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1. Uvod

Ptedkladana habilitacni prace dle § 72 odst. 3 pism. b) zdkona o vysokych skolach je
souhrnem studii a odbornych textd vénujicim se problematice sepse, obéhového selhani u
septického $oku (SS) a kardiogenniho $oku (KS) a syndromu akutni dechové tisné
(ARDS). Zamétuje se na epidemiologii, patofyziologii a mozné prognostické faktory,
véetné kardiovaskularnich nasledkt po pieziti sepse a nakonec moznostem ovlivnéni
rozvinuté inflamace u ARDS. Prace jsou pro pocet publikaci rozdéleny systematicky do
ctyt celkd, které koreluji s tématy mé vyzkumné ¢innosti.

Sepse je dle nejaktualnéjsiho konsenzu na jeji nozologické vymezeni definovana jako
zivot ohrozujici organova dysfunkce zptisobena dysregulovanou odpovédi hostitele na
infekci. [1] Sepse patii k nejcastéjSim onemocnénim celosvetove, k nejvice ekonomicky
naroénym diagndzam, vyzadujicich ro¢ni naklady vice nez 20 miliard americkych dolart.
[2] Sepse a septicky Sok je také hlavni pfi¢inou morbidity a mortality pacientl
pfijimanych na intenzivni pééi. [3, 4] Sok manifestovany ob&hovym selhanim je piitomny
pfi pfijeti na ICU az u 1/3 pacientti a je spojeny s vysokou mortalitou a morbiditou. [5]
Mortalita kardiogenniho Soku je stéle i pfes pokroky v revaskulariza¢ni terapii vysoka a
v zavislosti na regionalnich podminkéch mize dosahovat az 51%. [6] Proto vyzkum

v oblasti zlepSeni péce o pacienty v Sokovych stavech zahrnuje i pouZiti prognostickych
biomarkert, které budou v této habilitacni praci podrobn¢é komentované.

Obrovskou zatézi pro zdravotnicky systém a naopak velkou vyzvou pro vyzkum je
spojené s rozvojem syndromu akutni dechové tisné. [7] Tedy hledani moznosti ovlivnéni

inflamace v této oblasti je jednim z velkych stimulid pro vyzkumniky.



a. Historie sepse
Slovo sepse je staré¢ nejméné 2700 let a pochézi z feckého slova sepsis (onyig), které
v originale znamenalo rozklad zvitat nebo organického hmoty rostlin za ptfitomnosti
baktérii. [8] Poprvé je mozné zaznamenat pouZiti tohoto slova v Homérovych bésnich,
kde je sepse davana do souvislosti jako odvozenina slova sepo (onm®), coz znamena
doslova ,,ja se rozkladam*. Stejn¢ tak je mozné najit pouziti slova sepsis a podobného
slova sepidon (onmed wv) v Corpus Hippocraticum (O epidemiich B. 2,2, Prorret. 1.99)
jako synonym. Dalsi u€enci, jako Aristoteles, Plutarcha a Galén pouzivali pojem sepse
ve stejném vyznamu jako Hippocrates. [8] Dal§im popsanym a v té dob¢ jiz
pouzivanym byl pojem zanét (inflamatio), ktery Galén nebo i Celsus popsali jako
pritomnost vazodilatace (rubor), teploty (calor), bolesti (dolor), zvysené permeability
kapilar (tumor) a dystunkce (functio laesa).
V priibéhu historie se lidstvo potykalo s mnoha infekcemi, ¢asto charakteru epidemie.
Navzdory tomu, ze sepse byla bezesporu ¢astou pfi¢inou umrti v pied antibiotické éte,
k uchopeni sepse, jako piesn¢ dané nozologické jednotky-syndromu- doslo az na konci

20. stoleti. [9]



b. Definice sepse
V této Casti prace se jiz budu vénovat pouzivanim terminu sepse, ke kterému doslo
v prabehu 20. stoleti. V té€ dobé se zacala sepse pouzivat v podobném vyznamu,
v kterém ji pouzivame dodnes. Zacala se akcentovat reakce organismu na piitomnost
infekce. Terminologie sepse od prvnich seri6znich pokusti o uchopeni a sémantické
vymezeni prosla nékolika zménami a od prvni konsensudlni konference potadané
v zafi roku 1991 v Nortbrooku doznala do dnesni doby vyznamného posunu. [1, 9, 10]
V terminologickém defini¢nim vyvoji se daji vymezit cca tfi milniky, které
koresponduji s konsenzudlnimi definicemi, které byly pfedstaveny v letech 1991, 2001
a aktudlni v roce 2016. Pfedchozi definice plné reflektuji dobu vzniku, v¢etné znalosti
a podkladi, které byly k dispozici pohledem tzv. mediciny zalozené na dikazech
(EBM, Evidence Based Medicine). [11]
Prvni konsensuélni definice Americké spolecnosti hrudnich 1¢kait (ACCP) a
Spolecnosti pro medicinu kritickych stavii (SCCM) byla publikovana v roce 1992. [9]
Na sepsi bylo klinicky nahlizeno jako na rozvoj tzv. syndromu systémové inflamatorni
odpovédi (SIRS — Systemic Inflammatory Response Syndrome) v odpovédi na infekci

organismu viz tabulka 1.

Tabulka 1

Kritéria SIRS:

Teplota nad 38 °C nebo pod 36 °C

Tepova frekvence nad 90/min;

Dechova frekvence nad 20/min nebo pCO; pod 4,26 kPa (32 mm Hg)

Leukocyty nad 12 tis./ul nebo pod 4 tis./ul nebo vic jak 10 % nezralych forem




Tento pohled rozliSoval sepsi (SIRS plus infekce), dale t€Zkou sepsi (sepse spojena

s organovou dysfunkci) a nakonec septicky Sok (sepse s arteridlni hypotenzi navzdory
intravaskulérni aplikaci tekutin). [9]

Kritéria pro SIRS ale maji vyznamné nizkou specificitu a bohuzel opacné i velkou az
extrémni senzitivitu. TudiZ pfi pouziti této definice dochéazi k tomu, Ze za sepsi jsou
povazovany, resp. diagnostikovany i neinfek¢ni pfic¢iny (napf. trauma, pankreatitida,
popaleniny a dalsi). [12] Vyznamnym pfinosem bylo, ze pojem sepse byl konecné
definovan ve shodé¢ Siroké odborné komunity, pro vyzkumné tcely bylo mozné
definovat kohortu pacienttl, a tudiz byly rychle pfijaty do praxe. V prib&hu dalSich let
se zacCaly ukazovat nevyhody tohoto pojeti a nékteré jiz byly zminény vyse. Je to
vysoka senzitivita, kdy az 90% pacientl pfijimanych na ICU splni kritéria SIRS. [10,
13] Divodem je fakt, Ze mirnd zména fyziologickych funkci a laboratornich parametrt
byla brana jako splnéni kritéria SIRS. K infekci ale pfirozené patii reakce na
bakteridlni, virové i mykotické agens a tedy urcité zmény v dechové frekvenci, tepové
frekvenci, télesné teploté a poctu leukocyti, jsou tzv. fyziologické. Pokud ale je inzult
(infekce) nadmérny event. je nadmérné reakce organismu, je jiz tato reakce organismu
patologické a vede slozitymi a nesmirn¢ komplexnimi patofyziologickymi
mechanismy k poskozovani hostitele. Vyzvou je tedy rozpoznat a definovat hranici,
kdy uz k tomuto piekroceni dojde. Dalsi vyzvou je rozlisit, zda reakce organismu, tedy
SIRS, je zptisobené infekci, nebo je vyvolano sterilnim inzultem (napft. pankreatitida,
popéleniny, trauma, operace).

Na zékladé vyse zminénych nevyhod systému jednoduché definice sepse jako
spole¢né pritomnosti SIRS a infekce byla uspofadana druha konsensualni konference

v roce 2001 ve Washingtonu za tcasti vybranych zastupcti nékolika odbornych



spolecnosti, pro které je sepse zasadni téma. [10] M¢la za cil navrhnout novy pfistup a
revidovat SIRS kritéria.

