregnancy,
breast feeding, iodine allergy, Patent Blue V allergy, lung nodules
obviously crossing parietal pleura. Figure 1

2.3 Intervention

The marking was performed on the day of the operation and
scheduled in such a fashion that the VATS resection of the lesion
followed as soon as possible after the marking. On the day of the
procedure, a control CT chest was routinely performed for all
patients in a supine position to detect any changes.

Unenhanced CT chest exams were performed on Light Speed
64VCT (GE Healthcare) and Brilliance 256 (Phillips Healthcare)
machines following a local standardized protocol with slice
thickness of 0.625 mm (120 kVp, 100-250 mA). Subsequently, the
CT images were reconstructed to slice thicknesses of 5 mm. All
images were evaluated both in the lung window (window width
1500 HU, window level -700 HU) and in the mediastinal window
(window width 375 HU, window level 50 HU).

Further positioning of the patient (supine, prone and lateral
decubitus) on the CT table was adapted to the location of the nodule
in the lungs and anatomical conditions, to allow the most precise
needle introduction to the nodule. After choosing the optimal and
safe puncture path, we marked the puncture site on the patient’s
skin using CT coordinate points. In local anesthesia with 1%
Mesocain and under aseptic conditions, we introduced the tip of
a thin 22G 12 cm long needle to the lesion or its immediate vicinity.
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The direction and progress of the needle were corrected using the
step-by-step method so that the tip safely pointed to the point of
interest and passed through the pleura only once. For nodules
located near the parietal pleura of the chest wall or near the
mediastinal parietal pleura, a trajectory passing through the
pleura either perpendicularly or tangentially was chosen.
Subsequently, pulmonary tissue was stained by instilling 0.2-0.3
ml of the marking mixture, created by mixing 0.5 ml of iodine
contrast agent Omnipaque 350 mgl/mL and 1.5 ml of Patent Blue V
in a 2ml syringe. The procedure was completed with a follow-up CT
chest to verify the distribution of the marking mixture and to assess
any potential complications.

The surgeon was provided with information about the patient’s
position on the CT table, the localization of the injected dye in relation
to the lesion, and any complications. The patient had a peripheral vein
secured throughout the procedure for the administration of
corticosteroids and catecholamines in case of an allergic reaction.

After the marking, patients were transferred to the operating room.
Under general anesthesia and selective lung ventilation, VATS resection
of the nodule was performed. The marked section was identified by
visualizing the blue dye on the surface of the lungs. Figure 2.

2.4 Outcomes

The primary outcome was the success of the marking.

The criterion for successful marking was defined as clear
perioperative visual identification of the blue-marked pulmonary
section, enabling safe RO resection of the lesion during VATS. The
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FIGURE 2
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failure of marking was defined as inaccurate or impossible
perioperative visual identification of the stained pulmonary
section. This situation occurred in cases of either complete
absence of color marking or when its spread exceeded one
pulmonary segment, or in cases of uncertain identification of the
marked section within the anthracotic lung tissue.

Other analyzed parameters included the morphological
characteristics of the lesion (the number of lesions, their size,
location in the lung parenchyma, distance from the pleura), time
from marking to the surgical procedure in relation to intraoperative
visibility, procedure related complications (pneumothorax,
intraparenchymal hematoma) histology findings and 30days

mortality. Additionally, we assessed the association of the

successful marking and the history of smoking.

2.5 Statistical analysis

Statistical analysis was performed using the programming
language R (version 4.2.1) in the integrated development
environment R studio. Results were considered as statistically
significant in a case their p-value was below 0.05. Continuous
variables were presented as median and interquartile range (IQR)
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and categorical variables as numbers with percentages. To test the
normality of continuous data Shapiro-Wilk test was performed.
Statistical testing of differences between groups consisting of
continuous data was performed using Mann-Whitney test as at
least one of the compared groups was not normally distributed.
Differences between groups consisting of categorical data were
statistically tested using Fisher’s test.

3 Results
3.1 Patient characteristics

The retrospective analysis identified 66 patients. In three patients,
complete regression of the lesion was observed on the day of the
scheduled procedure, and therefore the intended marking and surgical
revision were not performed. One patient on which two markings were
performed at once was excluded too. In total 62 (100%) pulmonary
lesions were marked. 42 (67.7%) patients had a known oncological
history. The cohort included patients aged between 26 and 78 years, with
a median age of 57.0 (IQR 49.3-68.0) years. There were 33 (53.2%)
women and 29 (46.8%) men. Non-smokers accounted for 44 (71.0%) of
the participants, ex-smokers 7 (11.3%), and smokers 11 (17.7%), Table 1.
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3.2 Successful and failed marking

Out of the 62 marked lesions, the marking at the site of the
lesion was visible in 56 (90.3%) cases.

Unsuccessful marking was noted in 6 (9.7%) lesions. In 2 (3.2%)
cases, the color marking had spread beyond the corresponding
pulmonary segment. In 3 (4.9%) cases, the marking was not visible
intraoperatively. In 1 (1.6%) marked lesion, the marking was
outside of the pathological nodule.

TABLE 1 Patients’ baseline and procedural characteristics.

Category Data

Number of Patients 62
Patients Age Range, years 26-78

Patients Age, median (IQR), years 57.0 (49.3-68.0)

Female sex, n (%) 33 (53.2)
Smoking status, n (%)
non-smoker 44 (71.0)
ex-smoker 7(11.3)
smoker 11 (17.7)
Number of Pulmonary Nodules 62
Frequency of Pulmonary Nodules, n (%)
Solitary pulmonary nodule ‘ 37 (59.7)
Multiple pulmonary nodules 25 (40.3)
Type of Pulmonary Nodules, n (%)
Solid pulmonary nodule 60 (96.8)
Subsolid pulmonary nodule 2(32)
Size of Pulmonary Nodules
Size range, mm 2.0-240

Median (IQR), mm 28.5 (6.0-12.0)

Depth of Pulmonary Nodules

Depth range 1.0-28.0
Median (IQR) 7.0 (4.0-12.8)
Success of Marking, n (%)
Visible 56 (90.3)
Diffuse 2(32)
Invisible 3(4.9)
Incorrect location 1(1.6)
Unsuccessful Marking, n (%) 6 (9.7)
Number of Incidentalomas, n (%) 30 (484)
V {Caminucd)
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TABLE 1 Continued

Category Data

Success of Marking, n (%)

Patients with Oncological Diagnosis, n (%) 42 (67.7)
Malignant Finding in Resected Tissue, n (%) 38 (61.3)
Complications, n (%)
pneumothorax 6(9.7)
hematoma 1(1.6)
Time from Marking to Surgery
Time range, min 28-149

Median (IQR), min 75.0 (IQR 65.0-85.0)

3.3 Morphological characteristics
of pulmonary nodules and other
analyzed parameters

Thirty-seven patients (59.7%) presented with a solitary
pulmonary nodule, and 25 (40.3%) with multiple pulmonary
nodules. Solid pulmonary nodules accounted for 60 (96.8%) of
the cases, while subsolid pulmonary nodules were 2 (3.2%). There
were no pure ground-glass nodules observed in the cohort. The
smallest marked nodule was 2.0 mm in size, the largest 24.0 mm,
with a median size of the lesions being 8.5 (IQR 6.0-12.0) mm. The
most superficially located nodule was at a depth of 1.0 mm from the
parietal pleura, and the deepest nodule was at 28.0 mm, with a
median depth of 7.0 (IQR 4.0-12.8) mm. No influence of the depth
of the lesion’s location on the success of the marking was
demonstrated (p = 0.583), Figure 3A. There was also no
statistically significant difference of depth of the lesion’s location
between groups based on occurrence of complications
(p = 0.332), Figure 3B.

Thirty (48.4%) patients presented with incidentalomas, i.e.,
incidental findings on CT chest scan. At the time of indication
for extra-anatomical VATS resection, 30 (48.4%) patients had one
follow-up CT chest, 29 (46.8%) patients had two follow-up CT chest
scans, 1 (1.6%) patient had three follow-up CT chest scans, and 1
(1.6%) patient had four CT chest scans available. In one (1.6%)
patient there was no information about the number of CT scans.

Forty-two (67.7%) patients had a positive history of known
oncological disease. The histology analysis confirmed malignancy in
38/62 (61.3%) patients. In 31 (50.0%) cases, the metastatic process
of the pre-existing oncological diagnosis (malignant melanoma,
colorectum, lung, kidney, breast) was confirmed. In 6 (9.7%)
patients, the primary non-small cell lung carcinoma was
diagnosed, and the carcinoid was diagnosed in 1 (1.6%) patient.
RO resection was achieved in all cases.

The procedure related complications occurred in 7 (11.3%) patients.
Two types of complications were observed in the cohort: pneumothorax
occurred in 6 (9.7%) patients, IP intraparenchymal hematoma occurred
in 1 (1.6%) patient. None of these required emergent medical procedures
or affected the further course of the surgery.
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FIGURE 3

Box plots illustrating the distribution of measured depths in different
groups based on the success of marking (A) and the occurrence of
complications (B). (A) The median depth of the pulmonary modules
in patients with successful marking was 7.0 mm (IQR 3.8-13.3). In
the groups of patients with unsuccessful marking the median of the
lesion’s depth was 7.5 mm (IQR 7.0-10.3). Between groups no
statistically significant difference was demonstrated, p-value was
0.583. (B) The median depth in the group of patients with the
occurrence of procedure related complication was 7.0 mm (IQR
3.0-9.0) and in the group without any procedure related
complications was 8.0 mm (IQR 4.0-14.5), P-value of the test was
0.332, which indicates, that no statistical significance difference
between groups was found.

The median time from the marking of the lesion to the start of
the surgery was 75.0 (IQR 65.0-85.0) minutes. The shortest interval
was 28 minutes, and the longest was 149 minutes. The time from the
end of the marking to the beginning of the surgery did not affect the
visibility and the identifiability of the marked pulmonary section,
with a p-value of 0.439, Figure 4.

Additionally, no association of smoking and the visibility of the
marking was observed (p = 0.806). Of note, the color marking was
well discernible even in the field of anthracotic lung tissue, Figure 5.

4 Discussion

The development in the management of pulmonary nodules has
been influenced by advances in preoperative CT navigation.

Recent studies concur on the key role of these technologies in
enhancing the success of subsequent video-assisted thoracoscopy
(VATS), especially for solitary or multiple small and subpleural
pulmonary nodules, as well as for difficult-to-palpate subsolid lung
lesions or impalpable pure ground-glass lesions (11). These
methods allow for precise localization of pulmonary nodules
(PN), facilitating their resection. Accuracy is particularly crucial
when aiming to spare the patient from more burdensome surgical
procedures like thoracotomy.

However, each localization method has its advantages and
disadvantages. The method of introducing wires or metal coils
carries the risk of dislodgement and a higher incidence of
complications, such as pneumothorax and bleeding from
pulmonary parenchyma (19). The use of metal coils or wires
requires intraoperative navigation with X-ray fluoroscopy,
increasing the radiation dose to the patient and surgeon (20).
Selin Chu et al. report that the dye-marking technique with
methylene blue offers shorter procedure and hospitalization times,
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FIGURE 4

Box plot depicting the distribution of the time from marking to the
commencement of surgery concerning the success of marking. The
median time in the group of patients with successful marking (blue
box plot) was 75.0 min (IQR 65.0-85.0) and in the group, where the
marking was not successful (red box plot), the median time was 79.5
min (IQR 70.8-87.5). No significant difference (in the times between
groups) was found, with p-value of 0.439

as well as a safer postoperative course (17). Kleedehn et al. also
conclude that the use of methylene blue is as effective as wire
introduction but with fewer complications (21). In a study by Yu-
Wei Liu using Patent Blue V dye, a marking success rate of 96.6%
was achieved (20).

The high efficacy of CT navigation using various techniques,
including dyes, metal coils, hooks, or wires, has been demonstrated
with technical success mostly exceeding 90% (8, 9, 14, 22). Our
study is in keeping with these previously reported high successful
rates. The success rate of marking in our cohort reached 90.3%.
Failure was recorded in 9.7% of cases. In 3 (4.9%) cases, the marking
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FIGURE 5

Barplot showing the rates of marking success categorized by
patient's smoking status. The chart displays the number of
pulmonary lesions categorized by the smoking status of the patients
distinguishing between smokers, ex-smokers, and non-smokers.
Blue bars represent the number of lesions successfully marked
while red bars indicate unsuccessful markings. No evidence was
found for smoking status to significantly impact the success rate of
lesion marking, p-value 0.806
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was not visible intraoperatively. These cases involved lesions located
very shallowly under the pleura. Detailed analysis of CT scans
revealed that the needle tip did not completely penetrate the pleural
layer but only concavely displaced it, resulting in the marking
mixture being spilled into the pleural space. In 1 (1.6%) case, the
marking was outside the pathological nodule due to the nodule’s
close localization under the pulmonary fissure. The marking was
performed close to the lesion but above the fissure, therefore the
marked section has projected intraoperatively (after dissecting the
fissure) into another lobe.

All marking methods using liquid dyes are susceptible to some
degree of diffusion. Methylene blue, for example, is known to
quickly diffuse in soft tissues, such as during breast surgeries (20).
Literature suggests a significant time correlation between the
marking of pulmonary lesions and surgery, with the delay advised
to be as short as possible (20).

Instillation of lipiodol, the oil-based contrast agent, as a
marking medium is notable for its stability and low propensity
for diffusion. It can remain in the pulmonary parenchyma for
several weeks (23). However, its use requires intraoperative
fluoroscopic navigation, and while being water-insoluble, lipiodol
represents a potential risk of pulmonary embolism (23).

At our facility, we found the method of marking using a mixture
of iodine contrast agent and Patent Blue V dye to be highly effective.
The iodine contrast agent clearly visualized the exact distribution of
the marking mixture in the pulmonary parenchyma on control
scans. According to some authors, to use of this mixture is limited
by its rapid diffusion and dispersion in the pulmonary parenchyma
(17,18, 23). On the contrary, Po Chih Chang et al. (20) chose Patent
Blue V for their study due to its lower tendency to disperse and
lower costs. They reported an interval between marking and surgery
ranging from 118 to 520 minutes, with a success rate of up to 96.6%.

In our study, marking dispersion over more than one
pulmonary segment was observed in two lesions (3.2%). These
patients had a history of pulmonary emphysema and COPD,
suggesting a higher susceptibility to dye diffusion. However, given
the small number of patients in this group, this cannot be
considered significant. In the remaining patients, we did not
observe dispersed marking. The longest time delay between
marking and surgery was 149 minutes. It is also important to
note the potential confusion between methylene blue and Patent
Blue V dyes. Though both are blue, they are chemically distinct.
Authors reporting dye dispersion mostly work with methylene blue.
There is a lack of literature comparing the use of methylene blue
and Patent Blue V in the lungs. Patent Blue V is considered to be
more stable and may have therefore certain advantages over the
methylene blue (23).

Chia-Ying Lin1 et al. (9) report poor visibility of methylene blue
markings in the context of anthracotic lungs. Anthracosis is
described as a negative factor affecting the visibility of markings
in dust-laden lungs. Methylene blue provides a darker, more intense
color, which can be problematic in an anthracotic environment. In
contrast, Patent Blue V offers a brighter and lighter shade of blue,
enhancing its visibility. Yi-Jen Peng et al, in their study of
endoscopic dissections, compare methylene blue and Patent Blue
V focusing on their dyeing effectiveness and cytotoxicity. Patent
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Blue V was identified as a more suitable dye for tissues than
methylene blue (23). In our study, we did not record any failures
of the method related to anthracosis. We were the first to investigate
the relationship between the visibility of markings in smokers, ex-
smokers, and non-smokers. Statistical analysis didn’t find a
significant difference in the visibility of markings between groups
of patients based on smoking status, with p-value of 0.806. The
color marking was clearly discernible even in anthracotic lungs.
However, this finding represents the experience of a single center.
The validity of the result is, of course, affected by the small size of
the study sample.

Complications associated with these procedures are in general
of a minor nature. In our cohort, we recorded 6 (9.7%) cases
of procedure related pneumothorax (PNO) and 1 (1.6%)
intrapulmonary hemorrhage in connection with the marking
procedure. Generally, these procedures can be considered very
safe. None of our complications required urgent intervention or
prevented subsequent VATS resection. However, there remains a
need for careful planning and improvement in intervention
techniques. A similar incidence and character of complications
are reported in other studies (16-19, 21).

