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Pozvéanim doby je precizni perzonalizovana medicina v Siroké a koncentrované interdisciplinarni
kohezi. Prace na vzniku tohoto sborniku je potéSitelnym dokladem pozitivniho potencialu skrytého

v zadouci spolupraci obort, generaci a instituci. Toto sebevédomé senzorium je prabézné zocelovano
svymi sociologickymi protéjsky od amorfni lhostejnosti az k zavilé nepiejicnosti. Frustra laborat qui

omnibus placere studet.
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ZAMER KONFERENCE C1
Teodor Horvath

Schazime se, abychom se soustiedili na ERAS smérnici ESTS. M4 45 polozek a 314 citaci.

Vysokd ambice na jedno dopoledne. Dramatickd, intenzivni.

Ptipraveny protokol neni otrocky. Naopak! Dava plnou svobodu odchylnym rozhodnutim.
U¢init rozhodnuti znamena zarovei piijmout a nést zodpovédnost. Aby se rozhodnuti 1épe pfijimala
a byly plodnéjsi, je dobré je evidovat, poté zpétn¢ analyzovat a zaroven studovat ve svétle vysledki
rozhodnuti alternativnich, tfeba i protichiidnych. K tomu slouzi vystavba protokolu. Cim vétsi
mnozstvi zkuSenosti a poznatkl takto nashroméazdime, tim budou nasSe rozhodnuti ptiléhavéjsi. To
jest samo o sob¢ pozvanim k integraci: ¢im piesnéjsi rozbor, tim zralejsi zaveéry, tim strmé&jsi cesta

vzhiiru k brilanci po¢inani a konsilienci — jednoté poznani.

Kolemoperacni péce mé sva pravidla. Stejné jako je ma operativa. Protoze pfinaseji dobré
vysledky, pouzivame je radi. Jsou osvéd¢ena. Pfitom kazdé pravidlo ma své vyjimky a nesmime se
ostychat je hledat a uplatiiovat.

Navic, jak pravi klasik: “Panta rei”. Cili ke viem novinkam je potfeba pribézné a stfizlivé

zaujimat zodpovédny postoj.

Neschazime se tedy proto, abychom odesli seSnérovani, ale abychom se ucili svobode cinit
nezavisla a zodpovédna rozhodnuti — v souladu s pozndnim a vyvojem oboru. Ani si nemysleme, Ze
budeme nositeli jediné pravdy. Vzdycky je mozné piedlozit alternativné scénare. Ale chceme-li byt
pravdivi, diskutujme je v Sirokém plenéru. Domluvme se na spole¢né cesté vpied a prabézné jeji smeér

korigujme. Teprve poté ji miZzeme oznacit za zdivodnénou.

Pfipomenime si prosty fakt, Ze jazyckem na vahach naSi profesni dokonalosti nejsou ani
fenomenalni manualni zru¢nost, ani posledni technické vymozenosti, ani nejnovéjsi poznatky védy,
po nichz samoziejmé a legitimné vSichni prahneme, ale je nim pacient.

Zacnéme tedy spole¢né hledat a oznacme spravny smér ke korektnimu vykladu naseho

protokolu ERATS.

L2 ERATS C1

VSTUPNI KOMUNIKACE A PORADENSTVI

Dana Sochorova

Komunikace s pacientem a jeho nejbliz§imi je zakladnim kamenem uspésného terapeutického
vztahu mezi pacientem a lékarem. Tento vztah se zaCina utvaret jiz pti prvnim kontaktu v odbornych
ambulancich. Pii konzultacich ziskava pacient povédomi o charakteru operacniho vykonu, nadro¢nosti
fyzické 1 psychické. Dale je vhodné prodiskutovat mozné komplikace, strategie jejich predchéazeni a
stejné tak moznosti jejich piipadného feseni. Je s vyhodou tyto informace poskytovat Gstni i psanou
formou. Eduka¢ni materidly pomohou pacientovi osvezit si informace sdélené v ambulanci, zaroven
mohou poslouzit také ptibuznym.

Pacientovi maji byt pfed plicni operaci srozumitelnou formou sdéleny zejména tyto informace:

» rozsah predopera¢nich vySetteni v¢. planu jejich realizace

» kdy a kam se ma pacient dostavit k pfijmu

» kontaktni Gdaje na osobu, kterou je mozno kontaktovat v pfipad¢ dotazii, zmén ¢i akutnich
obtizi (napf. erudi¢ni sestra)

* plén kondi¢ni piipravy v¢. konkrétnich doporuceni stran fyzické zatéze, nutrice, abstinence
od koufeni

= piedpokladany pribéh hospitalizace

» komplikace vykonu a jejich mozna feSeni

* principy Casné rehabilitace

Pacient méd tedy mit pfed operacnim vykonem jasnou piedstavu o planovaném pribchu
hospitalizace v¢. oekavané doby rekonvalescence. Zaroveit by mél byt komunikaci namotivovan
k aktivnimu pfistupu k prehabilitaci. Ke spravnému porozuméni sdélenych informaci 1ze dojit
privétivym dialogem. Tohoto cile 1ze nejlépe dosahnout spole¢nym usilim vSech do péce zapojenych
odbornosti, nebot’ jejich zapojeni po strance odborné i komunikacni je nejen komplementarni, ale mé
predevsim synergicky efekt. Vstiicny a laskavy pfistup pomaha béhem konzultaci vytvoftit atmosféru,

ve které pacient ztraci ostych probrat své obavy s 1ékatfem a ve které se stdvaji rovnocennymi partnery.
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NUTRICNI PODPORA
Stépan Tudek

ERAS — enhanced recovery after surgery — je soubor postupti, které zlepsuji vysledky operovanych
pacientil v chirurgii obecné, véetné chirurgie hrudni, snizuji riziko komplikaci a ndklady spojené se
zdravotni péci a zlepsuji kvalitu Zivota.

Nutri¢ni piiprava je nedilnou soucéasti ERAS. Je tieba identifikovat rizika pacienta, rozpoznat
nutriéni problémy a adekvatné je 1é¢it podle individualnich potieb, omezit hladovéni na nezbytnou
miru nebo neprodlené hradit jiz existujici energeticky deficit predoperacné i pooperacné. V pripadé
vyznamného zhubnuti nad 10 % za 6 mésici, pti BMI pod 18,5 kg/m2, pti hladin¢ albuminu pod 30
g/1 pti absenci rendlniho a jaterniho postiZeni je ke zvazeni operaci odlozit.

Jinak nemusi byt diagnostika malnutrice jednoduchd, soucasti je klinicky odhad, funkéni vySetieni
(svalova sila, unavnost), laboratorni vySetfeni s nutnosti korelace a komplexni interpretace,
antropometricka vySetfeni, nejlépe je ponechat na erudované odborniky- nutricni terapeuty,
nutricionisty, internisty.

Poskytovani nutri¢ni péce a dobra implementace odbornych doporuceni je vdzano na mezioborovou
spolupraci - mimo jiné napt. ERAS sestry, vSeobecné sestry, chirurga, nutricniho terapeuta, ptipadné
Iékatfe nutricionisty. K dobrému a fungujicimu systému je tieba opakované kontrolovat vSechny

slozky a o soucinnost pecovat.

REDAKCNI VSUVKA N.B. Laboratorni vyseteni naleZici k metabolické rozvaze nutricionisty: urea,
kreatinin, kyselina mocova, Na, K, Cl, Ca, P, Mg, Zn, fosfaty, gluko6za, bilirubin, ALT, AST, GGT,
ALP, amyléaza, lipaza, CRP, celkova bilkovina, albumin, prealbumin, triglyceridy, cholesterol —

celkovy, LDL a HDL, Fe, transferin, feritin, kyselina listova, vitamin B12 a vitamin D.
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ANEMIE U PACIENTA K RESEKCI PLIC

Jan Kamelander

1. Vvchodiska z ERAS guidelines ESTS (2019)

Ptedoperacni anémie je spojena s pooperacni morbiditou, mortalitou a snizenym dlouhodobym
prezitim. Rizika operace rostou s tizi anémie. Nutny je pfedoperacni screening anémie i sideropenie,
nasledovany snahou o identifikaci jejich pfiin a vC€asnou terapii. Tim se snizi rizika plynouci z
anémie, potieby krevnich transfuzi i ptipadné aplikace analog erytropoetinu. Lécba Zelezem je
preferovanou 1é¢bou prvni volby pro korekci anémie z nedostatku Zeleza. Pokud je to mozné, neméla
by se ke korekci pfedoperacni anémie pouZzivat krevni transfuze ani latky stimulujici erytropoézu —
jsou spojeny s hor§imi vysledky u pacientii s nddorovym onemocnénim. Pfedoper. transfuze nesnizi
celkovou potiebu transfuzi.

2. Identifikace anémie, sideropenie a dalSich karenci dulezitych pro erytropoézu

Odbéry: KO, ferritin, transferin + saturace transferinu (Tf), folat, B12 (¢i aktivni B12)
Anémie: Hgb <130 g/l u muza, Hgb <120 g/l u zen (Hgb <110 g/l od piili gravidity)
Sideropenie: ferritin <50 ug/l, ev. ferritin <100 ug/l + soucasn¢ saturace Tf <20 %
Karence folatu: folat <8,8 nmol/l  (resp. pod dolni mez vasi laboratote)

Karence vit. B12: B12 < 145 pmol/l (nebo aktivni B12 < 37,5 pmol/l)
Pti anémii +/- sideropenii ¢i dalsi karenci nutné doSetfeni pfi€in internistou.

3. MozZnosti predoperacni terapie sideropenické anémie, terapie dalSich karenci

Cas do operace tydny az mésice:  p.o. Fe: napt. Tardyferon 1-0-1 nebo Maltofer drg. 1-1-1
Cas do operace hodiny az dny: i.v. Fe: Ferinject 500 mg-1000 mg i.v. jednorazové (ev.
dale 4 2 tydny, Iépe pak dle vypoctu chybéjiciho Fe)
nebo Ferrlecit 1-2 amp. v inf. 1.v./den (62,5 mg Fe/amp.)
Folat: denni potieba cca 400 pg/den — suplementy, ev. Acidum folicum 10 mg tbl. 1 x/tyden
B12: denni potieba cca 3 pg/den — suplementy, ev. Milgamma tbl. 1x1 nebo vit. B12 1000 pg
tbl./den nebo jednorazové pred akutni operaci vit. B12 300 pug i.m./ i.v. inf.

4. Vybrané praktické limitace pri terapii

Maximalni rychlost ristu Hgb pfi intenzivni suplementaci sideropenie — do 1,5-2 g/l/den.
Ferinject: jen ¢aste¢na uhrada ze ZP, doplatek cca 1400 K¢&/500 mg — pacient / pausal nem.
Suplementaci folatu / vit. B12 konzultovat s onkologem — pfekrmovani Zivi rist nadoru!

Dle komorbidit zvazit modifikaci vedeni terapie i jejich cilti ve spolupréci s internistou.
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PLICN{ REHABILITACE A PREHABILITACE

Martin Hartman

SniZena tolerance zatéze u pacientl indikovanych k operaci plic je spojena s horSimi kratkodobymi 1
dlouhodobymi klinickymi vysledky po zakroku, véetn€ pooperac¢nich komplikaci, délky hospitalizace
a miry preziti.

Zvyseni fyzické kondice pted operaci tedy mlize vést k lepsimu a rychlejSimu zotaveni po zakroku.
Efekt prehabilitace je nejvyrazn€jsi u pacientli s velmi snizenou kondici a zvySenym rizikem
komplikaci (6MWD < 400m, VOmax < 16 ml/kg/min).

Z nekolika systematickych review vyplyva, Ze programy prehabilitace jsou zna¢né heterogenni a
doposud nejsou stanoveny jednotné postupy. Lisi se jak slozenim intervenci, tak jejich délkou a
frekvenci. U vétSiny vSak doslo v porovnédni s kontrolnimi skupinami k vyznamnému zvySeni
VO;max a 6MWD, v nékterych také ke zlepSeni plicnich funkci (FEVi). Zkratila se doba
hospitalizace a doba potieby hrudni drendze, snizil se pocet komplikaci.

I ptes zjisténé benefity vsak cilend rehabilitace pied operaci plic u nds, ani svété, bézné neprobiha.
Bylo by tedy vhodné toto zménit a minimalné u nejvice oslabenych pacientti prehabilitaci zaradit.
Rehabilitace probiha standardné az po zékroku. Ta by méla dle potieby zahrnovat: vhodné polohovani
(zvysena poloha); Casnou mobilizaci (sed, chlize); podpora rozvijeni plic (respiracni fyzioterapie,
dechov¢ trenazery); techniky hygieny dychacich cest; korekce drzeni téla (antalgické drzeni); cviky
na udrZeni rozsahu pohybu ramene na stran¢ zakroku; péci o jizvu; doporuceni, rezimova opatieni a
cviky na doma.

Navrh prehabilitace (vychazi z preskripci probéhlych studii):

Jako idedlni se jevi délka 4 tydny, kdy dochazi k nejvétSimu posunu ve fyzické kondici. Minimalni
doba je potom 2 tydny. Forma — ambulantni, v domacim prosttedi, kombinace. (Pozn. 6 tydnii pfed
zakrokem nekoufit — vhodné okno?)

Aerobni trénink: 5x tydné na 60-80% maxima; 10-30min; moZné postupné navysovat, pripadné
intervalovy trénink. (Dle moznosti — kolo, chiize, rotoped, ergometry).

Silovy trénink: 3-5x tydné€, hlavni svalové skupiny koncetin; 60-80% 1RM, 5-10 opakovani, 3-5
sérii.

Posileni dechovych svalii: 5-7x tydné, 30-60% maxima. 10-15min. (trenazery, napt. Threshold IMT,
PEP).

Dechova cvi€eni: 7x tydné, 1-2x denné¢ 5-10min. Dle cile — hygiena dychacich cest, mobilita

hrudniku, stereotyp dychani.

Vybér aktivit se bude fidit moznostmi pracovisté a pacienta a terapeutickym cilem. Minimalné¢ je
vhodné kombinace aerobni aktivity a posileni dechovych svalt. Pravidelné kontroly pokud je trénink

v domécim prostiedi (1-3x/T).
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ARYTMOLOGIE: FIBRILACE SINi

Samuel Lietava

Fibrilace sini (FS) je nejcastéjsi arytmii v populaci. Pacienti podstupujici hrudni operaci maji
vy$si riziko recidivy arytmie peri- a pooperaéné a/nebo vzniku arytmie de novo. Incidence FS ve
souvislosti s operacnim vykonem nartistd s vékem a je vys$s$i u muzi. Mezi dalsi rizikové faktory dale
patii hypertenze, chronické onemocnéni plic, cukrovka, ischemicka choroba srde¢ni, srdecni selhani
a chlopenni vady srdce. Jakakoliv pooperacni komplikace vyrazné zvysSuje riziko jejiho vzniku.
Hlavni nebezpeci tkvi v riziku cévni mozkové piihody.

Z arytmologického hlediska mame pouze omezené moznosti profylaxe peri- a pooperacniho
vzniku FS, dosud provedené studie jednoznacn€ neprokézali zasadni benefit medikament6zni
profylaxe. Zésadni je nepierusit podavani betablokatorti, pokud je pacient uziva chronicky. Tedy i
v den operace je podavame a pokud si situace vyzaduje upravu medikace, pak se snazime pouze o
snizeni davky (prevence rebound fenoménu po ndhlém vysazeni). Dale je zddouci vysetieni hladiny
iontl, hlavné drasliku a hot¢iku a jejich hrazeni pfed operaci spiSe k horni hranici rozmezi norméalnich
hodnot®. Podavani hot¢iku periopera¢ni lze doporucit i v pfipadé jeho normalni hlading v krvi.
Profylaktické podavéani antiarytmik se ploSné nedoporucuje. Pouze u vysoce rizikového pacienta
(vysoké¢ CHADS, skore) lze zvazit jednordzové pooperacni podani amiodaronu. Profylaktické
podavani digitalisu nedoporucujeme.

Témeét vSichni pacienti se zndmou FS uzivaji antikoagula¢ni terapii. Periopera¢ni manazment

zavisi od rizikovosti pacienta. U pacientil s nizkym trombembolickym rizikem (CHA2DS>-VASc

score <4) vysazujeme antikoagula¢ni terapii bez premosténi nizkomolekularnim heparinem (LMWH).

Warfarin vysazujeme 3-5 dnt pfed operaci, dabigatran 48 hodin, xabany 24 hodin ptfed operaci, pfi
rendlni insufficienci tento cas prodluzujeme o 24 hodin. U pacientl s vysokym rizikem
trombembolickych piihod (CHA2DS>-VASc score >6) zvazujeme zajisténi LMWH perioperacné.
Pacient s mechanickou nahradou srde¢ni chlopné musi mit vzdy pfemosténi perioperacniho obdobi
plnou davkou LMWH! Antikoagula¢ni terapii zahajujeme 48-72 hodin po operaci v zavislosti na
kontrole krvaceni. U pacientl s mechanickou srde¢ni chlopni zahajujeme poddvani LMWH 24 hodin
po operaci spolu s poddvanim warfarinu.
Doporuceni arytmologa ve zkratce:

1. Kontrola iontogramu pted operaci, idedln¢ draslik a hot¢ik na horni hranici normy

2. Neprerusit podavani betablokatoru (v ptipadé nutnosti snizit davku o tfetinu az polovinu)

3. Hrazeni hot¢iku periopera¢né (10ml 20 % MgS04/250ml FR i.v. po dobu operace)

Zvazit podani amiodaronu pooperaéné u vysoce rizikovych pacienti (300mg ami-
odaron/250ml 5 % GLC i.v. na 2hodiny)

Antikoagulaci pii nizkém trombembolickém riziku vysadit bez piemosténi LMWH (warfarin
3-5 dnd, NOAC 1-2 dny)

Piremosténi LMWH u mechanické nahradé srdeéni chlopné VZDY, ke zvéZeni také u
rizikovych pacientli (CHA2DS>-VASc >6)

Antikoagulaci opét podavat 24-72 hodin po operaci
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ANESTEZIOLOGIE
Kamil Hudéacek

Koncept ERAS = enhanced recovery after surgery a PBM = patient blood management jako
postupy optimalizace perioperacni péce, jejiz piinos byl jednoznaéné prokazan soucasnym stavem
odborného poznani, se postupné stavaji formalizovanou soulasti zdravotni pé¢e i v CR. Bylo
dokazano, ze zlepsuje klinicky vysledek, snizuje morbiditu, snizuje Cetnost a zdvaznost komplikaci,
zkracuje dobu hospitalizace a tim také celkové naklady na hospitalizaci pacienta u vybranych velkych
operac¢nich vykon.

Specifikum pacientli indikovanych k hrudni operativé tkvi ve slozitosti pripravy. Jde ¢asto o
polymorbidni pacienty (CHOPN, HTN, DM, ICHS, obezita, koufeni a hepatopatie), u kterych
samotné predanestetické vysetfeni by mél provadét 1ékar se specializovanou zpiisobilosti v oboru
AIM (nebo 1ékar v ptipravé, pod jeho odbornym dohledem). Je nutno komplexné a peclivé vySettit
dychaci cesty pacienta, odebrat anamnézu a cilen¢ se ptat po predchozich vykonem v celkové
anestezii a moznych obtiZich pii zajiSténi DC. Soucasti rozvahy je také volba pooperacni péce. Jeji
rozsah zavisi na klinickém stavu nemocného, rozsahu vykonu, operaénim pribchu a eventudlnich
komplikacich. Vét§ina pacientll byva po splnéni kritérii extubovana na operacnim séle, u pacientli po
rozsahlejSich resekénich vykonech pokracujeme pooperacné v UPV na JIP nebo ORIM.

Zlatim standardem je u pacientl podstupujici operacni zakrok v hrudniku uvedeni do celkové
anestezie s nutnosti intubace bilumindlni kanylou, kterd umoziiuje selektivni ventilaci neoperované
plice a tim umoznuje klidné a ptehledné opera¢ni pole pii VATS. U thorakotomii je nutné zavedeni
hrudni epidurélni blokady ptfed operaci. I kdyz pouzijeme nejmodernégjsi anestetika (propofol nebo
sevofluran) s monitoraci hloubky sedace, je nutno pacienta hluboce relaxovat k umoznéni samotné
intubace velkou bilumindlni kanylou a k minimalizaci rizika poranéni dychacich cest. Je nutné mit
k dispozici vybaveni k feseni ptipadnych komplikaci — video-/fibrobronchoskop a také bronchialni
blokator. I proto se celosvétove rozsifuje trend miniinvazivity na poli hrudni operativy.

Neintubac¢ni piistup u operacich v hrudniku je postaven na principech konceptu ERAS.
Eliminujeme nadmérné pouziti opioidit a svalovych relaxancii, protoze se vyuziva interkostalni
blokada s blokadou n.vagus ypsilaterdln¢ lokalnim anestetikem, ktera umoznuje chirurgickou
preparaci takto oSetené plice u spiciho pacienta se zachovanym spontannim dychanim. Nesporna je
nutnost tésné kooperace anesteziologického tymu s tymem chirurgickym jiz na zacatku a to spraévnou

volbou pacienta. Metoda neni vhodna pro urgentni vykony, u pacientli s poruchami koagulace ¢i

hrozici velkou krevni ztratou, dale je piekdzkou GERD, syndrom spankové apnoe, velmi obézni
pacient a pacient se srde¢nim selhanim.

Dusledné pouceni pacienta a jeho spoluprace vse usnadiiuje, prakticky neni podavéana
sedativni premedikace. Pii vyssi riziku rozvoje PONV podavame per os setron a dexamethason. Pii
pfichodu na operacni sal se pfipraveny a vybaveny anesteziologicky tym ,,vrhne* na pacienta —
udrzovani télesné teploty zajisti vyhiivaci podlozka, napoji se monitorace vitalnich funkci (EKG,
Sp0O2, NIBP) a zavedou se 2 periferni zilni kanyly, aplikujeme antibiotika. Tekutinou volby jsou
balancované krystaloidy v restriktivnim rezimu, cilem je euvolémie. Na celo lepime elektrodu na
snimani EEG aktivity frontalnich lalokd (BIS monitor) k fizeni davkovani propofolu cestou TCI
pumpy (target control infusion). Nasadi se vysokopriitokova nosni kanyla k doddvce O2 v pritbé¢hu
operace (Optiflow + AirVO).

Jiz kape propofol, pacient usind, ale ma zachovanou spontanni ventilaci. Po opichu arterie
lokdlnim anestetikem kanylujeme tepnu ke kontinualni monitoraci tlaku a peropera¢ni monitoraci
krevnich plynt. Poté se pacient ota¢i na bok, operovanou stranou nahoru. Zodpovédnosti
anesteziologa je minimalizovat riziko poranéni pii polohovani a dbat na prevenci ttlaku predevsim
perifernich nervli. Vysledna poloha je obvykle kompromisem mezi maximalnim pohodlim operatéra
a bezpecim pacienta. Po natfeni kiize dezinfekénim roztokem chirurg infiltruje mista k zavadéni port
lokalnim anestetikem s naslednym provedenim arteficialniho pneumothoraxu. Operatér zavede
interkostalni blokadu 3. az 8. mezizebii pod optickou kontrolou s ypsilateralni blokadou n. vagus.
Kdyz pacient dobfte toleruje PNO a exkurze hrudniku jsou pfiméfené, je mozné provést zamyslenou
plicni operaci. KdyZ by sedace propofolem nedostacovala, da se vyuzit kontinualni podani ketaminu,
dexmedetomidin nebo i.v. mesocain. Titrace hloubky sedace a udrzovani dostate¢né oxygenace je
v této chvili hlavni ¢innosti anesteziologa.

Na Zadost operatéra na konci vykonu rozepneme kolabovanou plici vétSinou pouzitim
oblicejové masky s PEEPem. Zavede se hrudni drén a po za$iti operacni rany vyvedeme pacienta
z anestezie — probouzi se na sdle do plného kontaktu, spontdnné si dycha a v ptipad¢ potieby je
podano 1i.v. analgetikum (paracetamol) nebo podkozné opioid (piritramid). Nasleduje transfer na

CHIR JIP.
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POHLED SESTRY
Zdenka Knechtova & Miriam Markova

Smysluplné planovani a poskytovani komplexni péfe o pacienty podstupujici operaci plic
(planovanou i akutni) zalozené na diikazech je nedilnou soucasti prace sester chirurgickych oborti.
Efektivni spoluprace lékait, sester, fyzioterapeutli je nezbytnd s ohledem na individudlné
poskytovanou standardizovanou péci vSem pacientim. Soucasn¢ jasné vymezeni kompetenci a ukolt
vSech ¢lentd tymu muze byt cestou k ¢asové uspoie.