Vysledkem byla klasifikace, ktera na sepsi pohliZela vice z klinického hlediska a
snazila se vice reflektovat klinickou praxi. Rozsifila mozn4 klinicka kritéria pro sepsi,
kdy se za ni povazovalo pfitomnost potvrzené nebo ptredpokladané infekce a n¢které
z mnoha kritérii, které byly uvedeny ve vyctu. Byla i snaha definovat mald a velka
kritéria pro diagnostiku sepse, ktera vSak ve vysledku snizovala specificitu této
definice. Snazila se zavést také urcity systém pro objektivizaci rozsahu sepse
(staging), kdy navrhovala tzv. PIRO systém, ktery byl odvozen od zndmého systému
TNM, ktery se jiz od roku 1946 pouziva v onkologii. [14] Stratifikovala pacienty na
zaklade¢ jejich predispozice (P-predisposition), origa a rozsahu infekce (I-infection),
reakce organismu (R-response) a stupné ptitomné organové dysfunkce (O-organ
dysfunction). Misto zjednoduSeni pfedchozi definice a jejich stupnit (sepse/tézka
sepse/septicky Sok) bylo naopak toto pojeti definice sepse pohledem ¢asu povazovano
za neuzitecné, jelikoz nebyla schopna definovat smysluplna a jednoducha kritéria
sepse. Proto se v klinické praxi a ve vyzkumné ¢innosti, napft. jako zafazovaci kritéria
do studii a klinickych hodnoceni déle, pouzivala kritéria vytvofena Bone a spol v roce
1991. [9] Jedinou vyjimkou je prace portugalskych a australskych autori, ktefi
validovali PIRO systém v priabéhu 6 mésicti na péti pracovistich intenzivni péce

s vysledky 1638 pacientli, s dobrym prediktivnim efektem stran mortality u riznych
stupiill tize onemocnéni a v riznych nemocnicich. [15]

V dal$im prabéhu i na zaklad€ probehlych vyzkum, které ukézaly na podobnou
patofyziologii inicialni aktivace inflamace infek¢éni (tj. sepse) a neinfekéni-sterilni se
pozornost smétovala na nékolik zakladnich cilti — a) vytvofit definici, kterd by

odliSovala zminéné infekéni a sterilni pfi¢iny a b) zahrnout do pojmu sepse pouze



vazné stavy, kdy dochazi k dysfunkcim jednoho a vice organti a je nutné pfijmout
pacienta na jednotku intenzivni péce. [16, 17] K témto cilim se pfiblizilo tzv.
Merinoff symposium poiadané ve Feinsteinove institutu. Zde byla zaloZena inciativa
Globalni aliance pro sepsi (GSA — Global Sepsis Alliance), ktera se vyrazné jednotné
shodla na tfech vychodiscich:

a) Navrhu definice sepse, kdy za sepsi byl povazovan stav, kdy odpovéd

organismu na infekci poskozuje jeho vlastni organy a tkang.
b) Molekularni definic sepse

c) Globalni vyzvu k vétsi aktivité v této oblasti. [18]

Poté, co se revize definice sepse (tzv. druhé definice sepse z roku 2001) nedockala
obecného piijeti v pouzivani v rutinni klinické praxi a ve vyzkumné ¢innosti, napft. pii
zatazovani pacientt do studii a klinickych hodnoceni byla v roce 2016 publikovana
nejnovejsi definice sepse. [1] Tato tzv. SEPSIS-3 definice reflektovala vyznamny
pokrok, ktery vyzkum patofyziologie sepse a organové dysfunkce za tu dobu prodélal.
Od novych poznatkii na trovni molekularni, pfes biochemické zmény a zmény na
urovni obéhu a organové dysfunkce. Také nové poznatky v managementu sepse a
ziskana data tykajici se epidemiologie sepse byla v této definici reflektovana. Od
ptechozich definic, které se spiSe zamétovaly na inflamaci a na dlouho mylné
povazovany model, Ze sepse je urCity zacatek kontinua tézké sepse a septického Soku,
nova definice tyto limitace piekonala. Zaroven skupina expertl nominovana
odbornymi spolec¢nostmi doporucovala, aby se termin tézka sepse pirestal pouZzivat,
vzhledem k jeho redundanci. Dle SEPSIS-3 definice je za sepsi povazovana Zivot
ohrozujici organova dysfunkce, kterdje zptisobena dysregulovanou odpovédi hostitele

(pacienta) na infekci. Definice mé v sob¢ urCitou objektivizaci a za novou organovu
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dysfunkci je povazovano zvysSeni tzv. SOFA skére o > 2 body. (toto je spojené se
zvySenou nemocni¢ni mortalitou o cca 10%). Septicky Sok je definovan klinicky jako
potieba vazopresorti k udrzeni MAP (Mean Arterial Pressure, stfedni arterialni tlak) >
65 mm Hg a zvySena hodnota sérového laktatu (>2 mmol/l) pti absenci hypovolémie.
V souvislosti s vytvofenim nové definice byla pro tcely rychlého vyhledavani
(identifikace) pacientl se sepsi — napiiklad na standardnich oddélenich,

v prednemocniéni péci - navrzeno nové klinické skore tzv. quickSOFA (qSOFA).
Pokud maji pacienti splnéno 2 a vice kritérii gqSOFA: dechové frekvence (DF) >22/
minutu, alterace neurologického stavu (pokles v tzv. GCS — Glasgow coma scale) a
systolicky tlak < 100 mm Hg, byva to spojené s horsi prognozou.

Historicky exkurz od zac¢atku konkrétnéjSiho uchopeni pojmu sepse az k nejnové;jsi
definici, tj. SEPSIS-3, byl cilen k pochopeni slozitosti definovani, co sepse je.
Definovat tak slozity a komplexni proces, ktery zahrnuje souhru a ovliviiovani mnoha
patofyziologickych cest (od rozpoznéani patogena vrozenou imunitou az k ovlivnéni
koagulace a piimy vliv na rozvoj organové dysfunkce) neni viibec jednoduché a
odborné komunité to trvalo vyznamny ¢as. Navzdory tomu, Ze se SEPSIS-3 blizi
pravdépodobné nejvice teoretickému idealu obecné definice sepse, je mozné a
pravdépodobné, ze s postupem poznatkil, které v oblasti sepse ptibyvaji
exponencialng, budeme mit k dispozici jesté presnéjsi definici. Zde hraje roli také
pohled uzivatele sepse — jiné naroky na definici ma klinik, ktery potfebuje zejména
klinické kritéria pro vyhleddni a nasledny management, a jiné naroky na definici
budou jisté z pohledu epidemiologa a zdravotniho managementu, ktery ji bude spise
vyuzivat pro ucely ovlivnéni procesi a systému. Dillezity moment v robustnosti

jakékoliv definice je nutnost jeji validace, a to idedlné prospektivné. Retrospektivni
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validace SEPSIS-3, a to jejich klinickych kritérii, byla provedena a na ni navazala

prospektivni validace. [19, 20]
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c. Epidemiologie sepse

Epidemiologie sepse uzce souvisi s jeji definici. Proto ji byla v ptfedchozi kapitole
vénovana takova pozornost. Rliznymi definicemi v priitbéhu novodobé historie
intenzivni mediciny a mediciny obecné doslo k tomu, Ze Gdaje z riiznych obdobi
nejsou relevantné porovnavatelé.

Nicméné sepse patii k jednim z nejcastéjSich pficin imrti celosvétove. V roce 2017

s pouzitim dat z Global Burden of Diseases, Injuries and Risk Factors (GBD) byla
odhadovana celosvétova incidence sepse 48,9 miliont. Umrti z této pfi¢iny byly
udavany absolutné 11 milionl1 v roce 2017, coz piepocteno na procenta bylo 19,7% ze
vSech umrti v tomto roce. [2] Globalni incidence sepse se odhaduje na na cca 270 (5%
CI 176-412) na 100.000 obyvatel. [21]

Na nérodnich urovnich napt. ve Spojenych statech americkych patii sepse

k nejcastéjSim pfi¢indm umrti v nemocnicich a vynaloZené prostfedky na ni byly napf.
v roce 2014 cca 24 miliard americkych dolart. [22]

V Ceské republice nemame k dispozici relevantni data tykajici se piesné incidence
sepse a s nim spojena umrti. Prace z roku 2017 vyuzila data z imrtnich list a
analyzovala kody, které souvisi s diagndzou sepse podle 10. revize Mezindrodni
klasifikace nemoci (MKN-10) a které byly uvedeny lékati vypliujicimi tmrtni list.
[23] V obdobi 1998-2011 byla sepse uvedena u 3% celkovych tiimrti. Autorka déle
dokumentuje, Ze sepse byla nejcastéji (v cca 66%) uvedena pouze jako bezprostiedni
pfic¢ina umrti, coZ jist¢ vedlo k jejimu celkovému podhodnocenti, jelikoz ve statistikach
zemtelych je uvadéna pouze tzv. zékladni pficina smrti.