With the use of blue dye, whether methylene blue or Patent Blue
V, allergic reactions have been reported, albeit they are extremely
rare. These manifest as skin rash, hypotension, and in rare cases,
anaphylactic reactions (22). We did not observe any such reactions
in our cohort.

Our study has several limitations. First, the results represent the
single center experience. Second, the study consists of a relatively
small sample, therefore, the validity of the results needs to be
interpreted with caution.

The article presents the results of a retrospective analysis of CT-
guided marking of subpleural pulmonary lesions prior to planned
VATS resection. The results of our study suggest that this method is
safe, simple, and well applicable in clinical practice. It provides
surgeons with precise visualization of otherwise perioperatively
invisible lesions, allowing for the performance of minimally
invasive procedures.

5 Conclusion

Our research focuses on the technique of marking subpleural
lung lesions using a mixture of Patent Blue V dye and iodine
contrast agent. This method has demonstrated a high success rate of
90.3%, which is comparable or superior to other published marking
techniques, including the use of wires, metal coils, or dyes. Our
technique allows the radiologist and surgeon to see the relationship
between the color marking and the location of the lesion to be
resected immediately after application on CT. This precision in
localization contributes significantly to more efficient surgical
planning and minimization of errors.

The advantage of this method over the introduction of wires or
coils is a lower incidence of complications and significantly lower
costs. One vial of Patent Blue V costs less than 3 euros, one spiral
costs approximately 40 euros. Studies primarily using Methylene
Blue as a dye appear in the literature, whereas studies using Patent
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Blue V are quite sparse. Our research highlights that Patent Blue V
exhibits greater stability to scattering, which is particularly
advantageous in anthracotic environments where the color hue of
Methylene Blue can be problematic.

Thanks to the incorporation of the contrast fluid into the
marking mixture, the surgeon can see the localization of the
staining mixture leading to the subpleural nodule and is possible
to choose the most optimal resection procedure trajectory.

In this context, it is crucial to emphasize that our study is the
first to analyze the stability of Patent Blue V to scattering in detail.
These findings contribute to a better understanding and
optimization of labeling techniques in pulmonary surgery, which
has important implications for surgical practice and
patient outcomes.
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Anotace:

Vicenasobné nadorové onemocnéni plic (MPLC) je pomémé vzacnou nozologickou
jednotkou, cilem této kazuistiky bylo pifipomenuti a poukazani na tskali diagnostiky
a nasledné terapie vicenasobného nadorového onemocnéni plic.

Piipad: Pacientka, 62 let, po ablaci pravého prsu s disekci axily v roce 1993 pro invazivni
duktalni adenokarcinom byla indikovana k operaéni terapii pro nemalobuné¢ny plicni nador
sttedniho laloku pravé plice. Perioperacné bylo odstranéno dalsi lozisko v dolnim laloku téze
plice, které bylo nasledné také hodnoceno jako primarni plicni karcinom, tedy synchronni
plicni nador.

Zavér: Jednalo se 0 vzacnou nozologickou jednotku, pfi které je nadorové onemocnéni plic
prezentovano vice nez jednim primdrnim plicnim loziskem. D¢li se na synchronni nebo
metachronni variantu. Synchronni forma je charakterizovana zachytem lozisek Vv dobé
primarni diagndézy, naproti tomu u metachronniho vyskytu je druhy, primarni plicni nador
diagnostikovan s ¢asovym odstupem. Incidence se zvySuje diky casnéjsi diagnostice,
uspésnéjsi 16be nadorového onemocnéni v ranném stadiu s prodlouzenim piezivani pacientt,
a tedy iprodlouzenim intervalu pro moznost vzniku dal§iho primarniho plicniho tumoru.

vvvvvv

vylouc¢eni metastatického onemocnéni. Zakladni informaci o povaze lozisek ziskavame
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Z histologického dosetieni. U pacientil s vice nez jednim plicnim loziskem by mél byt
proveden velmi peclivé staging, zejména v piipadé zvazované kurativni resekce,
s vyloucenim extrapulmonalnich metastaz pomoci MRI mozku a celotélového PET/CT
dosetfeni.

Zakladem kurativni terapie je v casném stadiu onemocnéni chirurgicka resekce. Je

preferovana anatomicka resekce, a to lobektomie nebo segmentektomie.

Vyzvou je provedeni operace u metachronni varianty, a t0 u pacientd, kteti v minulosti
absolvovali lobektomii, a nyni jsou kandidaty chirurgické terapie pro lozisko na
kontralateralni plici. Nejedna se ani tak o terapeutickou vyzvu pro chirurga, ale zejména pro
anesteziologa, jehoz ukolem je zajistit bezpecnou perioperacni selektivni ventilaci, a
nabidnout tak operatérovi piehledné operacni pole u pacientd, ktefi jsou schopni z funkéné

plicniho hlediska postoupit planovany resekéni vykon.
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KAZUISTIKA

Vicenasobné nadorové onemocnéni plic —
kazuistika a prehled literatury

Multiple Primary Lung Cancer —a Case Report and Literature Review

Chovanec Z., Capov |, Pestal A, Benej M., Paral M.
I. chirurgicka klinika LF MU a FN u sv. Anny v Brné

Souhrn

Vychodisko: Vicenasobné nadorové onemocnéni plic je pomérné vzacnou nozologickou jednot-
kou, cilem této kazuistiky je jeji pfipomenuti a poukazani na uskali jeji diagnostiky a nasledné
terapie. Pripad: Pacientka, 62 let, po ablaci pravého prsu s disekci axily v roce 1993 pro invazivni
duktalni adenokarcinom byla indikovana k operacni terapii pro nemalobuné¢ny plicni nador
stfedniho laloku pravé plice, diagnostikovaném pfi screeningovém vysetieni. Perioperacné bylo
odstranéno dalsi loZisko v dolnim laloku téze plice, které bylo nasledné také hodnoceno jako
primarni plicni karcinom, tedy synchronni plicni nador. Zdvér: Jedna se o vzacnou nozologickou
jednotku, pfi které je nadorové onemocnéni plic prezentovéno vice nez jednim primarnim plic-
nim loziskem. Déli se na synchronni nebo metachronni variantu. Synchronni forma je charakte-
rizovana zachytem loZisek v dobé primarni diagnozy, naproti tomu u metachronniho vyskytu
je druhy, primarni plicni nador diagnostikovan s ¢asovym odstupem. Incidence se zvysuje diky
drivéjsi diagnostice, Gspé3néjsi 1é¢bé nadorového onemocnéni v raném stadiu s prodlouzenim =

prezwanl paaentu,’a tedyi prgdlotljzlenm'\ lntervalu.p_ro m03n0§t \{znlku dfalsﬂ_\o prlrlrjar'rflwrl\o plic- MUDY. Zdenék Chovanec, Ph.D.
niho tumoru. Jednim z hlavnich rizikovych faktort je koufeni. Diagnostika je obtiznéjsi s nut- 5 S

nosti vylou¢eni metastatického onemocnéni. Zakladni informaci o povaze lozisek ziskavame I. chirurgicka klinika LF MU
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velmi peclivé staging, zejména v pfipadé zvazované kurativni resekce, s vylou¢enim extrapul- Pekafska 53
monalnich metastaz pomoci MRI mozku a celotélového PET/CT dosetieni. 656 91 Brno
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Summary http://dx.doi.org/10.14735/amko2016287
Background: Multiple primary lung cancer is a relatively rare nosological entity. This case report is
a reminder and points out the pitfalls of its diagnosis and therapy. Case report: A 62-year-old pa-
tient was indicated for surgical therapy for non-small cell lung cancer of the middle lobe and right
lung, which were diagnosed during a screening investigation after the patient had undergone
previous mastectomy of the right breast with axillary dissection for invasive ductal adenocarci-
noma. Another infiltration in the lower lobe of the same lung was removed at the same time and
was classified as a primary lung carcinoma; it was a synchronous lung cancer. Conclusion: Lung
cancer presenting with more than one primary lesion in the lung is a rare nosological entity that
can be classified into two types; synchronous and metachronous. Whereas synchronous cancers
arise in the lung at the same time, metachronous cancers develop after treatment of the initial
lesion. The incidence of multiple lung cancer is increasing due to earlier diagnosis and because
successful treatment of the initial cancer at an early stage has led to an increase in patient survival,
resulting in an increase in the interval between detection of the initial cancer and detection of the
second. Smoking is one of the main risk factors. Diagnosis is made difficult because metastatic
disease must be excluded. Basic information is obtained from a biopsy of the tumor. The staging of
more than one primary lung cancer is complex and needs to be meticulous if curative resection is
being contemplated. Magnetic resonance imaging of the brain and fluorodeoxyglucose positron
emission tomography should be performed to evaluate for extra-thoracic metastases.

Key words
lung carcinoma - multiple cancer disease - synchronous — metachronous - diagnosis - therapy
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Pripad
U 8 % pacientl s jiz prodélanym nadoro-
vym onemocnénim je diagnostikovano
nové nadorové onemocnéni, podobny
trend je i u nddorového onemocnéni
plic [1].

Pacientka, 62 let, po ablaci pravého prsu
s disekci axily v roce 1993 pro invazivni
duktélni adenokarcinom pT2 NIb M0 a na-
sledné chemoradioterapii (CMF + radiote-
rapie na oblast jizvy 46 Gy a uzliny 42 Gy)
byla indikovéna k dosetteni pro suspektni
infiltraci stfedniho laloku pravé plice dle
kontrolniho PET/CT dosetieni (obr. 1).
Jednalo se o pacientku postizenou 30 let
nikotinizmem, koufici 15 cigaret denné,
t¢. medikujici pouze Sortis.

Dle provedeného kontrolniho celoté-
lového PET/CT z listopadu 2014 a jeho
srovnanim z fijna 2013 bylo popsano ci-
paté lozisko v patém segmentu pravé
plice velikosti 25mm s progresi o 1mm
a soucasné lozisko v osmém segmentu
vpravo o velikosti T0mm s progresi
o 2mm. Leva plice byla bez patologic-
kych denzit a mediastinum bez lymfa-
denopatie nad 10mm. Byla provedena
CT navigovana punk¢ni biopsie loZiska
z patého segmentu s histologickou veri-
fikaci adenokarcinomu primarniho plic-
niho origa.

Obr. 1. PET/CT lozisko ve stiednim laloku.

Obr. 2. PET/CT lozisko v dolnim laloku.

() &)
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Pacientka byla pfedvedena na pneu-
moonkologicko-hrudni komisi I. chirur-
gické kliniky FN u sv. Anny v Brné se za-
vérem doporucujicim operacni revizi
cestou pravostranné torakotomie.

Pfed operaci bylo provedeno stan-
dardné funk¢ni plicni dosetfeni, pred-
operaéni interni vysetfeni a anesteziolo-
gické dosetreni se zavéry — bez ventilacni
poruchy, interné schopna zakroku v cel-
kové anestezii a schopna operace ASA Il.

Perioperac¢nim nalezem byl infiltrat
vtahujici visceralni pleuru ve stfednim
laloku a drobné infiltrativni loZisko peri-
ferné v oblasti dolniho laloku ve shodé
s PET/CT dosetienim (obr. 2). Byla prove-
dena nekomplikovana stfedni lobekto-
mie a klinovité sneseni infiltratu dolniho
laloku s periopera¢nim cryotomovym
vysetienim. Dle hodnoceni patologa se
jednalo o moznou metastazu adenokar-
cinomu, nicméné morfologie také nevy-
lu¢ovala moznost primarniho plicniho
tumoru.

Nasledné byla dokoncena klasicky
mediastindlIni lymfadenektomie ze sta-
nic 11, 10, 7, 8, 2, 4 a operace ukoncena
s rozvahou vyckani definitivni histologie.
Do uvahy pfipadaly diagnostické moz-
nosti, a to metastaza karcinomu prsu,
metastaza plicniho loziska a ve velmi

Cdd

raritnim pfipadé druhy synchronni pri-
marni plicni tumor.

Pacientka byla hospitalizovédna 3est
dnd, hrudni drenaz byla extrahovana
paty pooperacni den s naslednym pro-
pusténim do doméci péce. Kontrolni kli-
nické vysetteni bylo provedeno 12 dn(i
po propusténi. Rdna byla zhojena per
primam, poslechové oboustranné al-
veolarni dychéani a kontrolni RTG plic
byl v normé. Pacientka udavala pouze
poruchu citlivosti v oblasti opera¢ni
rany s lehkou bolestivosti bez dechové
limitace.

Histologie

Infiltrace ve stfednim laloku byla histolo-
gicky hodnocena jako bélavé nadorové
loZisko velikosti 16 x 12 x 25mm. Paren-
chym byl tvofen vice nez z 90 % dominu-
jici acinarni stavbou, dale drobnymi Gseky
solidniho a mikropapilarniho rstu. V cen-
tralni ¢asti uzlu bylo hojné desmoplas-
tické stroma. V nadorovych burikach byla
exprese cytokeratinu CK7 s nuklearni ko-
expresi TTF-1 pfi negativité CK20. Celkem
zpracovano 16 lymfatickych uzlin bez me-
tastatické nadorové infiltrace.

Uzavieno jako stiedné diferencovany
acinarné dominantni plicni adenokar-
cinom stfedniho laloku pravé plice bez
metastatické infiltrace regionalnich lym-
fatickych uzlin (0/27), resekéni linie byla
hodnocena in sano. MKN: C342, pTNM:
pT1b pNO MX.

Infiltrace z dolniho laloku byla hod-
nocena jako lobularni lozisko velikosti
8 mm subpleuralné uloZeno, bez ex-
tenze na serdzu. V rozsahu uzlu byla
dominujici papilarni stavba tvofici asi
70 % neoplastického parenchymu, al-
ternujici s Useky acinarniho (25 %) a mi-
kropapilarniho (5 %) ristu. V centralni
stroma s depozity antrakotického pig-
mentu. V nadorovych buikéch byla ex-
prese cytokeratinu CK7 s nuklearni koex-
presi TTF-1, pfi negativité CK20, ER, PrR
a tyreoglobulinu.

Uzavieno jako stfedné diferencovany
papildrné dominantni plicni adenokar-
cinom bez metastatické infiltrace regio-
nélnich lymfatickych uzlin - MKN: C343,
PTNM: pT1a pNO MX.

Jednalo se tedy o vzécnou nozologic-
kou jednotku, a to o synchronni vicena-
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sobny primarni plicni karcinom (multi-
ple primary lung cancer - MPLC).

Synchronni MPLC

U synchronniho vyskytu jsou loZiska za-

chycena v dobé primérni diagnézy. Aby-

chom mohli hodnotit dvé a vice plicnich

lozisek jako synchronni MPLC, musi byt

splnéna nasledujici kritéria:

1.0bé loziska musi byt sou¢asné ma-
ligni se separatnim rtstem a soucas-
nym vyloucenim metastéazy jiného mi-
moplicniho nadorového onemocnéni.

2.Druhé lozisko nesmi byt prezento-
véano jako metastdza priméarniho na-
dorového loziska. Kritéria potvrzujici
tuto diagnostiku jsou — odlisna histo-
logie nebo plivod z jiného carcinoma
in situ.

U stejné histologie lozZisek je prezen-
tovéna jina anatomicka struktura, bez
postizeni mediastinalnich uzlin, tedy
negativita N2, N3 a nepfitomnost systé-
movych metastdz [2,3].

Metachronni MPLC
Pacienti jednou léceni pro primarni na-
dorové plicni onemocnéni maji vyssi
pravdépodobnost vzniku dalsiho pri-
marniho (v tomto pfipadé sekundarniho)
plicniho lozZiska. K potvrzeni diagnézy
musi byt splnéna nésledujici kritéria:

. Druhé lozisko musi byt maligni s vy-
lou¢enim metastaz jiného mimoplic-
niho nadorového onemocnéni.

2.Tumor je povazovan za metachronni

v pripadé odlisné histologie oproti pri-
marnimu loZisku, popfipadé méa-li stej-
nou histologii, tak by mél byt interval
od zékladniho onemocnéni delsi ¢tyé
nebo vice let (Martini a Melamed uda-
vaji casovy interval = 2 roky [4]), se
souc¢asnym vyloucenim jinych systé-
movych metastaz [5].