Cinnosti sestry v pééi o pacienta podstupujiciho operaci plic Ize rozdélit do nasledujicich oblasti:
Sbér komplexnich anamnestickych udaji zaméfujicich se na zhodnoceni aktudlniho stavu
pacienta v oblasti nutrice, koufeni, zavislosti na alkoholu ¢i jinych navykovych latek,
pohyblivosti, zdravotnich omezeni a pfitomnost kompenzacnich pomiicek. Cilem je vyhodnoceni
moznych rizik a planovani vhodnych osetfovatelskych intervenci zajist'ujici bezpeci pacienta.
Edukace pacienta tykajici se piijeti do zdravotnického zatizeni, hospitalizace, pfedopera¢niho
obdobi, bezprostiedni pfedoperacni péce, perioperacni péce a nasledné pooperacni péce. Cilem
edukace je poskytnout pacientim informace, ovéfit porozuméni danych doporuceni, odpoveédét
pfipadné dotazy a soucasné€ dovysvétlit potiebné informace sdélené lékafem a sestrou.
Provadéni rutinnich oSetfovatelskych vykoniu (odbéry biologického materialu, predopera¢ni
piiprava, pooperacni péce, aplikace 1éCiv, oxygenoterapie aj.). Sledovani a hodnoceni celkového
stavu pacienta v pribéhu hospitalizace vede ke véasnému odhaleni moznych komplikaci.
Provadéni specializované perioperacni péce. V bezprostiedni predoperacni fazi jsou pacienti
zajiStovani invazivnimi vstupy nezbytnymi pro perioperacni a poopera¢ni monitoraci: arterialni
kanylace (5-10 minut), centrdlni Zilni katetrizace (15-20 minut), intubace za pomoci
bronchoskopu (20 minut), katetrizace mocového méchyie (5-10 minut) aj. a podavani epiduralni
anestézie/analgézie (zavedeni epidurdlniho katétru — 20 minut). Polohovani pacienta pted operaci
provadi jiz operacni tym (trva ptiblizné 10-15 minut). Pacienti jsou uklddani na vyhtivané ltzko,
abychom zabranili peroperacni hypotermii. Poté se pfistupuje k dezinfekci (5-10 minut) a
naslednému rouskovani opera¢niho pole (5 minut). Sestry v této fazi asistuji anesteziologiim a
chirurglim v jednotlivych vykonech a dale komunikuji s pacienty.

Poskytovani specializované pooperacni péce zamérené na péci o hrudni drén, vSechny typy
drenazi, hrudni rehabilitaci a v€asnou mobilizaci pacientli, prevence tromboembolickych

komplikact, zajisténi specifickych vySetfeni a management bolesti.
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PROZITKY JEDNE PACIENTKY

Hana Mikulova

1
Vloni (2021) jednoho horkého ¢ervnového dne jsem vysla do 2. patra a najednou se mi n¢jak divné
dychalo. Ten pocit dnes uz ani neumim popsat. Vystrasilo mne to. Je patek, vikend pied nami...
zapatrala jsem na internetu po nejblizsi plicni ambulanci a vydala se tam, abych néco nezanedbala.
Byla jsem odeslana na RTG plic a zhruba po tiech hodinach ¢ekéni jsem se ocitla v plicni ordinaci. ..
Lékat mi ani neodpoveédél na pozdrav.

“Co to mate s témi plicemi? Jste normalni?”, vybafl.

Splavena potem z horka a plna obav jsem odpovédéla: “Ja nevim, Spatné€ se mi dycha.”

Lékar na to: “Mate tam vodu, v pondé€li musite do nemocnice”. Ptal se na miij zdravotni stav a zarazil
se, kdyz jsem mu fekla, ze mam revmatoidni arthritidu.

“Jaky stupent” ptal se. Rekla jsem vie, co jsem védéla, ale bylo mu to malo. Zagal byt nepiijemny:
“Pro€ jdete k 1¢kati neptipravend?”, zahartusil. Bylo mi désn€. Vykoktala jsem zahanbené, ze mi
vibec nenapadlo ptfipravovat se, Ze jsem se toho $patného dychani bala, a tak jsem ho vyhledala.

“A obcanku sebou mate? Tak pro¢ nemate sebou zdravotni dokumentaci?”, pronesl arogantné. Sestra
zakoulela o¢ima a né¢kam zmizela. Bylo mi strasn¢. Chtélo se mi brecet. Jsem tu poprvé a takovy
hrozny pfistup...

Pak jsem volala svému obvodnimu I¢kati. Ten tfekl, abych se stavila. Pockal na mne v ordinaci a
nasadil mi antibiotika...

2

V pond¢li jsem nastoupila do nemocnice.

Nevstiicné a povysené jednani sester uz pii nastupu. Byla jsem vyplaSend, co se bude dit. Pan primar
byl piijemny, ale moc toho nenamluvil. Rekl mi, e udélaji veskera vysetieni a “vodu z plic” odeberou
napichnutim. Po punkci se mi udélal na levém boku rudy flek. Sitilo se to do pasu a dale na stehno.
Ukazovala jsem to lékafi. Pry to nic neni. Dozadovala jsem se dithiadenu, ale nedostala jsem jej. Pry
nebylo potteba. Tak jsem poprosila kamaradku, aby mi jej pfinesla... uzivala jsem jej sama a flek se
postupné ztracel.

Deset dnli mi nikdo nechtél nic fict. Po celou tu dobu se sestry chovaly strasn¢€ povysen¢. Nejen ke
mng¢, ale k ostatnim pacientim, hlavné tém star§im, bezbrannym. Obcas bylo slySet kiik: “Nemam na
Vés ¢as.” Byla jsem z toho na psycho. Zhubla n¢kolik kilo. Jedenacty den mi fekl pan primai: “Mate

ve vypotku rakovinové bunky” Byl to Sok. Ptala jsem se, co bude dale a on stale opakoval: “Mate



tam rakovinové bunky.” Dalsi den jsem byla propusténa s doporuc¢enim vysetieni na jiném pracovisti.
Pokud by mne nepropustili, §la bych domi na reverz. Uz se tam nedalo vydrzet.

3

Byl to pro mne obrovsky Sok. J& mam rakovinu! Ja, ktera absolvuji vSechna preventivni vysetieni,
cely zivot sportuji, tan¢im, zdrave jim, daruji krev... Proc¢ ja? Co bude??
Nasla jsem si na internetu informace o odd¢€leni a 1ékatrich kam ptijdu. Byly ptiznivé. Bylo mi u srdce
hned Iépe. Snazila jsem se byt v klidu a fikala jsem si: “TO DAM!”

4

Ale 1 tak jsem byla na prvni navstéve v jiném zatizeni vykulena. Béla jsem se, jak se mnou budou
doopravdy jednat. Internet nastésti nelhal. Pani na recepci byla vécna, ptijemnd. Normalni. S panem
doktorem a jeho sestfickou jsme si povidali, v§e mi vysvétlili, zafidili potfebné ... a hned mi bylo 1épe,
1 kdyz diagnéza plicniho nadoru byla nakonec potvrzena.

5

Pracovala jsem cely Zivot s lidmi. Casto to nebyla prochazka rtizovym sadem. Rodi¢e mne viak
naudili, ze se mam ke kazdému chovat pékné. “Mysli si, co chees, ale bud’ vzdy mild”, Casto pravili,
1 kdyZ na svété jsou i zli lidé. To se snazila predat détem a snazim se pieddvat i vnoucatiim.

Ve firmé, kde jsem pracovala, jsem méla dobré postaveni, na starosti komunikaci s vefejnosti a
mnozstvi lidi — obchodni nakupéi, zboZi, vedouci prodejen — po celé CR. Jednala jsem s nimi
nescCetnekrat, osobné, telefonem, mailem. Snazila jsem se byt mila a vstficnd, Byla jsem uspésna

a ve firm¢é m¢é méli radi. Kdybych byla zla a nepfijemnd, firma by pfichazela o klienty, a to by
znamenalo vyhazov...

6

Ten, kdo si vybral povolani zdravotnika si musi uvédomit, Ze bude pracovat s lidmi. Ani ve
a sestry jsou nemocni a boji se co s nimi bude, vyptavaji se, nékdy jsou 1 otravni, protivni, nebo
nespolupracuji...ale navzdory v§emu se mé zdravotnik k pacientovi chovat laskave jako clovek, ktery
muze poskytnout pomoc jinému ¢loveéku, ktery ji potfebuje. Vzbuzovat diveru, aby jim mohl pacient
vetit... myslim si, ze teprve za téchto podminek je pacient dobte 1éCen.

7

Nyni se rok 1é¢im na onkologii. Potkdvam se zde s 1€kafi a zdravotnimi sestrami, ktefi jsou na mne
hodni, kterym véfim. Mohu jim pokladat otazky, které mne trapi a tyto jsou mi srozumiteln¢ a laskave
zodpovézeny. Vim, Ze ma nemoc je pod kontrolou a citim se dobte. Dostdvam drahé ucinné 1éky, ale
bez obfasného pohlazeni po ruce a zaslechnuti péknych upiimnych slov, které patti mné osobné, by

to bylo jist¢ malo...
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PARADOX VCASNEJ DIAGNOSTIKY

Milan Krajcovic¢

Moja rakovina je zvlastna. Necitim ziadnu bolest’. VSetko utrpenie od prvého podozrenia bolo,
paradoxne, sposobené az lieCbou.

Absolvoval som dva zlozité chirurgické zakroky, oba na Klinike hrudnikovej chirurgie v
Martine. Pre mia su to najlepSie a najsvetlejSie zazitky zo vSetkych doterajsich procedur. Harmonia

I'udskosti a profesionality.

Mesiac po skonceni Stvrtého cyklu adjuvantnej chemoterapie (cDDP + Gemcitabin) sa naplno
ozvala tazka periférna neuropatia. Je to vraj beznd komplikécia. Ja to vnimam ako zradu v
poskytnutej lie€be. Odvtedy som nielen onkologicky pacient, ale aj mrzak. Uzivam lieky s d’alSimi
neziaducimi G¢inkami. V tazkej krize som si musel najst’ psychoterapeuta. Naucil som sa Zit’ v bolesti
a bez nadeje na uzdravenie. Ako kazdy onkologicky pacient.

Vlani, na den boja s rakovinou Nadacia pre vyskum rakoviny zorganizovala webovu
konferenciu o chemoterapiou indukovanej neuropatii (CIPN) aj s mojim prispenim. InSpirovala

vedcov na hlbsi vyskum.

Odkedy je zndme moje ochorenie absolvoval som mnoZstvo Specidlnych vySetreni, prijal
velké objemy RTG Ziarenia. KonStatuju len stav ochorenia. Tak vznika paradox v€asnej diagnostiky.
Cim skor je rakovina odhalena, tym dlhsie ¢akéte na smrt’. V neistote.

Prijal som svoju chorobu. Porozumel pojmu ,,kvalita Zivota®“. Pochopil som ,,nesnesitelnou

lehkost byti*. Zacitil obdiv k 'ud’om, ktori takto musia Zit’ cely dlhy Zivot.

Som vd’a¢ny kazdému, kto mi poméha ako vie. Aj ja chcem pomahat’ tym, ¢o pridu po mne.
Vedeli by sme ndjst’ taky vzt'ah medzi lekdrom a pacientom, aby bol prospesny pre oboch aktérov?

Pre kazdého d’alSieho, kto ma tu smolu? Bez ostriel'aného pacienta to pravdepodobne nepdjde.



Medzitym som stihol prejst’ severskou chddzou stovky a napléval desiatky kilometrov. Rok
po chemoterapii som ,,najazdil* na rotopede vyse 5000 km, a o rok neskor v priebehu troch dni
absolvoval vystup na Dumbier (2048 m.n.m.) a Krivan (2495 m.n.m.). Stale som celkom vo forme

pripraveny na nové experimenty.

V mladosti som presiel Zeravou pahrebou. Viem, Ze nemozné neexistuje.

L11 ERATS C1

SYSTEM CZ-DRG V HRUDNI CHIRURGII
Tomas Pavlik & Zbynék Bortlicek & Miroslav Zvolsky & Markéta Bartinkova & Ladislav Dusek

Systém CZ-DRG je pacientsky klasifikacni systém, ktery predstavuje nastroj pro tiidéni
hospitalizovanych pacientti do omezeného mnozstvi skupin, v nichz by mély byt jednotlivé pripady
vzdjemné klinicky i ekonomicky podobné. Tento systém je vyvijen na Ustavu zdravotnickych
informaci a statistiky CR jiz od roku 2015, v roce 2021 byl plné implementovan do uhradovych
mechanismil akutni 1iZkové péée v CR a plné tak nahradil systém IR-DRG. Zpiesnéni klasifikace
zlepsi moznosti poskytovatelti sledovat produkci klinik a oddéleni a spravedlivéji hodnotit jejich
vykonnost a nakladovost. Vyvoj metodik a klasifikacnich pravidel probihal ve spolupraci
s odbornymi spole¢nostmi CLS JEP (v&etné Ceské chirurgické spoleénosti) a siti tzv. referen¢nich
nemochnic, jejichz ekonomicka a produkéni data slouzi k ziskani redlnych nakladi na akutni lizkovou
pééiv CR.

Klasifikace hospitalizacnich ptipadt se stejnymi klinickymi charakteristikami a spotiebou
zdroji do vyslednych DRG skupin systému popisuje poskytnutou zdravotni péci ve
standardizovanych jednotkdch a umoznuje tak jeji dal$i analyzu: hodnoceni struktury a casovych
trendd poskytované péde, srovnavani a naslednou optimalizaci akutni lazkové péde v celé CR i
regionech. V hrudni chirurgii rozliSuje systém CZ-DRG zékladni terapeutické modality: anatomickeé
resekce plic, extraanatomické resekce plic, velké chirurgické vykony v dutiné hrudni nebo na
hrudniku mimo resekce, diagnostické chirurgické vykony a vykony pro odstranéni miznich uzlin. Pti
detailnim ¢lenéni do DRG skupin je pak zohlednén 1 operaéni ptistup, opakované vykony a zejména

komplikovanost  pacienta  (vice na  https://drg.uzis.cz/klasifikace-pripadu/web/definicni-

manual/mdc/).

I ptes klinicky jednoznacné vymezené klasifika¢ni jednotky vidime v rdmci produkénich i
nakladovych dat rozdily mezi jednotlivymi poskytovateli s ohledem na jejich chovani v péci o
pacienta. Pfikladem muze byt rozdilné vyuZiti intenzivni péce u hospitalizaci pro anatomickou resekci
plic v datech za rok 2021. VSech 20 poskytovatelil s touto péci sice pteklada pacienta po operaci na
JIP, nicméné 8 z nich (40 %) hospitalizuje pacienta na JIP s medianem 1-2 dny, dalSich 8 (40 %)
nechava pacienta na JIP 3-4 dny a zbyli 4 poskytovatelé (20 %) dokonce hospitalizuji pacienta po
operaci na JIP 5-6 dnd.
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REGULACE DYCHANI

Tomas Ledvina & Jan Ledvina

Dychani ma 1/ autonomni a 2/ volni slozku.

1/Autonomni dychani ma regulaéni centrum v prodlouZené mise a Varolové mostu. 2/ Ridici
neurony volniho dychéni jsou difuzné rozmistény po primarni motorické kiife v gyrus precentralis.
Axony neuronti volniho dychani vytvari v capsula interna svazek a v ramci pyramidovych drah
sbihaji az na alfamotoneurony pfednich rohit misnich. Autonomni dechové ¢innost je vedena
z prodlouzené michy bulbospinalni drdhou taktéz na alfamotoneurony piednich rohti misnich. Odtud
maji ob¢ drahy spolecné vedeni. Axony alfamotoneuront formuji mi$ni nervy, které inervuji dychaci
svaly a zprostiedkovavaji tak dechovou c¢innost dle pokyni obou navzdjem spolupracujicich
dechovych center.

Spontanni dechova aktivita vznikla ¢innosti pacemakerovych neuront v pre-Botzingerove
komplexu, je prevedend na dorzalni respiracni neurony prodlouzené michy a dale modifikovana 1/
centry v mozkové klfe a 2/ Varolové mostu, 3/centrdlnimi chemoreceptory a 4/aferentaci
z perifernich a/ chemo a b/ mechanoreceptort. Nervus vagus zprostiedkovava aferentaci ze 1/ stretch
receptord v hladké svaloviné bronchti a z 2/ juxtakapilarnich receptor plic, které pti nadechu zvySuji
svoji aktivitu a inhibuji tak inspiracni centrum v prodlouZené miSe, tzv. Hering—Breuerovym
inflacnim reflexem, 3/ zaroven inervuje chemoreceptory glomus aorticum, které na zaklad¢ hodnot a)
krevniho tlaku, b) pCO: a c) pO; piislusné ovlivituji dechovou aktivitu. Nervus glossopharyngeus
pfivadi aferentaci z glomus caroticum, které hraje Ustfedni roli v modifikaci dechové cinnosti

v zavislosti na 1/ pOz a 2/ pCO; v arteriarni krvi.

Vliv lékii tlumicich CNS na respirac¢ni centra

Tlumeni bolesti patii k 1ékaiské péci o pacienta v perioperacnim obdobi. Analgetizace musi
byt dostatecnd, ale je nutné myslet 1 na jeji neZadouci U€inky 1/ Opioidy G€inkuji primarn€ na
opiodnich receptorech, tedy i na receptorech lokalizovanych na neuronech respiracnich center
mozkového kmene, kde jejich vlivem dochdzi k utlumu jednoho ¢i vice krokii zajiSt'ujici automacii
dechové ¢innosti. Mimo anodyn jsou uzivany i dalsi 1€ky tlumici CNS (viz nize), které synergisticky
ptispivaji k potlaceni dechové €innosti. Nasledkem toho je 1/ opoZdéna reakce dechovych center na
narustajici pCO2 a 2/ nedostate¢né zvySovani minutové ventilace vzhledem k rostoucimu pCOs,.
Klinické projevy zacinaji 1/ ndmahovou dusSnosti spole¢né s 2/uzkosti a postupné mohou progredovat

pies 3/ klidovou dusnost, 4/ poruchy spanku v noci a 5/ zvySenou denni spavost az 6/ k deliriu, 7/

cyanoze, 8/ somnolenci a 9/ respiratnimu selhani vyzadujicimu UPV. Témto komplikacim je nutno
predchéazet racionalni farmakoterapii. Diilezita je i pecliva erudice pacientd.

Lékové skupiny podilejici se na utlumu dechovych center jsou 1/ Opioidy 2/ Barbituraty 3/
Benzodiazepiny 4/ Imidazopyridiny (zolpidem) 5/ Etanol
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INDOCYANINOVA ZELEN
Dominik Madea

Indocyaninova zelen (ICG — indocyanine green) je organické barvivo. Na nepolarni
indocyaninovy chromofor jsou navazany polarni sulfonové skupiny pomoci alkylového fetézce.
Dtsledkem toho ICG vykazuje amfifilni charakter, a proto je ICG dobie rozpustny v protickych
rozpoustédlech, ale zaroven ma schopnost se vazat na nepolarni struktury (plasmatické proteiny,
lipoproteiny, lipidova dvojvrstva, atd.). Spektralni vlastnosti ICG jsou zavislé na polarité prostredi a
koncentraci. Ve vodé ma ICG absorpéni maximum pii 780 nm a emisni maximum pii 815 nm. Pfi
vyssich koncentracich (>0.05 mg/mL) dochazi ke vzniku agregatti. Duisledkem je posun absorp¢niho
spektra k niz§im vlnovym délkam (690 nm). V prostiedi proteini (lidsky sérovy albumin) dochazi
k ¢astecnému vazani ICG na tyto proteiny a absorpéni maximum se tak bathochromé posouva k 805
nm. Stejné tak se posouvd emisni maximum (820-830 nm). Agregaty ICG se tvoii v pfitomnosti
proteint a jinych nepolarnich struktur v mensi mife, protoze se ICG pievazné vaze na né. Intenzita
fluorescence je zavisla na koncentraci ICG. Se vzristajici koncentraci ICG intenzita fluorescence
stoupd, poté dosahuje maxima (0.08 mg/mL v krvi) a nasledné klesa. Pokles intenzity pii vysSSich
koncentracich je zptisobem mnoha faktory. Agregaty, které¢ vznikaji pti vysSich koncentracich, maji
obecn¢ mensi ucinnost fluorescence. Dal§im faktorem je efekt vnittniho filtru (opétovna reabsorpce
fluorescence chromoforem), ktery se zvySuje pfi vySSich koncentracich.

Absorpéni a emisni maxima ICG se nachazi v infracervené oblasti, ve které jsou tkang
nejprihlednéjsi (tzv. fototerapeutické okno). Diky tomu je ICG vhodny pro zobrazovaci metody
(angiografie), ptipadné fotodynamickou terapii (PDT). PDT vyuziva chromofory, které po ozatreni
v ptitomnosti kysliku produkuji tzv. singletovy kyslik, coz je reaktivni forma kysliku, kterd velmi
¢inné zptisobuje nekrézu bungk. Uéinnost produkce singletového kysliku je pro ICG znaéné mala
(0.2 %) ve srovnani s jinymi fotosenzitizatory pouzivanymi pro fotodynamickou terapii, nicméné

vyhodou ICG je jeho absorpce v infracerveném spektru.

ERAS smeérnice ESTS
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Key question

What is the optimal perioperative management for
patients undergoing lung surgery?

| | ®

Key findings

Recommendations were developed for 45 ERAS items,
from initial presentation through to
postoperative discharge.

Take-home message

The use of a systematic multimodal perioperative care
pathway has the potential to improve
outcomes after lung surgery.

©The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Abstract

Enhanced recovery after surgery is well established in specialties such as colorectal surgery. It is achieved through the introduction of mul-
tiple evidence-based perioperative measures that aim to diminish postoperative organ dysfunction while facilitating recovery. This review
aims to present consensus recommendations for the optimal perioperative management of patients undergoing thoracic surgery (princi-
pally lung resection). A systematic review of meta-analyses, randomized controlled trials, large non-randomized studies and reviews was
conducted for each protocol element. Smaller prospective and retrospective cohort studies were considered only when higher-level evi-
dence was unavailable. The quality of the evidence base was graded by the authors and used to form consensus recommendations for
each topic. Development of these recommendations was endorsed by the Enhanced Recovery after Surgery Society and the European
Society for Thoracic Surgery. Recommendations were developed for a total of 45 enhanced recovery items covering topics related to pre-
admission, admission, intraoperative care and postoperative care. Most are based on good-quality studies. In some instances, good-
quality data were not available, and subsequent recommendations are generic or based on data extrapolated from other specialties. In
other cases, no recommendation can currently be made because either equipoise exists or there is a lack of available evidence.
Recommendations are based not only on the quality of the evidence but also on the balance between desirable and undesirable effects.
Key recommendations include preoperative counselling, nutritional screening, smoking cessation, prehabilitation for high-risk patients,
avoidance of fasting, carbohydrate loading, avoidance of preoperative sedatives, venous thromboembolism prophylaxis, prevention of
hypothermia, short-acting anaesthetics to facilitate early emergence, regional anaesthesia, nausea and vomiting control, opioid-sparing
analgesia, euvolemic fluid management, minimally invasive surgery, early chest drain removal, avoidance of urinary catheters and early
mobilization after surgery. These guidelines outline recommendations for the perioperative management of patients undergoing lung sur-
gery based on the best available evidence. As the recommendation grade for most of the elements is strong, the use of a systematic peri-

operative care pathway has the potential to improve outcomes after surgery.

Keywords: Enhanced recovery after surgery + Perioperative care « Thoracic surgery < Lung surgery

INTRODUCTION

There is continued interest in the development and systematic
implementation of evidence-based perioperative care protocols
or ‘enhanced recovery after surgery’ (ERAS®) pathways such as
those already produced by the ERAS® Society across a range of
surgical specialties [1-10]. In a meta-analysis of 38 studies, ERAS
pathways were seen to be effective in reducing hospital length of
stay (LOS) and postoperative complication rates [11]. Colorectal
cancer surgery accounted for the majority of the studies included
in this meta-analysis, and the specialty has been at the forefront
of the development of ERAS pathways since their inception [3,
12-15]. The benefits described are achieved by attenuating the
homeostatic disturbance and stress response associated with sur-
gery, which is characterized by catabolism and increased oxygen
demand, thereby diminishing postoperative organ dysfunction
and facilitating recovery [14-16].