V Ceské republice neexistuje systém na sbér dat souvisejicich s incidenci a mortalitou
sepse. Nicméné pokud hypotézujeme, Ze naSe zemé nevybocuje

z evropského/celosvétového priméru, jde odhadnout ro¢ni incidenci sepse na cca 30
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tisic pripadu. [24, 25] Cilen¢ se prevalenci pacientl se sepsi/té¢zkou sepsi
hospitalizovanych na jednotkach intenzivni péce vénoval jednodenni prevalencni sbér
dat. [26] Jedna se o prvni prevalencni studii sepse/tézké sepse na intenzivni péci.
Prevalence sepse analyzovéana na celkem 327 pacientech, ktefi byli hospitalizovéani ve
studijni den na 54 ICU, byla 34,2% a tézké sepse 16,8%. Tato data se vyznamné nelisi
od dat, kteréd byla ziskana v evropskych pracovistich intenzivni péce. Konkrétné
multicentrickd, observaéni studie SOAP (Sepsis Occurrence in Acutely 11l Patients),
ktera byla provadéna na 198 ICU ve 24 Evropskych zemich, véetng Ceské republiky,
zjistila, ze z 3147 pacientll mélo sepsi v 37,4% ptipadii. [27] Jednim ze z&véri bylo, ze
mortalita pacientl se sepsi byla signifikantn¢ vyssi, nez u pacientl bez sepse. V této
souvislost, pokud byl pacient ptijimany z diivodu sepse nebo se sepse u né¢ho vyvinula
organova dysfunkce a signifikantné prodlouzena doba pobytu na ICU a v nemocnici.
V roce 2007 byla provedena prevalencni, prospektivni, jednodenni studie EPIC II
(Extended Prevalence of Infection in Intensive Care), do které¢ bylo zatazeno 14414
pacientdl z 1265 ICU a 75 zemi, které byly zapojené do projektu. [3] Infekci ve
sledovany den mélo 51% pacientl a u 71% byly podavany antibiotika. NejcastéjSim
zdrojem infekce byl respiracni trakt (64%) a nejCastéjSimi bakteridlnimi kmeny G-
bakterie (70%). ICU a nemocni¢ni mortalita pacientl s infekci byla vice jak 2x vyssi,
nez u pacientll bez prokazané infekce a dosahovala 25% a 33%.

V Ceské republice byla epidemiologické od pacientii hospitalizovanych se sepsi
(t€zkou sepsi) a septickym Sokem na intenzivni péci ziskana v rdmci projektu EPOSS.
[28-30]

Do projektu bylo zatazeno 1082 pacientti. Data byla k dispozici u 897 pacientt. ICU a

nemocni¢ni mortalita byla ve sledovaném souboru 35,5% resp. 40,7%.
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Dalsi epidemiologicka data tykajici se obecné populace pacientli na ICU jsou

k dispozici naptiklad ze studie ICON (Intensive Care Over Nations) - celosvétovy
mezinarodni audit pacientil pfijimanych na ICU tykajici se epidemiologie obecné
populace kriticky nemocnych pacientl zapojenych pracovist. [31] Do projektu bylo
nakonec zapojeno 730 participujicich oddéleni v 84 zemich. Data byla zadavana

v prubehu deseti denniho auditu (8. kvéten — 18. kvéten 2012) u vSech pacientii
piijatych ve sledované obdobi do studijnich ICU (kromé pacientti, ktefi byli piijati
pouze pro rutinni pooperacni sledovani). Konecny pocet pacientd byl 10.069 a u 2973
pacientil (29,5%) byla pritomna sepse diivodem pii piijeti na ICU. Celkova mortalita
pacientd na ICU byla 16,2% a u pacient se sepsi byla 25,8%, navic nemocni¢ni
mortalita byla 22,4% u obecné populace a 35,3% u pacienti se sepsi. Riziko imrti
navic pozitivné korespondovalo s ekonomickou situaci v zapojenych zemich
sledovanou pomoci velikosti hrubého narodniho produktu. Na projekt posléze
navazalo hodnoceni evropskych ICU na zéklad¢ projektu ICON a SOAP. [24]
Kratkodoba mortalita, tj. nemocni¢ni mortalita se u pacientl se sepsi a septickym
Sokem pohybuje cca 20-50% v zavislosti na tizi onemocnéni (poctu selhavajicich
organtl), komorbiditach a véku pacienta. [32, 33] Vysokd mortalita pacientl byla také
jednim z vyznamnych stimulid k zalozeni mezinarodni iniciativy Surviving Sepsis
Campaign (SSC, 2002), ktera byla iniciovana dvéma odbornymi spole¢nostmi, které
se staraji o pacienty se sepsi, a to Evropskou spolecnosti intenzivni mediciny (ESICM)
a Spolecnosti kritické mediciny (SCCM). Jednim z mnoha cilt je zlepSeni péce,
povédomi o sepsi a snizeni mortality pacientd.

Studie, které¢ zkoumaly 1é¢ebné intervence u pacientl se septickym Sokem po roce
2010 (v nasledujici dekad¢) reportuji mortalitu cca 24-41%. [34-36] Dokonce analyza

dat z databaze intenzivni péce ICU v Australii a Novém Z¢land¢ (12 lety Casovy
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ramec) ukazala, Ze mortalita pacientl s t€Zkou sepsi béhem této doby klesla z 35% na
18%. [37] Tento trend byl pozorovatelny mezi nékolika skupinami pacienti, véetné
vSech veékovych kategorii i typt (velikosti) nemocnice. Je vyznamné, ze v tomto
obdobi nebyla zavedena zadna nova specificka 1écba pro pacienty se sepsi, ale pouze
zlepseni kvality managementu téchto pacienti pravdépodobné vedlo k poklesu
mortality az na polovinu. Toto by mohlo byt jednim z dopadt iniciativy SSC, tedy
zlepseni povédomi a managementu sepse, jak budu jest¢ dale diskutovat v tématu
aktudlnich doporuceni a 1é¢by sepse. Dalsi udaje o mortalité na sepsi ukazuji cca 26%.
[21] Nicmén¢ data mohou byt zkreslena tim, Ze primarni data jsou Casto z prostiedi
intenzivni péce a ne standardnich oddéleni a dale z divodu toho, Ze pochdzeji z tzv.
tietich zemi. Obecné se da nicméné uzavrit, ze trend posledniho desetileti je smérem
ke snizené kratkodobé mortalit¢ pacientil se sepsi, jak napt. dokumentuje porovnavaci
metaanalyza publikovana v roce 2014, ktera v analyzovala data v prib&hu dvaceti let.
Kratkodoba mortalita z inicialni 49,9% klesla na konci sledovaného obdobi az na 29%
s ro¢nim poklesem mortality cca 3%. [38]

Rizikové faktory pro kratkodobou mortalitu jsou komorbidity, pohlavi, vék, vyjadieny
syndrom stafecké kiehkosti, predchozi operace a sepse a genetické predispozice. [39-
42]

Se zvysenou kratkodobou mortalitou pacientil se sepsi, véetné prodlouzeného pobytu
v nemocnici a na ICU a zhorSeni kratkodobé mortality, je spojené i dlouhodobé (az
desetileté) zvysené riziko dlouhodobé mortality. S timto je logicky spojend i zhorSena
dlouhodobé morbidita, ktera pro konkrétniho pacienta mize znamenat vyrazné
zhorSeni kvality zivota (QoL — Quality of Life). Se v§im je spojend i zatéz
celospolecenska, kterd se netyka jen pfimych nakladi na zvySenou potiebu zdravotni

péce tykajicich se specifickych potieb pacientli po preziti ataky sepse, ale 1 spojené
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nizsi celospolecenské uplatnéni a znovu zaclenéni do bézného Zivota, véetné

pracovniho.
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d) Definice soku a obehového selhani

Sok neboli obghové selhani je stav, ktery je znam jiz dlouhou dobu. Vyznam $oku
pro soucasnou intenzivni medicinu dokumentuji data, ktera ukazuji jeho
pritomnost az u cca 1/3 pacientl ptijimanych na ICU. [5, 43]

Jiz prikopnik a velké jméno mezi vyzkumniky ob&hu a Sokovych stavii, Carl
Wiggers, v roce 1918 v Casopise JAMA (Journal of American Medical
Association) definoval obehové selhédni jako jakykoliv stav, kdy je snizeny
arterialni tlak s naslednym sniZzenim kapilarniho pratoku a pokud tento stav trva
dlouho, vede k poruse funkce normalnich organt a téch, které byly predtim
poskozené, brani v obnoveni normalni aktivity. [44] Jiz tehdy bylo obéhové
selhani povazovano za €astou a vaznou komplikaci klinickych situaci, pro které se
jiz dlouho ptedtim pouZzival termin Sok. Termin Sok se zacal pouzivat teprve od
cca poloviny 18. stoleti. [45] ). Pfedtim byl Sok spojovan zejména s traumaty a

s klinickou situact, kterou nyni nazyvame traumaticko-hemoragicky Sok, tzv.
posttraumaticky syndrom, ktery byl znadm jiz od Hippokrata a Galéna. Prvni
pouziti terminu Sok je pfisuzovano francouzskému chirurgovi Henri Franocis
LeDran, ktery ve své knize pouzil vyraz le choc. [46] Tento termin ale pouzival
pro vyraz sily inicialniho inzultu a nespojoval ho s posttraumatickym syndromem.
Ale diky ne zcela korektnimu piekladu britského 1ékare Clarke, byl pojem Sok
poprvé zaveden do anglické literatury ve spojeni s ndhlym zhorSenim pacientova
klinického stavu ve spojeni s velkymi poranénimi a ranami. Kone¢né anglicky
chirurg George James Guthrie pouzil v roce 1815 ve své knize pojem Sok ve
spojeni s fyziologickou nestabilitou, zhruba pro situace, ve kterym tento pojem

pouzivame i my. [47]
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Pojem Sok je v soucasné dob¢ definovan a vniman jako klinicka prezentace

obehového selhéni, které vede k neadekvatni utilizaci kysliku. [48, 49] Tato zivot

ohrozujici situace je ptfitomna az u cca 1/3 pacientd ptijimanych na ICU. [5, 43]

Diagnéza Soku je zaloZena na tfech komponentach — klinické, hemodynamické a

biochemické znamky:

1. Klinické: systémova hypotenze (byva vétsinou pritomna) — typicky sTK<90
mm Hg nebo MAP < 70 mm Hg, spojené s tachykardii

2. Hemodynamické: klinické znamky hypoperfuze (n¢kdy spojované a uvadéné
z edukacéniho hlediska jako tzv. ,,okna do mikrocirkulace* nebo ,,0kna do téla*)
— kozni projevy (chladnd, opocena klize s vazokonstrikci a cyan6zou), rendlni
(hodinova diuréza < 0,5 ml/kg/hodinu), neurologické (porucha neurologického
stavu)

3. Biochemicka/laboratorni: zvySena hladina sérového laktatu

Vzhledem k zaméfeni mé vyzkumné prace a potazmo i této habilitacni prace se

budu dale v popisu definice, patofyziologii a moznosti predikce vénovat pouze

Soku septickému a kardiogennimu.