—_

Kratsi interval nez dva roky mezi dvéma
primarnimi lozisky ma horsi prognézu,
prestoze je terapie obdobnd jako v pfi-
padé jiného metastazujiciho onemocnéni.

Dle TNM klasifikace 7. vydani Ameri-
can Joint Committee on Cancer
« Histologicky identické, oddélitelné
léze ve stejném laloku jsou povazo-
véany za jeden primarni tumor a jsou

klasifikovany jako T3, a nejedna se tedy
o MPLC.

- Druhé lozisko stejné histologie loka-
lizované v jiném laloku ipsilaterainé,
které bylo klasifikovdano jako me-
tastdza M1, je dnes klasifikovano jako
T4 onemocnéni. Proto nékteré pfipady
pavodné klasifikované jako stadium IV
nebo MPLC jsou nyni hodnoceny jako
T4 onemocnéni [6].

V pripadé multifokalniho nadorového
onemocnéni je ¢astéji popisovan lokalni
rist oproti vzdalené diseminaci vyjad-
fené metastatickym postizenim [7].

Multifokalni onemocnéni mé charak-
teristicky obraz na CT s loZisky rizného
stadia rustu od mlééného skla pres ¢as-
tecné az kompletné solidni uzly. Maze
se jednat o pomalu rostouci loziska,
ale i loziska s velmi agresivnim rstem,
proto neni v nékterych pfipadech mozné
viechna loZiska resekovat a kazdému pfi-
padu je tfeba vénovat zvlastni pozornost.

Terapie

Chirurgicka terapie je indikovana u pa-
cientdl s nemalobunéénym karcinomem
plic (non-small cell lung cancer - NSCLC)
stadia | a Il, doporucovana je anatomicka
resekce, pokud jsou tohoto opera¢niho
rozsahu pacienti schopni [8]. V posledni
dobé se objevuji clanky, které segmen-
talni resekci u stadia | kladou na Uroven
lobektomie co do preziti a radikality.

Mezi zakladni principy chirurgické
|é¢by patii kompletni odstranéni nadoru
béhem operace bez poruseni jeho ce-
listvosti, odstranéni pulmonalnich a me-
diastindlnich uzlin a peroperacni vyset-
feni okraje resekovaného bronchu [9].

Pacienti s neresekabilnimi synchron-
nimi lozisky jsou indikovani k stereo-
radioterapii. V pfipadé resekce jen jed-
noho loZiska je druhé rovnéz indikovano
k stereoradioterapii.

Ve stadiu | NSCLC ma stereoradio-
terapie lepsi vysledky (lokalni regrese,
délka prezivani) nezli konvenéni radio-
terapie nebo radiofrekven¢ni ablace.
Vysledky jsou srovnatelné s chirurgic-
kou terapii, pokud bereme v tvahu
i komorbidity [10-12].

Pro adjuvantni chemoterapii po re-
sekovanych MPLC neni dodnes stano-
veno jednoznaéné doporuceni. Cispla-

tina jako zéklad adjuvantni terapie je
urcena pro pacienty ve stadiu Il a lll, jez
podstoupili potencialni kurativni zakrok.
Toto doporuceni je odvozeno od klinic-
kého stadia Ill NSCLC, kdy adjuvantni
terapie prodluzuje preziti ve srovnani
s observaci. Doporuceni pro stadium
| neni standardizovano. Pacienti ve sta-
diu IA nemaji z adjuvantni terapie pro-
spéch, zatimco ve stadiu IB a tumor(
vétsich nez 4cm je adjuvantni terapie
prospésna.

U pacientl se synchronnim MPLC
ma nejvyznamnéjsi prognosticky vy-
znam stadium nejvice postizeného
loziska [13].

Nejistd situace nastava v pfipadé dia-
gnostiky dvou synchronnich nadort
ve stadiu I. Pacienti ve stadiu | s MPLC
maji hor$i prognézu nez pacienti s jed-
nim primarnim tumorem. Absolutni pro-
spéch adjuvantni terapie v podobé cis-
platiny ale nebyl prokdzan. Musi byt
bréna v uvahu velikost tumoru, ko-
morbidita pacienta a jeho celkovy
stav.

Dispenzarizace

U pacientl po prodélané kompletni
plicni resekci doporucuje National Com-
prehensive Cancer Network CT vysetieni
a kontrolu lékafem kazdych 6-12 mé-
sicti béhem prvnich dvou let [14]. Poté
CT bez kontrastu 1krat rocné. Dle do-
poruceni z Chirurgické onkologie jsou
kontroly onkologem nebo pneumoon-
kologem v prvnich dvou letech v t¥i-
mési¢nich intervalech, dalsich tfech
letech v Sestimésicnich intervalech a na-
sledné 1krat roéné. Zadné dispenzarni
schéma ale neprokazalo, ze by zvysilo
sanci na kurabilitu recidiv, které jsou ve
vétsiné pripadu zjistény na podkladé
symptomti [9].

Pacienti s MPLC maji vyssi riziko reku-
rence onemocnéni, nicméné prozatim
neni validovana prospésnost castéjsiho
provadéni CT k brzkému zachytu no-
vého loziska.

Vyznamnym ovéfenym prognostic-
kym faktorem je pouze omezeni, popf.
ukonéeni koufeni [15].

Doporuéeni
MPLC je relativné vzacnou jednotkou.
Nicméné jeji incidence se zvysuje v du-
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sledku dFivéjsi diagnostiky a Uspés-
néjsi 1é¢by nadorového onemocnéni
vraném stadiu s prodlouzenim piezivani
pacient(, a tedy i prodlouzenim doby
mozného vzniku nového primarniho
plicniho nadoru.

Rozliseni mezi metastazou a syn-
chronnim loZiskem primarniho plicniho
karcinomu je velmi obtizné a nékdy az
nemozné. Jedna-li se o synchronni lo-
Ziska NSCLC stejné histologie (ktera
casto nebyvaji zcela morfologicky ho-
mogenni), mlze byt toto rozhodnuti ob-
tizné i pro zkuseného patologa [16]. Nic-
méné MPLC mGzeme nové odlisit od
plicni metastazy pomoci DNA finger-
printingu. Tato metoda ale neni rutinné
pouzivana [17].

Vyskyt synchronnich nadorl pred-
stavuje méné nez 1 % novych pfipad(
plicniho karcinomu, presto pozorujeme
vzestup incidence adenokarcinomu se
stejnou histologii obou lozisek.

Solitarni léze v kontralaterélni plici
muze byt ve vétsiné pfipadi pova-
Zovéna za synchronni primarni plicni
tumor [18].

Terapie musi byt stanovena mul-
tioborovou komisi slozenou z radiologa,
patologa, onkologa a hrudniho chi-
rurga. Vsichni pacienti s MPLC by méli
byt, pokud mozno, kurativné léceni.
Vybrana skupina pacientdi ma dlouho-
dobé preziti.

Zakladem kurativni terapie je chirur-
gicka resekce, je-li ji pacient schopen.
Je preferovana anatomicka resekce, a to
lobektomie nebo segmentektomie.

Pokud neni mozZno provést operaci,
je indikovana lokélni stereotakticka
radioterapie.

Adjuvantni terapie je indikovéna ve
stadiu Il a lll, a to dle doporuceni ziska-
nych na zakladé lé¢by resekovanych
NSCLC téhoz stadia.

Pacienti se synchronnim MPLC maji
nizsi prezivani a horsi prognézu nez
pacienti s metachronnim MPLC [17].

Je dulezité poznamenat, Ze recidiva
onemocnéni predstavuje selhani lécby,
zatimco vyvoj nového primarniho na-
doru ukazuje na trvalou expozici etiolo-
gicky rizikovych faktort [1].

Zavér

U vyse uvedené pacientky byly oba kar-
cinomy v klinickém stadiu IA, loZisko re-
sekovano ze stiedniho laloku bylo hod-
noceno jako T1b (zde byla provedena
lobektomie), lozisko v dolnim laloku
bylo hodnoceno jako T1a a sneseno aty-
picky s nami uvazovanym dostate¢nym
lemem, viech 16 exstirpovanych uzlin
bylo nadoru prosto. Dle doporuceni je
indikovéana kompletujici lobektomie,
popfipadé vzhledem k velikosti loZiska
8mm segmentektomie.

V nasem pfipadé jsme reoperaci nepro-
vedli, a to ze dvou divodu. Atypicky sne-
sené lozZisko bylo s dostate¢nym resekénim
lemem, navic pacientka nebyla kladné na-
klonéna k dal3i chirurgické intervenci.

Doporucena byla dispenzarizace bez
adjuvantni terapie, jelikoz nema v tomto
stadiu onemocnéni presvédcivy lécebny
efekt. Dale byla naplanovana brzka
PET/CT kontrola s tfimési¢nim odstu-
pem od operace, i kdyz dle prozatimnich
studii nezvysuje brzky screening pravdé-
podobnost véasného zachyceni recidivy
onemocnéni oproti klasicky provadé-
nému screeningu pfi jednom primarnim
plicnim tumoru stejného stadia, pres-
toze castéji recidivuje. Pacientce bylo
doporuceno prestat koufit, tento faktor
ma prozatim jako jediny prokazatelné
prospésny efekt.
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Nejenom tato publikace, ale zejména moznost operativy v nasi nemocnici za pomoci Veno-
venozni extrakorporalni membranova oxygenace (VV ECMO) by bez spoluprace
s Anesteziologicko-resuscita¢ni klinikou fakultni nemocnice u svaté Anny v Brné, pod
vedenim prof. MUDr. Ivana Cundrleho, Ph.D., nebyla mozna. Jedna se o metodu mimotélni
podpory poskytujici nahradu plicnich funkci, umoznujici oxygenaci a soucasné eliminaci
oxidu uhlic¢itého zkrve. V nasem pfipad¢ byla tato technika =zajisténi plicnich funkci
nabidnuta a Gspésné realizovana i U pacientd s metachronnim primarnim plicnim nadorovym
onemocnénim po piedchozi kurativni resekci na kontralateralni plici, a to V podob¢ provedené
lobektomie. Tuto moznost kurativni resekce u vybranych pacientd s nadorovym
onemocnénim popisuje ve své praci i Suzuki a kolektiv (142).

V ramci naSi prace byli referovani pacienti rozdéleni do dvou skupin, a to na pacienty
s elektivni a akutni podporou VV ECMO.

Anotace:

Od tnora 2019 do listopadu 2024 bylo ve Fakultni nemocnici u svaté Anny v Brné provedeno
15 hrudnich operaci s asistenci VV ECMO. Mezi pacienty bylo 5 Zen a 10 muzi s primérnym
vékem 60 let. Sedm pacientl podstoupilo elektivni operaci, 5 z nich bylo operovano v ramci

onkologie, dva pro benigni etiologie. Osm pacientii jsme operovali urgentné: jednoho s
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bronchopleuralni pistéli po pneumonektomii, dal$iho s poranénim trachey a masivnim tnikem
vzduchu, dva s empyémem, dva s pneumotoraxem (ruptura abscesu), jednoho s expandujici
bulou a jednoho s nekrozou plicniho laloku.

V nasem pfipadé byla vétSina elektivnich operaci s asistenci VV ECMO provedena
z onkologické indikace. Konkrétné¢ byla provedena jedna pravostrannd a jedna levostranna
lobektomie po piedchozi levostranné/pravostranné lobektomii, jedna pravostranna klinovita
resekce u pacienta po levostranné lobektomii a metastazektomie (maligni melanom) u
pacienta po pneumonektomii. U jednoho pacienta s malatickou prudusnici byla provedena
lobektomie. V ramci neonkologické indikace byla provedena operace u jednoho pacienta
s rozsahlou nitrohrudni strumou komprimujici pridusnici, ktery nemohl podstoupit selektivni
intubaci. Provedena byla levostranna hemithyroidektomie. Poslednim pacientem v nasem
souboru byl pacient srecidivujicim pneumotoraxem V terénu bulézniho emfyzému, ktery
podstoupil bullektomii.

Indikaci k akutni VV ECMO asistovan¢ operaci byly piedevSim plicni infekce v terénu
ARDS. Jeden pacient s plicnim abscesem s COVID-19 + pneumonii, dva s plicni nekrozou,
jeden pacient s t¢Zkou komunitni pneumonii a dva s empyémem. V ramci ostatnich ptipada
byla indikace operace u jednoho pacienta s expandujici bulou zptsobujici respira¢ni selhani
vyzadujici prodlouzenou umélou ventilaci, dal$i pacient s bronchopleurdlni fistulaci po
pravostranné pneumonektomii a dva pacienti S latrogennim
pneumomediastinem/pneumotoraxem (trauma trachey po intubaci, perzistentni pneumotorax
po neuspéSné hrudni drenazi). U elektivnich operaci s asistenci VV ECMO nebyly
zaznamenany zadné pooperacni komplikace. Akutni operace za asistence VV ECMO byla
komplikovéana u péti pacientli (2x hemotoraxem, 1x hemoperitoneem, 1x infekci v tfisle v

misté zavedeni kanyly a 1x hematomem v oblasti musculus iliopsoas po nespravném umisténi
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saci kanyly). Ttfi z téchto komplikaci (oba piipady hemotoraxu a hemoperitonea) byly
indikovany k akutni chirurgické revizi.

U elektivnich operaci s asistenci VV ECMO byla doba podpory ECMO jeden den. Zatimco u
akutnich operaci s asistenci VV ECMO byl median doby podpory ECMO 9 (2-15) dnu.
Zadny z pacientd bdhem operace nezemiel. U elektivnich piipadil byla 30denni mortalita 0 %.
V akutnich ptipadech byla 30denni mortalita 37,5 % (VvSichni pacienti zemieli na komplikace
spojené s ARDS). Median délky hospitalizace byl 7 (5-10) dnt u elektivnich a 30 (19-77) dnd

u akutnich ptipada.

Pacienti, u nichz neni mozna selektivni intubace a/nebo ventilace, ktera je nezbytna k
provedeni hrudni operace, mohou mit prospéch z pouziti VV ECMO. V nasi sérii kazuistik
jsme potvrdili, ze morbidita a mortalita pec¢livé vybranych pacientd v ramci elektivni
operativy je velmi nizka, a soucasné Ze z pouziti VV ECMO mohou mit prospéch také
pacienti s respiratnim selhanim vyzadujicim chirurgickou 1é¢bu, kteti by bez jejiho pouZziti
nebyli schopni podstoupit tento typ 1é¢by. V tomto piipadé je v ramci zakladniho onemocnéni

morbidita a pooperacni mortalita vysoka.
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Veno-venous extracorporeal membrane oxygenation (VV ECMO) is a technique of extracorporeal support that facilitates
blood gas exchange, enabling the complete replacement of lung function for a specified duration, such as during surge-
ry. By using this method, we are able to provide surgical treatment to highly selected patients who would otherwise be
unable to undergo thoracic surgery, including tracheal/carinal surgery and high-risk one-lung ventilation due to previous
lung resection or severe lung impairment. This case series presents our experience with elective and acute ECMO-assisted
thoracic surgery (excluding lung transplantation and cardiac surgery).

Key words: veno-venous extracorporeal membrane oxygenation, thoracic surgery, acute respiratory distress syndrome.

Nase zkusenosti s VV ECMO asistovanou chirurgii - série kazuistik

Abstrakt: Veno-venézni extrakorporalni membranova oxygenace (VV ECMO) je metoda mimotélni podpory zajistujici adekvatni
okysli¢eni a eliminaci oxidu uhlic¢itého. Touto metodou jsme schopni poskytnout chirurgickou lé¢bu vysoce selektovanym
pacientim, ktefi by jinak nemohli podstoupit hrudni operaci (tracheélni/karinalni chirurgie, rizikové ventilace jedné plice
z dGvodu predchozi resekce plic nebo tézkého postizeni plic). Tato série kazuistik pfedstavuje nase zkusenosti s elektivni

a akutni hrudni chirurgii asistovanou VV ECMO (kromé transplantace plic a kardiochirurgie).

Klicova slova: VV ECMO, hrudni chirurgie, akutni respira¢ni selhani.

Introduction

To facilitate access to vascular structures and bronchi, lung re-
section surgery is typically performed with selective intubation and
ventilation on a collapsed (non-ventilated) lung. Acute respiratory
distress syndrome (ARDS) is one example of a medical condition that
can make one-lung ventilation difficult or impossible. Other exam-
ples include a previous pneumonectomy, a planned lobectomy in
a patient who has already undergone a bilobectomy or lobectomy
on the other side, and severe bullous emphysema of the lung that
remains untreated. Also, selective intubation might not be possible
for patients who have tracheal stenosis, tracheomalacia, injured
tracheobronchial tree, or pressure on the tracheobronchial tree
from the outside (mediastinum).