An enhanced recovery pathway addresses the entire patient
journey from referral to discharge. Multiple small improvements
and efficiencies are adopted in an evidence-based manner by a
multidisciplinary team. Individual care elements may not neces-
sarily have significant benefits when studied in isolation, but their
combination with other elements of the pathway is thought to
have a synergistic effect [14]. More recently, overall compliance
with ERAS protocols has been shown to be associated with better
patient outcomes [17-19]. At the same time, some elements
(such as minimally invasive surgery and early mobilization) ap-
pear to be more influential than others [17, 19].

Fast-track multimodal protocols have previously been
described in thoracic surgery and appeared to result in a reduc-
tion in postoperative complications and/or LOS [20-23]. More re-
cently, specific ERAS pathways for thoracic surgery have been
published, most of which demonstrating benefits such as
reduced opiate usage, minimization of fluid overload, reduced
LOS, decreased hospital costs and reduced pulmonary and car-
diac complications [19, 24-30]. An initial systematic review of
ERAS pathways in elective lung cancer surgery cautioned against

the over-interpretation of results, as the included studies were
mainly non-randomized and had methodological flaws [31]. A
subsequent review and meta-analysis demonstrated that ERAS
pathways in lung cancer surgery are associated with reduced
complications, a shorter LOS and cost savings [32]. The authors
noted significant heterogeneity between protocols and high-
lighted the need to develop standardized, evidence-based guide-
lines for thoracic surgery.

Standardized perioperative care helps to ensure that all
patients receive optimal treatment. The goal of this article is to
critically review existing evidence and make recommendations
for elements of perioperative care in lung surgery.

METHODS
Literature search

The authors convened in May 2016 to discuss topics for inclu-
sion. The topic list was based on the ERAS® Society guidelines for
colorectal surgery [3] and gynaecological surgery [7]. After the
topics were agreed upon, they were allocated among the group
according to expertise. The literature search (1966-2017) used
Embase and PubMed to search medical subject headings includ-
ing ‘thoracic surgery’, ‘lung cancer surgery’ and all perioperative
ERAS items (Table 1). Reference lists of all eligible articles were
crosschecked for other relevant studies.

Study selection

Titles and abstracts were screened by individual reviewers to
identify potentially relevant articles. Discrepancies in judgement
were resolved by the lead (T.B.) and the senior authors (B.N., N.R.
and O.L). Meta-analyses, systematic reviews, randomized con-
trolled studies, non-randomized controlled studies, reviews and
case series were considered for each individual topic.
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Table 1: Guidelines for enhanced recovery after lung surgery: recommendations of the ERAS Society and the ESTS
Recommendations Evidence level Recommendation
grade
Preoperative phase
Preadmission information, education and counselling
Patients should routinely receive dedicated preoperative counselling Low Strong
Perioperative nutrition
Patients should be screened preoperatively for nutritional status and weight loss High Strong
Oral nutritional supplements should be given to malnourished patients Moderate Strong
Immune-enhancing nutrition may have a role in the malnourished patient postoperatively Low Weak
Smoking cessation
Smoking should be stopped at least 4 weeks before surgery High Strong
Alcohol dependency management
Alcohol consumption (in alcohol abusers) should be avoided for at least 4 weeks before surgery Moderate Strong
Anaemia management
Anaemia should be identified, investigated and corrected preoperatively High Strong
Pulmonary rehabilitation and prehabilitation
Prehabilitation should be considered for patients with borderline lung function or exercise Low Strong
capacity
Admission
Preoperative fasting and carbohydrate treatment
Clear fluids should be allowed up until 2 h before the induction of anaesthesia and solids until High Strong
6 h before induction of anaesthesia
Oral carbohydrate loading reduces postoperative insulin resistance and should be used routinely Low Strong
Preanaesthetic medication
Routine administration of sedatives to reduce anxiety preoperatively should be avoided Moderate Strong
Perioperative phase
Venous thromboembolism prophylaxis
Patients undergoing major lung resection should be treated with pharmacological and mechan- Moderate Strong
ical VTE prophylaxis
Patients at high risk of VTE may be considered for extended prophylaxis with LMWH for up to Low Weak
4 weeks
Antibiotic prophylaxis and skin preparation
Routine intravenous antibiotics should be administered within 60 min of, but prior to, the skin High Strong
incision
Hair clipping is recommended if hair removal is required High Strong
Chlorhexidine-alcohol is preferred to povidone-iodine solution for skin preparation High Strong
Preventing intraoperative hypothermia
Maintenance of normothermia with convective active warming devices should be used High Strong
perioperatively
Continuous measurement of core temperature for efficacy and compliance is recommended High Strong
Standard anaesthetic protocol
Lung-protective strategies should be used during one-lung ventilation Moderate Strong
A combination of regional and general anaesthetic techniques should be used Low Strong
Short-acting volatile or intravenous anaesthetics, or their combination, are equivalent choices Low Strong
PONV control
Non-pharmacological measures to decrease the baseline risk of PONV should be used in all High Strong
patients
A multimodal pharmacological approach for PONV prophylaxis is indicated in patients at mod- Moderate Strong
erate risk or high risk
Regional anaesthesia and pain relief
Regional anaesthesia is recommended with the aim of reducing postoperative opioid use. High Strong
Paravertebral blockade provides equivalent analgesia to epidural anaesthesia
A combination of acetaminophen and NSAIDs should be administered regularly to all patients High Strong
unless contraindications exist
Ketamine should be considered for patients with pre-existing chronic pain Moderate Strong
Dexamethasone may be administered to prevent PONV and reduce pain Low Strong
Perioperative fluid management
Very restrictive or liberal fluid regimes should be avoided in favour of euvolemia Moderate Strong
Balanced crystalloids are the intravenous fluid of choice and are preferred to 0.9% saline High Strong
Intravenous fluids should be discontinued as soon as possible and replaced with oral fluids and Moderate Strong
diet
Atrial fibrillation prevention
Patients taking B-blockers preoperatively should continue to take them in the postoperative High Strong
period
Magnesium supplementation may be considered in magnesium deplete patients Low Weak
It is reasonable to administer diltiazem preoperatively or amiodarone postoperatively for Moderate Weak
patients at risk
Surgical technique: thoracotomy
If a thoracotomy is required, a muscle-sparing technique should be performed Moderate Strong
Continued
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Table 1: Continued

Recommendations

Evidence level Recommendation

grade
Intercostal muscle- and nerve-sparing techniques are recommended Moderate Strong
Reapproximation of the ribs during thoracotomy closure should spare the inferior intercostal Moderate Strong
nerve
Surgical technique: minimally invasive surgery
A VATS approach for lung resection is recommended for early-stage lung cancer High Strong
Postoperative phase
Chest drain management
The routine application of external suction should be avoided Low Strong
Digital drainage systems reduce variability in decision-making and should be used Low Strong
Chest tubes should be removed even if the daily serous effusion is of high volume (up to 450 ml/ Moderate Strong
24h)
A single tube should be used instead of 2 after anatomical lung resection Moderate Strong
Urinary drainage
In patients with normal preoperative renal function, a transurethral catheter should not be rou- Moderate Strong
tinely placed for the sole purpose of monitoring urine output
It is reasonable to place a transurethral catheter in patients with thoracic epidural anaesthesia Low Strong
Early mobilization and adjuncts to physiotherapy
Patients should be mobilized within 24 h of surgery Low Strong
Prophylactic minitracheostomy use may be considered in certain high-risk patients Low Weak

ERAS: Enhanced Recovery After Surgery; ESTS: European Society of Thoracic Surgeons; LMWH: low-molecular-weight heparin; NSAID: non-steroidal anti-inflam-
matory drugs; PONV: postoperative nausea and vomiting; VATS: video-assisted thoracoscopic surgery; VTE: venous thromboembolism.

Quality assessment and data analyses

The quality of evidence and recommendations were evaluated
according to the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) system (see Tables 2 and
3) [33] whereby recommendations are given as follows:

e Strong recommendations indicate that the panel is confi-
dent that the desirable effects of adherence to a recommen-
dation outweigh the undesirable effects.

o Weak recommendations indicate that the desirable effects
of adherence to a recommendation probably outweigh the
undesirable effects, but the panel is less confident.

Recommendations are based not only on the quality of evi-
dence—high, moderate, low and very low—but also on the bal-
ance between desirable and undesirable effects. As such,
consistent with other ERAS® Guideline Working Groups [3, 7], in
some cases strong recommendations may be reached from low-
quality data and vice versa. Of note, this would be considered a
modified GRADE evaluation since we did not consider resource
utilization when making our recommendations [34].

RESULTS

The evidence base, recommendations, evidence level and recom-
mendation grade are provided for each individual ERAS item
below.

PREADMISSION INFORMATION, EDUCATION
AND COUNSELLING

Preoperative counselling helps to set expectations about surgical
and anaesthetic procedures and may diminish fear, fatigue and
pain and enhance recovery and early discharge [35]. Verbalized

education, leaflets and multimedia information containing
explanations of the procedure and cognitive interventions may
improve pain control, nausea and anxiety after surgery [36] and
general anaesthesia [37]. Patient empowerment through diary
keeping also appears to improve postoperative pain control but
did not influence LOS in surgical cancer patients in 1 randomized
controlled trial (RCT) [38]. Similar results have been demonstrated
in patients provided with preoperative video information prior to
lung resection [39]. Paradoxically, T RCT demonstrated lower lev-
els of postoperative satisfaction following lung resection when
patients were given written information [40].

It is uncertain if formal education is superior to informal edu-
cation [41], but ideally patients should receive information in
both written and oral form. The patient and a relative or care
provider should meet with all members of the team including
the surgeon, anaesthetist and nurse.

Summary and recommendations

Most studies show that counselling provides beneficial effects
with no evidence of harm. In particular, pain control appears bet-
ter following lung resection. It is recommended that patients
should routinely receive dedicated preoperative counselling.

Evidence level: Low (conflicting data).

Recommendation grade: Strong.

PERIOPERATIVE NUTRITION

Nutritional components of ERAS include preoperative fluid and
carbohydrate loading, avoidance of fasting and early recom-
mencement of oral diet and oral nutritional supplements (ONS)
[42]. Carbohydrate loading and early enteral diet are dealt with
later in these guidelines.

Malnutrition is an important potentially modifiable risk factor
for adverse outcomes after major surgery. In recent thoracic sur-
gical studies, malnutrition and/or weight loss were important risk
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Table 2:  GRADE system for rating quality of evidence [33]

Evidence level Definition

High quality Further research unlikely to change confidence in
estimate of effect

Further research likely to have important impact
on confidence in estimate of effect and may
change the estimate

Further research very likely to have important im-
pact on confidence in estimate of effect and
likely to change the estimate

Any estimate of effect is very uncertain

Moderate quality

Low quality

Very low quality

Table 3: GRADE system for rating strength of recommenda-
tions [33]

Recommendation Definition

strength

Strong When desirable effects of intervention clearly out-
weigh the undesirable effects or clearly do not

Weak When trade-offs are less certain, either because of

low-quality evidence or because evidence sug-
gests that desirable and undesirable effects are
closely balanced

factors for complications after surgery [43-45]. However, it is un-
certain whether modifying or optimizing perioperative nutrition-
al state results in a reduction in complications. In rehabilitation
programmes for chronic obstructive pulmonary disease (COPD),
ONS is recommended and improves patient quality of life and
muscle function [46]. Approximately 70% of lung cancer patients
have COPD [47]. As lung cancer surgery can be considered a
fixed exacerbation of COPD’, by extrapolation a COPD-type nu-
trition programme may aid recovery and prevent complications
after surgery. In addition, malnutrition and loss of muscle mass
are frequent in cancer patients and can have a negative effect on
clinical outcomes [48].

Evidence from abdominal surgery suggests that routine pre-
and/or postoperative ONS may reduce postoperative weight loss,
improve nutritional status and muscle strength and reduce com-
plication rates [49-52]. A recent meta-analysis concluded no
benefit of preoperative immune-enhancing nutrition (IEN) in ab-
dominal surgery over standard ONS, although postoperative I[EN
may improve outcomes [42, 52, 53], particularly in patients with
pre-existing malnutrition. It is not clear whether these findings
are applicable following thoracic surgery as there is only 1 small
study of nutritional supplementation (n=58). Patients were
randomized to receive either 10 days of IEN or normal diet pre-
operatively. There were benefits in terms of a reduced complica-
tion rate (although this was mainly due to a difference in air leak)
and maintenance of postoperative plasma albumin levels [54].

Routine nutritional screening is useful. Screening tools include
the Nutritional Risk Score (NRS), the Malnutrition Universal
Screening Tool (MUST) and the Subjective Global Assessment
(SGA) tool [42]. ESPEN guidelines recommend delaying surgery to
allow for preoperative enteral nutrition in patients with at least
one of the following criteria: weight loss >10-15% within

6 months, body mass index (BMI) <18.5kg/m? and serum albu-
min <30g/l (with no evidence of hepatic or renal dysfunction)
[42]. Current general recommendations suggest administration of
5-7 days of oral supplements before surgery in patients at risk of
malnutrition [42].

Summary and recommendations

Patients should be screened preoperatively for nutritional status
and weight loss. If deemed at risk, they should be given active
nutritional support. ONS can be used to supplement total intake.
There is not enough evidence to recommend IEN over ONS pre-
operatively, but there may be a role in the malnourished patient
postoperatively.

Evidence level:

Screening for nutritional status preoperatively: High.
ONS for malnourished patients: Moderate.

IEN: Low (extrapolated).

Recommendation grade:

Screening for nutritional status preoperatively: Strong.
ONS for malnourished patients: Strong.

IEN: Weak (postoperative only).

SMOKING CESSATION

Smoking is associated with a high risk of postoperative complica-
tions, but the pulmonary effects of smoking can be improved with-
in 4 weeks of cessation [55]. Early studies indicated that current
smokers were twice as likely to experience postoperative pulmon-
ary complications after lung resection surgery than never smokers
or those who had not smoked for more than 4weeks [56].
Paradoxically, recent quitters (i.e. stopped smoking within 4 weeks
of surgery) appeared to have an increased incidence of pulmonary
complications. Further large studies could not corroborate this
paradoxical effect [57, 58]. Rather, while confirming that smoking
increased the risks of hospital death and pulmonary complications
after lung cancer resection, these risks were mitigated slowly by
preoperative cessation. More recently, smoking has not been
shown to be a risk factor for pulmonary complications if patients
are subjected to intense perioperative physiotherapy regimes [59].
There is also evidence that delaying surgery can result in upstaging
and decreased long-term survival in lung cancer patients [60].
Nevertheless, based on the evidence available and accepting that
an ideal time period has yet to be clearly defined, a delay of
4 weeks to allow smoking cessation appears reasonable.

Continued smoking at the time of lung cancer surgery is also
associated with poor postoperative quality of life and fatigue [61]
and reduced long-term survival [62].

While smoking cessation interventions such as behavioural
support, pharmacotherapy and nicotine replacement are known
to result in short-term smoking cessation and long-term abstin-
ence rates [63, 64], there is weak evidence to show that these
smoking cessation measures actively decrease postoperative
morbidity. The use of varenicline is associated with an increase in
long-term smoking cessation but there is no evidence of a reduc-
tion in postoperative morbidity [64, 65]. However, smoking ces-
sation appears to be cost-effective prior to lung surgery [66].

Summary and recommendations

Smoking is associated with an increased risk of postoperative
morbidity (especially pulmonary complications) and mortality
and ideally should be stopped at least 4 weeks before surgery.

4 WOl pepeojumo(]

220z aunr Gz uo 3sanb Aq $Zevz L S/1L6/1L/SG/R0Me/S

96 TJ.P. Batchelor et al. / European Journal of Cardio-Thoracic Surgery

Evidence level:
Preoperative smoking cessation: High.

Recommendation grade:
Preoperative smoking cessation: Strong.

ALCOHOL DEPENDENCY MANAGEMENT

The effects of alcohol abuse on the liver, pancreas and neuro-
logical system are well known. In the perioperative period, the
chronic effects of alcohol intake on cardiac function, blood clot-
ting and immune function, in combination with the surgical
stress response, contribute to excess morbidity. Alcohol abuse in
patients undergoing lung cancer surgery is associated with
increased postoperative pulmonary complications and mortality
[67-69], and reduced long-term survival [70].

Prior to elective surgery, intensive preoperative interventions
aimed at complete alcohol cessation, for at least 4 weeks to
reduce postoperative complications, but do not significantly
reduce mortality or LOS. However, only a small number of
studies are available, and the mechanism by which such
interventions reduce complications is unknown. Therefore,
the optimal timing of such interventions has yet to be
determined [71].

Summary and recommendations
Alcohol is associated with increased perioperative morbidity and
mortality and should be avoided for at least 4 weeks before sur-
gery in patients who abuse alcohol.

Evidence level:
Preoperative alcohol cessation: Moderate (small number of
studies).

Recommendation grade:
Preoperative alcohol cessation: Strong.

ANAEMIA MANAGEMENT

Preoperative anaemia is associated with postoperative morbidity
and mortality [72] and reduced long-term survival [73]. A com-
prehensive review of blood management has advocated pre-
operative screening for anaemia [74]. Anaemia should be
identified and corrected for iron deficiency and any underlying
disorder before elective surgery. Treating anaemia preoperatively
helps to avoid adverse effects from anaemia and/or blood trans-
fusion. The risks of surgery are increased with the severity of the
anaemia [75]. The speed of response to iron therapy (oral or
intravenous) is greater in more severe iron deficiency anaemia.
Therefore, prompt identification and treatment is important in
reducing the need for erythropoiesis-stimulating agents or blood
transfusion. Both erythropoiesis-stimulating agents and peri-
operative blood transfusion have been associated with poorer
outcomes for cancer patients [76, 77]. Long-term cancer survival
(including survival in lung cancer patients) is also reduced follow-
ing perioperative transfusion [76, 78].

Recent guidelines have shown no strong evidence of a benefit
from preoperative blood transfusion to improve surgical outcomes
(in cardiac surgery patients), and in the absence of other blood
management measures, preoperative transfusion does not reduce
total transfusion requirements. Where transfusion is considered
to be unavoidable, there is no evidence to suggest advantages of

pre- over intraoperative transfusion [75]. If possible, the focus
should be on preventing further blood loss intraoperatively.

Summary and recommendations

Preoperative anaemia is associated with an increase in postop-
erative morbidity and mortality and should be identified,
investigated and corrected preoperatively. Iron therapy is the
preferred first-line treatment for the correction of iron
deficiency anaemia. Where possible, blood transfusion or
erythropoiesis-stimulating agents should not be used to correct
preoperative anaemia.

Evidence level:
Correction of preoperative anaemia: High.

Recommendation grade:
Correction of preoperative anaemia: Strong.

PULMONARY REHABILITATION AND
PREHABILITATION

Poorer preoperative exercise capacity is associated with worse
long- and short-term clinical outcomes including postoperative
complications, LOS [79, 80] and survival [81, 82] following cura-
tive lung cancer surgery. Preoperative physical conditioning, or
prehabilitation, is the process of enhancing the functional and
physiological capacity of an individual to enable them to with-
stand a stressful event and may aid recovery after surgery [83]. It
is the process on the continuum of care that occurs between
cancer diagnosis and surgical treatment [84]. In colorectal
surgery, prehabilitation is more effective than postoperative
rehabilitation in returning a patient to baseline function [85].
Patients with poor physical capacity have the most to gain from
preoperative intervention [86].

Several recent systematic reviews and a meta-analysis have
concluded that prehabilitation is beneficial, but, because of study
heterogeneity, the exact duration, intensity, structure and patient
selection to achieve maximum efficacy is uncertain [87-90]. In 21
studies (including 5 RCTs) focusing on pre- rather than postoper-
ative rehabilitation, the intervention was delivered mainly in the
outpatient setting or in a training facility [90]. Prescribed exercises
included aerobic training (lower and/or upper limbs), with the
addition of strength training in some studies. Respiratory exer-
cises were also included in the majority of studies. The addition
of other elements, such as relaxation techniques and educational
sessions, were inconsistent. The median duration was 4weeks
(range 1-10weeks) with a frequency of 5 sessions per week
(range 2-14 weeks) of moderate to high intensity, generally tail-
ored to the patient’s tolerance.

Studies report an improvement in peak oxygen consumption
or in functional capacity (measured with the 6-min walk test)
from baseline to postintervention [90]. Lung function is also
enhanced after prehabilitation compared with baseline.

In addition to improving preoperative fitness, prehabilitation
appears to improve postoperative outcomes. Hospital LOS and
morbidity were reduced in comparison with standard care in a
recent meta-analysis and Cochrane review [87, 90]. Pooled esti-
mates of effect sizes show a significant reduction in both hospital
LOS and postoperative pulmonary complications. The effect on
pulmonary complications seems to be specific to patients with
poor preoperative lung function.
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The small number of studies, and the diversity and validity of
tools used, limit assessment of prehabilitation on health-related
quality of life.

Summary and recommendations

A preoperative exercise rehabilitation programme can reduce
hospital LOS and postoperative pulmonary complications.
Because of study heterogeneity, no firm recommendations can
be made on the nature of the intervention in terms of exercise
modality, delivery, frequency or preoperative duration.
Prehabilitation should be considered for patients with borderline
lung function or exercise capacity.

Evidence level:
Prehabilitation for patients with borderline lung function or exer-
cise capacity: Low.

Recommendation grade:
Prehabilitation for patients with borderline lung function or exer-
cise capacity: Strong.

PREOPERATIVE FASTING AND CARBOHYDRATE
TREATMENT

Evidence has shown that the intake of clear fluids up until 2h be-
fore surgery does not increase gastric content, reduce gastric
fluid pH or increase complication rates. Hence, in patients with-
out conditions associated with delayed gastric emptying, the in-
take of clear fluids up until 2h before the induction of
anaesthesia, as well as limiting fasting for solid food to 6 h before
induction, is now recommended [91].

To reduce postoperative insulin resistance and mitigate the
associated increased risks for complications, carbohydrate load-
ing before surgery has been advocated to achieve a metabolically
fed state. In the last decades, an increasing number of original
but small studies, systematic reviews and meta-analyses have
shown that carbohydrate loading attenuates the increase in insu-
lin resistance related to surgery and, therefore, should be used
routinely in major abdominal surgery [3]. Carbohydrate drinks
for preoperative use should be properly tested as not all carbo-
hydrate drinks have the same effects on gastric emptying or insu-
lin action.

Although no studies have been performed in patients under-
going thoracic surgery, these findings are considered valid for
lung cancer patients given similarities in patient characteristics.
Randomized studies have demonstrated that preoperative carbo-
hydrates improve well-being and reduce nausea and vomiting
[92]. No studies have specifically addressed diabetic patients, al-
though limited data indicate that it is likely to be safe in well-
controlled diabetics [93].

Summary and recommendations

Patients should be permitted to drink clear fluids up until 2 h be-
fore anaesthesia and surgery. Patients should abstain from solids
for 6 h prior to induction of anaesthesia. Oral carbohydrate load-
ing reduces postoperative insulin resistance, improves preopera-
tive well-being and should be used routinely. Insufficient data are
available for diabetic patients.

Evidence level:
Fasting guidelines for solids and fluids: High.
Carbohydrate loading: Low (extrapolated data).

Recommendation grade:
Fasting guidelines: Strong.
Carbohydrate loading: Strong.

PREANAESTHETIC MEDICATION

In general, thoracic surgical patients are older and present with
compromised pulmonary function. The use of short- and long-
acting benzodiazepines has been associated with over-sedation,
upper airway obstruction, decreased postoperative cognitive
function and delirium, especially in older frailer patients [94].

One observational trial found no association between the use
of preoperative anxiolytic-sedative agents and a reduction in per-
ceived patient anxiety [95]. A recent randomized control trial
showed that the use of long-acting benzodiazepines was associ-
ated with an increased time to extubation and a decreased rate
of early cognitive recovery. Additionally, premedication with lor-
azepam did not improve self-reported patient experience on the
first postoperative day [96]. Therefore, routine administration of
benzodiazepines to decrease preoperative anxiety levels should
be avoided. However, small doses of short-acting narcotics may
be used during preoperative placement of regional blocks or in
extremely anxious patients.

Alternative strategies to reduce perioperative anxiety can be
implemented. Patient education regarding perioperative goals and
expectations plays an important role in reducing preoperative anx-
iety [36, 37]. Carbohydrate loading and the avoidance of starvation
and dehydration also reduce preoperative discomfort [92].
A Cochrane review identified that melatonin administered 1-2h
before surgery is equally as effective as midazolam in reducing
preoperative anxiety in adults [97]. Non-pharmacological meas-
ures, such as relaxation techniques and music interventions, may
offer a substitute to standard anxiolytic medications [98].