Septicky Sok je dle nejnovejsi konsenzualni konference SEPSIS-3 definovan jako

potieba nasazeni vazopresort k udrzeni MAP > 65 mm Hg a zvySena hodnota

sérového laktatu (>2 mmol/l) pfi absenci hypovolémie. [1]

Kardiogenni Sok je definovan klinicky jako stav primarniho postiZeni srdce

s neadekvatnim srdecnim vydejem (CO, Cardiac Output), ktery vede ke klinickym

a biochemickym zndmkam tkanové hypoperfuze. [50] Ackoliv to neni nezbytné,

nékteré klinické studie a registry pouzivaji objektivni kritéria kvili objektivizaci

zafazovani pacientl a moznosti komparace studii mezi sebou. I naptiklad

Evropska kardiologicka spole¢nost (ESC, European Society of Cardiology) ve
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svém nejnovejsim doporuceni pouziva objektivni kritéria k definici kardiogenniho
Soku takto. [51]
1. Systolicky tlak<90 mm Hg s adekvatni stavem volémie
plus
2. Znamky hypoperfuze:
a) klinické znamky: chladné koncetiny, oligurie, alterace
mentalniho stavu, zavrat’, snizeny pulzovy tlak.
NEBO
b) laboratorni znamky: metabolicka acidoza, zvySeny sérovy

laktat, elevovany sérovy kreatinin
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e) Patofyziologie sokovych stavii
K rozvoji Soku mohou vést ¢tyti zdkladni patofyziologické mechanismy. [52]
(Weil and Shubin, 1971):
A. Hypovolémie (ztraty tekutin — vnitini nebo vné&jsi)
B. Problémy s distribuci, resp. systémovou vaskularni rezistenci (SVR
(sepse, anafylaxe)
C. Kardiogenni mechanismy (myokarditida, arytmie, akutni infarkt
myokardu, onemocnéni chlopni)

D. Obstrukce (tamponéda perikardu, plicni embolie, tenzni pneumotorax)

Tyto mechanismy se mohou navzajem piekryvat a dopliovat, napiiklad pacient

v septickém Soku pfi tézké pneumonii miize mit komponentu distributivniho,
hypovolemického a v piipad¢ vyjadiené septické kardiomyopatie téz slozku
kardiogenniho Soku.

V dalsi casti se budu zabyvat podrobnéji pouze septickych a kardiogennim Sokem,
které maji prekvapivé hodné stycnych ploch, jak v urcitych klinickych rysech, tak
v patofyziologii. Dle studie SOAP II (Sepsis Occurence in Acutelly 11l Patients II),
ktera zahrnovala 1679 pacientl hospitalizovanych na ICU byl nejcastejsim typem
septicky Sok (62%), kardiogenni Sok (17%) a Sok hypovolemicky (16%). [53]
Septicky a kardiogenni Sok predstavuji dvé formy obéhového selhani, s rozdilnou
patogenezi, resp. etiologii, ale velice podobnym zdsadnim dopadem na
organy/organové systémy. Molekularni mechanismy patogeneze septického Soku
byly a jsou detailné popsané pomoci tzv. omickych ptistupt. [54-57] Rozdily a
podobnosti mezi kardiogennim a septickym Sokem byly jiz diive pozorované

pomoci sledovéni hladin inflamatornich markert, cytokint a dalSich molekul. [58-
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62] Kazdopadné prvni pilotni data pouzitim analyzy transkriptozomd, ktera
poukdzala na aktivaci stejnych inflamatornich cest jak u kardiogenniho, tak u
septického Soku, byla publikovédna v roce 2019. [63]

Zjisténi prekryvu v patofyziologii téchto dvou typti Soki bylo vyznamnym a do
ur¢ité miry prekvapivym pokrokem v poslednich desetiletich.

Kardiogenni Sok je charakterizovan vyznamny snizenim myokardialni
kontraktility s vyslednym snizenim CO, které déle pokracuje do snizeného
krevniho tlaku (MAP), ktery vede k hypoperfuzi myokardu pomoci koronarnich
tepen, k dalsi ischémii a sniZeni kontraktility. Tento ,,zacarovany kruh*“ mtize vést
ke smrti, pokud neni prerusen, v piipad¢ kardiogenniho Soku intervencemi
primarné sméfujicimi ke zvySeni/obnoveni CO. [64] Prvni, ¢asné deskripce
kardiogenniho Soku popisovaly pacienty se srde¢nim selhanim a zvySenym
centralnim zilnim tlakem (CVP, Central Venous Pressure). [65] S ndstupem
invazivnéj$i hemodynamiky a zejména transpulmonalni diluce byly poprvé
popsany série pacientl s kardiogennim Sokem zplisobenym akutnim infarktem
myokardu. [66, 67] Klasicky hemodynamicky pohled na kardiogenni Sok byl
takovy, ze reakci na snizeny CO, spolu se zvySenym tlakem v zaklinéni (PCWP,
Pulmonary Capillary Wedge Pressure) je zvySeni SVR, které ma tendenci udrzovat
MAP v hodnotach dostatecnych k perfuzi perifernich tkéni a organt. [68, 69]

V dalsich letech, zejména na zaklad¢ vysledkt studie SHOCK [69] bylo popséany

Ctyti fenotypy hemodynamického obrazu kardiogenniho Soku — tabulka 2. [50, 71]
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Tabulka 2

Stav volemie
Vlihky (hypervolemie) Suchy (Hypovolemie)

o - Klasicky kardiogenni Sok Euvolemicky kardiogenni Sok
(P ~::
S %; (ICL 1SVRI, 1PCWP) (ICL 1SVRI, «<>PCWP)
2 Z
=

() Vazodilatacni kardiogenni Sok | Vazodilatacni Sok (nejedna se
N

E < (nebo smiseny $ok KS+SS) 0 KS, ale o napt. SS)
g |3
= = ({CIL, |[/<>SVRI, 1PCWP) (1CL 1SVRI, |PCWP)

?)

==

Tabulka 2 rozdeluje kardiogenni sok na ctyri druhy dle fenotypu

hemodynamického obrazu sokového stavu — upraveno dle Van Diepen et al., 2017

Nejcastéjsi kombinaci ,,studeny* a ,,vlhky* fenotyp kardiogenniho Soku je

v klinické praxi v cca 2/3. Zde je nutné upozornit na typ vasodilatacniho
kardiogenniho Soku nebo tzv. smiSené¢ho Soku, ktery zmeénil paradigma vnimani
kardiogenniho Soku. Tento popsany tzv. vasodilata¢ni kardiogenni Sok, ktery je
spojeny s aktivaci inflamace a klinicky pozorovatelny jako kardiogenni Sok se
SIRS (zminény u prvni definice sepse) je spojeny s vyssi mortalitou a vysSSim

rizikem rozvoje sepse. [72-74]
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f) Patofyziologie sepse, inflamace a obeéhového selhani
Patofyziologie sepse/septického Soku je velice komplexni a jedna se o vzajemné interakce
mezi patogenem a hostitelem. [75] Neni to pouze vystupiiovana imunitni prozanétliva reakce,
napf. jako v piipad¢ jinych klinickych situaci, které budou rozebirdny v této habilitacni praci
(KS s vazodilataci, ARDS a dal3i), ale dochazi zde k zapojeni mnozZstvi mediatori,
metabolickych cest a signalnich drah nesmirné¢ komplexné¢ propojenych a s mnozstvim
zpétnovazebnich drah a regulaci. [76] Komplexnost problému dokumentuje obrazek 1.
Patogen v ptipad¢ sepse nebo tzv. alarminy v ptipad¢ neinfekéni pfiiny vyvolavaji
inflamatorni reakci, nazyvanou jako ,,immune priming“, kterd vede k rozvoji SIRS. Na SIRS
nasedaji dalsi patofyziologické faktory: dysfunkce endotelu, aktivace koagulace,
mitochondridlni dysfunkce, apoptoza a dalsi. Komplexnim ptisobenim systémové inflamace
dochazi ke vzniku orgédnové dysfunkce. Soucasné s orgdnovou dysfunkci dochazii k rozvoji

dysfunkce imunity, tzv. sepsi indukovana dysfunkce imunity. [77]