The thoracic surgeon must anticipate these non-standard situations
and, if necessary, consider a possible alternative to ensure safe surgery
with adequate ventilation. One option that may completely replace

lung ventilation is veno-venous extracorporeal membrane oxygenation
(VV ECMO). VV ECMO support facilitates blood gas exchange and can
entirely replace lung function for a specified duration, such as during
surgery [1]. Unlike cardiopulmonary bypass, VV ECMO can continue
post-thoracic surgery for days or weeks. With its use, we are able to offer
safe surgical treatment to highly selected patients in whom benefits
outweigh the risks. Despite its potential benefits, the intraoperative
use of VV ECMO in thoracic surgery remains rare, often reserved for
transplant surgery departments [2].

In our cases, the indications for elective VV ECMO-assisted surgery
included either impossible or high-risk selective intubation and/or
one-lung ventilation in patients who were otherwise functionally ca-
pable of lung resection. Indications for acute VV ECMO-assisted surgery
were surgical interventions in patients with respiratory failure (ARDS)
including empyema, lung abscess, bronchopleural fistula, and massive
air-leak and lung necrosis.
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Fig. 1. Metastases of malignant melanoma, labeled with an arrow

Illlllllllllllllll

Presentation of Cases

Between February 2019 and November 2024, fifteen VV ECMO-assisted
thoracic surgeries were done at St. Anne's University Hospital in Brno.
The patients included 5 women and 10 men with a mean age of 60
years. Seven patients underwent elective surgery, including five lung
tumor resections and two cases of benign etiology. Eight patients were
operated on urgently: one with a post-pneumonectomy bronchopleu-
ral fistula, another with a tracheal injury and massive air leak, two with
empyema, two with pneumothorax (abscess rupture), one with an
expanding bulla, and one with lung lobe necrosis.

In both elective and acute settings, the Cardiohelp ECMO system
with HLS heparin coated sets by Maquet (Getinge Group) were used.
Before the surgery in elective cases, we performed percutaneous can-
nulation under ultrasound guidance directly in the operating room. We
performed cannulation in the intensive care unit in the same manner
for acute cases. We inserted suction cannulae 23-25 F into the femoral
vein and returned cannulae 19-21 F to the jugular vein. We always per-
formed the priming of the ECMO circuit with saline, without adding
any heparin. We administered only a bolus of heparin of 2000 j prior to
the cannulation, leaving patients completely without anticoagulation
peri- and postoperatively. We started ECMO in the same manner in
acute cases, but in the intensive care unit.

In elective cases, airways were secured with orotracheal intubation
and total intravenous anesthesia with propofol infusion was used. We
monitored the depth of anesthesia using the bispectral index (BIS)
and maintained it at BIS 40-60. During elective surgery, we completely
disconnected patients from the ventilator once they reached 50 ml/
kg of ECMO blood flow, enabling them to remain apneic throughout
the entire procedure. In acute settings, 50 ml/kg of ECMO blood flow
was usually not enough to maintain sufficient oxygenation (most of
the patients were septic). Therefore, during the surgery, we selectively
intubated these patients (Robertshaw endobronchial tube 37-41 Fr) and
performed one-lung ventilation as well. Should the patients fail to wean

off VV ECMO within 24 hours, our plan was to start anticoagulation with
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heparin at a target aPTTr of 1.5-2 fold, contingent on the occurrence

of bleeding. However, we weaned all elective cases from ECMO within
24 hours after surgery.

The typical indication for elective VV ECMO-assisted surgery was
lung resection in a patient after a previous resection (lobectomy or
pneumonectomy) on the contralateral lung, where reduced pulmonary
reserve makes one-lung ventilation unsafe. Most of the surgeries were
performed due to lung tumors. Specifically, one right-sided and one
left-sided lobectomy were done after a left/right-sided lobectomy,
one right-sided wedge resection was done in a patient after left-
-sided lobectomy, and metastasectomy (malignant melanoma) was
performed in a patient after pneumonectomy (Fig. 1). One patient
with tracheomalacia had lobectomy and one with an intrathoracic
goiter compressing the trachea, who was unable to undergo selective
intubation, had left hemithyroidectomy. Finally, the last patient, who
had a history of three pneumothoraxes and bullous emphysema,
underwent bullectomy (Fig. 2).

Indications for acute VV ECMO-assisted surgery were mainly infec-
tions in the field of ARDS (one lung abscess in a patient with COVID-19
pneumonia, two lung necroses in a patient with severe communi-
ty-acquired pneumonia, and two cases of empyema). The remaining
cases included one expanding bulla causing respiratory failure necessi-
tating prolonged artificial ventilation, one bronchopleural fistulation
after right pneumonectomy (Fig. 3), and two patients with iatrogenic
pneumomediastinum/pneumothorax (one post-intubation tracheal
trauma, one pneumothorax after failed drainage). Table 1 summarizes
the details for all cases.

There were no postoperative complications in elective VV ECMO-
-assisted surgery. Acute VV ECMO-assisted surgery was complicated in
five patients (two with hemothorax, one with hemoperitoneum, one
with infection in the groin at the site of cannula insertion, and one with
hematoma in the area of the iliopsoas muscle after suction cannula
malposition). Three of these complications (both cases of hemothorax

and the hemoperitoneum) required acute surgical revision.
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Fig. 2. Persistent pneumothorax in the field of panlobular emphysema

Fig. 3. Bronchopleural fistulation after right-sided pneumonectomy

KAZUISTIKA / CASE REPORT

ted surgery: case report series

Our experience with VV ECMO

In elective VV ECMO-assisted surgeries, the duration of ECMO was

one day, whereas in acute VV ECMO-assisted surgeries, the median
duration of ECMO was 9 (2-15) days. None of the patients died during
surgery. In elective cases, the 30-day mortality was 0%. In acute cases,
the 30-day mortality was 37.5% (all patients died of complications
related to ARDS). The median of hospital length of stay was 7 (5-10)

days and 30 (19-77) days in elective and in acute cases, respectively.

Discussion

The primary indication for VV ECMO-assisted surgery in our 15 patients
was the difficulty or impossibility of one-lung ventilation due to lung
impairment or previous lung resections. Impossible selective intubation
was the reason in two cases only (tracheomalacia, external tracheal
compression). The risk of complications and mortality during elective
VV ECMO-assisted surgery was very low. This implies that a small group
of patients who would not normally be able to undergo surgery due
to their inability to tolerate one-lung ventilation or selective intubati-
on could safely undergo lung resections. A significant mortality rate

occurred in acute cases, and bleeding frequently complicated the

postoperative course, partly due to the anticoagulation required for
ECMO. However, the underlying disease caused the mortality, and all
ECMO-associated complications resolved.

Jet ventilation, apneic ventilation with high-flow oxygen, or intu-
bation through the surgical field into the distal trachea can provide
oxygenation/ventilation in situations where selective intubation is
impossible due to obstructions, tracheomalacia, or airway surgery [3].
Barotrauma can complicate jet ventilation, which limits its use in obese
patients with COPD [3]. Endotracheal oxygenation, which involves
high oxygen flow through a small probe, is an easy technique for
oxygenation. However, without ventilation, it can cause hypercapnia,
which can lead to hypercapnic acidosis. Furthermore, the duration of
apnea, ideally limited to 30 minutes [4], frequently fails to provide ad-
equate time for surgery. Periodical cross-field intubations may prolong
surgery time and require frequent cooperation between the surgical
and anesthesia teams.

Similar ventilation techniques, extended by intermittent conventio-
nal ventilation, can also be used for patients in whom airways could be

secured, but one-lung ventilation is not possible or is associated with
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a high risk of pulmonary injury. However, these techniques reduce sur-
gical clarity and usually allow only rapid and relatively easy procedures
(talc, biopsy, and wedge resection).

As an alternative to the above options, the use of cardiopulmo-
nary bypass, extracorporeal CO, removal (ECCO2R), or ECMO (VV
for lung resection only, VA for surgery involving both the heart and
large vessels) can be considered. High doses of anticoagulation are
required for cardiopulmonary bypass, and its use may not extend
beyond the operating room. ECCO2R is good for carbon dioxide eli-
mination, but oxygenation is poor, and therefore some combination
with (ultraprotective) ventilation is necessary. ECMO, on the other
hand, does not have these limitations, can be managed without
anticoagulation, provides an excellent gas exchange, and its use can
be extended for the postoperative period. We have exclusively used
the VV ECMO in our cases.

The use of VV ECMO has been described in cases of tracheobron-
chial tree resection, carina resection, sleeve lobectomies [5-7], tra-
cheobronchial tree injury [8, 9], and cases of large mediastinal tumors
causing tracheal compression [10]. Moreover, VV ECMO has been used
to support a wide range of procedures where reduced pulmonary

reserve makes one-lung ventilation impossible or unsafe. Oey et al. [11]
described the resection of an emphysematous bulla after a previous
pneumonectomy. Tsunezuka et al. reported resection of bullae in the
sense of lung volume reduction surgery (LVRS) in severe emphysema
[12]. VV ECMO has also been used during lung resection surgery follow-
ing previous resections, such as lobectomies and pneumonectomies
on the contralateral lung [13].

Several authors have described the use of VV ECMO in ARDS
patients who underwent limited lung resections for aspergillosis
or lung abscess [14, 15], persistent massive air leak [16], or lung
necrosis [17].

Conclusion

Patients in whom selective intubation and/or ventilation is not possible
but who require surgery may benefit from VV ECMO. Morbidity and
mortality rates in carefully selected patients for VV ECMO-assisted
elective lung resection surgery are very low. Patients with respiratory
failure requiring surgical treatment may also benefit from VV ECMO. In
this case, morbidity and post-operative mortality are high, but related
to the underlying disease.
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pre-habilitace pied plicnim resekénim zakrokem).

Pata publikace se vénuje posouzeni nové vytvorenych modelt slouzicich k predikci
pooperacnich plicnich komplikaci (postoperative pulmonaly complication, PPC) po
planovaném resek¢nim plicnim vykonu.

Kli¢ovou roli v predikci PPC maji modely stratifikujici toto riziko. Mezi klicovymi faktory
snizujicimi PPC jsou pifedoperacni optimalizace respirace, zanechani koufeni a respiraéni
prehabilitace (coz jsou piedoperaéné ovlivnitelné faktory).

Piedoperaéni zhodnoceni rizikovosti operace vychazi z doporuceni Evropské respiracni
spole¢nosti (European respiratory society, ERS) z roku 2009 (98). Jak bylo také diskutovano
v iivodni ¢asti této prace. Klicovymi prvky k posouzeni zdatnosti pacienta k plicni resekci
jsou spirometrické dosetieni s forsirovanym jednosekundovym vydechovym objemem (forced
expiratory volume in 1 second, FEV1) a difuzni kapacita plic pro oxid uhelnaty (diffusing

capacity of the lung for carbon monoxide, DLCO) a spiroergometrické dosetfeni v podobé
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zatézového kardiorespiracniho testu (cardiopulmonary exercise testing, CPET). Hodnoty
FEV1 i DLCO nad 80 % predikované hodnoty podle dokumentu ERS umoziuji provést
resekci az do rozsahu pneumonektomie. Naproti tomu, hodnota pod 80 % nalezité hodnoty
kteréhokoli z téchto parametri znaci, ze by mél pacient podstoupit i CPET. Pi#i CPET
vySetieni je kliCovym parametrem vrcholova hodnota spotieby kysliku (peak VO2, VO2max),
méfeno v ml/min/kg. Hodnota VO2max nizs$i nez 10 ml/min/kg kontraindikuje provedeni
resek¢éniho vykonu. U hodnot vyssich nez 10 ml/min/kg se provadi kalkulace, jak velkou ¢ast
parenchymu lze odstranit tak, aby pooperac¢ni hodnota VO2max ztstala nad 10 ml/min/kg.
Dulezité je podotknout, Ze pacienti parametru VO2max pied plicni resekci velmi Casto
nedosdhnou, jelikoz je tento parametr ovlivnén mimo jiné vili pacienta, uzivanim beta
blokatorti anebo ptitomnosti chronické obstrukéni plicni nemoci. Nepiekvapi proto, ze cela
fada studii povazuje VO2max za nepiesny prediktor poopera¢nich plicnich komplikaci,
predev§im v porovnani s ventilacni efektivitou (sklonem V'E/V'CO2, pomér mezi minutovou

ventilaci (V'E) a produkci oxidu uhli¢itého (V'CO2).

Hodnota ¢asové primérné koncentrace oXidu uhli¢itého na konci vydechu, (End-tidal partial
pressure of CO2, PETCO2) zméiena po 2 minutach klidového dychani, se ukazala byt také
dobrou alternativou k zatéZovému parametru sklonu (slope) V'E/V'CO2, kdy prospektivni
multicentrické studie prokazaly stejny prognosticky potencial klidového PETCO2 a sklonu
V'E/V'CO2 v predikci pooperacnich plicnich komplikaci. Klidové PETCO2 se tak stdva
vhodnou alternativou zatéZzového vysetieni pro stratifikaci rizika pacientd pted plicni resekci
tam, kde spiroergometrie bud’ neni dostupna, nebo ji pacient nemutze/nechce podstoupit.

V nasem piipad¢ byly zkoumany dva nové modely predikujici riziko PPC, jejichz soucasti
byly nové slope V'E/V'CO2 (pouzit u pacienti schopnych podstoupit spiroergometrické
vysetieni) a klidovy PETCO2 (u pacientt bez spiroergometrické vystieni).
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Oba modely byly vytvofeny a nasledné validovany na prospektivnich datech od 423 pacientd,
kteti byly nahodné rozdéleny na derivacni (n=310) a valida¢ni (n=113) kohortu. Analyza byla
provedena pomoci binarniho klasifika¢niho modulu (receiver operating characteristic, ROC) s
De-Longovym testem a hodnocenim plochy pod kiivkou (area under the curve, AUC). AUC
rizikovych skore byly 0,795 (95% CI: 0,739-0,851) a 0,793 (95% CI: 0,737-0,849). Nebyly
zjistény zadné rozdily v AUC mezi derivaéni a valida¢ni kohortou. Zavérem Ize konstatovat
velmi dobré prediktivni vlastnosti obou vytvorenych modelti hodnoceni rizika PPC.

Hlavnim omezenim této studie bylo, ze prediktivni nastroje dosud nebyly hodnoceny na vétsi
externi valida¢ni kohorté. Dal§im omezenim je, Ze nastroje nejsou vhodné pro hodnoceni
rizika amrti, protoze se tykaji pouze PPC. Omezeny pocet umrti v naSich kohortach
neumoznil vyvinout vhodné modely pro predikci amrti. Dale pacienti s ppo vrcholu V'O2 <
10 ml/min/kg byli ze studie vylouceni, protoze jsou ve shod¢ s platnymi doporuéenimi
kontraindikovani k operac¢ni terapii. To by mohlo snizit prediktivni hodnotu vrcholové V'O2 a
u ~30 % pacientli nam chybi udaje o arterialnich krevnich plynech (arterial blood gas, ABG).

Vzhledem k neuplnosti udaju nebyly parametry ABG do vicerozmérnych modeli zahrnuty.
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'.) Two models with improved ability to predict postoperative pulmonary complications in patients
‘ scheduled for lung resection surgery may improve preoperative algorithms as they stratify risk

?pﬂ;g based on more relevant parameters https://bit.ly/3xUzdyY
Cite this article as: Svoboda M, Cundrle | Jr, Plutinsky M, et al. New models for prediction of
postoperative pulmonary complications in lung resection candidates. ERJ Open Res 2024; 10: 00978-
2023 [DOI: 10.1183/23120541.00978-2023].
Abstract
Copyright ©The authors 2024 Introduction In recent years, ventilatory efficiency (minute ventilation (V'g)/carbon dioxide production

. R (V'co,) slope) and partial pressure of end-tidal carbon dioxide (Pgrcp,) have emerged as independent
This version is distributed under P 5 i " 2 < ¢
the thrms of the Creatira predictors of postoperative pulmonary complications (PPC). Single parameters may give only partial
Commons Attrbution Non information regarding periprocedural hazards. Accordingly, our aim was to create prediction models with
Commercial Licence 4.0. improved ability to stratify PPC risk in patients scheduled for elective lung resection surgery.