Summary and recommendations

Routine administration of sedatives to reduce anxiety preopera-
tively should be avoided to hasten postoperative recovery.
Alternative non-pharmacological methods to relieve preopera-
tive anxiety should be considered in patients with severe anxiety.

Evidence level:
Avoidance of sedatives: Moderate.

Recommendation grade:
Avoidance of sedatives: Strong.

VENOUS THROMBOEMBOLISM PROPHYLAXIS

In thoracic surgery, the postoperative period carries an increased
risk of venous thromboembolism (VTE) events due to both the
advanced age of patients and the high frequency of this proced-
ure being performed for lung malignancy [99]. When compared
to non-cancer patients undergoing comparable surgical proce-
dures [100, 101], the presence of cancer at least doubles the risk
of a patient developing deep venous thrombosis. This risk is
increased 3-fold for fatal pulmonary embolism. Moreover, post-
operative VTE has been found to increase 30-day mortality after
cancer surgery from 1.2% to 8.0% [102].

The incidence of postoperative VTE after thoracic surgery has
been estimated at between 0.4% and 51% for deep venous
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thrombosis and from less than 1% to 5% for pulmonary embol-
ism, with 2% of pulmonary embolism cases being lethal [103,
104]. Thoracic surgery patients must, therefore, be considered at
high risk of postoperative VTE.

Mechanical and pharmacological venous
thromboembolism prophylaxis

The evidence for using VTE prophylaxis after thoracic surgery for
lung cancer is relatively limited. A recent Cochrane meta-analysis
of 7 studies evaluated the use of VTE prophylaxis in thoracic sur-
gery patients versus inactive or active control [103] and could not
demonstrate any significant differences between the prophylactic
regimen and the control.

The use of VTE prophylaxis is predominantly based on clinical
consensus on the estimated risk of VTE and of postoperative
bleeding. American College of Chest Physicians and National
Institute for Health and Care Excellence (NICE) guidelines recom-
mend that mechanical VTE prophylaxis (antiembolism stockings,
intermittent pneumatic compression devices or foot impulse
devices) should be started upon admission and continued until
the patient has recovered full mobility [105 106].
Pharmacological VTE prophylaxis with low-molecular-weight
heparin, or unfractionated heparin for patients with renal failure,
should be added in patients who have a low risk of major bleed-
ing. For patients at high risk of bleeding, mechanical VTE prophy-
laxis should be used with graduated compression stocking and
intermittent pneumatic compression. Once daily administration
of low-molecular-weight heparin seems to be as effective as 2
daily half-dose administrations [107]. It is also recommended that
epidural catheters should not be inserted or removed within 12 h
of heparin administration [108, 109].

Extended pharmacological venous
thromboembolism prophylaxis

Patients undergoing thoracic surgery are at risk of developing
VTE after discharge [103]. In a retrospective review of 232 lung
resections for cancer, the rate of VTE was 5.2% with one-third
occurring after leaving hospital [110]. A recent prospective cohort
study demonstrated VTE in 12.1% of 157 patients, all of whom
underwent a computed tomography pulmonary angiogram and
venous US Doppler T month postoperatively, regardless of symp-
toms [111]. The highest incidence of VTE appears within the first
month after the surgery [112]. In patients undergoing pneumon-
ectomy for cancer, the peak of incidence of VTE is 6-7 days post-
surgery [113, 114]. Furthermore, the presence of VTE negatively
impacts on long-term survival [113].

Various studies have reported that the extension of pharmaco-
logical prophylaxis up to 1 month after surgery decreases the risk
of VTE in major surgery for cancer [115-118]. Despite this, the
need for extended VTE prophylaxis in thoracic surgery patients
remains unproven and is controversial, with practice varying
widely between surgeons, centres and specialties [119]. No pro-
spective, randomized controlled trials in thoracic surgery have
been published to examine the potential benefit of extended,
out-of-hospital postoperative VTE prophylaxis. However, in 1
study, extended prophylaxis was introduced based on VTE risk
assessment using the Caprini model for high-risk thoracic surgery
patients. Patients demonstrated an excellent adherence (97.2%)

to post-discharge enoxaparin prophylaxis, and the study reported
an overall VTE rate of 2.3% with no post-discharge VTE or bleed-
ing events [120].

Currently, there is no evidence to support the use of oral
pharmacological VTE prophylaxis.

Summary and recommendations

All patients undergoing major lung resection should be treated
with pharmacological and mechanical VTE prophylaxis. Patients
at high risk of VTE may be considered for extended prophylaxis
with low-molecular-weight heparin lasting up to 4 weeks.

Evidence level:
Mechanical and pharmacological VTE prophylaxis: Moderate
(extrapolated).
Extended pharmacological prophylaxis in high-risk patients: Low.

Recommendation grade:

Mechanical and pharmacological VTE prophylaxis: Strong.
Extended pharmacological prophylaxis in high-risk patients:
Weak.

ANTIBIOTIC PROPHYLAXIS AND SKIN
PREPARATION

In thoracic surgery, postoperative infection (pneumonia, empy-
ema and wound infection) is an important problem [121-123],
typically occurring in 7-14% of patients undergoing lung resec-
tion [124]. Lung resection without pre-existing infection is classi-
fied as a ‘clean contaminated’ procedure [125] Airway
colonization with bacterial pathogens has been identified as a
risk factor for the development of postoperative pulmonary in-
fectious complications [123, 126]. The incidence of bacterial air-
way contamination of lung cancer surgery patients has been
estimated to be between 10% and 83% [127].

Antibiotic prophylaxis

Preoperative administration of prophylactic antibiotics decreases
surgical site infection (SSI) after thoracic surgery but does not
demonstrate any effect on the rate of postoperative pneumonia
or empyema. Extended postoperative antibacterial prophylaxis is
not routinely indicated. A single dose of antibiotics before inci-
sion is as effective as up to 48h of postoperative prophylaxis
[121, 122, 124, 126, 128]. Intravenous antibiotics should be given
no more than 60 min prior to skin incision, usually at the time of
anaesthesia induction [129]. In obese patients with a BMI of
>35kg/m?, the dose of antibiotics should be adapted and
increased [130]. Antibiotic doses during prolonged operations or
when blood loss exceeds 1500 ml may be repeated according to
the half-life of the chosen medication [131].

Infection caused by various organisms frequently identified in
skin and respiratory flora (e.g. Staphylococcus aureus, coagulase-
negative Staphylococcus, Streptococcus pneumoniae and Gram-
negative bacilli) may be adequately prevented by cephalosporins.
These are considered to be the standard for prophylaxis in pul-
monary surgery due to their broad spectrum, low cost and low
allergenic potential [128]. Amoxicillin-clavulanic acid is an alter-
native choice, and vancomycin or teicoplanin may be used in
penicillin- or cephalosporin-allergic patients. Specific local guide-
lines should be based on the usual pattern of pulmonary flora
and the potential development of antibiotic resistance [126, 127].
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Skin preparation

Patients should shower or bathe the night before or the morning
of surgery [132]. Using plain soap is just as effective as using
chlorhexidine in decreasing SSI [133]. There is no evidence that
hair removal reduces SSI, irrespective of the method chosen
(shaving, hair clipping or depilatory cream). However, if hair re-
moval is necessary, hair clipping just before surgery is associated
with lower rates of SSI than other methods [134].

A 40% reduction in SSI has been reported after the use of
chlorhexidine-alcohol for skin cleansing compared to a povi-
done-iodine solution in various clean contaminated procedures
[135]. Therefore, chlorhexidine-alcohol is preferred over
povidone-iodine solutions, although care must be taken to avoid
fire-based and burn injuries when electrocautery is used [136].

Summary and recommendations

Routine intravenous antibiotic prophylaxis should be adminis-
tered within 60 min of, but prior to, the skin incision. Routine
extended prophylaxis offers no benefits, but additional doses
may be given during prolonged procedures according to the
half-life of the antibiotic used. Hair clipping is recommended if
hair removal is required. Chlorhexidine-alcohol is preferred to
povidone-iodine solution for skin preparation.

Evidence level:

Antibiotic prophylaxis: High.

Hair clipping: High.

Chlorhexidine-alcohol skin preparation: High.

Recommendation grade:

Antibiotic prophylaxis: Strong.

Hair clipping: Strong.

Chlorhexidine-alcohol skin preparation: Strong.

PREVENTING INTRAOPERATIVE HYPOTHERMIA

During anaesthesia and major surgery, hypothermia can occur as
a result of prolonged exposure to cold operating room tempera-
tures and impairment of the normal thermoregulatory response.
Thoracic surgery patients are at high risk of hypothermia (esti-
mated incidence of 35-50%) as the pleural surface of one hemi-
thorax is exposed to dry air during surgery, leading to potentially
important evaporative heat loss [137, 138].

Perioperative hypothermia (defined as a body temperature below
36°C) is associated with impaired drug metabolism, increased SSI,
cardiovascular morbidity and increased bleeding secondary to
impaired haemostasis [139-142]. In addition, postoperative shivering
increases oxygen consumption and can worsen pain [143]
Normothermia can be maintained by different approaches: (i) pro-
cedures which decrease heat loss through redistribution (vasodilata-
tion and prewarming);, (i) passive warming systems (room
temperature and covering exposed body surfaces) and (i) active
warming systems (direct transfer of heat to the patient) [140].

Warming techniques

The most frequently used technique to prevent hypothermia is
active body surface warming. Forced air-warming blankets, heat-
ing mattresses under the patient or circulating-water garment
systems all achieve similar results in terms of clinical outcomes,

and no system seems significantly superior to others [140].
However, convective warming systems present several advan-
tages over conductive warming systems: blanket design, air-to-
surface warming, no pressure points, single use and suitability for
pre-, peri- and postoperative periods [144-146]. SSs are signifi-
cantly less common with the use of active warming compared to
conventional methods, with an absolute risk reduction of
13% [143].

Before entering the operating room, prewarming patients with
a forced air-warming blanket improves core temperature before
surgery [147]. In a recent prospective randomized study in thor-
acic surgery patients, convective prewarming and additional
intraoperative warming with an underbody blanket decreased
the rate of postoperative hypothermia to 8% compared to 56%
with conductive warming using an underbody mattress [148].
Warming intravenous and irrigation fluids to core body tempera-
ture or above has been shown to prevent heat loss and subse-
quent hypothermia [149].

Temperature monitoring

Temperature should be continuously monitored to guide therapy
and avoid hyperthermia, which can have deleterious effects on
homeostasis and increase the likelihood of a systemic inflamma-
tory response. The most convenient site to measure core tem-
perature during thoracic surgery is the nasopharynx. Active
warming should be continued into the postoperative period until
the patient's temperature is greater than 36°C.

Summary and recommendations

Monitoring of patients’ temperature is mandatory to guide ther-
apy and to avoid hypothermia and hyperthermia. Maintenance
of normothermia with convective active warming devices should
be used perioperatively.

Evidence level:

The use of active warming devices: High.

Continuous measurement of core temperature for efficacy and
compliance: High.

Recommendation grade:

The use of active warming devices: Strong.

Continuous measurement of core temperature for efficacy and
compliance: Strong.

STANDARD ANAESTHETIC PROTOCOL
Ventilation

Within the context of an ERAS programme, no single ventilation
strategy during thoracic surgery has been favoured over another.
However, one-lung anaesthesia with lung-protective strategies
may be associated with better outcomes.

Lung isolation. The majority of procedures, whether open
thoracotomy or minimally invasive techniques, employ lung isola-
tion and one-lung ventilation to facilitate access into the operative
hemithorax. The majority of thoracic procedures are performed
with double-lumen tubes [150]. They tend to be more stable dur-
ing surgery leading to fewer instances of repositioning of the
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airway device and interruption of surgery [151]. However, there is
a tendency for more airway injury and an increased incidence of
postoperative sore throat [152]. Bronchial blockers are useful in
patients with difficult airways when intubation with a large
double-lumen tube is problematic. Whether a double-lumen tube
or bronchial blocker is used, it is advisable to use fibrotic bron-
choscopy to position the device in the airway and avoid acciden-
tal lobar obstruction [153, 154]. The use of FiO, of 1.0 for
ventilation immediately prior to the initiation of one-lung ventila-
tion increases the rate of collapse of the non-ventilated lung and
improves surgical access in the operative hemithorax [155].

Management of one-lung ventilation. There are 2 major
complications that influence the strategy for one-lung ventilation
during thoracic surgery: the risk of hypoxaemia and the possibil-
ity of injury to the ventilated lung. Over the past 3 decades, the
incidence of hypoxaemia during one-lung anaesthesia has
decreased, and the focus has turned towards preventing lung in-
jury [156]. There has been a trend towards using lung-protective
ventilation strategies. Decreasing the tidal volumes during one-
lung anaesthesia from traditional large volumes of 10 ml/kg ideal
body weight to 4-6 ml/kg is considered to be less injurious to the
ventilated single lung [157], although outcomes have not been
studied in large randomized controlled trials. Retrospective stud-
ies suggest that, when used without positive end-expiratory pres-
sure (PEEP), there is no clear clinical decrease in postoperative
lung injury with the smaller tidal volumes [158]. There is a trend
towards a decreased incidence of hypoxaemia during one-lung
ventilation with larger tidal volumes. However, when smaller tidal
volumes are used with PEEP, oxygenation is equivalent [159]. The
optimal level of PEEP will vary according to individual respiratory
mechanics and is usually in the range of 5-10 cmH,0 [160]. An
alveolar recruitment manoeuvre strategy at the onset of one-lung
ventilation improves oxygenation but can be associated with a
transient decrease in systemic blood pressure [161].

Although most concern has focused on preventing injury to the
ventilated lung during one-lung anaesthesia, there is evidence of in-
jury to the non-ventilated (collapsed) lung too. Avoiding complete
collapse of the non-ventilated lung by the addition of continuous
positive airway pressure during surgery has been shown to decrease
the local intraoperative inflammatory response [162].

Non-intubated anaesthesia. There are several potential an-
aesthetic management strategies for thoracic surgery that do not
involve intubation of the airway or positive pressure ventilation,
including awake-regional anaesthesia and non-intubated general
anaesthesia with spontaneous ventilation. Regional anaesthesia
includes both thoracic epidural anaesthesia and paravertebral
local anaesthesia, usually in combination with intravenous sed-
ation and suppression of the cough reflex. Reported non-
intubated thoracic surgical procedures include lobectomy, pneu-
monectomy, excision of bullae and lung volume reduction [163].
The majority of the reports of non-intubated thoracic surgery
have been single-centre observational studies [164]. Most have
shown trends towards equivalent or improved outcomes with
non-intubated surgery compared to general anaesthesia and a
trend towards shorter hospital stays [165]. One randomized con-
trolled trial of 347 patients having a variety of video-assisted
thoracoscopic surgery (VATS) procedures showed an overall de-
crease in postoperative complications and a shorter postopera-
tive LOS in the non-intubated epidural group compared to the

general anaesthesia double-lumen tube group, although the hos-
pital stays were still long by fast-track standards (5.8 vs 7.7 days
following bullectomy and 9.5 vs 12.7 days following lobectomy)
[166]. Currently, although the technique shows potential, the rou-
tine use of non-intubated anaesthesia cannot be recommended.

Anaesthetic technique

Anaesthetic management should focus on short-acting agents that
permit early extubation. This is best accomplished using a combin-
ation of regional and general anaesthetic techniques. Older volatile
anaesthetics such as ether or halothane are potent inhibitors of
hypoxic pulmonary vasoconstriction and are associated with a
high incidence of hypoxaemia during one-lung ventilation.
Modern volatile anaesthetics (isoflurane, sevoflurane and desflur-
ane) are weak inhibitors of hypoxic pulmonary vasoconstriction,
and when used in doses <1 minimal alveolar concentration, there
is no clinically relevant difference in oxygenation compared to
total intravenous anaesthesia (TIVA) [167]. However, there are dif-
ferences between TIVA and volatile anaesthetics with respect to
the local inflammatory response in the lungs. Desflurane has been
shown to significantly mitigate the increase in inflammatory
markers during surgery in the ventilated lung compared to TIVA
with propofol [168]. Similarly, sevoflurane decreases the inflamma-
tory response in the non-ventilated lung [169]. While volatile
anaesthetics have been shown to decrease postoperative mortality
and respiratory complications in cardiac surgery [170], this has not
been shown to be true in thoracic surgery [171]
Dexmedetomidine, another intravenous anaesthetic/analgesic,
improves oxygenation and decreases markers of oxidative stress
during thoracic surgery but has not been studied in larger out-
come trials [172].

Summary and recommendations

A combination of regional and general anaesthetic techniques
should be used to permit early emergence from anaesthesia and
extubation. Lung isolation can be provided with either a double-
lumen tube or a bronchial blocker, and lung-protective ventila-
tion strategies should be used during one-lung anaesthesia. Non-
intubated anaesthesia shows potential but cannot currently be
recommended for routine use. Short-acting volatile or intraven-
ous anaesthetics, or their combination, are equivalent choices.

Evidence level:

Lung-protective strategies during one-lung ventilation: Moderate.
Non-intubated thoracic surgery: Low.

Combined regional and general anaesthesia: Low.

Short-acting volatile or intravenous anaesthetics or their combin-
ation: Low.

Recommendation grade:

Lung-protective strategies during one-lung ventilation: Strong.
Non-intubated thoracic surgery: Not recommended.

Combined regional and general anaesthesia: Strong.

Short-acting volatile or intravenous anaesthetics or their combin-
ation: Strong.

POSTOPERATIVE NAUSEA AND VOMITING
CONTROL

Postoperative nausea and vomiting (PONV) remains one of the
most frequent complications encountered after surgery [3, 173],
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impacting on the quality of early recovery and representing the
leading cause of patient dissatisfaction in the immediate postop-
erative period. The aetiology of PONV is multifactorial. Multiple
risk factors have been identified and can be divided into 3 cate-
gories: patient related, anaesthetic related and surgery related.
Females, non-smokers and patients with a history of PONV or
motion sickness are considered to be at highest risk [174]. The
use of volatile anaesthetics is the strongest anaesthesia-related
predictor [175]. In addition, nitrous oxide and postoperative
opioids have been strongly associated with PONV [5]. Longer an-
aesthetic and surgical time has also been identified as a predictor
[176], although thoracic surgery in general is not considered
highly emetogenic.

Non-pharmacological control of postoperative
nausea and vomiting

To risk stratify patients and develop an appropriate management
plan, several scoring systems are available. The easiest to apply in
clinical settings is the simplified Apfel score [173], which stratifies
the patient as low risk, medium risk or high risk of PONV. The
use of a multimodal approach, combining both non-
pharmacological and pharmacological measures, tailored to the
individual's risk score is advocated [177]. Among non-
pharmacological measures, the use of preoperative carbohydrate
loading with the avoidance of fasting and dehydration has been
associated with a decreased incidence of PONV [178, 179]. In
moderate- and high-risk patients, the intraoperative use of TIVA
with propofol decreases the risk of PONV [180]. The use of per-
ipheral nerve blocks (intercostal and paravertebral) or neuraxial
anaesthesia (epidural and spinal) for the treatment of postopera-
tive pain may reduce the need for postoperative opiates.
Similarly, the use of perioperative non-steroidal anti-inflamma-
tory drugs has a known opioid-sparing effect [181]. Electrical
stimulation of the P6 acupoint has a significant impact on
decreasing the rates of PONV. Acupoint stimulation is considered
to be just as effective if performed either preoperatively or post-
operatively [182, 183].

Pharmacological control of PONV

Pharmacological measures include administering one or a com-
bination of antiemetic drugs, depending on the risk identified for
each patient. There are several classes of recommended
antiemetic drugs, all superior to a placebo in reducing PONV: 5-
hydroxytryptamine (5-HT3) receptor antagonists, neurokinin-1
(NKT1) receptor antagonists, corticosteroids, phenothiazines and
anticholinergics. Other effective classes (butyrophenones and
antihistamines) have significant sedative effects and should be
avoided, if possible. A single 8-mg preoperative dose of dexa-
methasone reduces PONV for the first 24 h and reduces further
antiemetic needs for up to 72 h following gastrointestinal surgery
[184], while high-dose methylprednisolone also reduces nausea
for the first 24 h following VATS lobectomy [185]. Corticosteroid
administration does raise concerns for potential blood sugar
increases and postoperative infection in all patient populations
[186], but it has not been associated with a higher incidence of
complications following thoracic surgery [185]. The long-term
immunosuppressive and oncologic effects of steroid-based antie-
metic drugs are not known [3]. Nevertheless, a single dose of ste-
roids appears to be acceptable as an adjunct to first-line therapy.

A common approach to PONV is to administer 1 drug, usually
ondansetron, as prophylaxis to all patients. In patients with a mod-
erate or high-risk profile, the most recent guidelines recommend a
multimodal approach, utilizing as many non-pharmacological
approaches as possible and at least 2 different classes of antiemetic
drugs [177]. Treatment of PONV should be performed with a drug
from a different class than the one utilized for prophylaxis [177].
Repeating the dose of a medication used for prophylaxis within
6 h of the initial dose does not provide added benefit.

Summary and recommendations

The use of non-pharmacological measures to decrease the base-
line risk of PONV should be implemented in all patients under-
going thoracic surgery. A multimodal pharmacological approach
for PONV prophylaxis, in combination with other measures to re-
duce postoperative opiate consumption, is indicated in patients
at moderate or high risk.

Evidence level:
The use of non-pharmacological measures: High.
Multimodal pharmacological approach: Moderate.

Recommendation level:
The use of non-pharmacological measures: Strong.
Multimodal pharmacological approach: Strong.

REGIONAL ANAESTHESIA AND PAIN RELIEF

Pain following thoracic surgery is often severe and can be due to
retraction, fracture or dislocation of ribs, injury to the intercostal
nerves or irritation of the pleura or intercostal bundles by chest
tubes. A standardized multimodal analgesic strategy is required
to keep the patient comfortable, allow early mobilization and re-
duce the risk of pulmonary complications.

Inadequate provision of analgesia following thoracotomy or
VATS exacerbates a compromised respiratory status. It may lead
to respiratory failure secondary to splinting or pneumonia as a
result of an ineffective cough and poor clearance of secretions.
Pain increases immediate risks to the patient of hypoxaemia,
hypercarbia, increased myocardial work, arrhythmias and ischae-
mia. High-intensity postoperative pain can also facilitate the de-
velopment of post-thoracotomy pain syndrome. Therefore, an
enhanced recovery pathway for thoracic surgery must combine
multimodal enteral and parenteral analgesia with regional anal-
gesia or local anaesthetic techniques while attempting to avoid
opioids and their side effects. Patient education is also important
as well-informed patients may experience less pain [35].

Pre-emptive analgesia

Pre-emptive analgesia aims to decrease acute postoperative pain,
even after the analgesic effects of the pre-emptive drugs have
worn off, and to inhibit the development of chronic postopera-
tive pain. A systematic review of pre-emptive analgesia for post-
operative pain relief found no evidence of benefit for the pre-
emptive administration of systemic opioids, non-steroidal anti-
inflammatory drugs (NSAIDs) or ketamine and little evidence of
benefit with continuous epidural analgesia [187]. A subsequent
meta-analysis concluded that pre-emptive thoracic epidural anal-
gesia (TEA) was associated with a reduction in acute pain after
thoracotomy but had no effect on the incidence of chronic post-
thoracotomy pain [188].
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Intraoperative regional analgesia

Early ERAS protocols defined epidural analgesia as an essential
part of the bundle of intraoperative pain management, and it has
been the gold standard technique for pain control after major
thoracic surgery for some time. The risks associated with the
perioperative use of epidural analgesia are becoming clearer and
may be greater than previously thought [189]. Adverse effects in-
clude urinary retention, hypotension and muscular weakness.
Furthermore, an increasing number of patients are taking oral
anticoagulation or have renal failure, potentially increasing the
risk of epidural-related complications.

Paravertebral analgesia provides a unilateral block of somatic
and sympathetic nerves that lie in the paravertebral space and is
particularly useful in unilateral thoracic procedures. Several
randomized studies have compared outcomes after TEA or para-
vertebral block. The results suggest that paravertebral blocks are
more effective at reducing respiratory complications than TEA
and after the first few hours provide equivalent analgesia [190-
192]. Percutaneous paravertebral blockade reduces the risks of
developing minor complications (PONV, pruritus, hypotension
and urinary retention) compared to TEA, with no difference in
acute pain, 30-day mortality, major complications (cardiac and
respiratory) or length of hospital stay [192, 193].

Intercostal catheters may be as effective as TEA in terms of
postoperative pain. They are more cost-effective, require less
time, can be placed by the surgeon at the end of the operation
and may be associated with fewer complications [194].
Intercostal blocks have demonstrated reduced post-thoracotomy
pain when compared to placebo [191] and do not significantly
increase operative time [195].