Obrazek 1
priming Znazorneéni komplexni problematiky
D R patofyziologie sepse, septického Soku a
derequlace zdnétlivé C hyperaktivace
odpovédi SIRS ) neutrofid a makrofigd .. . ,
_ MODS. (Pouzito z knihy Malaska et al.,
/\ oxidatnf stres
2020) [211]
endotelldini pro-koagulacni mitochondridIni TR Tpermeabllita
dysfunkce stav dysfunkce PoP stievni sliznice
Tvazodilatace vznlk
Tpermeabllita mikrotrombi
v
porucha
mikrocirkulace
tkdnova apoptéza  apoptéza

translokace
bakterii

bioenergetické

hypoperfuze/ ——# (. <nbuiiky

bunék  imunitnich

Ischemie tkani bunék
— ——
ORGANOVA DYSFUNKCE IMUNOSUPRESE
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Patogen, respektive jeho nékteré soucasti, aktivuji prvn€ vrozenou imunitu - jedné se zejména
o monocyty, makrofagy, neutrofily a tzv. NK buiiky (Natural Killer Cells).

Tato aktivace je zprostfedkovana pomoci tzv. PAMPs (Pathogen-Associated Molecullar
Patterns). Jsou to specifické molekuly, napt. endotoxin (lipopolysacharid) z bunééné stény
gram-negativnich baktérii, peptidoglykan gram-pozitivnich bakterii nebo beta-glukany hub.
[78] Kromé téchto specifickych ligandl existuji tzv. DAMPs (Damage-Associated Molecular
Patterns), které sestavaji z molekul a struktur, vyplavenych z poskozenych buné€k, granul a
jader, zptsobené systémovou inflamaci, (napi. HMGBI1, granulysin, HSP 60 a 70, protein
S100, ATP, DNA/RNA). [79] Toto poSkozeni nastava bud’ pii sepsi anebo z pficin
neinfekénich (tyto vyvolavaji zminény tzv. SIRS). Tyto vySe uvedené ligandy se nazyvaji
jako tzv. alarminy a vaZzi se na specifické receptory na imunitnich bunkach. K nim patii
zejména rodina tzv. TOLL-like receptorti (TLRs), nucleotide-binding and oligomerization
domain (NOD)-like receptory (NLRs) a dalsi, které jsou umistény na imunitnich buikach.
[80]

Aktivaci receptorti pro PAMPs/DAMPs dochézi k rychlé produkci proinflamatornich a
antiinflamatornich molekul skrze ustedni aktivaci NF-kB (nukledrni faktor kappa B). [81]
Dochazi k vyplavovani cytokint - napf. interleukin 1, 2, 6, aktivaci komplementu a dalSich
signalnich cest, napt. systém kaspaz . Tzv. ,,inflamatorni bouti* dochazi dale k aktivaci
leukocytl a jejich pomnozeni, navic se aktivuje komplement, endotel, produkce tkdtiového
faktoru, aktivace koagulace a proteinii akutni faze (PPPs). [82]

Pokud poté dojde k pfemrsténi imunitni odpovédi, dochazi k poskozeni nejen patogentl, ale i
pacienta. V sepsi dochazi také k vyrazné aktivaci koagulace. Je to dano tim, ze mezi
inflamatorni a koagula¢ni kaskddou existuje spoustu propojeni, aktivacnich mist a zpétnych
vazeb. [83] Aktivace koagulace se 1i8i nejen mirou inicidlniho inzultu, tedy mirou imunitni

odpovédi, ale i rizné patogeny maji schopnost specificky a vyrazné ovlivnit koagulacni
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kaskadu. Aktivace koagulace ma za néasledek tvorbu mikrotrombt, které maji podstatny vliv
v patogenezi mikrocirkulacni poruchy, kterd je u pacientl se sepsi jednim z podstatnych
znak.

Pii aktivaci proinflamatornich cest dochdzi k sousledné aktivaci antiinflamatornich drah, tzv.
CARS (Compensatory Anti-inflammatory Response Syndrome) s cilem zpétnovazebni
regulace, podrobnéji viz obr. 2. Imunosuprese muze byt u nekterych pacientli vyjadiena
natolik (Casto cca 7-10 den po inicidlnim inzultu), Ze nejsou schopni odolavat sekundarni
infekci a Casto umiraji na sekundéarni sepsi s MODS. [84] Aktivace proinflamatorni a
antiinflamatorni faze je souslednd a intenzita kazdé komponenty zalezi na mnoha faktorech —

geneticka vybava a komorbidity pacienta a na typu patogenu a jeho virulenci. [85]

Obrazek 2
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Zmény v endotelu v sepsi vyznamnym zptisobem piispivaji ke klinickému obrazu pacienta a
také k jeho dalsi progndze. Dochazi k poruse endotelidlnich bunék a rozbiti ochranné vrsty
endotelii — gylokalyxu, coz rezultuje ve snizeni bariérové funkce a dale k vazodilataci a ke
zvysen¢ adhezi leukocytl a trombocyti. [86] Glykokalyx je vnitini vrstva endotelu smérem
do lumen cév, slozena z glykoproteint a glykolipidi, slouzici k zachovani optimalni
permeability, regulaci adherence leukocytd a trombocytli a zachovani endotelidlni a
plasmatické homeostazy. Jeji poruseni s naslednou poruchou permeability je zdkladnim
podkladem snizené objemové efektivity koloidnich roztokii v sepsi (a dalsich klinickych
situacich, které vedou k poruse glykokalyxu). [87] Porucha glykokalyxu endotelu v sepsi ma
také prognosticky vyznam ve vztahu k mortalité. [88] ZvySena permeabilita endotelu/kapilar
vede k hromadéni edémové tekutiny v intersticiu, podkozi a télnich dutinéch.
Mikrotrombotizace ve spojitosti s aktivovanym a dysfunkénim endotelem vede k poruse
mikrocirkulace.

Jednim z typickych ryst sepse/septického Soku je tzv. tkanova hypoxie a bunécna dysoxie.

V prvnim piipadé tkanové hypoxie (také se pouziva pojem mikrocirkulaéni hypoxie) se jedna
o problém dodavky kysliku do konkrétnich bunék v disledku dysfunkce ob¢hu a v druhém je
porusena utilizace O> v dusledku tzv. tkdnové dysoxie. [89] V piipadé problému dodavky O»
k jednotlivym bunikam v sepsi jsou ptic¢iny systémové a lokélni. K tém prvnim se fadi
hemodynamické zmény makrocirkulace v sepsi, které mohou vést k nizké globalni dodavce
kysliku do tkéni a nepoméru mezi dodavkou (DO3) a spotiebou kysliku (VO.). K druhym,

tj. lokdlnim problémtm pfi transportu kysliku do tkdni miizeme pocitat poruchy
mikrocirkulace. Oba zptsoby vedou k nizkému parcialnimu tlaku kysliku ve tkanich — ptO> —
neboli tzv. tkanové hypoxii. [90]

V druhém je porusena utilizace O v diisledku tzv. tkanové (bunécné) dysoxie (také se

pouziva pojem mitochondridlni hypoxie). Jedna se o poruchu extrakce kysliku tkanémi
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vrwe

dysfunkci. [91]

V souvislosti nejen s mikrocirkulacni a mitochondrialni hypoxii dochdzi ke zvyseni laktatu u
pacientil v sepsi a ve stavech obéhového selhani. [92, 93] Dalsi ptficiny zvySeni laktatu jsou
zprostifedkované aktivaci stresové odpovédi (HPA- hypotalamo-pituitarni-adrenalni osou),
kdy je mj. vyrazné zvySena glykolyza. Z toho vyplyva zvySend nabidka pyruvatu, kterd vede
k vys$§im hladinam laktatu. [94] V sepsi je vSak také vyrazné porusena laktatova klirens
(zejména jatry), kterd vyznamné piispiva k eventudlni perzistujici laktacidémii. [93] Laktat je
biomarker opakované prokazany jako negativni prognosticky faktor u pacientii v obéhovém
selhani a sepsi. [95-97] Dale je vyuzivany jako zdroj energie, jak v tzv. Coriho cyklu, kdy je
laktat ze svalll vyuzivan v jatrech ke glukoneogenezi (a event. glykogenogenezi) a vznikla
glukoza je transportovana zpét do svalii ke glykolyze. Navic je laktat vyuzivan
mezibunénym transportem jako zdroj energie pro neurony a také je schopen piimo vstupovat
do mitochondrii, kde slouzi k regeneraci elektronovych transportnich fetézci. [98, 99]
Porucha mikrocirkulace v Sokovych stavech je spolu s klasickym obrazem zmén

v makrocirkulaci zdsadnim momentem patofyziologie ob&hového selhani a sepse. Pomoci
pfimého zobrazeni kapildr (napft. systém SDF) vime, Ze v sepsi dochazi k poruse
mikrocirkulace, jak ve smyslu zpomaleného proudéni, tak ve smyslu zavaznych strukturalnich
zmén s mikrotrombotizaci. [100, 101] Funkéné tyto zmény vedou k tkanové hypoxii mimo
jiné i efektem tzv. zkratovani (shunting). Zmény v mikrocirkulaci jsou prokazany jako
negativni prediktor pteziti pacientl se sepsi. [102]

Makrocirkulace (makroobéh), resp. jeji zmeény zahrnuji témét vSechny typické rysy ostatnich
druhti Sokt (vice viz tabulka 3.). Typickou slozkou byva vazodilatace — tedy obraz

distributivniho $oku.
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Tabulka 3.