For commercial reproduction rights  Methods This post hoc analysis was comprised of consecutive lung resection candidates from two prior
Sl S prospective trials. All individuals completed pulmonary function tests and cardiopulmonary exercise testing
DRCTSSOTEernetors (CPET). Logistic regression analyses were used for identification of risk factors for PPC that were entered
Received: 8 Dec 2023 into the final risk prediction models. Two risk models were developed; the first used rest Pgrco, (for
Accepted: 16 April 2024 patients with no available CPET data), the second used V'g/ V'co, slope (for patients with available CPET
data). Receiver operating characteristic analysis with the De-Long test and area under the curve (AUC)
were used for comparison of models.
Results The dataset from 423 patients was randomly split into the derivation (n=310) and validation
(n=113) cohorts. Two final models were developed, both including sex, thoracotomy, “atypical” resection
and forced expiratory volume in 1 s/forced vital capacity ratio as risk factors. In addition, the first model
also included rest Pgrco,, while the second model used V'g/V'co, slope from CPET. AUCs of risk scores
were 0.795 (95% CI: 0.739-0.851) and 0.793 (95% CI: 0.737-0.849); both p<0.001. No differences in
AUCs were found between the derivation and validation cohorts.
Conclusions We created two multicomponental models for PPC risk prediction, both having excellent
predictive properties.

Introduction
Surgery remains the preferred treatment of early-stage (IA-IITA) lung cancer due to benefits on long-term
survival [1]. However, postoperative pulmonary complications (PPC) remain a major problem within the
30-day postoperative period, contributing to increased morbidity and mortality, decreased quality of life,
- prolonged duration of hospitalisation and intensive care unit (ICU) stay, and economic burden [2-4].
a @ Ol 30-day postoperative mortality rates after lung resection range from 2.3% to 3% [5, 6] and from 6.6% to

[

7.5% [4, 7], depending on surgical technique and extent of resection.

https://doi.org/10.1183/23120541.00978-2023 ERJ Open Res 2024; 10: 00978-2023
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A recognised factor associated with PPC is patient preoperative functional status. Guidelines of the
European Respiratory Society (ERS) and the American College of Chest Physicians (ACCP) [8, 9]
emphasise the important role of spirometry and assessment of diffusing capacity of the lungs for carbon
monoxide (Dy o). Patients with impaired lung function may also benefit from risk stratification by
cardiopulmonary exercise testing (CPET) [8, 9]. Despite adherence to the ERS/ACCP guidelines,
postoperative morbidity and mortality rates remain high, especially when compared to other elective
surgeries including reported 30-day mortality rates of 0.15% for cholecystectomy [10] and 0.08% for
appendectomy [11].

In recent years, it has been demonstrated that for patients evaluated by CPET, peak oxygen consumption
(peak V'p)), previously considered to be the gold standard exercise parameter for risk assessment, is a
suboptimal predictor of PPC [7, 12-14]. In contrast, ventilatory efficiency (minute ventilation (V')/carbon
dioxide production (V'co,) slope) and partial pressure of end-tidal carbon dioxide (Perco,) have been
demonstrated to be independent predictors of PPC [7, 12, 15, 16]. Indeed, V'g/V'co, slope has been
proposed to be included in preoperative functional assessments [17].

Single parameters for clinical risk prediction may give only partial information regarding periprocedural
hazards. Accordingly, our aim was to identify factors associated with the development of PPC and create
prediction models with improved ability to stratify PPC risk in patients scheduled for elective lung
resection surgery. We created two scores — the first for patients able to undergo CPET (for patients with
available CPET data) and the second for patients unable (or unwilling) to undergo CPET (for patients with
no available CPET data).

Methods
Subjects
This post hoc analysis comprised consecutive lung resection candidates (with confirmed or highly
suspected lung tumour) from two prior prospective trials conducted at two sites in the Czech Republic
(St. Anne’s University Hospital in Brno and University Hospital Brno). Inclusion requirements were ability
to undergo CPET and age >18 years. Exclusion criteria included inoperable tumour (lung resection not
performed) and/or contraindication for lung resection due to low predicted postoperative peak V'e, [8].
Both studies were registered at ClinicalTrials.gov (NCT03498352 and NCT04826575), conducted in
accordance with the Declaration of Helsinki, and approved by the local Ethics Committees of St. Anne’s
University Hospital in Brno (reference No. 19JS/2017; reference No. 2G/2018; reference No. 03G/2021)
and University Hospital Brno (references No. 150617/EK and No. 14-100620/EK). All participants
provided written informed consent for participation in the study.

Pulmonary function tests

All patients completed pulmonary function tests as reported previously [12] in accordance with the ERS
and American Thoracic Society (ATS) technical standards [18, 19]. The tests included Djco with
PowerCube Diffusion+ (Ganshorn Medizin Electronic GmbH, Germany) and spirometry with the ZAN100
device (nSpire Health, Inc., USA). The analysed spirometry measures included forced expiratory volume in
1s (FEV),), forced vital capacity (FVC) and the FEV,/FVC ratio. FEV, and FVC were analysed as % of
the predicted values, with FEV,/FVC analysed as a ratio. In the 2017-2021 period, the ECCS93 reference
values were used [20], while after 2021, the Global Lung Function Initiative (GLI) equations were
introduced in both centres [21]. Dy o values were recorded as % of the predicted values; in the 2017-
2021 period, the Crapo reference values were used [22], while after 2021, the GLI equations were
introduced in both centres [23].

Z-scores for FEV,, FVC and FEV,/FVC were calculated using the official ERS online calculator [24].

Cardiopulmonary exercise testing

All individuals had a symptom-limited CPET as previously reported [12] prior to surgery on an
electronically braked bicycle ergometer (Ergometrics 800®, Ergoline, Bitz, Germany) with a 12-channel
electrocardiography unit (AT-104®, Schiller AG, Baar, Switzerland). For the analysis of expired gases and
quantities, a PowerCube-Ergo® cardiopulmonary exercise system (Ganshorn Medizin Electronic GmbH,
Niederlauer, Germany) was used. At the end of the rest period and during maximal effort, blood gas
analyses were performed using the ABL90 Flex Plus® (Radiometer Medical ApS, Denmark) system.
Carbon dioxide output (V'co,), V'o,, tidal volume (VT), dead space to tidal volume ratio (Vj/Vy), breathing
frequency (fy), V'e, Perco,, respiratory exchange ratio and V'g/V'co, slope were among the analysed CPET
measures.

https://doi.org/10.1183/23120541.00978-2023 2

100



ERJ OPEN RESEARCH

ORIGINAL RESEARCH ARTICLE | M. SVOBODA ET AL.

Postoperative pulmonary complications

Pulmonary complications were defined as in previous studies [4, 12, 15, 25, 26] and assessed from the first
30 postoperative days or from the hospital stay, and included the following conditions: pneumonia (chest
radiograph infiltrates+fever and/or leukocytosis/leukopenia and/or purulent sputum production); atelectasis
(chest radiograph signs+bronchoscopy with plug being removed); respiratory failure requiring mechanical
ventilation (noninvasive or invasive ventilation); adult respiratory distress syndrome (bilateral chest
radiograph infiltrates+arterial partial pressure of oxygen/fraction of inspired oxygen <300) [27], prolonged
air leak (presence of air leak from the chest tube on the 5th postoperative day) [28] and tracheostomy. In
addition, hospital length of stay (LOS), ICU LOS and type (thoracotomy versus video-assisted thoracic
surgery (VATS)) and extent of surgical procedure (atypical resection, lobectomy, bilobectomy,
pneumonectomy) were recorded. In the multivariate model, “atypical resection” included wedge resection
or segmentectomy, while “atypical resection — no” included lobectomy or larger anatomical resection.

Statistical analyses

Categorical parameters were described by absolute and relative frequencies. Independence of two
categorical parameters was tested by the Pearson chi square test or the Fisher exact-test. Numerical
parameters were described by valid n, mean+SD and median supplemented by the 5th and 95th quantile.
Differences between the two groups were tested by the independent t-test or Mann-Whitney U-test,
depending on normality of the data that was evaluated by the Shapiro-Wilk test.

Univariate and multivariate logistic regression were used for identification of risk factors for PPC.
Statistically significant parameters from basic description (potential confounding factors) were included in
univariate regressions. Multivariate models included statistically significant parameters identified by
univariate regression. The forward stepwise method for selection was used. Odds ratios (OR) were
supplemented by 95% confidence intervals (CI). Spearman correlation coefficients were calculated to
assess correlation of these parameters. Statistically significant parameters (p<0.05) from multivariate
logistic regression were entered into the final risk prediction models. Two risk models were developed: the
first used rest Pgyco, (for patients with no available CPET data); the second used V'g/V'co, slope (for
patients with available CPET data). Receiver operating characteristic (ROC) analysis with the DeLong test
and area under the curve (AUC) were used for comparison of these models (scores). ROC analysis was
also used for comparison of results from the derivation and validation cohorts.

Due to the low number of events (deaths) in both cohorts, we were unable to develop any model for
prediction of death risk. However, 30-day and 90-day mortality rates were summarised by survival analysis
methods. Kaplan-Meier curves were constructed for visualisation of survival probability. Cox models for
proportional hazards were used for hazard ratio (HR) calculation.

Analysis was performed using SPSS Statistics 24 and R 4.2.0 software; p-values <0.05 were considered
statistically significant.

Results

In total, data from 423 patients were included in the analysis. This dataset was randomly split into the
derivation (n=310) and validation (n=113) cohorts on a 3:1 ratio basis. The derivation cohort
(three-quarters of dataset) was used for models and risk scores development while the validation cohort (a
quarter of dataset) was used to test the models.

Basic characteristics of study cohorts

Basic demographic characteristics of the derivation cohort are presented in table 1. 75 (24.2%) patients from
the derivation cohort (n=310) had PPC. Patients with PPC were significantly more likely to have COPD,
lobectomy or thoracotomy (all p<0.001) compared to the group without PPC. In contrast, patients without
PPC more frequently underwent atypical lung resection. Patients with PPC had significantly worse lung
function, lower rest Pgrco,, higher V'i/V'co, slope and a longer hospital LOS and ICU LOS (table 1).

Univariate logistic regression and ROC analysis - identification of risk factors

A total of 44 factors or parameters were entered in the univariate logistic regression and ROC analysis. Of
these, a total of seven factors were included in the multivariate analysis; the other parameters were omitted
due to collinearity or correlation of similar parameters (e.g., V'g/V'co, slope and V'g/V'co, ratio or FEV, %
predicted, FEV, Z-score and FEV/FVC). The results of ROC analysis are presented in supplementary
table S1.
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TABLE 1 Subject characteristics of study group (derivation cohort; n=310)

Pulmonary complications

No* Yes® p-value
Age years n=235 n=75 0.324
Meanzso 61.6£13.8 64.4+9.3
Median (S5th and 95th quantile) 65.0 (30.0-77.0) 66.0 (48.0-76.0)
Sex, male 121 (51.5) 51 (68.0) 0.012
BMI kg-m~2 n=235 n=75 0.654
Meantso 27.945.4 28.546.0
Median (5th and 95th quantile) 27.7 (19.8-37.4) 27.2 (19.9-41.4)
COPD 48 (20.4) 31 (41.3) <0.001
Pneumonectomy 6 (2.6) 0 (0.0) 0.342
Bilobectomy 7(3.0 2(2.7) 0.999
Lobectomy 92 (39.1) 59 (78.7) <0.001
Atypical resection 128 (54.5) 17 (22.7) <0.001
Thoracotomy 112 (47.7) 53 (70.7) <0.001
FEV; % pred n=232 n=74 0.004
Meantso 93.2£19.9 85.5£19.1
Median (5th and 95th quantile) 93.0 (59.0-127.0) 83.5 (46.0-118.0)
FEV, Z-score n=229 n=73 0.013
Meantso —0.73+1.20 -1.12#1.11
Median (5th and 95th quantile) —0.84 (—2.90-1.16) —1.10 (-2.95-0.67)
FVC % pred n=231 n=74 0.136
Meanztso 95.4+£18.1 92.1+19.3
Median (5th and 95th quantile) 94.0 (67.0-129.0) 91.0 (63.0-128.0)
FVC Z-score n=225 n=73 0.234
Meantso —0.81+1.08 —0.92+1.18
Median (5th and 95th quantile) —0.82 (-2.71-1.00) —1.01 (-2.76-1.17)
FEV,/FVC % n=225 =74 <0.001
Meanzso 78.6+8.5 73.8#9.7
Median (5th and 95th quantile) 79.3 (63.0-91.5) 73.5 (56.6-88.7)
FEV,/FVC Z-score =225 n=73 <0.001
Meantso 0.07+1.14 —0.45+1.19
Median (5th and 95th quantile) 0.10 (~1.91-2.01) -0.42 (-2.57-1.31)
Dyco % pred n=224 n=73 0.024
Meanzso 84.7+21.5 78.1£22.1
Median (5th and 95th quantile) 83.0 (51.2-123.0) 78.5 (46.0-120.0)
Rest Pgrco, MmHg =235 n=75 <0.001
Meanzso 29.8+4.5 27.4+4.4
Median (5th and 95th quantile) 30.0 (21.7-37.0) 27.6 (19.2-34.7)
V'e/V'co, slope n=235 n=75 <0.001
Meantso 29.546.2 32.847.0
Median (5th and 95th quantile) 28.8 (21.1-39.9) 31.6 (23.0-44.1)
Length of hospitalisation, days n=235 n=75 <0.001
Meantso 6.5413.11 13.65+7.82
Median (5th and 95th quantile) 6.00 (3.00-12.00) 11.00 (7.00-30.00)
Length of stay in intensive care unit, days n=235 n=75 <0.001
Meantso 3.12+1.82 6.60+4.69
Median (5th and 95th quantile) 3.00 (1.00-7.00) 5.00 (2.00-16.00)

Data are presented as n (%) unless indicated otherwise. Bold type for p-values indicates statistical significance.
“Atypical resection” includes segmentectomy and wedge resection. BMI: body mass index; FEV,: forced
expiratory volume in 1s; FVC: forced vital capacity; FEV,/FVC: Tiffeneau index; D co: diffusion capacity of the
lungs for carbon monoxide; Perco,: pressure of end-tidal carbon dioxide; V'e/V'co: ventilatory efficiency (for
carbon dioxide). *: n=235; *: n=75.

Multivariate logistic regression - risk scores development

Two final models (multivariate logistic regression) are presented in table 2. Numerical parameters were
categorised according to the best cut-off value (FEV,/FVC <75%, rest Pgrco, <28 mmHg and V'g/V' o,
slope >33) based on ROC analysis and our previous studies [12]. Both models included sex, thoracotomy;
resection other than wedge (“atypical®) and FEV,/FVC ratio as risk factors. In addition, the first model
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TABLE 2 Risk factors for pulmonary complications: multivariate regression (derivation cohort; n=310)

Model 1 Model 2

Primary model Final model Primary model Final model
OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value OR (95% CI) p-value

Sex, male 2.459 (1.293-4.673) 0.006  2.455 (1.292-4.665) 0.006 2.281 (1.218-4.273) 0.010 2.281 (1.218-4.273)  0.010
Thoracotomy - yes 1934 (1.023-3.659) 0.042 1.907 (1.014-3.585) 0.045 1.857 (0.992-3.478) 0.053  1.856 (0.999-3.456) 0.050
Atypical resection - no 0.228 (0.115-0.454) <0.001 0.229 (0.115-0.456) <0.001 0.250 (0.128-0.489) <0.001 0.250 (0.128-0.489) <0.001

FEV,/FVC % 0.945 (0.913-0.979)  0.002 0.947 (0.915-0.980) 0.002  0.953 (0.921-0.987) 0.007  0.953 (0.921-0.987) 0.006
Dico % pred 1.002 (0.987-1.018)  0.748 1.000 (0.985-1.015)  0.990

Rest Perco, <28 mmHg  0.878 (0.816-0.943) <0.001  0.881 (0.822-0.943) <0.001

V'e/V co, slope >33 1.052 (1.002-1.104)  0.040  1.052 (1.005-1.101)  0.029

Statistically significant differences are indicated in bold. “Atypical resection” includes segmentectomy and wedge resection. FEV;: forced expiratory
volume in 1s; FVC: forced vital capacity; FEV,/FVC: Tiffeneau index; Dyco: diffusion capacity of the lungs for carbon monoxide; Perco,: pressure of
end-tidal carbon dioxide; V'e/V'co,: ventilatory efficiency (for carbon dioxide).

also included rest Pgrco,, while the second model used V'g/V'co, slope from CPET. ORs for risk of PPC
for all included factors are presented in table 2.