The serratus anterior plane block [196, 197] is a novel technique
with potential use in rescue analgesia. Evidence is lacking but there
is a possible role in a single-port VATS or when paravertebral
blockade is not appropriate (e.g. pleurectomy and decortication).
Liposomal bupivacaine also shows promise when delivered as
multilevel intercostal injections, potentially providing blockade of
intercostal nerves for up to 96h [198, 199]. Cryoanalgesia is not
recommended as it appears to potentiate chronic pain [200, 201].

Postoperative multimodal analgesia

During the postoperative phase, a multimodal analgesic regimen
should be employed with the aim of avoiding or minimizing the
use of opioids. Opioids are associated with multiple side effects
that may impact on a patient’s ability to achieve ERAS targets
such as PONV control, early mobilization and a quick return to
oral diet. The concept of achieving analgesia through the additive
or synergistic effects of different types of analgesics is not new
and ideally allows the side effects of individual drugs to be mini-
mized while potentiating their positive effects and reducing the
use of opioids.

Acetaminophen. Acetaminophen is a vital part of postopera-
tive pain control and can be administered either intravenously or
orally [202]. A recent meta-analysis found that after major sur-
gery, adding acetaminophen reduced morphine consumption by
20% but did not decrease the incidence of morphine-related ad-
verse effects [203]. Acetaminophen at clinical doses has few con-
traindications or side effects. It is considered safe for patients at
risk of renal failure [204].

Non-steroidal anti-inflammatory drugs. An NSAID in
combination with acetaminophen is more effective than either
drug alone [205]. NSAIDs have been used to control post-
thoracotomy pain [206] and significantly improve pain control in
patients receiving systemic opioids [207, 208]. NSAIDs may also
be effective in controlling the ipsilateral post-thoracotomy shoul-
der tip pain seen in patients receiving TEA [209, 210]. Renal fail-
ure is a particular risk of NSAIDs administration in a number of
groups including the elderly [211, 212], pre-existing renal failure
and hypovolaemic patients. These risk factors are often present
in patients scheduled for thoracic surgery. Although there is a
theoretical concern that NSAID-mediated reductions in inflam-
mation may reduce the efficacy of a surgically performed pleu-
rodesis [213], this has not been proven in human studies [214].

N-methyl-D-aspartate (NMDA) antagonists. In a double-
blinded study of patients who had undergone thoracic surgery,
ketamine reduced morphine consumption and improved early
postoperative lung function [215]. In another study, adding a
low-dose intravenous infusion of ketamine to TEA improved
early post-thoracotomy analgesia [216]. The postoperative use of
ketamine should be considered for some patients, for example,
those on long-term high-dose opioids.

Gabapentin. Given its mechanism of action and effectiveness
in neuropathic states, gabapentin’s effectiveness in preventing
chronic post-surgical pain has been investigated. There is cur-
rently no clinical evidence that it reduces chronic post-surgical
pain [217]. While gabapentin appears to reduce early postopera-
tive pain scores and opioid use for patients undergoing a variety
of surgical procedures [218], there is no evidence that it reduces
acute or chronic pain following thoracic surgery [219, 220].
Furthermore, gabapentin does not decrease the ipsilateral shoul-
der tip pain seen in patients receiving TEA [221]. Therefore, on
current evidence, perioperative gabapentin cannot be
recommended.

Glucocorticoids.  Glucocorticoids (e.g. dexamethasone and
methylprednisolone) have many actions including analgesic, antie-
metic, antipyretic and anti-inflammatory effects. Dexamethasone
produces a dose-dependent opioid-sparing effect [222] in a gen-
eral surgical setting and has been particularly effective in reducing
pain scores with dynamic movement [223, 224]. These effects have
been produced with a single dose of dexamethasone in the range
of 10-40 mg with few reported serious side effects. Risks of gluco-
corticoid use include gastric irritation, impaired wound healing,
impaired glucose homeostasis and sodium retention. The optimal
dose that balances the advantages against these and other risks
has yet to be defined. However, 1 recent trial in VATS lobectomy
showed that preoperative high-dose methylprednisolone reduces
postoperative pain, nausea and fatigue without increasing the risk
of complications [185].

Opioids.  Opioids, including patient-controlled analgesia,
should be kept to a minimum or avoided entirely. If opioids are
used, a balance between the beneficial effects (analgesia, ena-
bling passive expiration and prevention of splinting) and the
detrimental effects (PONV, constipation, sedation and the sup-
pression of ventilation and coughing and sighing) must be
achieved.
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Summary and recommendations

A standardized multimodal approach to pain relief, including
good regional anaesthesia, is recommended with the aim of
reducing postoperative opioid use. Paravertebral blockade pro-
vides equivalent analgesia to TEA with evidence of a better side-
effect profile. Acetaminophen and NSAIDs should be adminis-
tered regularly to all patients unless contraindications exist.
Dexamethasone may be administered to prevent PONV and re-
duce pain. Ketamine should be considered for patients with pre-
existing chronic pain on long-term opiates. Gabapentin cannot
currently be recommended as an adjunct to conventional
analgesia.

Evidence level:

Regional anaesthesia: High.

Combination of acetaminophen and NSAIDs: High.
Ketamine: Moderate.

Dexamethasone: Low.

Recommendation grade:

Regional anaesthesia: Strong.

Combination of acetaminophen and NSAIDs: Strong.
Ketamine: Strong.

Dexamethasone: Strong.

PERIOPERATIVE FLUID MANAGEMENT

Fluid management encompasses the pre-, intra- and postopera-
tive periods [225, 226]. Preoperatively, carbohydrate loading and
the avoidance of starvation ensure that patients should not be
dehydrated prior to the induction of anaesthesia [42, 49].

In lung resection surgery, fluid management is complex as
patients are prone to developing interstitial and alveolar oedema.
The effects of existing pulmonary disease, prior chemoradiother-
apy, one-lung ventilation, direct lung manipulation by the sur-
geon and ischaemia-reperfusion phenomena can all damage the
glycocalix and the underlying endothelial cells as well as affecting
epithelial alveolar cells and surfactant. This may lead to lung in-
jury [227, 228]. In combination with a liberal fluid regime, there
is an increased risk of acute respiratory distress syndrome, atelec-
tasis, pneumonia, empyema and death [68, 229-232]. The extent
of the lung resection plays an important role, with the highest in-
cidence of acute respiratory distress syndrome seen following ex-
tensive resection and pneumonectomy [233].

Traditionally, a volume-restrictive fluid regime of 1-2ml/kg/h
has been recommended as intraoperative and postoperative
maintenance, with a perioperative positive fluid balance of
<1500 ml (or 20 ml/kg/24 h). The aim is to control the amount of
fluid and minimize the hydrostatic pressure in the pulmonary
capillaries [234]. The concern with such restrictive fluid manage-
ment is that it may produce a hypovolaemic state with impaired
tissue perfusion, organ dysfunction and acute kidney injury (AKI).
A retrospective analysis of 1442 patients undergoing thoracic sur-
gery found a 5.1% incidence of AKI [235]. Subgroup analysis of
patients who received less than 3 ml/kg/h showed no relationship
with the development of AKI. Subsequent studies have confirmed
that restrictive regimes may result in perioperative oliguria but
are not associated with an increased risk of postoperative AKI
[236, 237]. Similarly, setting a low perioperative urine output tar-
get (0.2 ml/kg/h) or treating oliguria with fluid boluses does not
appear to affect postoperative renal function [236-238].

Goal-directed therapy (GDT) has been used in multiple special-
ties to improve surgical outcomes with conflicting results. A recent
meta-analysis in major abdominal surgery compared outcomes
between intraoperative GDT and conventional fluid therapy [239].
GDT in those patients managed in a traditional care setting was
associated with significant reductions in morbidity and hospital
LOS. In contrast, if patients were managed within an ERAS setting,
there was little difference in outcomes. Monitoring of cardiac out-
put (by pulse contour analysis or Doppler ultrasound), extravascu-
lar lung water (by transpulmonary thermodilution) and/or central
venous oximetry may prove to be valuable adjuncts in high-risk
patients and complex procedures. However, the current evidence
for the use of monitoring devices to direct fluid therapy during
thoracic surgery is not conclusive [240, 241].

The aim of maintaining intraoperative euvolemia with a dry
lung has been discussed repeatedly [234, 242], and its efficacy
has been demonstrated in a small RCT [243]. Over-restriction
may eventually lead to organ dysfunction, but rates of 2-3 ml/kg/
h are not associated with AKI in lung resection patients.
Hypoperfusion can be avoided with the use of vasopressors and
a limited amount of fluid to counteract the vasodilatory effects of
anaesthetic agents and neuraxial blockade [244]. Additional fluid
can be given to compensate blood or exudative loss [245]. In line
with other ERAS programmes, balanced crystalloid is currently
the fluid of choice over 0.9% saline [246]. In the immediate post-
operative period, attention should also be paid to fluid balance
and the patient's body weight. Enteral fluid should resume as
soon as the patient is lucid and able to swallow [42].

Summary and recommendations

Very restrictive or liberal fluid regimes should be avoided in fa-
vour of euvoleamia. Intraoperative hypoperfusion can be
avoided with the use of vasopressors and a limited amount of
fluid. GDT and the use of non-invasive cardiac output monitors
do not currently appear to offer benefits to the thoracic surgical
patient. Balanced crystalloids are the intravenous fluid of choice
and should be discontinued as soon as possible in the postopera-
tive period to be replaced with oral fluids and diet.

Evidence level:

Euvolemic fluid management: Moderate.
Balanced crystalloids: High.

Early enteral route: Moderate (extrapolated).

Recommendation grade:

Euvolemic fluid management: Strong.
Balanced crystalloids: Strong.

Early enteral route: Strong.

ATRIAL FIBRILLATION PREVENTION

New-onset postoperative atrial fibrillation and flutter (POAF) is
common after thoracic surgery with an incidence of approximately
12% following lung resection [247, 248]. Risk factors include
increasing age, male sex, Caucasian race, hypertension, COPD,
heart failure and valvular heart disease [247]. Following lobectomy,
a VATS approach may be protective [247, 249, 250] although this
is not a consistent finding [251]; however, increasing the extent of
operation (eg. pneumonectomy compared to lobectomy)
increases the risk [248]. The development of postoperative compli-
cations is associated with doubling of the incidence of POAF [247].
Although POAF occurring in isolation is associated with an
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increased length of hospital stay and an increased risk of readmis-
sion, patients with POAF and additional complications do poorly.
They are at increased risk of stroke and in-hospital death [247].

Several prevention strategies for the development of POAF have
been recommended in the 2014 American Association for Thoracic
Surgery (AATS) Guidelines [252]. Patients taking B-blockers prior to
surgery are at risk of developing POAF if withdrawn abruptly.
Therefore, B-blockers should be continued through into the postoper-
ative period. In those patients who are magnesium deplete (either
with low serum magnesium or suspected total body magnesium de-
pletion), intravenous magnesium may be given perioperatively.
Digoxin does not prevent the development of POAF and should not
be used. In patients deemed at particular risk of developing POAF, it
is reasonable to consider perioperative diltiazem (assuming the patient
is not taking B-blockers, and cardiac function is normal) or postopera-
tive amiodarone. However, no clinical model has been developed to
identify high-risk patients after lung resection, although the CHADS,
score shows promise [253]. Furthermore, there is little evidence that
POAF prophylaxis improves outcomes after thoracic surgery.

Summary and recommendations

Patients taking B-blockers preoperatively should continue to take
them in the postoperative period to prevent POAF secondary to
acute withdrawal. Magnesium supplementation may be consid-
ered in magnesium deplete patients. The administration of diltia-
zem preoperatively or amiodarone postoperatively is reasonable
in patients deemed at high risk, although there is little evidence
that POAF prophylaxis improves outcomes.

Evidence level:

Avoid B-blocker withdrawal: High.

Replace magnesium: Low.

Diltiazem or amiodarone prophylaxis in high-risk patients:
Moderate.

Recommendation grade:

Avoid B-blocker withdrawal: Strong.

Replace magnesium: Weak.

Diltiazem or amiodarone prophylaxis in high-risk patients: Weak.

SURGICAL TECHNIQUE: THORACOTOMY

Post-thoracotomy pain is one of the most common complaints of
the thoracic surgical patient, adding significant morbidity, reducing
patient satisfaction and increasing healthcare costs. It arises as a re-
sult of chest wall trauma, fractured ribs, damaged peripheral nerves,
intercostal nerve and muscle damage and central nervous system
hyperexcitability. Intercostal nerve injury appears to be the most
important factor in its pathogenesis [254]. Although minimally inva-
sive techniques such as VATS and robotic surgery are increasingly
popular, the vast majority of pulmonary resections worldwide are
still performed via a thoracotomy. The technique of thoracotomy
has evolved with time to minimize postoperative pain.

Incision type

The type of incision made for the thoracotomy procedure
depends on the type of operation being performed and the ac-
cess needed as well as surgeon preference and training. The
standard different access locations for thoracotomy include the
traditional posterolateral approach or an anterior approach (axil-
lary or anterolateral thoracotomy). A muscle-sparing incision

(a thoracotomy that does not involve significant division of the
latissimus dorsi or serratus anterior muscle fibres) is more often
achieved via an anterior approach. Indeed, the anterior
approaches were previously considered to be less painful, but, in
a systematic review, a muscle-sparing thoracotomy did not result
in less pain or preserved pulmonary function [255]. Although
muscle strength and range of motion were better preserved by a
muscle-sparing approach, this difference had disappeared by 1
month. A more recent meta-analysis, however, has shown that a
muscle-sparing approach results in less postoperative pain up to
1 month following a thoracotomy but pulmonary function and
perioperative complications are unchanged [256].

Intercostal nerve-sparing techniques

The creation of an intercostal muscle (ICM) flap, in which the
muscle is separated from both ribs and then cut distally just
under the serratus anterior muscle, reduces postoperative pain
compared to traditional thoracotomy techniques [257, 258]. By
keeping the ICM out of the surgical retractor, the intercostal bun-
dle is protected from crush injury. An additional benefit is that
the ICM can be used for bronchial or oesophageal buttressing
when indicated. A non-divided ICM flap, in which the muscle is
separated from both ribs and then left to dangle into the incision,
is successful in further reducing pain [259].

Rib reapproximation

When closing thoracotomy incisions, techniques that spare com-
pression of the inferior intercostal nerve during rib reapproxima-
tion are associated with less postoperative pain than conventional
pericostal sutures. The intracostal suture technique involves drilling
small holes through the inferior rib for passage of the rib-
approximating suture [260]. The no-compression pericostal suture
technique involves passage of the rib-approximating suture along
the inferior bony surface of the inferior rib, avoiding compression
of the associated ICM and bundle [261].

Summary and recommendations

Muscle-sparing thoracotomy incisions may reduce postoperative
pain and preserve muscle function and should be performed
where possible. ICM- and nerve-sparing techniques are recom-
mended as they reduce post-thoracotomy pain. Avoiding com-
pression of the inferior intercostal nerve when the ribs are
reapproximated may further reduce pain.

Evidence level:

Muscle-sparing thoracotomy: Moderate.

ICM flap: Moderate.

Rib reapproximation avoiding nerve compression: Moderate.

Recommendation grade:

Muscle-sparing thoracotomy: Strong.

ICM flap: Strong.

Rib reapproximation avoiding nerve compression: Strong.

SURGICAL TECHNIQUE: MINIMALLY INVASIVE
SURGERY

Since the introduction of VATS lobectomy almost 3 decades ago,
the technique has undergone significant improvements. When
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compared to thoracotomy, VATS is associated with less pain, bet-
ter shoulder function, earlier mobilization, shorter LOS, better
preservation of pulmonary function and better quality of life
[262]. An early, small randomized study demonstrated fewer
complications in the VATS group but no difference in pain [263].
More recently, a larger randomized controlled trial of 206
patients undergoing lobectomy compared an anterolateral thora-
cotomy to a VATS approach. VATS patients had significantly less
pain postoperatively and up to 52 weeks after surgery, improved
quality of life and a shorter LOS, but no reduction in complica-
tions [264]. A large propensity-matched study from the European
Society of Thoracic Surgeons database consisting of 28 771
patients showed a significant reduction in total postoperative
complications, major cardiopulmonary complications, atelectasis
requiring bronchoscopy, initial ventilation >48h and wound in-
fection in favour of VATS [251]. This study confirmed the findings
of a previous large propensity-matched comparison from the
Society of Thoracic Surgeons database [249] and a recent meta-
analysis of propensity-matched patients [265]. The clinical bene-
fits of a minimally invasive approach are particularly evident in
high-risk patients with poor predicted postoperative lung func-
tion [266]. These findings form the basis for the recommendation
in the most recent lung cancer guidelines of the American
College of Chest Physicians that a VATS approach is preferred in
the management of patients with stage | non-small-cell lung can-
cer [267].

No randomized trials have so far been conducted to deter-
mine whether a VATS approach impacts on long-term survival. A
systematic review and meta-analysis could not demonstrate any
significant difference in loco-regional recurrence, but the data
suggested a reduced systemic recurrence rate and an improved
5-year mortality rate for VATS [262]. Another randomized study
has shown that VATS lobectomy was associated with reduced
perioperative changes in acute phase responses. The authors
suggest that this finding may have implications for perioperative
tumour immune surveillance in lung cancer patients [268].
Compliance with adjuvant chemotherapy seems to be
facilitated by VATS surgery and thereby may also affect
survival outcome [269].

In recent years, a uniportal approach has been popularized
with potential benefits purported to include less pain and dis-
comfort, but so far there has been no robust data to justify this
approach over a conventional multiport approach. A recent
randomized trial failed to demonstrate any difference between
uniportal and multiport VATS lobectomy [270]. Postoperative
pain, LOS and complications rates were equivalent. Robotic-
assisted lobectomy may have advantages including 7 degrees of
movement, 3-dimensional views, tremor filtration, motion scaling
and improved ergonomics. Whether this will translate into
improvements in clinical outcomes remains to be seen. Studies
have demonstrated the feasibility and safety of the robotic ap-
proach, and morbidity rates appear equivalent to VATS [271,
272].

Summary and recommendations

A VATS approach for pulmonary resections is recommended for
early-stage lung cancer. The benefits are even more marked in
patients with poor respiratory reserve. The number of ports used
does not appear to affect outcomes, and so, one VATS approach
cannot be recommended over another. Data to support the rou-
tine use of robotic surgery are lacking.

Evidence level:
VATS lung resection for early-stage lung cancer: High.

Recommendation grade:
VATS lung resection for early-stage lung cancer: Strong.

CHEST DRAIN MANAGEMENT

Management of chest tubes remains a critical aspect in the post-
operative course of patients following lung resection, influencing
the recovery phase and hospital stay. Although a drain is neces-
sary for the majority of cases, they can cause pain, reduced pul-
monary function and immobility, irrespective of the surgical
approach [273].

Suction versus no suction

A number of randomized clinical trials have been published com-
paring external suction via the chest tube versus no suction in the
postoperative period. Theoretically, suction promotes pleura-
pleural apposition favouring the sealing of air leak and the drainage
of large air leaks. However, suction has also been shown to increase
the flow through the chest tube proportional to the level of suction
applied [274] and to reduce patient mobilization (if wall suction is
used). No suction, on the other hand, has been shown to be effect-
ive in some circumstances at reducing the duration of air leak, pre-
sumably by decreasing the airflow [275, 276]. However, the
absence of suction may be ineffective in draining large air leaks
and has been associated with increased risk of other complications
(particularly pneumonia and arrhythmia) [277].

The question of whether external suction or its absence has a
beneficial effect on clinical outcomes has been the subject of sev-
eral systematic reviews and clinical guidelines [278-281]. Although
the evidence is conflicting, there does not appear to be an advan-
tage to the routine application of external suction in terms of short-
ening the duration of air leak, chest drainage or LOS.

Digital drainage systems

Digital drainage systems have several advantages over a trad-
itional water seal. They are light, compact and have a built-in
suction pump, so do not need to be attached to wall suction,
should suction be required, favouring early patient mobilization.
They are also able to objectively quantify the volume of air leak.
The ability to store information and display trends in air leak
over time allows more informed decision-making about chest
tube removal and reduces interobserver and clinical practice
variability [282].

The objective quantification of air leak is probably the most
important factor explaining the clinical benefits found in initial
randomized clinical trials comparing digital versus traditional
devices. Both chest tube duration and length of hospital stay
were found to be shorter after lung resection [283, 284].

Modern digital chest drain devices are able to apply regulated
suction to maintain the preset intrapleural pressure. A recent
multicentre randomized trial [285] showed that their use reduced
the duration of chest tube duration by 1.1 days and the length of
hospital stay by 1day after lobectomy. Higher levels of patient
satisfaction paralleled the objective clinical benefits. Subsequent
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randomized studies have not found differences in chest tube dur-
ation or hospital stay with digital devices [286, 287], but conser-
vative drain removal protocols may have influenced outcomes in
1 study [286].

Pleural fluid drainage

The amount of pleural fluid output observed daily influences the
timing of chest tube removal. Traditionally, most surgeons have
accepted a cut-off of approximately 200 ml/day as a threshold,
below which it is safe to remove a chest tube. However, this
value is based more on dogma than on scientific data or
physiology.

Pleural fluid turnover is regulated by Starling forces and by
the lymphatic drainage system located at the parietal level. The
hourly turnover of the pleural fluid is approximately 0.2 ml/kg
leading, in physiological conditions, to its complete renewal in
approximately 1h [288]. Lymphatics act as an efficient negative
feedback system to regulate pleural fluid dynamics as they can
markedly increase flow (20-30-fold) in response to increased
filtration, as occurs after thoracic surgery due to postoperative
inflammation.

Studies on more aggressive chest drain removal strategies
within fast track programmes have been shown to be safe.
A non-chylous fluid threshold of 450 ml/day after thoracotomy
was associated with only a 0.55% readmission rate for recurrent
symptomatic pleural effusion [289]. A higher threshold of 500 ml/
day following VATS lobectomy resulted in an incidence of clinic-
ally relevant recurrent effusions (needing drainage or aspiration)
in only 2.8% of patients [290].

Number of chest tubes

Traditionally, thoracic surgeons have used 2 chest tubes to drain
the pleural space after lobectomy. Several randomized trials have
demonstrated that the use of a single chest tube after lobectomy
is safe and effective with no differences in residual pleural effu-
sion or the need to reinsert a chest tube but is significantly less
painful than 2 drains [291-293]. Furthermore, a single drain is
associated with a reduced duration of chest drainage and a
smaller volume of fluid drained [293]. The practice of using a sin-
gle chest tube is supported by findings showing that the static
and dynamic pain scores decrease by approximately 40% and
the lung function increases by 13% after chest tube removal
[273], whether surgery is performed via VATS or thoracotomy.

Summary and recommendations

Chest tubes are painful and inhibit respiratory function. Less con-
servative chest tube management strategies may improve patient
outcomes. The routine application of external suction offers no
advantages and should be avoided. The use of digital drainage
systems is recommended as they remove variability in clinical
decision-making and facilitate early mobilization. They may also
reduce chest tube duration and hospital stay. Chest tubes can be
removed safely even if the daily serous effusion is of high volume
(up to 450 ml/24 h). The use of a single chest tube is associated
with less pain and reduced chest tube duration without increas-
ing the risk of recurrent effusion. Therefore, a single tube should
be used instead of 2 after a routine anatomical lung resection.

Evidence level:
Avoidance of external suction: Low (conflicting data).

Digital drainage systems: Low (conflicting data).

High pleural fluid output accepted for chest tube removal (up to
450 ml/24 h): Moderate.

Single chest tube: Moderate.

Recommendation grade:

Avoidance of external suction: Strong.

Digital drainage systems: Strong.

High pleural fluid output accepted for chest tube removal (up to
450 ml/24 h): Strong.

Single chest tube: Strong.

URINARY DRAINAGE

Bladder drainage is often used during and after thoracic surgery
to monitor urine output. However, the clinical value of monitor-
ing intraoperative urine output is questionable. In patients with
normal preoperative renal function, intraoperative urine output
does not predict subsequent renal function or AKI [294], and tar-
geting oliguria with fluid boluses does not appear to affect post-
operative renal function [236, 238]. Similar results have been
found after VATS lung resection [237], suggesting that the prac-
tice of administering fluid boluses to enhance urine output is un-
necessary. Therefore, with the exception of patients with pre-
existing renal impairment and those in whom fluid balance is
crucial (e.g. some patients undergoing pneumonectomy and pro-
longed complicated surgery), the practice of placing a transureth-
ral catheter for the sole purpose of monitoring perioperative
urine output cannot be recommended.