Hemodynamicky obraz septického Soku

Distribu¢ni Sok

Hypovolemicky Sok

Kardiogenni Sok

Obstruktivni Sok

Hemodynamicky obraz septického Soku v riiznych stadiich muze obsahovat komponenty témer

vSech ostatnich druhii sokii. (Pouzito z knihy Malaska et al., 2020) [211]

Distributivni slozka je patofyziologicky zprostiedkovéana systémovou inflamaci s vyplavenim
cytokintl, kdy dochézi k dilataci v arterialnim 1 vendznim fecisti a tudiz ke snizeni zilniho
navratu, k poklesu afterloadu levé komory a snizeni SVRI. [103] V inicidlnich stadiich situace
makro- i mikrocirkulace zcela odpovida distributivnimu Soku. V mikrocirkulaci dochazi

k dilataci jak arteriol, venul, tak i kapilar. [104]

Slozka hypovolémie je zplisobena jednak relativni hypovolémii diky vasodilataci, zejména
vendzni, a dale hypovolémie absolutni zptisobend febriliemi, nizkym piijmem tekutin a také
ztratami intravaskularnich tekutin do intersticia v disledku poruchy bariérové funkce
endotelu. [105]

Slozka kardiogenniho Soku, tedy nizkého srde¢niho vydeje, je zplisobena akutnim (u
ptezivajicich pacientl pfechodnym) snizenim systolické a diastolické funkce srdce, ktera je
typicka pro sepsi a je nazyvana tzv. septickd kardiomyopatie (SKMP) nebo myokardialni
dysfunkce v sepsi, také i septickd myokardialni dysfunkce (SMD). Obecné dochazi k poklesu

ejekéni frakce/tepového objemu (EF — Ejection Fraction, SV — Stroke Volume) a dilataci levé
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komory s nizkymi plnicimi tlaky. Zmény jsou reverzibilni a Giprava systolické a diastolické

funkce je prognosticky ptfiznivou zndmkou. [106, 107]
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g) Moznosti ovlivneni inflamace u ARDS
Inflamace (zanét) je prirozena odpovéd’ imunitniho systému organismu, kterd mize
byt iniciovana vice faktory. [108] Typicky se jako spoustéci inflamace v klinické praxi
vyskytuji rizné druhy patogent, dale komponenty, které jsou vysledkem poskozeni
bunéénych struktur organismu (obsah cytosolu, jaderné komponenty, komponenty
granuli), tzv. alarminy. [79] Inflamace jako souc¢ast tzv. syndromu systémové
inflamatorni odpovédi (SIRS) miize byt vice vyjadiena v ur¢itém konkrétnim orgénu,
jako je to napt. u syndromu akutni respiracni tisné (ARDS). [109]
Patofyziologicky je ARDS charakterizované akutnim difuznim poskozenim plic na
podkladé vystupiiované zanétlivé reakce. ARDS vznika s ¢asovym odstupem od
primarniho inzultu, ktery mtze byt jak plicni etiologie, tzv. primarni ARDS (typicky
pneumonie, plicni kontuze a dalsi), tak mimoplicni etiologie, tzv. sekundarni ARDS
jako duasledek SIRS v ramci MODS (sepse, obéhové selhani, trauma). [110] V
diisledku primarniho onemocnéni jsou do obéhu vyplavovany zanétlivé mediatory,
které plisobi zanétlivou reakci plicnich kapilar. Pfi rozvoji ARDS dochazi k
soucasnému poskozeni endotelu plicni mikrocirkulace a epitelu plicnich alveolll, coz
vede ke vzniku alveolarniho edému (nekardidlniho), typického znaku exsudativni faze
ARDS. [111] Pokud pacient piecka fazi exsudativni, onemocnéni dale postupuje pies
fazi reparacni bud’to do funkéniho uzdraveni, nebo do faze fibrotické. [112]
Plicni endotel je poskozovan vicero mechanismy. Jednim je neutrofilni poSkozeni, kdy
dochdzi k akumulaci neutrofilii v plicni mikrocirkulaci. Jejich nasledné aktivace a
degranulace uvolni do obéhu velké mnozstvi proinflamatornich cytokinti, ROS a
prokoagulaénich faktort (trombin), z nichz nékteré endotel ptimo poskozuji. [111] V

poskozeném endotelu dochézi k obnazeni tkanového faktoru (TF), iniciaci koagulacni
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kaskady a tvorbé mikrotrombti. Trombin nasledné¢ aktivuje trombocyty, které
degranuluji a uvolnuji do krve fadu molekul. Mezi nimi naptiklad P-selectin, protein
podporujici migraci a aktivaci neutrofili v plicnim endotelu. Aktivované trombocyty
taktéZ podporuji expresi intracelularni adhezivni molekuly (ICAM-1) na bunikéach
endotelu, ktera stimuluje adhezi neutrofild. [113] Neutrofily exprimuji struktury
znamé jako Triggering Receptor Expressed on Myeloid cells-1 (TREM-1), které po
rozeznéni ligandu na povrchu trombocytl stimuluji zanétlivou odpovéd’ produkci
proinflamatornich cytokind. Synergii trombocytl a neutrofilii tak dochazi k dalSimu
endotelidlnimu poskozeni. [114] Nasledkem vSech téchto déjt se v alveolech
akumuluje exsudat bohaty na proteiny, dochdzi k inaktivaci surfaktantu. ARDS se
nachazi v exsudativni fazi.

Poskozeni alveolarniho epitelu je taktéz multifaktoridlniho charakteru. Kromé
pusobeni primarniho onemocnéni (napt. pneumonie), ptipadné vlivu umélé plicni
ventilace, dochdzi k poSkozeni samotnou zanétlivou reakci. V plicnich alveolech se
ptirozené vyskytuji alveolarni makrofagy (AM). V disledku zmén alveolarniho
mikroprostiedi v ramci ARDS dochézi k aktivaci TLR a AM méni svij fenotyp na
inflamatorni M1 makrofagy, uvoliuji inflamatorni cytokiny (IL1beta, IL6 a TNF-alfa)
a zvySuje se aktivita inducibilni NO syntasy (iNOS). Pomoci téchto cytokint jsou do
alveolll rekrutovany neutrofily z intravaskularniho prostoru (coz je jesté zjednoduseno
poruchou funkce endotelu), které nasledné poskozuji alveoly zanétlivou reakci. [112]
Reparacni faze je zavisla na vstiebani alveolarniho exsudatu. Toto miize byt efektivni
pouze v ptipadé, ze doslo k dostatecné regeneraci alveolarniho epitelu. [115] Na této
regeneraci se znovu podileji alveoldrni makrofagy. Po odstranéni vyvolavajicich
faktorti a pod vlivem IL4 a IL13, méni AM svijj fenotyp na anti-inflamatorni M2

makrofagy. Nasledné fagocytuji apoptotické neutrofily, inhibuji produkci
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proinflamatornich cytokind a inhibuji iNOS (¢imz sniZuji hladinu reaktivnich forem
dusiku v alveolu). [116]

Obévanou pozdni komplikaci ARDS je plicni fibréza. Stejné€ jako vySe zminéné
patofyziologické mechanizmy je i fibroticka pfestavba zavisld na AM. Tradi¢né je
profibroticky vniman fenotyp M2. Protrahované plisobeni IL-4 a IL-13 piisobi
persistenci M2 makrofagii a naslednou excesivni fibrotizaci. Oproti tomu fenotyp M1,
produkci napt. matrixové metaloproteindzy (MMP) a dalSich antifibrotickych cytokint
tyto procesy narusuje. [116]

V ramci potlaceni inflamace a prevence fibrotizace u pacienti s ARDS byly zkouseny
rizné skupiny 1¢éka s riznym efektem. Jsou to napf. inhibitory neutrofilni elastazy
(NE), heparin, statiny, ACE inhibitory a dalsi. [117] Z téchto 1ékovych ptipravki jsou
nékteré stale slibné, nicméné dostatecné neprokazané pod zornym thlem EBM a
nékteré koncepty jsou jiz zcela uzavieny s negativnim vysledkem. [118] Nejvice dat
z klinickych hodnoceni a také velké patofyziologické predpoklady k efektivité u
ARDS maji glukokortikoidy.