Calculated risk of PPC during the first 30 postoperative days is summarised in figure 1. The two prediction
tools yielded similar results. Women with higher values of FEV,/FVC and rest Pgrco, (or lower values of
V'g/V'co, slope, respectively) undergoing a wedge resection via VATS approach had the lowest risk of
PPC — around 2%. In contrast, men with decreased FEV,/FVC and rest Pgrco, (or higher values of
V'e/V'co, slope, respectively) undergoing lobectomy or bilobectomy via open thoracotomy had the greatest
risk of PPC development — >75% (figure 1). The concordance of the two risk scores was also shown by
ROC analysis (figure 2), where AUCs of risk scores were 0.795 (95% CI: 0.739-0.851) and 0.793 (95%
CI: 0.737-0.849), respectively (figure 2). There was no significant difference between the AUCs of the
two models (p=0.867).

Validation of risk scores

Validation of risk scores was performed on the independent validation cohort (n=113). Comparison of
parameters included in the scores for both cohorts is presented in table 3. There were no statistically
significant differences between the cohorts. Figure 3a,b summarises the comparison of the discrimination
ability of these scores between derivation and validation cohorts. There were no statistically significant
differences in AUCs on comparison of the derivation and validation cohorts (p=0.063 and p=0.173,
respectively).

90-day overall survival according to PPC

As an additional exploratory analysis, 90-day overall survival was evaluated and patients without PPC were
compared with those with PPC. Only two patients (0.9%) without PPC died within the first 90
postoperative days, while eight patients (10.7%) died in the group with PPC. Kaplan-Meier curves are
presented in supplementary figure S1. PPC were observed to be a statistically significant risk factor of
90-day postoperative mortality (HR 13.04; 95% CI: 2.77-61.40; p=0.001).

Discussion

We developed two novel risk models for prediction of PPC in lung resection candidates. The two models
had comparable predictive properties for both the derivation and validation cohorts. Both models are
composed of five parameters (sex, FEV,/FVC, extent of resection, surgical technique and V's/V'cq, slope
for patients with CPET, and sex, FEV,/FVC, extent of resection, surgical technique and rest Pgrco, if

CPET is not available).

As PPC have been found to be the main determinant of 30-day postoperative mortality [3], identification
of patients at risk is a key strategy to improve postoperative outcomes. The current ERS/ACCP guidelines
recommend FEV, and D, ., measurements as part of routine preoperative evaluation [8, 9]. While
spirometry and D ¢ assessment have a reasonable negative predictive value in patients with preserved
lung function [29], patients with a predicted postoperative (ppo) FEV; of <40% or <30% were observed
with 16-50% [30, 31] and approaching 60% rates of postoperative mortality [32], respectively. FVC

o
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a)

Thoracotomy -no  Atypical resection -yes  FEV,/FVC>75 and rest Pncoz >28
FEV,/FVC>75 and rest PETCOZ <28

FEV,/FVC <75 and rest PEYcoz >28

FEV,/FVC <75 and rest PETCOZ <28

Atypical resection-no  FEV,/FVC>75 and rest PETcoz >28

FEV,/FVC>75 and rest PETCOZ <28

FEV,/FVC <75 and rest Perco,>28

FEV,/FVC <75 and rest PETCOZ <28

Thoracotomy -yes  Atypical resection - yes  FEV,/FVC>75 and rest Py, 0, >28
FEV,/FVC>75 and rest Perco, <28

FEV,/FVC <75 and rest Perco, >28

FEV,/FVC <75 and rest Perco, <28

Atypical resection - no FEV,/FVC>75 and rest Pmol >28

FEV,/FVC>T5 and rest Perc,, <28

FEV,/FVC <75 and rest PETCOI >28

FEV,/FVC <75 and rest PETCOZ <28

b)

Thoracotomy - no Atypical resection - yes FEVX/FVC >75and Ve/Veo, slope <33
FEV,/FVC>75and Vz/Vco, slope 233

FEV,/FVC <75 and VE/Vcoz slope <33

FEV,/FVC <75 and VE/VCoz slope 233

Atypical resection-no  FEV,/FVC>75and VE/Vco, slope <33

FEV,/FVC>75and Vs/vca, slope 233

FEV,/FVC <75 and V¢/V,, slope <33

FEV,/FVC <75 and Ve/vco, slope 233

Thoracotomy -yes  Atypical resection -yes  FEV,/FVC >75and vE/vcoz slope <33
FEV /FVC>75and Ve/vco, slope 233

FEV,/FVC =75 and V;/V,, slope <33

FEV,/FVC <75 and Vg/V,, slope 233 25.7 413
Atypical resection -no  FEV,/FVC>75and V¢/V,, slope <33 201 33.9

FEV,/FVC>75 and V;/! Vco, slope 233 35.5

FEV,/FVC <75 and VE/Vcoz slope <33 393 .

FEV,/FVC <75 and VE/Vcoz slope 233

FIGURE 1 a) Risk of pulmonary complications (%) during 30 post-operative days - pati with
cardiopulmonary exercise testing (CPET) data not available. b) Risk of pul y complications (%) during 30
post-operative days - patients with available CPET data. FEV,: forced expiratory volume in 1 s; FVC: forced vital
capacity; FEV,/FVC: Tiffeneau index; Perco,: pressure of end-tidal carbon dioxide; V'e/V'co,: ventilatory efficiency
(for carbon dioxide). “Atypical resection” includes segmentectomy and wedge resection. Part a presents risk
assessment for patients with unavailable CPET data, part b for patients with available CPET data.

wasn’t significantly different between groups with and without PPC. Indeed, FVC is not included in any
of the guidelines on preoperative functional assessment [8, 9]. Similarly, a decreased ppo Dy has a fair
predictive value [33], even in patients with a normal FEV, [34]. In our study, both FEV, and Dy o were
associated with PPC in the univariate model, but compared to FEV,, the Tiffeneau index (FEV,/FVC) had
better predictive properties. For this reason and considering the limitations of FEV, mentioned above, we
used FEV/FVC in the multivariate model instead of FEV,. D ¢, failed to predict PPC in the multivariate
model.

Peak V'q, predicts PPC and mortality only if calculated ppo peak V', is <10 mL-min~"-kg~". Patients
with such values are considered inoperable [8, 9]. Values of ppo peak V', >10 mL-min~"-kg™! are
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FIGURE 2 Comparison of risk scores - receiver operating characteristic analysis (derivation cohort; n=310). Risk
score 1 contains rest Perco,; Risk score 2 contains V'g/V'co, slope. AUC: area under the curve; Perco,: pressure of
end-tidal carbon dioxide; V'e/V'co,: ventilatory efficiency (for carbon dioxide).

disputed regarding their role in prediction of PPC [7, 12-17]. However, a number of previous studies have
demonstrated that both V'g/V'co, slope and resting Pgrco, are independent predictors of PPC for lung
resection surgery candidates [7, 12, 15-17]. These parameters relate more directly to ventilation, sharing
nearly the same physiological determinants, i.e., dead-space ventilation and hyperventilation [7, 12, 15]. In
our study, V'e/V'co, slope and resting Pgrco, were independently associated with PPC and constituted
important components of the newly developed prediction tools.

TABLE 3 Comparison of derivation and validation cohorts in components of risk scores

Cohort
Derivation® Validation” p-value

Sex, male 172 (55.5) 65 (57.5) 0.709
Atypical resection 145 (46.8) 54 (47.8) 0.853
Thoracotomy 165 (53.2) 62 (54.9) 0.765
FEV,/FVC % 0.633

Meantso 77.419.1 77.8+9.3

Median (5th and 95th quantile) 78.6 (62.2-91.0) 78.9 (62.9-91.0)

<75% 110 (36.9) 34 (32.4) 0.405
rest Perco, (MmHg) 0.362

Meantso 29.2+4.6 29.1+4.6

Median (5th and 95th quantile) 29.6 (20.7-36.0) 28.8 (22.1-37.0)

<28 mmHg 119 (38.4) 44 (38.9) 0.918
V'e/V'co, slope 0.080

Mean#so 30.3+6.5 31.4+6.4

Median (5th and 95th quantile) 29.5 (21.6-42.3) 30.8 (23.2-43.0)

233 86 (27.7) 41 (36.3) 0.090
Pulmonary complications 75 (24.2) 33(29.2) 0.296

Data are presented as n (%) unless indicated otherwise. “Atypical resection” includes segmentectomy and
wedge resection. FEV;: forced expiratory volume in 1s; FVC: forced vital capacity; FEV;/FVC: Tiffeneau index;
Perco,: pressure of end-tidal carbon dioxide; V'g/V'co,: ventilatory efficiency (for carbon dioxide). . n=310;
% n=113.
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FIGURE 3 a) Risk score 1 (with rest Pgrco) - comparison of derivation and validation cohort - receiver
operating characteristic (ROC) analysis. b) Risk score 2 (with V'g/V'co, slope) - comparison of derivation and
validation cohort - ROC analysis. AUC: area under the curve; Perco,: pressure of end-tidal carbon dioxide;
V'E/[V'co,: ventilatory efficiency (for carbon dioxide).

In previous years, various composite scores have been introduced for PPC prediction based on demographic,
lung function and other score-based data [9, 35], the former having an insufficient focus on PPC if viewed
from the perspective of current knowledge. In addition, in prior studies scores were constructed with
retrospective or registry-based data. In contrast, the new predictive models described herein are based on
prospective multicentre data from two separate cohorts/studies. In addition, the incorporation of V'g/V'co,
slope and P, measurement introduces more specific parameters associated with PPC; the predictive value
of both parameters has been demonstrated in a number of previous studies and replicated in different centres
[7, 13-17]. V'g/V' o, slope is a potential therapeutic target, though there remains some potential controversy
about its role in lung resection surgery [36]. Due to the shared underlying pathophysiology of V'e/V'co,
slope and rest Pgrco,, the two parameters can be used as mutual surrogates 7, 37]. Despite this fact, rest
Perco, shouldn’t be viewed as superior to V'g/V'co, slope. Indeed, CPET still has an important role in
preoperative assessment as calculated values of ppo peak V'o, <10 mL-min~"-kg ™" are strongly indicative of
PPC and mortality risk [8, 9]. Therefore, the most appropriate role of rest Pgrco, appears to be in those
patients unable or unwilling to undergo the test or if CPET is unavailable.

We incorporated surgery-related factors, including technique and extent of resection. The introduction of
modern surgical techniques (VATS and robotic-assisted thoracic surgery (RATS)), decreasing volume of
lung tissue loss with lung parenchyma-sparing surgery (segmentectomy or atypical/wedge resection) [38]
or implementation of the Enhanced Recovery After Thoracic Surgery (ERATS) protocol has clearly
resulted in a decreased rate of PPC and postoperative mortality in the last decade [39]. Robotic surgery
alone has also decreased the rate of in-hospital postoperative mortality by ~50%, compared to open
thoracotomy [40]. An important consideration is that surgery-related factors are modifiable, i.e. the type of
surgery and extent of resection can be discussed within the multidisciplinary team and with the patient.

Interpretation of the calculated risk

An important question is what extent of calculated risk should be perceived as acceptable, increased or
prohibitive for lung resection. In a recent study, the risk of PPC in patients with preserved lung function
was 9% [29], while it was 14.5-17% or even 25% in less selected populations [3, 4, 12]. In view of these
data, we suggest that acceptable risk of PPC shouldn’t exceed 30%, while a >50% risk is prohibitive for
surgical treatment. Patients with a calculated risk of PPC between 31% and 50% should participate in
risk-reducing programmes/strategies. However, we can’t give an exact guidance, as the latter should
routinely be discussed with the patient and within the interdisciplinary team.

Limitations
The main limitation of our work is that the predictive tools have not yet been evaluated in a larger external
validation cohort. A second limitation is that the tools are not suitable for mortality risk assessment as they
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relate only to PPC, since the limited number of deaths in our cohorts did not permit development of
suitable models for mortality prediction. Third, patients with ppo peak V', <10 mL-min~"-kg™" have
been excluded as they are considered inoperable in agreement with the current guidelines [8, 9]. This
might reduce the predictive value of peak V'o . Fourth, in ~30% of patients, we lack data on arterial blood
gases (ABG). Due to the data incompleteness, we didn’t include ABG parameters in the multivariate
models. As data for Dy o were recorded only as % of predicted, we were not able to calculate Z-scores for
Dy co. Despite these limitations, we believe the models described represent an incremental improvement in
PPC prediction and merit consideration for routine use in clinical practice.

Conclusion
We created two multicomponental models/scores for PPC risk prediction, both having excellent predictive
properties. We suggest that the models be used in daily clinical practice.
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Anotace:

Poopera¢ni oxygenoterapie se pouziva k prevenci hypoxémie, a tim i prevenci vzniku infekce
v misté chirurgického vykonu (SSI - surical site infection). Se zdokonalovanim
anesteziologickych technik vSak vyskyt poopera¢ni hypoxémie klesd a piinos kysliku na
infekci v misté operace je zpochybiovan. Hyperoxémie mize mit navic nepfiznivé G¢inky na
plicni a kardiovaskularni systém. Piedpokladali jsme, tak jako Staehr-Rye (2), ze
hyperoxémie po hrudni operaci je spojena s narustem pooperacnich plicnich a

kardiovaskularnich komplikaci.

Cilem této studie bylo proto zhodnotit pooperacni arteridlni krevni plyny a plicni a

kardiovaskularni komplikace u pacientd po resekénim vykonu na plicich.

Do studie byli zahrnuti po sobé jdouci pacienti po plicni resekci. Pooperaéni plicni a
kardiovaskularni komplikace byly prospektivné hodnoceny béhem prvnich 30 pooperacnich
dnd. Hyperoxémie byla definovana jako arterialni parcialni tlak kysliku (PaO2)>100 mmHg.
Pacienti s trvalou hyperoxémii v nejméné dvou sousednich ¢asovych bodech byli povazovani

za hyperoxemické, PaO2 bylo méfeno 1, 6 a 12 hodinu po provedené operaci.
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Do studie bylo zahrnuto 363 po sob¢ jdoucich pacienti. 205 (57 %) bylo povazovano za
hyperoxemické a zatazeno do skupiny s hyperoxémii. Nebyl zjistén zadny vyznamny rozdil
ve vyskytu pooperacnich plicnich obtizi a vyskytu pooperaéni plicnich a kardiovaskularnich
komplikaci, délky pobytu na jednotce intenzivni péce, v nemocnici a 30denni mortalitou. V
naSem souboru byl celkovy vyskyt pooperacnich plicnich komplikaci 14 % a
kardiovaskularnich komplikaci 20 %, ani plicni, ani kardiovaskularni poopera¢ni komplikace

nebyly vyznamné spojeny s pfitomnosti hyperoxémie.

Hyperoxémie po plicni resekci je béZna a nebyla spojena s narustem poopera¢nich komplikaci
ani 30denni mortalitou, hyperoxémie se zda byt pro pacienta neSskodna, a tedy i soucasné
zbytecna (neovlivituje pooperaéni komikace). To podporuje, aby FiO2 byl titrovan tak, aby
udrzoval Vv poopera¢nim obdobi normoxémii (129). Ke stanoveni optimalni cilové hodnoty
kysliku pro poopera¢ni obdobi jsou vSak nutné dalsi, nejlépe randomizované kontrolované,

studie.