Postoperative urinary retention (POUR) occurs commonly after
surgery, but the lack of a consensus definition makes compari-
sons between studies difficult. POUR is associated with delayed
discharge from hospital, an increased risk of urinary tract infec-
tion (UTI) and possible long-term bladder dysfunction. The cause
is usually multifactorial and may include increasing age, male sex
(as a result of anatomy and an increasing incidence of benign
prostatic hypertrophy with age), diabetes mellitus, pain and TEA.
Although the true incidence following thoracic surgery is not well
documented, 1 study of ‘minor’ thoracic surgery, in which
patients underwent a number of procedures without TEA,
showed that 11.6% of patients developed POUR [295]. Currently,
however, no validated system exists to identify or prophylactical-
ly manage high-risk patients.

Paravertebral blockade, in contrast to TEA, is associated with
relatively few urinary side effects [192, 296]. As the incidence of
POUR in patients with TEA is 26% [297], a transurethral catheter
is commonly placed, normally for the duration of epidural anal-
gesia. Prolonged urinary drainage impedes early mobilization
and is associated with increasing risk of UTI [298], and so there
has been interest in early removal of transurethral catheters. A
systematic review of 4 studies of patients undergoing thoracot-
omy with TEA showed that early removal of a transurethral cath-
eter was possible within the first 24-48 h after surgery [299]. The
incidence of POUR following the removal of a transurethral cath-
eter was acceptably low (5.9%), and the incidence of UTls was
reduced. In a recent large RCT, however, POUR occurred in
12.4% of patients who had their transurethral catheter removed
within 48h of thoracic surgery, compared to only 3.2% of
patients whose catheter remained until discontinuation of TEA,
without any reduction in the incidence of UTIs [300]. Another
large prospective study confirmed high rates of POUR following
early transurethral catheter removal (26.7% vs 12.4%) [301].
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Summary and recommendations

In patients with normal preoperative renal function, monitoring
of perioperative urine output does not affect renal outcomes,
and a transurethral catheter is unnecessary for the sole purpose
of monitoring urine output. POUR is common, but no validated
system exists to identify or prophylactically manage high-risk
patients. POUR is associated with TEA, and it is reasonable to in-
sert a transurethral catheter in these patients. A recommendation
on the timing of removal cannot be made.

Evidence level:

A transurethral catheter is not required if its sole purpose is mon-
itoring perioperative urine output: Moderate.

Routine urinary drainage with TEA: Low.

Recommendation grade:

A transurethral catheter is not required if its sole purpose is mon-
itoring perioperative urine output: Strong.

Routine urinary drainage with TEA: Strong.

EARLY MOBILIZATION AND ADJUNCTS TO
PHYSIOTHERAPY

Early mobilization is an intuitive component of ERAS meant to
counteract several complications related to immobilization and
decrease the length of hospital stay. In contrast, bed rest is asso-
ciated with several deleterious consequences, including physical
deconditioning, diminished muscle mass, increased pulmonary
complications (atelectasis and pneumonia) and increased risk of
VTE [302, 303]. Nevertheless, 2 recent systematic reviews could
not demonstrate benefits of early mobilization protocols on
postoperative outcomes following thoracic surgery due to the
poor quality of studies and conflicting results [89, 304].
Conflicting results on quality of life have also been reported
[89, 305].

Postoperative immobility is reported as a significant risk factor
for ERAS deviation and prolonged LOS following colorectal sur-
gery [306] and is associated with increased morbidity and LOS
following lung cancer resection [19]. Chest tubes, urinary cathe-
ters, continued intravenous intake of fluids and inadequate pain
control are important barriers to early ambulation, underlining
the importance of optimal management of these parameters.
Therefore, patients should be mobilized to avoid the deleterious
effects of bed rest.

Prophylactic minitracheostomy

Repeated suction via a minitracheostomy (MT) can facilitate spu-
tum clearance. Several historical studies have shown some clinic-
al benefits in prophylactic MT use in patients at high risk of
sputum retention [307, 308]. Concerns have been raised regard-
ing complications secondary to insertion of MTs [309], and the
benefits of prophylactic MT use in high-risk patients has yet to
be validated in the era of minimally invasive surgery.

Incentive spirometry

Incentive spirometry (IS) is often used as an adjunct to standard
postoperative physiotherapy. However, studies have failed to
demonstrate any benefits of perioperative IS in terms of recovery
of lung function or reduced risk of postoperative pulmonary

complications [310-313]. There may be a role for IS in high-risk
patients, but further studies are required.

Non-invasive positive pressure ventilation

Non-invasive positive pressure ventilation has been widely used
to prevent atelectasis following lung surgery, but studies to date
have failed to demonstrate any significant clinical benefits [314].

Summary and recommendations

Patients should be mobilized within 24 h of surgery. Prophylactic
MT use may be considered in certain high-risk patients. Although
IS is often used as a low-risk adjunct to physiotherapy, its benefits
are unclear. The routine use of postoperative non-invasive posi-
tive pressure ventilation cannot be recommended.

Evidence level:
Early mobilization: Low.
Prophylactic MT in high-risk patients: Low.

Recommendation grade:
Early mobilization: Strong (no harm).
Prophylactic MT in high-risk patients: Weak.

DISCUSSION

These guidelines outline recommendations for the perioperative
management of patients undergoing thoracic surgery, based on
the best available evidence. In some instances, good-quality data
were not available. Consequently, some recommendations are
generic or based on data extrapolated from other specialties (al-
cohol abuse management, preoperative anaemia management,
carbohydrate treatment, VTE prophylaxis and early enteral feed-
ing). In other cases, no recommendation can currently be made
because either equipoise exists or there is a paucity of evidence
(volatile versus intravenous anaesthesia, non-intubated anaesthe-
sia, type of VATS approach, robotic surgery and timing of re-
moval of urinary catheters). Recommendations are based not
only on the quality of the evidence but also on the balance be-
tween desirable and undesirable effects. As such, strong recom-
mendations may be reached from low-quality or conflicting data
and vice versa.

The benefits of ERAS pathways are demonstrable in specialties
such as colorectal surgery [11, 12], and there is emerging evi-
dence of their efficacy in thoracic surgery [19, 26-28, 30]. It is
hoped that these guidelines will help integrate existing know-
ledge into practice, align perioperative care and encourage future
investigations to address existing knowledge gaps. As the recom-
mendation grade for most of the included ERAS elements is
strong, the use of a systematic ERAS pathway has the potential to
improve outcomes after thoracic surgery.
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Anaemia management

Dovysetreni a korekce anemie predoperacné
Anaemia should be identified, investigated and corrected preoperatively

Dechova rehabilitace a kondiéni cviceni
Pulmonary rehabilitation and prehabilitation

Pacient s omezenim plicni funkce anebo pohybové zptisobilosti
Prehabilitation should be considered for patients with borderline lung function or
exercise capacity

PRIJETI / ADMISSION

Specialni nakladani s cukry
Preoperative fasting and carbohydrate treatment

Ukonceni piijmu tekutin 2 hod a ptijmu tuhé stravy 6 hod pfed operaci
Clear fluids should be allowed up until 2 h before the induction of anaesthesia and
solids until 6 h before induction of anaesthesia

Rutinni peroralni naloz cukrt
Oral carbohydrate loading reduces postoperative insulin resistance and should be
used routinely

Premedikace
Preanaesthetic medication

Podani sedativ
Routine administration of sedatives to reduce anxiety preoperatively should be
avoided

PERIOPERACNI FAZE / PERIOPERATIVE PHASE

Pouceni pied pfijetim, osvéta a poradenstvi
Preadmission information, education and counselling

Prevence trombembolické nemoci (VTE)
Venous thromboembolism (VTE) prophylaxis

Specializované piedoperacni poradenstvi
Patients should routinely receive dedicated preoperative counselling

Farmakologicka a mechanicka prevence VTE u pacienta k vétsi plicni resekci
Patients undergoing major lung resection should be treated with pharmacological and
mechanical VTE prophylaxis

Uprava kolemoperac¢ni vyzivy
Perioperative nutrition

4-tydenni prevence LWMH u pacienta s vysokym rizikem VTE
Patients at high risk of VTE may be considered for extended prophylaxis with
LMWH for up to 4 weeks

Pfedoperacni vySetieni stavu vyzivy a evidence ztraty hmotnosti
Patients should be screened preoperatively for nutritional status and weight loss

Antibioticka profylaxe a piiprava kiuize
Antibiotic prophylaxis and skin preparation

Podavani peroralnich dopliikti vyzivy u malnutri¢niho pacienta
Oral nutritional supplements should be given to malnourished patients

Podavani imunostimulaénich doplitkti vyzivy u malnutri¢niho pacienta
Immune-enhancing nutrition may have a role in the malnourished patient postoperatively

Rutinni podani antibiotik pfedchazi kozni incizi 60 minut; respektive je vzdy pied ni
Routine intravenous antibiotics should be administered within 60 min of, but prior to,
the skin incision

Zanechani koufeni
Smoking cessation

Odstranéni ochlupeni
Hair clipping is recommended if hair removal is required

Zanechani koufeni nejméné 4 tydny pied operaci
Smoking should be stopped at least 4 weeks before surgery

Pfiprava kuze chlorhexidinem s alkoholem
Chlorhexidine—alcohol is preferred to povidone-iodine solution for skin preparation

Reseni zavislosti na alkoholu
Alcohol dependency management

Prevence peroperacni hypotermie
Preventing intraoperative hypothermia

Abstinence (u zavislych na alkoholu) nejméné 4 tydny pted operaci
Alcohol consumption (in alcohol abusers) should be avoided for at least 4 weeks
before surgery

Udrzovani normotermie prostfedkem aktivniho ohfevu
Maintenance of normothermia with convective active warming devices should be
used perioperatively

Zjisténa anémie

Spojité méteni teploty télesného jadra
Continuous measurement of core temperature for efficacy and compliance is
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recommended

Standardni anesteziologicky protokol
Standard anaesthetic protocol

Vyuziti plice chranici strategie za ventilace jedné plice
Lung-protective strategies should be used during one-lung ventilation

Kombinace regionalnich a celkovych technik znecitlivéni
A combination of regional and general anaesthetic techniques should be used

Separované pouziti kratce pasobicich inhala¢nich (1) nebo nitrozilnich (2) anestetik
nebo jejich kombinace (3)
Short-acting volatile or intravenous anaesthetics, or their combination, are equivalent choices

Pooperacni nauzea a zvraceni (PONV)
PONV control

Vyuziti nefarmakologickych zptsobi snizeni zakladniho rizika PONV
Non-pharmacological measures to decrease the baseline risk of PONV should be
used in all patients

Vyuziti multimodalniho farmakologického pfistupu v prevenci PONV u pacientt se
sttedné zvySenym anebo vysokym rizikem

A multimodal pharmacological approach for PONV prophylaxis is indicated in
patients at moderate risk or high risk

Regionalni anestezie a tleva od bolesti
Regional anaesthesia and pain relief

Blok paravertebralni/interkostalni/vagovy-Paravertebral/Intercostal/Vagal Block4/5/6
Regional anaesthesia is recommended with the aim of reducing postoperative opioid
use. Paravertebral blockade provides equivalent analgesia to epidural anaesthesia

Aplikace acetminofenu (Paracetamol) s NSAID
A combination of acetaminophen and NSAIDs should be administered regularly to
all patients unless contraindications exist

Pouziti ketaminu
Ketamine should be considered for patients with pre-existing chronic pain

Pouziti dexamethasonu
Dexamethasone may be administered to prevent PONV and reduce pain

Uprava kolemoperaéniho podavani tekutin
Perioperative fluid management

Pfiméfeny tekutinovy rezim
Very restrictive or liberal fluid regimes should be avoided in favour of euvolemia

Podani vyvazenych krystaloidu
Balanced crystalloids are the intravenous fluid of choice and are preferred to 0.9%
saline

Casové omezeni nitrozilniho podavani tekutin
Intravenous fluids should be discontinued as soon as possible and replaced with oral
fluids and diet

Prevence vzniku fibrilace sini
Atrial fibrillation prevention

Pokracovani v podavani B-blokator po operaci
Patients taking B-blockers preoperatively should continue to take them in the
postoperative period

Pacient s depleci hot¢iku(1) — tato ne/upravena(0/2)/ Pacient s normomagnezemii (3)
Magnesium supplementation may be considered in magnesium deplete patients
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Podani diltiazemu piedoperacné a amiodaronu pooperacné u rizikového pacienta
It is reasonable to administer diltiazem preoperatively or amiodarone postoperatively for patients at risk

Chirurgicka technika: torakotomie
Surgical technique: thoracotomy

Svalovinu Setfici technika
If a thoracotomy is required, a muscle-sparing technique should be performed

Interkostalni svalovinu a interkostalni nerv Setfici technika
Intercostal muscle- and nerve-sparing techniques are recommended

Setieni dolniho interkostalniho nervu u adaptace Zeber b&hem uzavéru torakotomie
Reapproximation of the ribs during thoracotomy closure should spare the inferior
intercostal nerve

Minimaln¢ invazivni technika: VATS 1 — uniport 2 — biport 3 — triport
Surgical technique: minimally invasive surgery

VATS pro ¢asny nador
A VATS approach for lung resection is recommended for early-stage lung cancer

POOPERACNI OBDOBI / POSTOPERATIVE PHASE

Nakladani s hrudnim drénem (HD): 1-jeden drén 2 — dva drény 3 — tfi a vice
Chest drain management (CD) 1- one drain 2 —two drains 3 — three and more

Drenaz pod vodni zamek / Underwater sealed drain
The routine application of external suction should be avoided

Vyuzito digitalni hrudni sani / Digital drainage system used
Digital drainage systems reduce variability in decision-making and should be used

Extrakce drenaze za situace vysokého vydeje fluidothoraxu do 450ml/24h
Chest tubes should be removed even if the daily serous effusion is of high volume
(up to 450 m1/24 h)

Jediny hrudni drén / Single tube used
A single tube should be used instead of 2 after anatomical lung resection

Mocovy katetr
Urinary drainage

Pfedoperacni rendlni funkce normélni / Normal preoperative renal function
In patients with normal preoperative renal function, a transurethral catheter should
not be routinely placed for the sole purpose of monitoring urine output

Epiduralni anestezie / Epidural anaesthesia
It is reasonable to place a transurethral catheter in patients with thoracic epidural
anaesthesia

Casna mobilizace a ptidatna fyzioterapie
Early mobilization and adjuncts to physiotherapy

Mobilizace do 24h od operace
Patients should be mobilized within 24 h of surgery

Preventivni minitracheostoma
Prophylactic minitracheostomy use may be considered in certain high-risk patients

ERAS: Enhanced Recovery After Surgery, ESTS: European Society of Thoracic Surgeons; LMWH: low-molecular-
weight heparin; NSAID: non-steroidal anti-inflammatory drugs; PONV: postoperative nausea and vomiting,; VATS:
video-assisted thoracoscopic surgery, VITE: venous thromboembolism.
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Abstract

OBJECTIVE: To update the recommendations for the structural characteristics of general thoracic surgery (GTS) in Europe in order to
provide a document that can be used as a guide for harmonizing the general thoracic surgical practice in Europe.

METHODS: A task force was created to set the structural, procedural and qualification characteristics of a European GTS unit. These criteria
were endorsed by the Executive Committee of the European Society of Thoracic Surgeons and by the Thoracic Domain of the European
Association for Cardio-Thoracic Surgery and were validated by the European Board of Thoracic Surgery at European Union of Medical
Specialists.

RESULTS: Criteria regarding definition and scope of GTS, structure and qualification of GTS unit, training and education and recommenda-
tions for subjects of particular interest (lung transplant, oesophageal surgery, minimally invasive thoracic surgery, quality surveillance) were
developed.

CONCLUSIONS: This document will hopefully represent the first step of a process of revision of the modern thoracic surgeons’ curricula,
which need to be qualitatively rethought in the setting of the qualification process. The structural criteria highlighted in the present

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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document are meant to help and tackle the challenge of cultural and language barriers as well as of widely varying national training pro-

grammes.

Keywords: General thoracic surgery « Qualification « Structure « Education « Accreditation « Procedures « Professional affairs

INTRODUCTION

General thoracic surgery (GTS) must be performed by qualified
surgeons specialized in GTS according to European or national
regulations and practising in dedicated GTS units with appropriate
characteristics.

In this regard, a number of publications have shown consistent
short-term and long-term benefits in managing oncological thor-
acic procedures by specialized thoracic surgeons vs non-
specialists [1-5].

In the light of more recent European quality initiatives and
educational activities, the present document has been conceived
to revise and update the original recommendations for the struc-
tural characteristics of GTS in Europe proposed more than a
decade ago by the European Association for Cardio-Thoracic
Surgery (EACTS) and the European Society of Thoracic Surgeons
(ESTS) [6].

The objective is to provide a comprehensive document that
may serve as a guide for harmonizing the general thoracic surgical
practice in Europe.

METHODS

The executive committee of the ESTS appointed two co-chairs to
create a task force aimed at developing recommendations about
structural organization of a GTS unit in Europe. A call was sent by
email to the membership in August 2012 and several thoracic sur-
geons expressed their interest and actively contributed to this
project.

The first part of the project consisted in updating and revising
the relevant paragraphs of the joint EACTS/ESTS paper on the
structure of thoracic surgery in Europe [6]. An online survey was
then sent to the panellists to reach consensus about controversial
issues raised during the revision process.

Featured paragraphs concerning topical subjects of particular
interest were assigned to specific authors selected by the chair-
men for their expertise and integrated into the final manuscript.

The manuscript was circulated among all panellists for com-
ments and remarks, which were taken into consideration to
develop its final version.

Most of the work was performed by email or conference call.

The final document was then submitted to the national thor-
acic delegates of all European Countries officially representing
their Country in the Division of Thoracic Surgery within the
structure of the European Union of Medical Specialists (UEMS)
for additional review and comments. The final version was
approved by the ESTS Executive Committee and by the EACTS
Thoracic Domain.

Most of the recommendations in this document are based on
experts’ opinions. Although best available direct and indirect sci-
entific evidence was taken into account as much as we could, the
latter is scanty or completely absent for most of the topics.
The problem becomes critical when stating recommendations for

the numbers of procedures for training and/or qualifying surgeons
and units. Recently published retrospective analyses and systemat-
ic reviews of the literature [7-9] have shown that patients can
expect better outcomes if they are operated on in high-volume
centres (the evidence is not as clear for individual surgeons) by
specialized surgeons. Unfortunately, evidence on the number of
procedures needed to reach excellence in thoracic surgical prac-
tice is lacking. That is why we have made any effort to agree on
the number of procedures all along the manuscript according to
the experts’ experience.

DEFINITION AND SCOPE OF GENERAL
THORACIC SURGERY

GTS is a surgical specialty dealing with diagnosis and management
of congenital or acquired diseases of the chest, including disease
of chest wall, pleura, lungs, airways, mediastinum, diaphragm and
oesophagus.

For the purposes of this document, general thoracic proce-
dures can be divided into minor, major and large/specialistic
according to their complexity and costs, the latter requiring spe-
cific training and dedication due to their complexity and low
numbers:

(i) Minor procedures (performed without general anaesthesia
and including but not limited to diagnostic endoscopies, sam-
pling/biopsies, chest drainages and pleurodesis, etc.).

(i) Major procedures (performed with general anaesthesia and
assisted ventilation and including but not limited to all stand-
ard lung resections, mediastinal tumours, non-resectional oe-
sophageal surgery, surgical infection management, pleural
space/chest wall operations, etc.).

(iii) Large/specialistic procedures (including but not limited to tra-
cheal surgery, oesophageal resections, lung transplantations,
extrapleural pneumonectomy, extracorporeal membrane
oxygenation, hyperthermic chemotherapy, etc.).

A surgeon practising GTS must have an extensive and updated
knowledge of all aspects of pathophysiology, epidemiology, diag-
nosis, treatment and postoperative care of patients with surgical
disease of the chest.

Surgeons working in a GTS unit must be competent in all
domains of a general thoracic surgical practice: preoperative,
intraoperative and postoperative. They must be able to participate
in multidisciplinary team discussions on treatment of disease of
the chest.

The following procedures should be part of the clinical and sur-
gical competence of all GTS teams.

(i) Resection, reconstruction, repair and diagnosis of the lung
for benign or malignant disease or injury.

(ii) Operations for chest wall and pleural space pathologies, in-
cluding diagnosis, resection and reconstruction for neo-
plasms, infections or necrosis, thoracoplasty and repair of
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chest wall deformities, as well as the management of trau-
matic chest wall disorders with or without instability.

(iii) Surgical procedures of the mediastinum, including biopsy
and resection of neoplasms and cysts, drainage of infec-
tions, mediastinal lymphadenectomy, mediastinotomy,
mediastinoscopy and other video-assisted or open medias-
tinal approaches.

(iv) Resection, reconstruction and drainage of the pericardium.

(v) Diagnostic and therapeutic endoscopic procedures using
both the flexible and rigid scopes and instrumentation of
the tracheobronchial tree and oesophagus and assisted by
image guided means.

(vi) Biopsy of the cervical, mediastinal and axillary lymph nodes.

(vii) Surgery of the thoracic sympathetic nerves.

(viii) Surgical procedures of the thoracic outlet.

(ix) Procedures for airway control, including tracheostomy, tra-

cheal intubation and endoluminal procedures.

(x) Procedures to manage diseases of the pleura and pleural
space problems, including management of primary or sec-
ondary pleural neoplasms, pleural effusion, pneumothorax
and thoracic empyema.

(xi) Operations to provide thoracic exposure for interventions to
be performed by allied specialists (i.e. cardiovascular, neuro-
surgeons, orthopaedics, invasive radiologists, etc.).

(xii) Functional interventional procedures to manage emphysema.

(xiii) Surgery for traumatic injuries of the chest or organs within
the chest.

(xiv) Operation on vascular structures related to the management
of any pathology treated within the field of GTS.

(xv) Operations to the thyroid gland in case of intrathoracic
lesion (goitre or cancer).

(xvi) Providing thoracic tissue samples for diagnosis by surgical
means within the frame of inter-specialty commitments
whenever less aggressive methods failed.

(xvii) Management of the surgical and non-surgical complications
of the procedures listed above.

(xviii) Minimally invasive approaches (videoassisted thoracoscopic
surgery [VATS)/robotic surgery) to the mediastinum, oe-
sophagus, lung and chest wall.

(xix) Ability to discuss indications, contraindications operability/
resectability and prognosis of the above-mentioned surgical
procedures within multidisciplinary teams.

(xx) Ability for postoperative care and management of complica-
tions consequent to the above-mentioned surgical procedures.

Teams working in centres of higher specialization should have
competence in the following more complex procedures depend-
ing on their sub-specialization and qualification:

(i) Resection, reconstruction, repair and transplantation of
airways for congenital and acquired (neoplasms, strictures
and trauma) diseases.

(i) Procedures for diagnosis, resection, reconstruction and repair
of the oesophagus, including laparoscopic or thoracoscopic
techniques and endoluminal procedures, for benign or malig-
nant diseases.

(iii) Resection, reconstruction, repair and pacing of the dia-
phragm.

(iv) Pulmonary transplantation.

(v) Extracorporeal oxygenation techniques intraoperatively and
in the intensive care unit (ICU): technical skill, ability to

supervise a patient on extracorporeal membrane oxygenation
(ECMO).

STRUCTURE AND QUALIFICATION OF GENERAL
THORACIC SURGERY UNIT

Institutional status

Characteristics of high specialization and standard units are sum-
marized in Table 1.

GTS units of high specialization should be within or in affiliation
with a university or comprising a level of multidisciplinary care
and specialization that is expected in a university. The unit should
be headed by a surgeon preferably certified by the UEMS
European Board of Thoracic Surgery (EBTS) or by an equivalent
body recognized by the UEMS (national diploma of thoracic
surgeon). This is in accordance with the most recent evidence
from the literature showing a positive association between spe-
cialization and short-term or long-term outcomes in thoracic
surgery [2-5,7-9].

This Head of unit should have educational and scientific re-
sponsibilities and should possess a minimum experience of 5
years of clinical practice as a qualified GTS surgeon [10]. The unit
should have dedicated staff and institutional resources and ideally
a separate budget whenever feasible.

Standard GTS units should be either entirely freestanding or
within a combined unit with cardiac/vascular/general surgery, but
they should have a dedicated and separated personnel and insti-
tutional resources. The unit should be headed by a UEMS
EBTS-certified surgeon or by a surgeon with an equivalent certifi-
cation issued by a UEMS-recognized body (i.e. national diploma
of specialization) with a minimum experience of 5 years of prac-
tice as qualified GTS surgeon.