Role glukokortikoidl (GC) v 1é€bé ARDS se opira o jejich schopnost redukce
systémové zanétlivé odpovedi, ktera je vedoucim patofyziologickym mechanismem
plicniho postizeni. [119] Vysledky laboratorni studie naznacuji, Ze snizen4 aktivita
glukokortikoidovych receptorii (GCR) u pacientti s ARDS vede ke zvySeni aktivity
NF-kB. Zvysena aktivita NF-kB stimuluje rozvoj zanétlivé odpovédi s negativnim
efektem na morbiditu a mortalitu. [120] Podavani adekvatnich davek exogennich GC
vede ke zvySeni aktivity i1 absolutniho mnozstvi GCR. ZvySenim aktivity GCR
dochdzi k potlaceni aktivity NF-kB a naslednému sniZeni hladin cirkulujicich
prozanétlivych cytokint (TNF alfa, IL-1, IL-6), ¢imz GC zasahuji do kli¢ového

patofyziologického mechanismu ARDS. [119] Za piedpokladu pouziti dostatecné
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vysokych dévek dochazi k aktivaci negenomickych mechanismii. Snizenim tvorby

ROS a inhibici degranulace neutrofilt snizuji GC Groven zanétlivé odpovedi. [121]
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h. Dlouhodobé nasledky sepse
Kratkodoba mortalita pacientt se sepsi a septickym Sokem je vysokd a mlize se tykat
v zavislosti na mnoha faktorech az 1/3 pacientt. [38] K rizikovym faktortim patii
komorbidity, pohlavi, v€k, vyjadieny syndrom stafecké kiehkosti, ptedchozi operace,
prodé€land sepse a genetickd predispozice. [39-42] Celosvétove se odhaduje cca 14 milioni
pacientl rocné, ktefi sepsi preziji a vyzaduji tak specifické zdravotni potieby, véetné
managementu dlouhodobych komplikaci. [122] Tyto dlouhodobé nasledky sepse, které se
tykaji jak konkrétniho pacienta, tak i z jiného pohledu celé spole¢nosti, se zacaly intenzivnéji
zkoumat pred cca dvéma dekddami. Souvisi to s ur€itou zménou paradigmatu vnimani
intenzivistl, kteti se kromé zakladniho pohledu, jestli pacient piezije pobyt na ICU, zacali
ptat a zkoumat otazky, které se tykaji QoL a dlouhodobé mortality a morbidity. [123] Vime,
ze dlouhodoba mortalita pacientii po prodélané sepsi je zvySena, a ze toto riziko je prokazané
az deset let po jejim prodé€lani. [124-126] Dalsi komplikaci je zvySena incidence
rehospitalizaci, vrcholici v jednom roce az na 63%. [125] Pacienti po prodélané sepsi také
mivaji problémy s kognitivni dysfunkci a je u nich zvysené riziko demence a depresi. [127,
128] Snizenou kvalitu zivota pacientl po pieziti sepse reportovalo né€kolik vyzkumniki a je
shrnuta v systematickém souhrnu, které analyzovalo 12 studii zkoumajicich QoL, zejména
s pouzitim dotazniku SF-36 (Short Form 36). [129] V poslednich letech je pozornost
zamétena na dlouhodobé kardiovaskularni komplikace téchto pacientt. Pacienti po prodélané
sepsi maji statisticky signifikantné vyssi riziko kardiovaskularnich ptihod: infarkt myokardu,
iktus a prokézana souvislost se zvySenou incidenci fatalnich koronarnich ptihod. [130]
Patofyziologie zvySeného rizika kardiovaskularnich ptihod u pacientii po prodélané sepsi je
intenzivné sledovana. Jednim z mechanismti by mohlo byt zvysSeni sérové hladiny proteinu
high mobility group box 1 (HMGB1), ktery zvySuje expresi receptorti pro kone¢né produkty

pokrocilé glykace (receptors for advanced glycation endproducts, RAGE). [131] Dalsi
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hypotézou je sepsi akcentované starnuti. Vzhledem k tomu, ze mnoho dlouhodobych
komplikaci sepse je podobnych s komplikacemi, které maji pacient starsi a pacienti

s vyjadfenym syndromem kiehkosti, se spekuluje a existuji jsou na to jiz data, ze zkraceni
telomer je pravdépodobné velice robustni hypotéza. [132] Se zkracenim telomer a akcentaci
bunécné senescence také souvisi genomicka nestabilita a epigenetické zmény. [133] Hypotéza
dlouhodobych komplikaci u pacientil se sepsi bude dale komentovana v souvislosti s mym

vyzkumem v oblasti telomer.
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g. Tematické okruhy habilitacni prace

Prvnim tematickym okruhem této habilita¢ni prace je epidemiologie, management a
vysledek 16¢by pacienti se sepsi v Ceské republice (CR). V situaci chybgjicich
epidemiologickych dat z pracovist’ intenzivni péce tykajicich se pacientil se sepsi a
septickym Sokem byla vytvofena vyzkumna skupina EPOSS, kter4 sdruzuje pracoviste
intenzivni péce z celé CR. [28, 30] Projekt dale cili na popis redlnych dat popisujicich
klinicky management téchto pacientli véetné vysledka 1€cby. M4 role v projektu
EPOSS je manazer projektu. Ziskana data, kterd nize komentuji, jsou velice cenna a

v regionu stfedni Evropy do jisté miry unikétni. [28, 29]

Druhym tematickym okruhem je dlouhodobéd morbidita a mortalita pacientti po
prodé€lané sepsi, kteti maji své specifické komplikace. V tomto oddilu habilita¢ni
prace se vénuji zejména moznym patofyziologickym a molekularnim podkladim se
zaméfenim na hypotézu zkraceni telomer. Mozna pficina urychleného vaskularniho
starnuti a urychlené senescence endotelu, které se projevuje v akcentované
ateroskler6ze miize byt na podkladu zkraceni délky telomer. Tato vysoce zajimava

se vyzkumu v oblasti telomer a telomerazové biologie pod vedenim soucasného
profesora Jitiho Fajkuse. [134, 135] Ob¢ prace jsou jiz od pocatku az do soucasnosti
hojné citované vyznamnymi publikacemi z oboru. Vyznam a aktudlnost tématu
telomer nachazi jesté vétsi silu v nynéjsi situaci stran onemocnéni COVID-19, u které
také souvislost s délkou telomer a hor$i mortalitou byla recentné publikovana. [136,
137]

Ttetim tematickym okruhem je ob&hového selhani u septického a kardiogenniho Soku,
prognostické faktory a dlouhodobé komplikace. V tvodu oddilu komentuji souhrnnou

praci, ktera se zabyva myokardidlni dysfunkci v sepsi, tedy situaci, kterd spojuje
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septicky a kardiogenni Sok, nejen na urovni klinického fenotypu, ale i laboratorniho.
[106] Tato ojedinéla prace v ¢eském jazyce dale uvadi problematiku biomarkert a
moznosti prognostikace mortality, které je ustfedni téma tohoto oddilu. V névaznosti
na tuto praci dale uvadim a komentuji préci tykajici se problematiky interleukinu 6
(IL6) u pacientii se SS, KS a STEMI. Prace popisuje roli IL-6 v rozliseni téchto
klinickych situaci jejich prognostickou roli. [138] Prace byla citovana v
systematickém piehledu ze skupiny Cochrane Library v roce 2019. [139] Podobné
metodicky postavena prace na velkém souboru pacientii s KS, SS a STEMI, v
mezinarodni spolupraci s francouzskou vyzkumnou skupinu vedenou prof.
Alexandrem Mebazzou popisuje infekéni komplikace u pacientil v KS a diagnostickou
a prognostickou roli ¢tyfech biomarkerii (CRP, PCT, PSP a PTX3). [62] Prace je
soucasti a citovana v doporuceni pro epidemiologii, patofyziologii a soucasny
management kardiogenniho Soku vytvotfené v ramci Evropské asociace srde¢niho
selhani Evropské kardiologické spole¢nosti v roce 2020. Dal§im biomarkerem, ktery
jsme testovali opét na tiech souborech pacientii (KS, SS, STEMI) byl solubilni ST2
(Serum Stimulation 2). [140] Unikatnost prace spociva ve skutecnosti, ze se jednalo o
prvni publikovanou kohortu pacientii s KS a SS u kterych byly dokumentovany
hodnoty sST2. Prace metodicky designované jako komparace ti skupin pacientti
uzavira recentni publikace tykajici se role oxidativniho stresu u pacienti

v kardiogennim Soku. [141] Cilem tohoto souboru studii bylo testovat roli biomarkerii
u pacientll v obéhovém selhani a jejich mozné klinické vyuziti.