Nase studie ma n¢kolik omezeni, ktera jsou soucasn¢ naméty pro dalsi navazujici prace. Za
prvé, arterialni krevni plyny byly monitorovany pouze béhem prvnich 12 hodin na jednotce
intenzivni péce. Intraopera¢ni arterialni krevni plyny, stejné jako podrobné udaje o anestezii a
bezprostfedni pooperacni péci, nebyly soucasti obou protokolli studie, a proto nebyly
zaznamenany. Uvadime vSak kompletni analyzy krevnich plynt za 1, 6 a 12 h po pfijeti na
jednotku intenzivni péce spolu s inspirani frakci kysliku, coz v ptedchozich studiich
provedeno nebylo. Navic nasi pacienti ve skupin€é s hyperoxémii zlstali hyperoxemicti po
dobu nejméné 5 h, coz je déle nez v predchozich studiich, kde byla hyperoxémie jen béhem
anebo maximalné¢ 2 h po operaci. Za druhé, udaje o infekci v misté operace nebyly

shromazd’ovany, a proto nebyly zahrnuty do této post-hoc analyzy. Hyperoxémie jako metoda
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ke snizeni SSI je doporucovana, nicméné existuji studie, které tento pfinos nepotvrzuji.

Zatteti, jednalo se o observac¢ni studii, a proto se nemtizeme vyjadrit ke kauzalité.

Zavérem lze fici, ze u pacientd po resekénim vykonu na plicich je bézna kratkodoba mirna

hyperoxémie, ktera nevede k vyssi inidenci kardiovaskularnich a plicnich komplikaci.
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We hypothesized hyperoxemia post thoracic surgery is associated with post-operative pulmonary
and cardiovascular complications.
Methods: Consecutive lung resection patients were included in this post-hoc analysis. Post-
operative pulmonary and cardiovascular complications were prospectively assessed during the
first 30 post-operative days, or hospital stay. Arterial blood gases were analyzed at 1, 6 and 12 h
after surgery. Hyperoxemia was defined as arterial partial pressure of oxygen (Pa0O,)>100 mmHg.
Patients with hyperoxemia duration in at least two adjacent time points were considered as
hyperoxemic. Student t-test, Mann-Whitney U test and two-tailed Fisher exact test were used for
group comparison. P values < 0.05 were considered statistically significant.
Results: Three hundred sixty-three consecutive patients were included in this post-hoc analysis.
Two hundred five patients (57%), were considered hyperoxemic and included in the hyperoxemia
group. Patients in the hyperoxemia group had significantly higher PaO, at 1, 6 and 12 h after
surgery (p < 0.05). Otherwise, there was no significant difference in age, sex, comorbidities,
pulmonary function tests parameters, lung surgery procedure, incidence of post-operative pul-
monary and cardiovascular complications, intensive care unit and hospital length of stay and 30-
day mortality.
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1. Introduction

Post-operative oxygen supplementation has been used for many years to prevent hypoxemia [1] and recommended to reduce
surgical site infection [2]. However, the incidence of post-operative hypoxemia has been declining over the past several decades [3]
and the role of routine oxygen supplementation in the reduction of surgical site infection has become controversial and in current
practice is not widely practiced [4].

Hyperoxemia may have adverse effects on the respiratory system including absorption atelectasis, worsening of ventilation-
perfusion matching, reduction of mucociliary clearance and oxidative stress to the lung [5-8]. Hyperoxemia may also have adverse
effects on the cardiovascular system including reduced cardiac output and increased vascular resistance [9].

A possible mechanism of hyperoxemia-associated organ damage is the production of reactive oxygen species (ROS) [10]. Pro-
duction of ROS is especially pronounced during ischemia/reperfusion injury and/or hypoxia/re-oxygenation [11] conditions which
are frequently observed with lung resection surgery and one lung ventilation [12] suggesting these patients may be more susceptible to
adverse effects of hyperoxemia.

We hypothesized post-operative hyperoxemia is common and associated with adverse post-operative complications in patients
undergoing lung resection. Accordingly, the aim of this study was to evaluate post-operative arterial blood gases and pulmonary and
cardiovascular complications in patients after lung resection surgery.

2. Methods

Subject selection. Patients from our two studies (ClinicalTrials.gov NCT03498352 and NCT04826575) were included in this
secondary analysis study. Inclusion criteria for all patients were ability to undergo cardiopulmonary exercise testing and age >18
years. Patients with contraindication for lung resection surgery were excluded. Subjects were recruited in two centers from May 2017
through September 2022. All participants provided written informed consent. Studies were approved by both centers Ethics Com-
mittees (St. Anne’s University Hospital in Brno: reference No. 19 J S/2017; reference No. 2G/2018; reference No. 03G/2021 and by the
local Ethics Committee of the University Hospital Brno: reference No. 150617/EK; No. 14-100620/EK).

Arterial blood gases. Arterial blood gases were obtained 1, 6 and 12 h after surgery for research purposes of the NCT03498352
and NCT04826575 studies. Analysis was done at the bedside and results were immediately available to the clinical management team.
Inspired oxygen fraction (FiO2) was estimated based on the form of oxygen therapy (nasal cannula or face mask) and oxygen flow
similar to a previous study on non-intubated adults in the intensive care unit [13]. Hyperoxemia was defined as the use of oxygen with
arterial partial pressure of oxygen (PaO2)>100 mmHg, similar to previous studies [11,14]. Patients with hyperoxemia observed from
at least two consecutive time points were considered hyperoxemic and included in the hyperoxemia group. Hypoxemia was defined as
PaO, <60 mmHg [15].

Pulmonary function tests. All included patients underwent pulmonary function tests within two weeks before the surgery.
Measurements were done as recommended [16] and described in detail in our previous study [17]. In brief, measured parameters
included diffusing lung capacity for carbon monoxide (DLco), forced vital capacity (FVC) and forced expiratory volume in 1 s (FEVy),
expressed as a percentage of predicted value.

Post-operative pulmonary complications. Post-operative pulmonary complications were assessed from the first 30 post-
operative days or from the hospital stay. Complications were defined as in previous studies [17-21] and described in detail in the
study of Brat et al. [17]. In brief, complications included respiratory failure requiring mechanical ventilation (both invasive and
non-invasive), adult respiratory distress syndrome, pneumonia, atelectasis and tracheostomy.

Post-operative cardiovascular complications. Post-operative cardiovascular complications were assessed from the first 30 post-
operative days or from the hospital stay. Complications were defined as in previous studies [22,23] and described in detail in the study
of Mazur et al. [22]. In brief, complications included hypotension, newly developed arrhythmias, pulmonary edema, heart failure,
myocardial infarction/minimal myocardial lesion, pulmonary embolism, stroke and cardiopulmonary resuscitation.

Mortality. Intensive care unit (ICU) length of stay (LOS), hospital LOS and mortality within the 30 post-operative days were
monitored and recorded.

Anesthesia. Anesthesia was done irrespective of both study protocols. In general, all of the patients underwent surgery under
general anesthesia (intravenous induction, inhalation maintenance). Patients undergoing open thoracotomy also had thoracic epidural
catheter inserted for post-operative analgesia. All subjects were intubated with double-lumen tubes. During the surgery, protective
ventilation was used as recommended [24]. Including tidal volume of 4-6 ml/kg, plateau pressure up to maximum of 30 cm H30,
positive end-expiratory pressure of 5 HyO (up to 10 cm H3O during one lung ventilation), breathing frequency to maintain normo-
capnia (or permissive hypercapnia of 45-60 mmHg during one lung ventilation) and FiO, to maintain O3 saturation of 88-94%.
Neuromuscular blockade was routinely monitored and patients extubated when their train-of-four ratio was >0.9.

Post-operative physiotherapy. Based on our local protocols, all patients underwent standard chest physiotherapy including
airway clearance techniques and early mobilization on a daily basis with the help of a physiotherapist.

Statistics. Sample size of 363, mean under Hy, of 14% (expected incidence of post-operative complications in the control group
[25]), minimum detectable effect of 10% (clinically significant increase of post-operative complications) and alpha of 5% were used
for the post-hoc power analysis yielding the power of 80%. The Shapiro-Wilk test was used to evaluate normality. Student t-test (for
data with normal distribution), Mann-Whitney U test (for data without normal distribution) and two-tailed Fisher exact test were used
for group comparison (hyperoxemia vs. control group). Friedman’s ANOVA was used to test for arterial blood gas differences among
the three time-points. Data are summarized as mean + SD (for data with normal distribution) or median (IQR) (for data without
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normal distribution); P values < 0.05 were considered statistically significant. Statistica software 12.0 (StatSoft Inc., Prague, Czech
Republic) was used for the analysis.

3. Results

Three hundred sixty-three consecutive patients were included in this post-hoc analysis. Basic characteristics are shown in Table 1.
Most of the patients were men who underwent lobectomy via open thoracotomy (Table 1). Arterial blood gas analysis at 1,6 and 12 h is
shown in Table 2. Overall, PaO,, PaO,/FiO,, O, saturation and pH significantly increased and FiO, and arterial partial pressure of
carbon dioxide (PaCO,) significantly decreased in the first 12 h in the ICU.

Of 363 patients, 280 (77%) experienced at least one episode of hyperoxemia during the first 12 h (comparison shown in Supplement
Table 1). In two hundred five patients (57%), an observed hyperoxemia episode did not trigger FiO, reduction. These patients
remained hyperoxic for at least two consecutive time points and were included in the hyperoxemia group.

Patients in the hyperoxemia group had significantly higher PaO, and PaO,/FiO, for all three time points (Table 3). There were no
significant differences in age, sex, comorbidities (S-MPM), pulmonary function tests parameters and lung surgery procedure (Table 4).
BMI was slightly higher in the control group. The two groups did not differ in ICU or hospital LOS, ICU readmissions and 30-day
mortality (Table 4).

On comparison of the two study groups, there was no significant difference in the number of patients with pulmonary [hyper-
oxemia n = 23 (11%) vs. control group n = 28 (18%); p = 0.09] or cardiovascular complications [hyperoxemia n = 45 (22%) vs.
control group n = 28 (18%); p = 0.36]. Comparison of each different pulmonary and cardiovascular complication is shown in Table 5.
No significant differences were observed, only hypoxemia was more frequent in the control group.

In 51 (14%) patients, the mean PaO; during the first 12 h in the ICU was >150 mmHg. These patients did not differ in the number of
post-operative pulmonary complications [hyperoxemia n = 4 (8%) vs. control group n = 47 (15%); p = 0.20], cardiovascular com-
plications [hyperoxemia n = 10 (20%) vs. control group n = 63 (20%); p = 1.00] and 30-day mortality [hyperoxemia n = 1 (2%) vs.
control group n = 6 (2%); p = 1.00].

4. Discussion

The major findings of this post-hoc analysis were that hyperoxemia in patients after thoracic surgery is common, mild, often
neglected and not associated with increased risk for post-operative pulmonary or cardiovascular complications or mortality.

In our cohort, the incidence of hyperoxemia was high (77% at least once; 57% at least twice) during the first 12 h. Hyperoxemia
incidence in our study is difficult to compare with previous studies focusing on post-operative period as in the Karalapillai et al. study
[26] a different hyperoxemia definition was used (>150 mmHg instead of the commonly used >100 mmHg [11,14]) while in the
Ehrenfeld et al. study [27], PaO, and FiO, were not reported.

In more than half of hyperoxemic patients, PaO; results did not trigger oxygen therapy reduction by the managing physician. This
liberal strategy is common [26], performed as part of hypoxemia prevention and considered low risk [28]. However, this may not be
true for different patient subgroups with distinct O, requirements [11], especially patients after hypoxia/re-oxygenation (e.g., lung
resection surgery and one lung ventilation [12]) who may be more prone to adverse effects of hyperoxemia [11].

In our cohort, the overall incidence of post-operative pulmonary (14%) and cardiovascular complications (20%) was similar to
previously reported studies [25,29]. Importantly, neither pulmonary nor cardiovascular post-operative complications were signifi-
cantly associated with the presence of hyperoxemia.

Table 1

Basic characteristics (n = 363).
Age (years) 66 (58-71)
BMI (kg/m?) 27 (24-31)
Male No. (%) 205 (57)
S-MPM 6 (4-6)
FEV, (% predicted) 91 + 20
FVC (% predicted) 94 (83-105)
FEV,/FVC (% predicted) 80 (73-86)
DLc¢o (% predicted) 82 + 22
Lobectomy No. (%) 180 (50)
Bilobectomy No. (%) 11(3)
Wedge resection No. (%) 163 (45)
Pneumonectomy No. (%) 9(2)
Open thoracotomy No. (%) 195 (54)
ICU LOS (days) 3 (2-5)
Hospital LOS (days) 7 (5-9)

BMI = body mass index; DL¢o = diffusing lung capacity for carbon
monoxide; FEV, = forced expiratory volume in 1 s; FVC = forced
vital capacity; ICU = intensive care unit; LOS = length of stay; S-
MPM=Surgical Mortality Probability Model.
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Table 2

Arterial Blood Gases during the first 12 h in the ICU (n = 363).
Parameter 1h 6h 12h P
Pa0, (mmHg) 106 (83-141) 110 (86-141) 109 (84-137) 0.02
FiO, 0.30 (0.30-0.40) 0.30 (0.30-0.35) 0.30 (0.30-0.30) <0.01
Pa0,/FiO, 315 (242-430) 355 (276-455) 365 (288-461) <0.01
O, saturation 98 (96-99) 98 (97-99) 98 (97-99) <0.01
PaCO, (mmHg) 43 (40-47) 39 (36-42) 40 (37-44) <0.01
pH 7.36 (7.33-7.38) 7.40 (7.38-7.43) 7.41 (7.39-7.44) <0.01

FiO, = inspired oxygen fraction; PaCO, = arterial partial pressure of carbon dioxide; PaO, = arterial partial pressure of oxygen.

Table 3

Arterial blood gases comparison.
Parameter Hyperoxemia (n = 205) Control group (n = 158) P
1 h after surgery
Pa0, (mmHg) 125 (102-150) 84 (71-101) <0.01
FiO, 0.30 (0.30-0.40) 0.30 (0.30-0.40) 0.06
Pa0,/FiO, 369 (304-469) 255 (116-769) <0.01
0, saturation (%) 99 (97-99) 96 (94-98) <0.01
PaCO, (mmHg) 44 (40-46) 43 (41-47) 0.11
pH 7.36 (7.33-7.38) 7.35 (7.32-7.38) 0.10
6 h after surgery
Pa0, (mmHg) 131 (110-155) 85 (74-97) <0.01
FiO, 0.30 (0.30-0.35) 0.30 (0.30-0.35) 0.09
Pa0,/FiO, 405 (341-484) 282 (143-711) <0.01
O, saturation (%) 99 (98-99) 97 (95-98) <0.01
PaCO, (mmHg) 39 (35-42) 39 (36-43) 0.39
pH 7.40 (7.38-7.43) 7.40 (7.37-7.42) 0.11
12 h after surgery
Pa0, (mmHg) 125 (109-153) 86 (74-101) <0.01
FiO, 0.30 (0.30-0.30) 0.30 (0.25-0.30) <0.01
Pa0,/FiO, 410 (345-498) 300 (145-810) <0.01
0, saturation (%) 99 (98-99) 97 (95-98) <0.01
PaCO, (mmHg) 39 (36-43) 41 (38-44) 0.03
pH 7.41 (7.39-7.44) 7.40 (7.38-7.44) 0.10

FiO, = inspired oxygen fraction; PaCO, = arterial partial pressure of carbon dioxide; PaO, = arterial partial pressure of oxygen.

Table 4

Comparison of hyperoxemia and control group.
Parameter Hyperoxemia (n = 205) Control group (n = 158) P
Age (years) 66 (58-72) 66 (58-71) 0.83
BMI (kg/m?) 27 (23-30) 28 (25-33) <0.01
Male No. (%) 115 (56) 90 (57) 0.92
S-MPM 6 (4-6) 6 (4-6) 0.75
FEV, (% predicted) 91 + 20 90 +19 0.91
FVC (% predicted) 92 (83-104) 94 (82-107) 0.32
FEV,/FVC (% predicted) 81 (74-86) 79 (71-86) 0.24
DLco (% predicted) 81 + 21 84 4+ 23 0.26
Surgery
Lobectomy No. (%) 101 (49) 79 (50) 0.92
Bilobectomy No. (%) 5(2) 6(4) 0.54
Wedge resection No. (%) 97 (47) 69 (44) 0.52
Pneumonectomy No. (%) 4(2) 5(3) 0.51
Open thoracotomy No. (%) 113 (55) 82 (52) 0.6
Outcome
ICU LOS (days) 3(2-5) 3(2-5) 0.78
Hospital LOS (days) 7 (5-9) 7 (5-9) 0.92
ICU readmission 3(1) 6(4) 0.19
30-day mortality 6 (3) 1(1) 0.14

BMI = body mass index; DL¢o = diffusing lung capacity for carbon monoxide; FEV, = forced expiratory volume in 1 s; FVC = forced vital capacity;
ICU = intensive care unit; LOS = length of stay; S-MPM=Surgical Mortality Probability Model.
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Table 5
Post-operative complications comparison.
Hyperoxemia (n = 205) Control group (n = 158) P

Pulmonary complications
Pneumonia No. (%) 19 (9) 23 (15) 0.14
Atelectasis No. (%) 6(3) 7 (4) 0.57
Respiratory failure No. (%) 7(3) 5(3) 1.00
ARDS No. (%) 3(2) 0 0.26
Tracheostomy No. (%) 2(1) 1(1) 1.00
Hypoxemia No. (%) 5(2) 11(7) 0.04
Cardiovascular complications
Lung edema No (%) 2(1) 0 0.51
Pulmonary embolism No (%) 2(1) 2(1) 1.00
Arrhythmia No (%) 26 (13) 19 (12) 0.87
Hypotension No (%) 25(12) 16 (10) 0.62
Heart failure No (%) 2(1) 0 0.51
Acute myocardial infarction No (%) 0 1(1) 0.44
Cardiopulmonary resuscitation No (%) 2(1) 1(1) 1.00
Ischemic stroke No (%) 2(1) 0 0.51

ARDS = Adult respiratory distress syndrome.