Surgeons

GTS units should have a dedicated staff including at least one
UEMS EBTS-certified (or with an equivalent certification recog-
nized by UEMS—i.e. National Diploma of Specialization) surgeon
supervising surgical activity and acting as Head of the unit plus a
number of qualified (preferably UEMS EBTS-certified or with a
UEMS-recognized certification of specialization—i.e. National cer-
tificate of specialization) general thoracic surgeons performing at
least 100 certifiable major thoracic procedures per year per
surgeon according to the definition provided in paragraph defin-
ition and scope of general thoracic surgery. Ideally, there should
be one staff qualified GTS surgeon for 100 major thoracic proce-
dures. A minimum staff of two qualified GTS surgeons should be
in place to allow adequate coverage of patient care and to ensure
adequate on-call arrangements. In units of higher specialization,
surgical staff is expected to participate and contribute in clinical
research activities. Although there is a great variability in the litera-
ture in defining high surgical volume for lung cancer surgery
(from 20 to >90 resections), recent North American and European
guidelines have advised that lung resection should be performed
in centres with a minimum number of 20-25 anatomic lung resec-
tions per year [11, 12]. A more recent paper analysing data
extracted from the UK National Cancer Data Repository showed a
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Table 1: Characteristics of GTS units of standard and high specialization

GTS unit Characteristics
High-specialization Setting: within or in affiliation with a university setting
unit Dedicated surgical ward (4-6 beds/100 major thoracic procedures)

Access to dedicated Thoracic ICU

Head of unit: UEMS EBTS or UEMS-recognized equivalent certification, minimum of 5 years of practice in GTS

Dedicated staff and institutional resources

Team: qualified general thoracic surgeons performing a minimum of 100 major thoracic procedures per year per surgeon

Surgeons expected to participate in research activities

One fully equipped operating theatre per 300-400 major thoracic procedures per year

In addition to on-site minimum facilities?, access to oesophageal pathophysiology laboratory; more advanced imaging
techniques including MRI and on-site or collaboration with PET scanning facility; specialist laboratories relevant to sub-speciality
work, such as transplantation, including ECMO facilities

Minimum Institutional case-load: 300 + 50 major thoracic procedures/year

Standard unit Setting: freestanding or within a combined unit
Dedicated staff and institutional resources

Head of unit: UEMS EBTS or UEMS-recognized equivalent certification, minimum of 5 years of practice in GTS
Team: qualified general thoracic surgeons performing a minimum of 100 major thoracic procedures per year per surgeon

One fully equipped operating theatre per 300-400

Dedicated surgical ward (4-6 beds/100 major thoracic procedures)
Access to dedicated thoracic beds within a multispeciality ICU

Access to on-site support minimum facilities®
Minimum institutional case-load: 150 + 50

“See Inpatient Diagnostic Facilities for the list of minimum on-site support facilities.

strong association between procedure volume and survival after
lung cancer surgery [13]. There was increased perioperative and
long-term survival in hospitals performing more than 150 surgical
resections per year compared with those carrying out less than 70
resections per year.

Operating theatres

There should be 1 dedicated operating theatre per 300-400 major
thoracic procedures per year. A fully equipped operating theatre
should include equipment for video-assisted thoracic surgery.
One additional operating theatre should be available to perform
minor procedures if needed.

Advanced care

GTS units of higher specialization should preferably have access to
a dedicated thoracic ICU.

There should be an availability of at least 1-2 ICU beds per 300
major thoracic procedures per year. In addition, 1 Intermediate
Care or High-Dependency Unit bed per 100 major thoracic pro-
cedures should be available.

Standard units should have access to a multispecialty 1CU
subject to ICU beds availability.

Thoracic ward

GTS units should have a dedicated thoracic surgical ward with
dedicated paramedical staff and physiotherapists. Ideally, a GTS
ward should have 4-6 beds available per 100 major thoracic pro-
cedures per year. In addition, GTS units should have at least one
wound treatment room available on every ward and the possibil-
ity to provide barrier nursing.

Outpatient care

GTS units should have sufficient facilities for outpatient visits
allowing same day access to radiology, pulmonary function tests,
endoscopy and cardiological testing if needed.

Inpatient diagnostic facilities

GTS units must have access to the following on-site minimum
support facilities:

(i) haematological, biochemical and microbiological laboratories;

(i) respiratory pathophysiology laboratory;

(i) endoscopic examinations by bronchoscopy and oesophago-
scopy (including endobronchial ultrasound and endoscopic
ultrasound);

(iv) radiological investigation by plain X-ray, contrast studies, ultra-
sound, vascular imaging and computed tomography (CT)-scan;

(v) CT or ultrasound needle biopsy;

(vi) cytology, histopathology and frozen section analysis.

GTS units of higher specialization should also have access to:

(i) oesophageal pathophysiology laboratory;

(if) more advanced imaging techniques including magnetic res-
onance imaging (MRI) and positron emission tomography
(PET) scanning facility;

(iii) specialist laboratories relevant to sub-speciality work, such as
transplantation, including ECMO and/or cardiopulmonary
bypass facilities.

Surgical activities

(i) Standard GTS units should perform a total number of major
thoracic procedures (as defined in paragraph definition and
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scope of general thoracic surgery) >150 (£50). Units of higher
specialization should perform a total number of major thor-
acic procedures (as defined in paragraph definition and
scope of general thoracic surgery) >300 (+ 50). It must be
noticed that most of the studies analysing the effect of surgi-
cal volume on outcomes deal with lung cancer operations,
which represent 25-30% of the total surgical activity of a GTS
unit. The term major thoracic procedures used in this para-
graph refers to the generality of surgical procedures as
defined in paragraph definition and scope of general thoracic
surgery.

(if) Oesophageal resections should be performed only in units
with characteristics listed in Oesophageal Surgery. A
minimum number of 15 resections for cancer should be per-
formed annually [14].

(iii) Lung transplantation and its alternative procedures should be
performed only in units with high specialization and with
cardiac surgical facilities. Units running a lung transplant pro-
gramme should have the characteristics discussed in Lung
Transplantation. A minimum number of 25 transplantations
should be performed annually although units should strive to
increase the number of annual cases above 30 to reduce the
5-year mortality hazard ratio [15].

SPECIFIC STRUCTURAL REQUIREMENT
Lung transplantation

GTS units running a lung transplant programme:

(i) Should have a multidisciplinary team with a minimum of two
pneumologists, two fully trained thoracic surgeons and a re-
trieval team to cover the on call 24/24 h, 365 days/year.

(i) Should have a trained anaesthesiologist on call experienced
in thoracic surgery and cardiopulmonary support.

(iii) Must have ECMO facilities and personnel trained for pre-,
per- and post-transplant cardiopulmonary support of the re-
cipient whenever needed.

(iv) Should have dedicated ICU beds and ICU personnel for post-
transplant care.

(v) Should have a team of health care workers including donor
and waiting list coordinators, social workers, psychologists
and physiotherapists.

(vi) Should preferentially be located in or connected to a hospital
with other heart or abdominal transplant programmes with
laboratories for tissue typing and monitoring of immunosup-
pression and with physician-experts in diagnosis and treat-
ment of infectious diseases.

Oesophageal surgery

GTS units performing oesophageal surgery:

(i) Should have the characteristics of a high-specialization unit
(see Institutional Status).

(i) Should have a dedicated staff, adequate in number and or-
ganization, to ensure that patient care is continuously pro-
vided 24 /24 h.

(i) The operating theatre should include equipment for open,
endoscopic and video-assisted surgery.

(iv) A dedicated thoracic or multispecialty ICU should be avail-
able for the care of all oesophageal patients.

(v) The care provided on the ward should be provided by a
paramedical staff including dedicated nutritionists.

(vi) The following specialized facilities should be available:
state-of-the-art oesophageal pathophysiology laboratory
and specialist laboratories relevant to molecular biology and
tissue banking.

(vii) The overall number of major oesophageal procedures per
year should be more than 30 in centres of standard care and
more than 70 in centres of highest specialization. Those
major oesophageal procedures include: resectional and re-
constructive procedures for both malignant and benign con-
ditions.

(viii) Oesophageal resections for cancer should be performed
only in units with special interest in and organization for
multidisciplinary oncology treatment and should be more
than 15 resections per year [14].

Advanced minimally invasive thoracic
surgery programmes

Modern dedicated general thoracic units should offer a min-
imally invasive programme as recommended for selected pro-
cedures by the American College of Chest Physicians lung
cancer management guidelines [16] and based on the results
from single-institution series with propensity-matching, multi-
institutional reviews and meta-

analyses demonstrating superior short-term and long-term
outcomes [17-21].

In all institutions, basic procedures—management of pneumo-
thorax, bleb resections, pleural biopsies and peripheral lung biop-
sies in patients with no former cardiothoracic surgery or severe
inflammatory or infectious disease—should be offered with a min-
imally invasive approach.

(i) At high-volume, specialized VATS/Robot units, more
advanced procedures—anatomic lung resections, resection of
mediastinal tumours, pulmonary metastasectomy and decor-
tications—should be planned by minimally invasive
approaches. In programmes with excellent experienced, even
more advanced procedures—hybrid chest wall resections,
sleeve lobectomy, segmentectomy and pneumonectomy—
may be considered.

(i) To maintain an appropriate experience and to be able to
achieve ongoing development in a VATS/Robot lobectomy
programme, the annual volume should be at least 20 VATS/
Robot lobectomies per qualified surgeon [22]. This may
require a specific internal agreement among the thoracic
surgery staff members.

(iii) There must also be a dedicated GTS operating room (OR)
staff, including OR-nurses with special interest in minimally
invasive surgery.

TRAINING AND EDUCATION OF GENERAL
THORACIC SURGERY IN A EUROPEAN UNIT

The development of common recommendations for training in
Europe is a difficult task. The curriculum, content and duration of
training in GTS differ considerably between European countries.
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Indeed, the specific content and organization of the curriculum
depends on the individual national regulations and is also de-
pendent on the specific specialist recognition currently in place
in each Country (general thoracic, cardiothoracic, thoracic-
vascular, general surgery with specific accreditation in thoracic
surgery, etc.). The following principles are based on the criteria
of the UEMS Board and the American Board of Thoracic Surgery,
which are accessible at the dedicated websites and may be
implemented in each individual Country based on national
requirements.

It will be the task of the EBTS to revise and update these criteria
in the coming years and to define a core curriculum, which
should apply as a common denominator to the different
UEMS-affiliated countries.

Number of procedures/number of staff surgeons

The training period should maximally expose the trainee to a
large volume and a large variety of general thoracic cases.

The minimum number of procedures as first surgeon per
trainee should be 100 according to the UEMS EBTS criteria.

To enable a sufficient amount and variety of cases on the
one hand, and a sufficient amount of mentors on the other
hand, the training unit should guarantee a minimum of 300
major procedures/year, and, ideally, presence of 3 full-time staff
surgeons.

Which type of cases?

There is no doubt that case-load should cover all aspects of
pleural, pulmonary and central airway diseases.

The unit should routinely care for oncology (primary and sec-
ondary cancer of the lung, mediastinal tumours), infectious dis-
eases, trauma, benign pleural disease, chest wall disorders and
tracheal surgery. The spectrum of surgery should include diagnos-
tic surgery, conventional open surgery and minimally invasive
procedures.

The trainee should get exposure to perioperative care such as
placement of central venous lines, tracheal intubation and trache-
ostomy, non-invasive and invasive ventilation and enteral and
parenteral nutrition.

Additional bonus will be brought by highly specialized care
such as Lung Transplantation, ECMO, robotic surgery and oe-
sophageal surgery.

Ideally, during the training, the trainee should participate in
both national and international training courses and should be
exposed to other programmes and other institutions to gain ex-
perience in highly specialized procedures and care.

Trainees are encouraged to follow the educational events
offered by ESTS and EACTS. One of the objectives of these schools
and dedicated courses is to ascertain teaching of the basic
requirements for board certification.

The end-goal of training a European thoracic surgeon is to suc-
cessfully pass the examination of the UEMS EBTS.

Surgical GTS trainees who specialize in oesophageal surgery
will have had part of their education in units recognized for
training in oesophageal surgery, as characterized previously (see
Oesophageal Surgery). Special training in oesophageal surgery
needs an experience of general surgery and a minimum

duration of 1 year in highly specialized units for surgery of the
oesophagus.

Training in minimally invasive thoracic surgery. All
residents training for a career in GTS should be able to perform
basic VATS procedures and should have exposure to and
experience with advanced VATS procedures, including anatomic
pulmonary resections.

It is advised that the training begins with basic procedures, in-
cluding straightforward VATS wedge resections, progresses to
more difficult VATS wedge resections and leads to training in VATS
lobectomies after ~100 basic VATS procedures and VATS wedge
resections.

In order to be trained to perform VATS anatomic pulmonary
resections (lobectomies and segmentectomies), the trainee
should be exposed to a least 25 VATS lobectomies per year.

Training in lung transplantation. This issue is less critical, in as
far as there are only a limited number of centres performing lung
transplantation.

For a trainee who is getting prepared to enter a newly created
transplant programme, the prerequisites are (i) extensive experi-
ence with resectional surgery and mediastinal dissection (at least
150 procedures) and (ii) experience with cardiopulmonary bypass
and ECMO. It is estimated that about 10 harvest procedures are
sufficient to be ready for donor lung procurement. The trainee
should have participated in at least 30 transplants to get a chance
for exposure to various problem situations such as Grade-3 reper-
fusion oedema and lobar transplantation.

Which requirements for teachers?

All staff surgeons should be UEMS EBTS certified or holding an
equivalent certification recognized by UEMS (i.e. National
Diploma of Specialization).

At least the head of department should be university affiliated
and the faculty should have documented experience in specialty
training and in training of medical students.

The faculty should be actively involved in National/European
teaching activities and teachers should be evaluated yearly.

Which institutional commitment to teaching?

The following teaching activities should be guaranteed:

(i) Daily rounds and/or staff meeting, discussion of periopera-
tive problem situations.
(ii) Complicated case discussion (either at staff meeting or at
dedicated meeting).
(iii) Institutional tumour board.
(iv) Morbidity and mortality conferences.
(v) Multidisciplinary chest meetings.
(vi) Journal club.
(vii) Visiting professors/local conferences, etc.
(viii) Risk-adjusted outcomes discussion.

There should be an on-site library and/or free Internet access to
major journals and teaching material, a dedicated room for teach-
ing activities and a dedicated office for trainees. All trainees
should be encouraged to participate in clinical research. Access to
basic or experimental research is a bonus.
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Availability of a skills lab/simulation area is a big plus.

Presence of other learners should not interfere with the trai-
nees’ curriculum (Fellows, PhD students and others).

The training unit should prepare the trainee to meet the UEMS
EBTS requirements successfully.

Trainees should be encouraged to participate in ESTS and
EACTS thoracic courses and other educational activities.

Institutional commitments to trainees

On-call schedules need to fit with the European Working Hours
initiatives/law.

The training curriculum should involve partner specialties such
as cardiovascular and visceral surgery.

STRUCTURAL ORGANIZATION AND
REQUIREMENTS OF A CLINICAL RESEARCH
PROGRAMME WITHIN A GENERAL THORACIC
SURGERY UNIT IN EUROPE

(i) The academic programme of a GTS unit should be led by
surgeon(s) with experience and expertise in clinical research
as evidenced by specialized training through the acquisition
of a higher (research) degree, research grants and publica-
tion output.

(i) Once identified, GTS units should support academic sur-
geons with dedicated and protected (non-clinical) research
time within the job framework.

(iii) GTS units undertaking clinical research should support the
development of academia for surgeons in training, either as
part of their GTS training or more formally for the award of a
higher (research) degree.

(iv) GTS units undertaking any health care outcome research,
systematic reviews and meta-analyses should have access to
the services of a professional medical librarian, epidemiolo-
gist, medical statistician and/or health economist as appro-
priate to the research focus.

(v) GTS units that are ‘developing’ randomized trials as part
of their clinical research programme should have access
to a formal clinical trials unit and a research and devel-
opment office for the administrative support of grant
applications.

(vi) GTS unit ‘participating’ in clinical trials should have access to
dedicated supporting personnel such as research managers,
database managers and research nurses.

(vii) GTS units developing translational clinical research should
have the access listed in points 5 and 6, and in addition
access to basic science laboratories and supporting person-
nel (e.g. post-doctoral scientists and lab technicians).

QUALITY SURVEILLANCE

Quality surveillance has to be performed in every GTS unit. There
must be a computerized documentation of all procedures per-
formed together with a documentation of all major adverse
events. Results should be analysed on a regular basis using appro-
priate and updated system of risk stratification.

Complications should be discussed regularly in M&M confer-
ences and a feedback of risk-stratified individual results should be
given to every surgeon.

Regular analysis of long-term follow-up should also be
performed.

European Society of Thoracic Surgeons database

European GTS units should provide data to the ESTS Database.
The ESTS database is a free registry created by ESTS in 2001. The
current online version was launched in 2007. It runs currently on a
Dendrite platform with extensive data security and frequent
backups. It is a specialty-specific, procedure-specific, prospective-
ly maintained, periodically audited and web-based electronic
database, designed for quality control and performance monitor-
ing, which allows the collection of all general thoracic procedures.
It includes many risk factors, processes of care and outcomes,
which are specially designed for quality control and performance
audit.

The ESTS database should represent the gold standard of clinic-
al data collection for European GTS [23].

The ESTS database is managed by a Database Committee,
which is responsible for its periodical revisions and updates.

Although participation to the ESTS database is still voluntary, it
is one of the mandatory eligibility criteria to be selected for the
ESTS Institutional Accreditation Programme (see The ESTS
Institutional Accreditation Programme).

The database allows the annual publication of a European
report (the Silver Book), which is distributed to all ESTS members
as a benchmark of the thoracic surgery practice in Europe.

The database can be accessed via the ESTS homepage (http://
ests.org) or directly at the following link https:/ests.dendrite.it/
csp/ests/intellect/login.csp.

The database committee is committed to promoting a quality
culture in the thoracic community by continuously upgrading the
database structure and providing educational opportunities.

The European Society of Thoracic Surgeons
Institutional Accreditation Programme

The ESTS Institutional Accreditation Programme is open to all
thoracic surgery units participating to the ESTS database.

The aim of the programme is to set standards of good clinical
practice across Europe with the intent to improve the quality of
care as much as possible according to published guidelines.

To be certified, units must participate to the ESTS database for
at least 2 years and have contributed a sufficient number of
patients. This prerequisite is necessary to calculate a reliable
Composite Performance Score (CPS), which is the metrics used to
evaluate the Institutional performance [24].

In addition to their CPS, units must have certain structural, pro-
cedural and professional characteristics to be certified, which
must comply with those proposed by this document. These
characteristics need to be assessed and audited along a sample of
data submitted to the database by an independent auditing team,
which will produce an audit report to be submitted to the
Database Committee. If the report will be judged satisfactory, the
accreditation will be finally approved by the ESTS Council.
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The accreditation will be valid for a 36-month period. After this
period, the unit must apply for revalidation.

CONCLUSIONS

The focus of this document was on ensuring the quality of thoracic
surgical care in Europe. In fact, new frontiers of the thoracic surgi-
cal practice mandate a more faceted involvement and a compre-
hensive surgical expertise imposing a requalification of surgeons
participating in multidisciplinary teams of experts in lung cancer
management. This document will hopefully represent the first
step of a process of revision of the modern thoracic surgeons’ cur-
ricula, which need to be qualitatively rethought in the setting of
the qualification process. The challenge of tomorrow is the cre-
ation of a new professional profile for the thoracic surgeons in
Europe against cultural and language barriers as well as widely
varying national training programmes. Accordingly, the intention
of the writing committee was to concentrate efforts on the quality
and metrics of thoracic surgical activity more than on the quanti-
tative structure of clinical practice in Europe.
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Abstract

OBJECTIVE: To update the recommendations for the structural characteristics of general thoracic surgery (GTS) in Europe in order to
provide a document that can be used as a guide for harmonizing the general thoracic surgical practice in Europe.

METHODS: A task force was created to set the structural, procedural and qualification characteristics of a European GTS unit. These criteria
were endorsed by the Executive Committee of the European Society of Thoracic Surgeons and by the Thoracic Domain of the European
Association for Cardio-Thoracic Surgery and were validated by the European Board of Thoracic Surgery at European Union of Medical
Specialists.

RESULTS: Criteria regarding definition and scope of GTS, structure and qualification of GTS unit, training and education and recommenda-
tions for subjects of particular interest (lung transplant, oesophageal surgery, minimally invasive thoracic surgery, quality surveillance) were
developed.

CONCLUSIONS: This document will hopefully represent the first step of a process of revision of the modern thoracic surgeons’ curricula,
which need to be qualitatively rethought in the setting of the qualification process. The structural criteria highlighted in the present

© The Author 2014. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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document are meant to help and tackle the challenge of cultural and language barriers as well as of widely varying national training pro-

grammes.

Keywords: General thoracic surgery « Qualification » Structure « Education * Accreditation « Procedures « Professional affairs

INTRODUCTION

General thoracic surgery (GTS) must be performed by qualified
surgeons specialized in GTS according to European or national
regulations and practising in dedicated GTS units with appropriate
characteristics.

In this regard, a number of publications have shown consistent
short-term and long-term benefits in managing oncological thor-
acic procedures by specialized thoracic surgeons vs non-
specialists [1-5].

In the light of more recent European quality initiatives and
educational activities, the present document has been conceived
to revise and update the original recommendations for the struc-
tural characteristics of GTS in Europe proposed more than a
decade ago by the European Association for Cardio-Thoracic
Surgery (EACTS) and the European Society of Thoracic Surgeons
(ESTS) [6].

The objective is to provide a comprehensive document that
may serve as a guide for harmonizing the general thoracic surgical
practice in Europe.

METHODS

The executive committee of the ESTS appointed two co-chairs to
create a task force aimed at developing recommendations about
structural organization of a GTS unit in Europe. A call was sent by
email to the membership in August 2012 and several thoracic sur-
geons expressed their interest and actively contributed to this
project.

The first part of the project consisted in updating and revising
the relevant paragraphs of the joint EACTS/ESTS paper on the
structure of thoracic surgery in Europe [6]. An online survey was
then sent to the panellists to reach consensus about controversial
issues raised during the revision process.

Featured paragraphs concerning topical subjects of particular
interest were assigned to specific authors selected by the chair-
men for their expertise and integrated into the final manuscript.

The manuscript was circulated among all panellists for com-
ments and remarks, which were taken into consideration to
develop its final version.

Most of the work was performed by email or conference call.

The final document was then submitted to the national thor-
acic delegates of all European Countries officially representing
their Country in the Division of Thoracic Surgery within the
structure of the European Union of Medical Specialists (UEMS)
for additional review and comments. The final version was
approved by the ESTS Executive Committee and by the EACTS
Thoracic Domain.

Most of the recommendations in this document are based on
experts’ opinions. Although best available direct and indirect sci-
entific evidence was taken into account as much as we could, the
latter is scanty or completely absent for most of the topics.
The problem becomes critical when stating recommendations for

the numbers of procedures for training and/or qualifying surgeons
and units. Recently published retrospective analyses and systemat-
ic reviews of the literature [7-9] have shown that patients can
expect better outcomes if they are operated on in high-volume
centres (the evidence is not as clear for individual surgeons) by
specialized surgeons. Unfortunately, evidence on the number of
procedures needed to reach excellence in thoracic surgical prac-
tice is lacking. That is why we have made any effort to agree on
the number of procedures all along the manuscript according to
the experts’ experience.

DEFINITION AND SCOPE OF GENERAL
THORACIC SURGERY

GTS is a surgical specialty dealing with diagnosis and management
of congenital or acquired diseases of the chest, including disease
of chest wall, pleura, lungs, airways, mediastinum, diaphragm and
oesophagus.

For the purposes of this document, general thoracic proce-
dures can be divided into minor, major and large/specialistic
according to their complexity and costs, the latter requiring spe-
cific training and dedication due to their complexity and low
numbers:

(i) Minor procedures (performed without general anaesthesia
and including but not limited to diagnostic endoscopies, sam-
pling/biopsies, chest drainages and pleurodesis, etc.).

(ii) Major procedures (performed with general anaesthesia and
assisted ventilation and including but not limited to all stand-
ard lung resections, mediastinal tumours, non-resectional oe-
sophageal surgery, surgical infection management, pleural
space/chest wall operations, etc.).

(iii) Large/specialistic procedures (including but not limited to tra-
cheal surgery, oesophageal resections, lung transplantations,
extrapleural pneumonectomy, extracorporeal membrane
oxygenation, hyperthermic chemotherapy, etc.).