Previous studies have shown hyperoxemia might have multiple adverse physiological pulmonary and cardiovascular effects
including absorption atelectasis, worsening of the ventilation-perfusion matching, reduction of mucociliary clearance, oxidative stress
to the lung, increased vascular resistance (including the coronary arteries), and decreased cardiac output [5-9].

In prior surgical cohort studies, observations have been discrepant. In agreement with our study, no association of hyperoxemia
(intraoperative + 2 h after surgery) and post-operative pulmonary complications was found in a large randomized clinical trial by
Meyhoff et al. [30]. In contrast, hyperoxemia was found to be associated with major post-operative pulmonary complications and
30-day mortality in a large retrospective analysis [28]. The reason for these apparent discrepancies might be relatively mild hyper-
oxemia in our lung resection surgery patients. Although hyperoxic, the inspired oxygen fraction in our hyperoxemia group was low and
similar to “low oxygen” groups in previous trials [28,30-33] comparing high (0.80) vs. low oxygen (0.30-0.35) therapy. Indeed, a
dose-dependent effect of hyperoxemia on major respiratory complications and 30-day mortality has been shown by Saehr-Rye et al.
[28].

The PaO,/FiO; ratio was significantly higher in the hyperoxemia group suggesting better lung capacity to oxygenate blood [34].
This may also explain the significantly higher PaO in the hyperoxemia group despite relatively mild differences in FiO; between both
groups. No difference in the incidence of post-operative complications between both groups suggests the better lung capacity to
oxygenate blood together with unnecessary oxygen therapy did not cause post-operative complications development. However, it may
have also prevented it.

In our cohort, there was no significant difference in 30-day mortality between the study groups. In surgical patients, hyperoxemia
has been shown associated with increased 30-day [28] and long-term mortality [35]. Despite these reports, doubt remains regarding
the hyperoxemia — mortality relation [30].

In our study, the incidence of post-operative hypoxemia was low (4%), but significantly higher in the control group. However, the
hypoxemia was mild as mean O3 saturations of these patients were 87 + 6% at 1hr; 90 + 2% at 6 h s and 89 + 4% at 12 h s. Moreover,
14 (88%) of 16 patients were diagnosed with chronic obstructive pulmonary disease, where lower O, saturation (above 88%) is usually
tolerated [36] suggesting lower O, saturation may have been intentional in these patients.

Our study may have clinical implications. To date, an association of hyperoxemia and poor outcome has not been shown in the post-
operative period [1]. Therefore, an optimal oxygen target is not known [1]. In our study we have shown mild hyperoxemia seems
harmless (no association with poor outcome), but also unnecessary (no association with favorable outcome). This supports the pre-
vious suggestion that FiO, should be titrated to maintain normoxemia in the post-operative period [1,11]. Further studies, preferably
randomized controlled trials, are necessary to determine the optimal oxygen target for the post-operative period.

This study has several limitations. First, arterial blood gases were monitored only during the first 12 h in the ICU. Intraoperative
arterial blood gases as well as detailed data about anesthesia and immediate post-operative care were not part of both study protocols
and thus not recorded. However, we report complete blood gas analyses at 1, 6 and 12 h post ICU admission together with inspired
oxygen fraction which was not done in previous studies [26,27]. Moreover, our patients in the hyperoxemia group remained
hyperoxemic for at least 5 h, which is longer than in the previous studies where hyperoxemia was used during surgery [28,30-33] and
maximum of 2 h post-operatively [30,35]. Second, data on surgical site infection were not collected and therefore not included in this
post-hoc analysis. Hyperoxemia as a method to reduce surgical site infection has been recommended [2]. However, this recommen-
dation has been questioned and no benefit of hyperoxia has been found in several studies [1,28,30,37]. Surgical site infection is
associated with increased hospital LOS [38] and no such difference was observed in our study groups. Third, this was an observational
study and thereby we cannot comment on causality.

In conclusion, in patients after lung resection surgery, short-term, mild hyperoxemia is common. Importantly, no adverse outcomes
associated with mild hyperoxemia were observed in this study. Moreover, no significant differences in mortality rates, or in the
incidence of cardiovascular or pulmonary complications were found in patients with and without hyperoxemia.

)}
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ZAVER

Tato habilita¢ni prace se zaméfuje na problematiku nadorového onemocnéni plic, komentuje
6 publikaci analyzujicich novinky v jeho diagnostice s vysledky naseho vyzkumu a pokroku v

chirurgické terapii s predikci pooperacnich komplikaci.

cAll

Prvni prace, "Diagnosticko-terapeuticky management plicnich noduld", pfindsi komplexni
piehled diagnostickych a terapeutickych moznosti plicnich nodularit. Zaméfuje se na
hodnoceni maligniho potencidlu na zakladé¢ morfologie, velikosti a ristu nodulti. Diskutuje
moderni zobrazovaci metody, véetné umélé inteligence (Al), které jist€¢ povedou k zpiesnéni

diagnostiky. Zminuje také vyznam multidisciplinarniho pfistupu a pilotni screeningovy

program rakoviny plic v Ceské republice.

Druha prace, "Subpleural pulmonary nodule marking with patent blue V dye prior to surgical
resection", se zaméiuje na metody znacCeni subpleurdlnich plicnich noduld, které jsou
Vv piipadé miniinvazivniho opera¢niho pfistupu pro chirurga neviditelné, a do nedavné doby
byla jejich verifikace provadéna zejména perioperacni palpaci operatérem, coz mnohdy
vyzadovalo provést operaci otevienou technikou s horSim pooperacnim outcomem pro
pacienta. V naSem piipad¢ byla potvrzena metoda znaceni subpleuralnich plicnich 1ézi pod
CT navigovanou kontrolou smési Patent Blue V a jodové kontrastni latky (jez neni rutinné
v Ceské republice pouZivana) jako bezpe¢na a u¢inna s minimem komplikaci, kdy chirurgovi
poskytuje presnou vizualizaci postizeného plicniho parenchymu pted jeho planovanou extra-
anatomickou VATS resekci. Vysledky této studie pfispély k implementaci této techniky do

repertoaru diagnosticko - terapeutického managementu plicnich nodularit v nasi nemocnici.
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Tteti publikace, "Vicenasobné nadorové onemocnéni plic — kazuistika a prehled literatury”, se
vénuje problematice této relativné vzacné nosologické jednotky, ktera bude mit do budoucna
nartistajici incidenci vzhledem k ¢asnéjsi diagnostice, u¢innéjsi 16cbé, a tedy delsi prevalenci s
prodlouzenim ¢asového okna pro mozny vznik dalsiho primarniho maligniho nadorového
onemocnéni plic. Kli¢ovou roli hraje peclivy staging s vylou¢enim metastatického

onemocnéni. Chirurgicka terapie (anatomicka resekce) je jeji zakladni 1écebnou modalitou.

Ctvrta prace, "Our experience with VV ECMO assisted surgery — case report series",
analyzuje vyuziti VV ECMO jako podpirné techniky pfi plicnich operacich. Tato metoda
poskytuje nahradu plicnich funkci, oxygenaci a soucasnou eliminaci oxidu uhli¢itého. V nasi
sérii kazuistik jsme potvrdili, ze morbidita a mortalita peclivé vybranych pacientti v ramci
elektivni operativy je velmi nizka. Z pouziti VV ECMO mohou profitovat pacienti s
respiratnim selhanim na podkladé€ chirurgicky feSitelné pficiny, kteti by bez jejiho pouziti

nebyli schopni podstoupit operac¢ni terapii.

Pata publikace, "New models for prediction of postoperative pulmonary complications in lung
resection candidates”, popisuje vytvofeni dvou vice komponentnich modela pro predikci
rizika pooperacnich plicnich komplikaci. Prvni model pouzil nové klidovy PETCO2 (pro
pacienty bez dostupnych CPET), druhy vyuzil sklon V'E/V'CO2 (pro pacienty s dostupnym
CPET). Analyza byla provedena pomoci srovnavaciho binarniho klasifika¢niho modulu
(ROC) s De-Longovym testem a hodnocenim plochy pod kiivkou (AUC). Oba modely maji
vynikajici prediktivni hodnotu a je ke zvazeni jejich rutinni zafazeni v pfipadé¢ hodnoceni

rizika pooperacnich plicnich komplikaci u pacienti indikovanych k elektivni plicni resekei.

Sesta publikace, "Hyperoxemia post thoracic surgery - Does it matter?”, se zamétuje na vliv

hyperoxémie po plicni resekci. Hyperoxémie je definovana Vv nasi studii jako arteridlni PaO2
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> 100 mmHg zaznamenana 1 a 6 hodin po provedené operaci. Vysledky nasi studie ukazaly,
ze se jedna o relativné bézny pooperacni stav, ktery ale v nasem ptipadé neni spojen s vyssi
incidenci poopera¢nich komplikaci ani 30denni mortalitou. Vysledek nasi studie je v rozporu

s n¢kterymi diivejSimi studiemi, které praveé potvrzovaly pozitivni vliv hyperoxémie na nartst

pooperacnich komplikaci.

Terapie nadorového onemocnéni plic je komplexni proces, ktery vyzaduje koordinovanou
spolupraci multioborového 1ékaiského tymu (anesteziolog, chirurg, onkolog, pneumolog,

radiolog a radioterapeut).

Chirurgicky vykon je nutné vnimat jako soucast komplexniho rozhodovaciho procesu, ktery
zahrnuje spravnou indikaci operace, vybér vhodného kandidata, naCasovani a volbu
optimalniho pfistupu. Nedilnou soucasti tohoto procesu je i detailni zhodnoceni rizika

perioperacnich a pooperac¢nich komplikaci, které zasadné ovliviiuje vysledny klinicky efekt.
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SEZNAM ZKRATEK

ABG = Arterial Blood Gas

ACCP = American College of Chest Physicians
Al = Artificial Intelligence

AJCC = American Joint Committee on Cancer
ALK = Anaplastic Lymphoma Kinase

aPTTr = Activated Partial Thromboplastin Time Ratio
ARDS = Acute Respiratory Distress Syndrome
ASA = American Society of Anesthesiologists
AUC = Area Under the Curve

BSK = Bronchoskopie

BRAF = B-typ Raf protoonkogen

BTS = British Thoracic Society

CA = California

CADx = Computer-Aided Diagnosis

CADe = Computer-Aided Detection

CAS = Computer-Assisted Surgery

CHOPN = Chronicka Obstrukcni Plicni Nemoc
CMLND = Complete Mediastinal Lymph Node Dissection
CNN = Convoluted Neural Networks

COVID = Coronavirus Disease

CPET = Cardiopulmonary Exercise Testing

CT = Computed Tomography

CTLS = CT Lung Cancer Screening
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CR = Ceska Republika

DF = Disease-Free Interval

DLCO = Diffusing Capacity of the Lung for Carbon Monoxide
DNA = Deoxyribonucleic Acid

DWI = Diffusion-Weighted Magnetic Resonance Imaging
EBUS = Endobronchial Ultrasound

EBUS-TBNA = Endobronchial Ultrasound-Guided Transbronchial Needle Aspiration
EGFR = Epidermal Growth Factor Receptor

ELSO = Extracorporeal Life Support Organization

ENB = Elektromagneticky Navigovana Bronchoskopie

EPCO = Europen Perioperative Clinical Outcome

ERATS = Enhanced Recovery After Thoracic Surgery

ERS = European Respiratory Society

EUS-FNA = Endosonograficky Navigovana Tenkojehlova Aspirace
ESTS = European Thoracic Surgery Society

FDG = Fluorodeoxyglukoza

FEV1 = Forced Expiratory Volume in 1 second

FEV1/FVC = Tiffeneau Index

FiO2 = Fraction of Inspired Oxygen

FS = Fleischner Society

F = French

GGO = Ground Glass Opacification

GPS = Global Positioning System

GTV = Gross Tumor VVolume
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HER = Human Epidermal growth factor Receptor
IASCLC = International Association for Study of Lung Cancer
IBG = Image-Bronchoscopy Guided

IQR = Interquartile Range

JIP = Jednotka Intenzivni Péce

KPR = Kardiopulmonalni Resuscitace

KRAS = Kirsten Rat Sarcoma Viral Oncogene Homolog
LCT = Local Consolidation Therapy

LDCT = Low Dose Computed Tomography

LMLD = Lymph Node Sampling

LR = Lung Rads

MAPK = Mitogen-Activated Protein Kinase

MD = Median Deviation

MET = MET Proto-oncogene, Receptor Tyrosine Kinase
MIA = Minimaln¢ Invazivni Adenokarcinom

MITS = Minimaln¢ Invazivni Torakoskopie

mm = milimetry

mmHg = milimetry rtutového sloupce

ml = mililitr

MPLC = Multiple Primary Lung Cancer

MPS = Massive Parallel Sequencing

MRI = Magnetic Resonance Imaging

mSv = miliSievert

MMPLC = Metachronous Multiple Primary Lung Cancer
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NCCN = National Comprehensive Cancer Network

NCI = National Cancer Institute

NESLON = NEderlands-Leuvens Longkanker Screenings ONderzoek
NICE = National Institute for Health and Care Excellence
NGG = Next Generation Sequencing

NIR = Near Infrared Imaging

N = Nodulus

NTRK = Neurotrofni receptorova tyrosinkinaza

NSCLC = Non-Small Cell Lung Cancer

PaO, = Partial Pressure of Oxygen in Arterial Blood
PD-L1 = Programmed Death-Ligand 1

PET/CT = Positron Emission Tomography/Computed Tomography
PETCO2 = End-Tidal Partial Pressure of CO2

PI3K = Phosphoinositide 3-Kinase

PPL = Periferni Plicni Léze

PPC = Postoperative Pulmonary Complication

peak VO2 = Vrcholova Spotieba Kysliku

R-EBUS = Radialni Endobronchialni Ultrazvuk

RATS = Robotic Assisted Thoracoscopic Surgery

RBC = Red Blood Cell

RB = Roboticka Bronchoskopie

ROC = Receiver Operating Characteristic

ROS = Reactive Oxygen Species

RET = Rearranged During Transfection
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RTC = Randomized Controlled Trial

RTG = Rentgen

SABR = Stereotactic Ablative Body Radiotherapy
SEER = The Surveillance, Epidemiology and End Result
SBRT = Stereotactic Body Radiation Therapy

SD = Standard Deviation

SCLC = Small Cell Lung Cancer

SMPLC = Synchronous Multiple Primary Lung Cancer
SpO2 = Peripheral Oxygen Saturation

SPLC = Second Pulmonary Lung Cancer

SSI = Surgical Site Infection

T = Tumor

TLCO = Transfer Factor for Carbon Monoxide

TNM = Tumor Node Metastasis

UICC = Union for International Cancer Control

USA = United States of America

VATS = Video-Assisted Thoracoscopic Surgery

VD = Volume Doubling Time

V'E/V'CO2 = Pomér mezi Minutovou Ventilaci (V'E) a Produkci CO2 (V'CO2)
VO2 max = Maximalni Spotieba Kysliku

VV ECMO = Veno-Venous Extracorporeal Membrane Oxygenation

WHO = World Health Organization
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