A surgeon practising GTS must have an extensive and updated
knowledge of all aspects of pathophysiology, epidemiology, diag-
nosis, treatment and postoperative care of patients with surgical
disease of the chest.

Surgeons working in a GTS unit must be competent in all
domains of a general thoracic surgical practice: preoperative,
intraoperative and postoperative. They must be able to participate
in multidisciplinary team discussions on treatment of disease of
the chest.

The following procedures should be part of the clinical and sur-
gical competence of all GTS teams.

(i) Resection, reconstruction, repair and diagnosis of the lung
for benign or malignant disease or injury.

(ii) Operations for chest wall and pleural space pathologies, in-
cluding diagnosis, resection and reconstruction for neo-
plasms, infections or necrosis, thoracoplasty and repair of
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chest wall deformities, as well as the management of trau-
matic chest wall disorders with or without instability.

(iii) Surgical procedures of the mediastinum, including biopsy
and resection of neoplasms and cysts, drainage of infec-
tions, mediastinal lymphadenectomy, mediastinotomy,
mediastinoscopy and other video-assisted or open medias-
tinal approaches.

(iv) Resection, reconstruction and drainage of the pericardium.

(v) Diagnostic and therapeutic endoscopic procedures using
both the flexible and rigid scopes and instrumentation of
the tracheobronchial tree and oesophagus and assisted by
image guided means.

(vi) Biopsy of the cervical, mediastinal and axillary lymph nodes.

(vii) Surgery of the thoracic sympathetic nerves.

(viii) Surgical procedures of the thoracic outlet.

(ix) Procedures for airway control, including tracheostomy, tra-

cheal intubation and endoluminal procedures.

(x) Procedures to manage diseases of the pleura and pleural
space problems, including management of primary or sec-
ondary pleural neoplasms, pleural effusion, pneumothorax
and thoracic empyema.

(xi) Operations to provide thoracic exposure for interventions to
be performed by allied specialists (i.e. cardiovascular, neuro-
surgeons, orthopaedics, invasive radiologists, etc.).

(xii) Functional interventional procedures to manage emphysema.

(xiii) Surgery for traumatic injuries of the chest or organs within
the chest.

(xiv) Operation on vascular structures related to the management
of any pathology treated within the field of GTS.

(xv) Operations to the thyroid gland in case of intrathoracic
lesion (goitre or cancer).

(xvi) Providing thoracic tissue samples for diagnosis by surgical
means within the frame of inter-specialty commitments
whenever less aggressive methods failed.

(xvii) Management of the surgical and non-surgical complications
of the procedures listed above.

(xviii) Minimally invasive approaches (videoassisted thoracoscopic
surgery [VATS)/robotic surgery) to the mediastinum, oe-
sophagus, lung and chest wall.

(xix) Ability to discuss indications, contraindications operability/
resectability and prognosis of the above-mentioned surgical
procedures within multidisciplinary teams.

(xx) Ability for postoperative care and management of complica-
tions consequent to the above-mentioned surgical procedures.

Teams working in centres of higher specialization should have
competence in the following more complex procedures depend-
ing on their sub-specialization and qualification:

(i) Resection, reconstruction, repair and transplantation of
airways for congenital and acquired (neoplasms, strictures
and trauma) diseases.

(ii) Procedures for diagnosis, resection, reconstruction and repair
of the oesophagus, including laparoscopic or thoracoscopic
techniques and endoluminal procedures, for benign or malig-
nant diseases.

(iii) Resection, reconstruction, repair and pacing of the dia-
phragm.

(iv) Pulmonary transplantation.

(v) Extracorporeal oxygenation techniques intraoperatively and
in the intensive care unit (ICU): technical skill, ability to

supervise a patient on extracorporeal membrane oxygenation
(ECMO).

STRUCTURE AND QUALIFICATION OF GENERAL
THORACIC SURGERY UNIT

Institutional status

Characteristics of high specialization and standard units are sum-
marized in Table 1.

GTS units of high specialization should be within or in affiliation
with a university or comprising a level of multidisciplinary care
and specialization that is expected in a university. The unit should
be headed by a surgeon preferably certified by the UEMS
European Board of Thoracic Surgery (EBTS) or by an equivalent
body recognized by the UEMS (national diploma of thoracic
surgeon). This is in accordance with the most recent evidence
from the literature showing a positive association between spe-
cialization and short-term or long-term outcomes in thoracic
surgery [2-5,7-9].

This Head of unit should have educational and scientific re-
sponsibilities and should possess a minimum experience of 5
years of clinical practice as a qualified GTS surgeon [10]. The unit
should have dedicated staff and institutional resources and ideally
a separate budget whenever feasible.

Standard GTS units should be either entirely freestanding or
within a combined unit with cardiac/vascular/general surgery, but
they should have a dedicated and separated personnel and insti-
tutional resources. The unit should be headed by a UEMS
EBTS-certified surgeon or by a surgeon with an equivalent certifi-
cation issued by a UEMS-recognized body (i.e. national diploma
of specialization) with a minimum experience of 5 years of prac-
tice as qualified GTS surgeon.

Surgeons

GTS units should have a dedicated staff including at least one
UEMS EBTS-certified (or with an equivalent certification recog-
nized by UEMS—i.e. National Diploma of Specialization) surgeon
supervising surgical activity and acting as Head of the unit plus a
number of qualified (preferably UEMS EBTS-certified or with a
UEMS-recognized certification of specialization—i.e. National cer-
tificate of specialization) general thoracic surgeons performing at
least 100 certifiable major thoracic procedures per year per
surgeon according to the definition provided in paragraph defin-
ition and scope of general thoracic surgery. Ideally, there should
be one staff qualified GTS surgeon for 100 major thoracic proce-
dures. A minimum staff of two qualified GTS surgeons should be
in place to allow adequate coverage of patient care and to ensure
adequate on-call arrangements. In units of higher specialization,
surgical staff is expected to participate and contribute in clinical
research activities. Although there is a great variability in the litera-
ture in defining high surgical volume for lung cancer surgery
(from 20 to >90 resections), recent North American and European
guidelines have advised that lung resection should be performed
in centres with a minimum number of 20-25 anatomic lung resec-
tions per year [11, 12]. A more recent paper analysing data
extracted from the UK National Cancer Data Repository showed a
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Table 1:  Characteristics of GTS units of standard and high specialization

GTS unit Characteristics
High-specialization Setting: within or in affiliation with a university setting
unit Dedicated surgical ward (4-6 beds/100 major thoracic procedures)

Access to dedicated Thoracic ICU

Head of unit: UEMS EBTS or UEMS-recognized equivalent certification, minimum of 5 years of practice in GTS

Dedicated staff and institutional resources

Team: qualified general thoracic surgeons performing a minimum of 100 major thoracic procedures per year per surgeon

Surgeons expected to participate in research activities

One fully equipped operating theatre per 300-400 major thoracic procedures per year

In addition to on-site minimum facilities?, access to oesophageal pathophysiology laboratory; more advanced imaging
techniques including MRI and on-site or collaboration with PET scanning facility; specialist laboratories relevant to sub-speciality
work, such as transplantation, including ECMO facilities

Minimum Institutional case-load: 300 + 50 major thoracic procedures/year

Standard unit Setting: freestanding or within a combined unit
Dedicated staff and institutional resources

Head of unit: UEMS EBTS or UEMS-recognized equivalent certification, minimum of 5 years of practice in GTS
Team: qualified general thoracic surgeons performing a minimum of 100 major thoracic procedures per year per surgeon

One fully equipped operating theatre per 300-400

Dedicated surgical ward (4-6 beds/100 major thoracic procedures)
Access to dedicated thoracic beds within a multispeciality ICU

Access to on-site support minimum facilities®
Minimum institutional case-load: 150 + 50

“See Inpatient Diagnostic Facilities for the list of minimum on-site support facilities.

strong association between procedure volume and survival after
lung cancer surgery [13]. There was increased perioperative and
long-term survival in hospitals performing more than 150 surgical
resections per year compared with those carrying out less than 70
resections per year.

Operating theatres

There should be 1 dedicated operating theatre per 300-400 major
thoracic procedures per year. A fully equipped operating theatre
should include equipment for video-assisted thoracic surgery.
One additional operating theatre should be available to perform
minor procedures if needed.

Advanced care

GTS units of higher specialization should preferably have access to
a dedicated thoracic ICU.

There should be an availability of at least 1-2 ICU beds per 300
major thoracic procedures per year. In addition, 1 Intermediate
Care or High-Dependency Unit bed per 100 major thoracic pro-
cedures should be available.

Standard units should have access to a multispecialty 1CU
subject to ICU beds availability.

Thoracic ward

GTS units should have a dedicated thoracic surgical ward with
dedicated paramedical staff and physiotherapists. Ideally, a GTS
ward should have 4-6 beds available per 100 major thoracic pro-
cedures per year. In addition, GTS units should have at least one
wound treatment room available on every ward and the possibil-
ity to provide barrier nursing.

Outpatient care

GTS units should have sufficient facilities for outpatient visits
allowing same day access to radiology, pulmonary function tests,
endoscopy and cardiological testing if needed.

Inpatient diagnostic facilities

GTS units must have access to the following on-site minimum
support facilities:

(i) haematological, biochemical and microbiological laboratories;

(i) respiratory pathophysiology laboratory;

(i) endoscopic examinations by bronchoscopy and oesophago-
scopy (including endobronchial ultrasound and endoscopic
ultrasound);

(iv) radiological investigation by plain X-ray, contrast studies, ultra-
sound, vascular imaging and computed tomography (CT)-scan;

(v) CT or ultrasound needle biopsy;

(vi) cytology, histopathology and frozen section analysis.

GTS units of higher specialization should also have access to:

(i) oesophageal pathophysiology laboratory;

(i) more advanced imaging techniques including magnetic res-
onance imaging (MRI) and positron emission tomography
(PET) scanning facility;

(iii) specialist laboratories relevant to sub-speciality work, such as
transplantation, including ECMO and/or cardiopulmonary
bypass facilities.

Surgical activities

(i) Standard GTS units should perform a total number of major
thoracic procedures (as defined in paragraph definition and
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scope of general thoracic surgery) >150 (£50). Units of higher
specialization should perform a total number of major thor-
acic procedures (as defined in paragraph definition and
scope of general thoracic surgery) >300 (+ 50). It must be
noticed that most of the studies analysing the effect of surgi-
cal volume on outcomes deal with lung cancer operations,
which represent 25-30% of the total surgical activity of a GTS
unit. The term major thoracic procedures used in this para-
graph refers to the generality of surgical procedures as
defined in paragraph definition and scope of general thoracic
surgery.

(if) Oesophageal resections should be performed only in units
with characteristics listed in Oesophageal Surgery. A
minimum number of 15 resections for cancer should be per-
formed annually [14].

(iii) Lung transplantation and its alternative procedures should be
performed only in units with high specialization and with
cardiac surgical facilities. Units running a lung transplant pro-
gramme should have the characteristics discussed in Lung
Transplantation. A minimum number of 25 transplantations
should be performed annually although units should strive to
increase the number of annual cases above 30 to reduce the
5-year mortality hazard ratio [15].

SPECIFIC STRUCTURAL REQUIREMENT
Lung transplantation

GTS units running a lung transplant programme:

(i) Should have a multidisciplinary team with a minimum of two
pneumologists, two fully trained thoracic surgeons and a re-
trieval team to cover the on call 24/24 h, 365 days/year.

(i) Should have a trained anaesthesiologist on call experienced
in thoracic surgery and cardiopulmonary support.

(iii) Must have ECMO facilities and personnel trained for pre-,
per- and post-transplant cardiopulmonary support of the re-
cipient whenever needed.

(iv) Should have dedicated ICU beds and ICU personnel for post-
transplant care.

(v) Should have a team of health care workers including donor
and waiting list coordinators, social workers, psychologists
and physiotherapists.

(vi) Should preferentially be located in or connected to a hospital
with other heart or abdominal transplant programmes with
laboratories for tissue typing and monitoring of immunosup-
pression and with physician-experts in diagnosis and treat-
ment of infectious diseases.

Oesophageal surgery

GTS units performing oesophageal surgery:

(i) Should have the characteristics of a high-specialization unit
(see Institutional Status).

(i) Should have a dedicated staff, adequate in number and or-
ganization, to ensure that patient care is continuously pro-
vided 24 /24 h.

(i) The operating theatre should include equipment for open,
endoscopic and video-assisted surgery.

(iv) A dedicated thoracic or multispecialty ICU should be avail-
able for the care of all oesophageal patients.

(v) The care provided on the ward should be provided by a
paramedical staff including dedicated nutritionists.

(vi) The following specialized facilities should be available:
state-of-the-art oesophageal pathophysiology laboratory
and specialist laboratories relevant to molecular biology and
tissue banking.

(vii) The overall number of major oesophageal procedures per
year should be more than 30 in centres of standard care and
more than 70 in centres of highest specialization. Those
major oesophageal procedures include: resectional and re-
constructive procedures for both malignant and benign con-
ditions.

(viii) Oesophageal resections for cancer should be performed
only in units with special interest in and organization for
multidisciplinary oncology treatment and should be more
than 15 resections per year [14].

Advanced minimally invasive thoracic
surgery programmes

Modern dedicated general thoracic units should offer a min-
imally invasive programme as recommended for selected pro-
cedures by the American College of Chest Physicians lung
cancer management guidelines [16] and based on the results
from single-institution series with propensity-matching, multi-
institutional reviews and meta-

analyses demonstrating superior short-term and long-term
outcomes [17-21].

In all institutions, basic procedures—management of pneumo-
thorax, bleb resections, pleural biopsies and peripheral lung biop-
sies in patients with no former cardiothoracic surgery or severe
inflammatory or infectious disease—should be offered with a min-
imally invasive approach.

(i) At high-volume, specialized VATS/Robot units, more
advanced procedures—anatomic lung resections, resection of
mediastinal tumours, pulmonary metastasectomy and decor-
tications—should be planned by minimally invasive
approaches. In programmes with excellent experienced, even
more advanced procedures—hybrid chest wall resections,
sleeve lobectomy, segmentectomy and pneumonectomy—
may be considered.

(i) To maintain an appropriate experience and to be able to
achieve ongoing development in a VATS/Robot lobectomy
programme, the annual volume should be at least 20 VATS/
Robot lobectomies per qualified surgeon [22]. This may
require a specific internal agreement among the thoracic
surgery staff members.

(iii) There must also be a dedicated GTS operating room (OR)
staff, including OR-nurses with special interest in minimally
invasive surgery.

TRAINING AND EDUCATION OF GENERAL
THORACIC SURGERY IN A EUROPEAN UNIT

The development of common recommendations for training in
Europe is a difficult task. The curriculum, content and duration of
training in GTS differ considerably between European countries.
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Indeed, the specific content and organization of the curriculum
depends on the individual national regulations and is also de-
pendent on the specific specialist recognition currently in place
in each Country (general thoracic, cardiothoracic, thoracic-
vascular, general surgery with specific accreditation in thoracic
surgery, etc.). The following principles are based on the criteria
of the UEMS Board and the American Board of Thoracic Surgery,
which are accessible at the dedicated websites and may be
implemented in each individual Country based on national
requirements.

It will be the task of the EBTS to revise and update these criteria
in the coming years and to define a core curriculum, which
should apply as a common denominator to the different
UEMS-affiliated countries.

Number of procedures/number of staff surgeons

The training period should maximally expose the trainee to a
large volume and a large variety of general thoracic cases.

The minimum number of procedures as first surgeon per
trainee should be 100 according to the UEMS EBTS criteria.

To enable a sufficient amount and variety of cases on the
one hand, and a sufficient amount of mentors on the other
hand, the training unit should guarantee a minimum of 300
major procedures/year, and, ideally, presence of 3 full-time staff
surgeons.

Which type of cases?

There is no doubt that case-load should cover all aspects of
pleural, pulmonary and central airway diseases.

The unit should routinely care for oncology (primary and sec-
ondary cancer of the lung, mediastinal tumours), infectious dis-
eases, trauma, benign pleural disease, chest wall disorders and
tracheal surgery. The spectrum of surgery should include diagnos-
tic surgery, conventional open surgery and minimally invasive
procedures.

The trainee should get exposure to perioperative care such as
placement of central venous lines, tracheal intubation and trache-
ostomy, non-invasive and invasive ventilation and enteral and
parenteral nutrition.

Additional bonus will be brought by highly specialized care
such as Lung Transplantation, ECMO, robotic surgery and oe-
sophageal surgery.

Ideally, during the training, the trainee should participate in
both national and international training courses and should be
exposed to other programmes and other institutions to gain ex-
perience in highly specialized procedures and care.

Trainees are encouraged to follow the educational events
offered by ESTS and EACTS. One of the objectives of these schools
and dedicated courses is to ascertain teaching of the basic
requirements for board certification.

The end-goal of training a European thoracic surgeon is to suc-
cessfully pass the examination of the UEMS EBTS.

Surgical GTS trainees who specialize in oesophageal surgery
will have had part of their education in units recognized for
training in oesophageal surgery, as characterized previously (see
Oesophageal Surgery). Special training in oesophageal surgery
needs an experience of general surgery and a minimum

duration of 1 year in highly specialized units for surgery of the
oesophagus.

Training in minimally invasive thoracic surgery. All
residents training for a career in GTS should be able to perform
basic VATS procedures and should have exposure to and
experience with advanced VATS procedures, including anatomic
pulmonary resections.

It is advised that the training begins with basic procedures, in-
cluding straightforward VATS wedge resections, progresses to
more difficult VATS wedge resections and leads to training in VATS
lobectomies after ~100 basic VATS procedures and VATS wedge
resections.

In order to be trained to perform VATS anatomic pulmonary
resections (lobectomies and segmentectomies), the trainee
should be exposed to a least 25 VATS lobectomies per year.

Training in lung transplantation. This issue is less critical, in as
far as there are only a limited number of centres performing lung
transplantation.

For a trainee who is getting prepared to enter a newly created
transplant programme, the prerequisites are (i) extensive experi-
ence with resectional surgery and mediastinal dissection (at least
150 procedures) and (ii) experience with cardiopulmonary bypass
and ECMO. It is estimated that about 10 harvest procedures are
sufficient to be ready for donor lung procurement. The trainee
should have participated in at least 30 transplants to get a chance
for exposure to various problem situations such as Grade-3 reper-
fusion oedema and lobar transplantation.

Which requirements for teachers?

All staff surgeons should be UEMS EBTS certified or holding an
equivalent certification recognized by UEMS (i.e. National
Diploma of Specialization).

At least the head of department should be university affiliated
and the faculty should have documented experience in specialty
training and in training of medical students.

The faculty should be actively involved in National/European
teaching activities and teachers should be evaluated yearly.

Which institutional commitment to teaching?

The following teaching activities should be guaranteed:

(i) Daily rounds and/or staff meeting, discussion of periopera-
tive problem situations.
(ii) Complicated case discussion (either at staff meeting or at
dedicated meeting).
(iii) Institutional tumour board.
(iv) Morbidity and mortality conferences.
(v) Multidisciplinary chest meetings.
(vi) Journal club.
(vii) Visiting professors/local conferences, etc.
(viii) Risk-adjusted outcomes discussion.

There should be an on-site library and/or free Internet access to
major journals and teaching material, a dedicated room for teach-
ing activities and a dedicated office for trainees. All trainees
should be encouraged to participate in clinical research. Access to
basic or experimental research is a bonus.
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Availability of a skills lab/simulation area is a big plus.

Presence of other learners should not interfere with the trai-
nees’ curriculum (Fellows, PhD students and others).

The training unit should prepare the trainee to meet the UEMS
EBTS requirements successfully.

Trainees should be encouraged to participate in ESTS and
EACTS thoracic courses and other educational activities.

Institutional commitments to trainees

On-call schedules need to fit with the European Working Hours
initiatives/law.

The training curriculum should involve partner specialties such
as cardiovascular and visceral surgery.

STRUCTURAL ORGANIZATION AND
REQUIREMENTS OF A CLINICAL RESEARCH
PROGRAMME WITHIN A GENERAL THORACIC
SURGERY UNIT IN EUROPE

(i) The academic programme of a GTS unit should be led by
surgeon(s) with experience and expertise in clinical research
as evidenced by specialized training through the acquisition
of a higher (research) degree, research grants and publica-
tion output.

(if) Once identified, GTS units should support academic sur-
geons with dedicated and protected (non-clinical) research
time within the job framework.

(iii) GTS units undertaking clinical research should support the
development of academia for surgeons in training, either as
part of their GTS training or more formally for the award of a
higher (research) degree.

(iv) GTS units undertaking any health care outcome research,
systematic reviews and meta-analyses should have access to
the services of a professional medical librarian, epidemiolo-
gist, medical statistician and/or health economist as appro-
priate to the research focus.

(v) GTS units that are ‘developing’ randomized trials as part
of their clinical research programme should have access
to a formal clinical trials unit and a research and devel-
opment office for the administrative support of grant
applications.

(vi) GTS unit ‘participating’ in clinical trials should have access to
dedicated supporting personnel such as research managers,
database managers and research nurses.

(vii) GTS units developing translational clinical research should
have the access listed in points 5 and 6, and in addition
access to basic science laboratories and supporting person-
nel (e.g. post-doctoral scientists and lab technicians).

QUALITY SURVEILLANCE

Quality surveillance has to be performed in every GTS unit. There
must be a computerized documentation of all procedures per-
formed together with a documentation of all major adverse
events. Results should be analysed on a regular basis using appro-
priate and updated system of risk stratification.

Complications should be discussed regularly in M&M confer-
ences and a feedback of risk-stratified individual results should be
given to every surgeon.

Regular analysis of long-term follow-up should also be
performed.

European Society of Thoracic Surgeons database

European GTS units should provide data to the ESTS Database.
The ESTS database is a free registry created by ESTS in 2001. The
current online version was launched in 2007. It runs currently on a
Dendrite platform with extensive data security and frequent
backups. It is a specialty-specific, procedure-specific, prospective-
ly maintained, periodically audited and web-based electronic
database, designed for quality control and performance monitor-
ing, which allows the collection of all general thoracic procedures.
It includes many risk factors, processes of care and outcomes,
which are specially designed for quality control and performance
audit.

The ESTS database should represent the gold standard of clinic-
al data collection for European GTS [23].

The ESTS database is managed by a Database Committee,
which is responsible for its periodical revisions and updates.

Although participation to the ESTS database is still voluntary, it
is one of the mandatory eligibility criteria to be selected for the
ESTS Institutional Accreditation Programme (see The ESTS
Institutional Accreditation Programme).

The database allows the annual publication of a European
report (the Silver Book), which is distributed to all ESTS members
as a benchmark of the thoracic surgery practice in Europe.

The database can be accessed via the ESTS homepage (http://
ests.org) or directly at the following link https:/ests.dendrite.it/
csp/ests/intellect/login.csp.

The database committee is committed to promoting a quality
culture in the thoracic community by continuously upgrading the
database structure and providing educational opportunities.

The European Society of Thoracic Surgeons
Institutional Accreditation Programme

The ESTS Institutional Accreditation Programme is open to all
thoracic surgery units participating to the ESTS database.

The aim of the programme is to set standards of good clinical
practice across Europe with the intent to improve the quality of
care as much as possible according to published guidelines.

To be certified, units must participate to the ESTS database for
at least 2 years and have contributed a sufficient number of
patients. This prerequisite is necessary to calculate a reliable
Composite Performance Score (CPS), which is the metrics used to
evaluate the Institutional performance [24].

In addition to their CPS, units must have certain structural, pro-
cedural and professional characteristics to be certified, which
must comply with those proposed by this document. These
characteristics need to be assessed and audited along a sample of
data submitted to the database by an independent auditing team,
which will produce an audit report to be submitted to the
Database Committee. If the report will be judged satisfactory, the
accreditation will be finally approved by the ESTS Council.
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The accreditation will be valid for a 36-month period. After this
period, the unit must apply for revalidation.

CONCLUSIONS

The focus of this document was on ensuring the quality of thoracic
surgical care in Europe. In fact, new frontiers of the thoracic surgi-
cal practice mandate a more faceted involvement and a compre-
hensive surgical expertise imposing a requalification of surgeons
participating in multidisciplinary teams of experts in lung cancer
management. This document will hopefully represent the first
step of a process of revision of the modern thoracic surgeons’ cur-
ricula, which need to be qualitatively rethought in the setting of
the qualification process. The challenge of tomorrow is the cre-
ation of a new professional profile for the thoracic surgeons in
Europe against cultural and language barriers as well as widely
varying national training programmes. Accordingly, the intention
of the writing committee was to concentrate efforts on the quality
and metrics of thoracic surgical activity more than on the quanti-
tative structure of clinical practice in Europe.
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