Ctvrtym tematickym okruhem jsou moZnosti ovlivnéni inflamace na piikladu
syndromu akutni respiracni tisné. Zde uvadim recentni souhrnny ¢lanek z nasi
vyzkumné skupiny, ktery dokumentuje spojeni aktivace inflamace (obdobné jako u SS

a KS) u pacientii se Syndromem akutni respiraéni tisné (ARDS) v souvislosti
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s onemocnénim COVID-19. [142] Tento aktualni ¢lanek kriticky shrnuje
patofyziologii hyperinflamace u ARDS a data, kterd mame v soucasné dob¢

k dispozici, ktera se tykaji moznosti pouziti kortikoidl v indikaci ARDS u pacienti
s COVID-19. Tento souhrnny ¢lanek je v ¢eském jazyce ojedinély a navazuje na néj
dotaznikové Setieni nasi vyzkumné skupiny ve spolupréci s ceskymi odbornymi
spole¢nostmi a také Evropskou spole¢nosti intenzivni mediciny (ESICM) a Evropskou
spole¢nosti anesteziologie a intenzivni péce (ESAIC). Posledni komentovanou
publikaci je strukturovany souhrn protokolu klinického hodnoceni (KH) studie
REMED (EudraCT No.:2020-005887-70,NCT04663555), ktery zkouma podavani
dvou riznych ddvek dexamethasonu u pacient s COVID-19 ARDS. [143] Jsem
narodnim koordinatorem tohoto KH do kterého je zapojené 10 pracovist’ intenzivni

péée v Ceské republice.
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2. Epidemiologie, management a vysledek 1é¢by pacientii se sepsi v Ceské republice
a. Patient survival, predictive factors and disease course of severe sepsis in Czech
intensive care units: A multicentre, retrospective, observational study. Biomedical
Papers-Olomouc. 2016
Sepse je vyznamnym zdrojem mortality a morbidity hospitalizovanych pacientt [22] a patii
pacienti se sepsi a septickym Sokem v Ceské republice nejsou systémové k dispozici. Proto
byla v roce 2011 vytvofena iniciativa, do které byla zapojena vétSina fakultnich a krajskych
nemocnic v Ceské republice. Tento spoleény multicentricky projekt klinickych pracovist' a
Institutu biostatistiky a analyz Masarykovy Univerzity (IBA MU) EPOSS (Data-based
Evaluation and Prediction of Outcome in Severe Sepsis) si stanovil za ukol zjistit zakladni
epidemiologické charakteristiky pacientd pfijimanych se sepsi (v dobé projektu oznacovanych
jako tézka sepse) a septickym Sokem na zapojena pracoviste intenzivni péce. Projekt byl
schvalen odbornymi spole¢nostmi, které garantuji péci o pacienty hospitalizované na
jednotkach intenzivni péce. Dal§im cilem bylo parametrické sledovani managementu téchto
pacientl pfimo v redlné klinické praxi. Na projekt dale navazala propojena edukacni aktivita
SEPSIS-Q cilena na zlepSeni znalosti o 1é€bé pacientl se sepsi. Podrobny popis vzniku
projektu, jeho cile a technické feseni je soucasti samostatné publikace, kterou uvadim a
komentuji dale v této habilita¢ni praci. [30]
Clanek se vénuje kompletni analyze projektu EPOSS. Pro uéely projektu bylo hodnoceno
dosazeni 10 diagnostickych a terapeutickych intervenci v pribéhu prvnich 6 hodin projektu
obsazena v tzv. bali¢cich pro 1éCbu sepse, které byly v té¢ dobé doporu¢ovany odbornymi
spole¢nostmi. Do projektu bylo findln¢€ zafazeno 1082 pacientl. [29] Kompletni data tykajici
se mortality a dalSich klicovych parametrii 1¢cby byla dostupna u 897 pacientti. ICU a

nemocni¢ni mortalita byla ve sledovaném souboru 35,5% resp. 40,7%. Nejcastéji bylo
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splnéno celkové 5 intervenci (32,9%). Intervence spojené s nizsi nemocni¢ni mortalitou byly
CVP (centralni zilni tlak) >8-12 mm Hg, MAP (stfedni arterialni tlak) >65 mm Hg, hodinova
diuréza >0.5 mL/kg/h, hodnota sérového laktatu <4.0 mmol/L a podéni antibiotik. Po korekci
na vek pacientl a tizi inicidlniho stavu hodnocenou pomoci APACHE II (Acute Physiology
and Chronic Health Evaluation II) skore byly intervence spojené s nejniz8i nemocni¢ni
mortalitou MAP (stfedni arteridlni tlak) >65 mm Hg a hodnota sérového laktatu <4.0 mmol/L.
VEtsi nemocni¢ni mortalitu méli pacienti, ktefi byli pfijati z interniho oddéleni (45,7%) nebo
z oborovych ICU (41,6%) nez pacienti piijati z urgentniho piijmu (38,0%) nebo centralniho
ptijmu (26,5%)

Shodou okolnosti byla ¢ast pracovist’ zapojend do projektu EPOSS (leden 2011 az listopad
2013) zapojena také do celosvétového mezinarodniho auditu ICON (Intensive Care Over
Nations) (kvéten 2012) pacientil pfijimanych na ICU tykajici se epidemiologie obecné
populace kriticky nemocnych pacientd zapojenych pracovist’. [31] Z této studie mame data
tykajici se pacientil se sepsi v zapojenych Evropskych pracovistich (fokusovana pouze na
Ceskou republiku nejsou k dispozici), kdy ICU mortalita pacient se sepsi byla 25,6%. Na
rozdil od studie EPOSS, ktera byla longitudinalni v prib¢hu témét dvou let, byl ICON studii
spiSe prevalen¢ni, prifezovou a navic data, jsou vztazena na celou evropskou populaci.

Za nejvyznamngjsi ¢ast této prace lze povazovat skutecnost, ze poprvé prospektivnim
zptisobem, multicentricky ziskala fokusovana data v Ceské republice tykajici se nejen
epidemiologie, ale také managementu a trajektorie pacientd se sepsi a septickym Sokem, tedy
data, ktera pres startem projektu EPOSS nebyla zndma.

Jeji vyznam je mozno posoudit i na zdkladé toho, ze byla citovana v recentnim piehledném
¢lanku australskych autorti tykajici se vyzev v reportovani globalnich trendl v epidemiologii
pacientil se sepsi a septickym Sokem lécenych na ICU. [25] V soucasnosti je v pfiprave

projekt analyzujici desetiletou mortalitu nasi kohorty pacienti v projektu EPOSS.
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Patient survival, predictive factors and disease course of severe sepsis in (zech
intensive care units: A multicentre, retrospective, observational study

Radovan Uvizl*, Milan Adamus?, Vladimir Cerny®<, Ladislav Dusek?, Jiri Jarkovsky®, Vladimir Sramek®, Martin Matejovic',
Petr Stourac®s, Roman Kula", Jan Malaska', Pavel Sevcik"

Background. Severe sepsis/septic shock is associated with high mortality. In Central Europe, there is a dearth of informa-
tion on the prevalence and treatment of severe sepsis. The EPOSS (Data-based Evaluation and Prediction of Outcome
in Severe Sepsis) project launched in 2011 was aimed at collecting data on patients with severe sepsis/septic shock.
Methods. The EPOSS study processes data from the EPOSS project database, and is a retrospective, multicentre, ob-
servational study. This included all consecutive patients aged 18 and over who were admitted to participating ICUs
from 1 January 2011 to 5 November 2013 and met the inclusion criteria of severe sepsis/septic shock. The primary
endpoint was to analyse the relationship between in-hospital mortality (either in ICU or after discharge from ICU)
and the type and number of fulfilled diagnostic and treatment interventions during the first 6 h after the diagnosis of
severe sepsis/septic shock.

Results. The collected dataset involved 1082 patients meeting the criteria of severe sepsis/septic shock. Following data
validation, a final dataset of 897 patients was obtained. The average age of the patient group was 64.7 years; mortal-
ity at discharge from EPOSS ICUs was 35.5% and from hospital 40.7%. Of the 10 evaluated diagnostic and treatment
interventions within the initial 6 hours of identifying severe sepsis/septic shock (i.e. fulfilment of SSC bundles), four or
five diagnostic and treatment interventions were administered to 58.4% patients. Combined diagnostic and treatment
interventions associated with the lowest in-hospital mortality were: CVP of >8-12 mm Hg & MAP of >65 mm Hg & Urine
output at 0.5 mL/kg/h & Lactate of <4.0 mmol/L & Initial lactate measured & Antibiotics in the first hour. Lactate at <4
mmol/L and MAP of =265 mm Hg remained statistically significant even after adjustment for patient age and APACHE Il
score. Statistically significantly increased in-hospital mortality was found in patients admitted from general departments
(45.7%) or from other ICUs (41.6%), compared to a lower in-hospital mortality of patients transferred from outpatient
clinics (26.5%) or Emergency (38.0%). Severe sepsis/septic shock patients transferred from the department of internal
medicine were associated with a higher in-hospital mortality (45.1%) than surgical patients (35.5%).

Conclusions. The most effective measures associated with the lowest in-hospital mortality in septic shock patients
were CVP of 28-12 mm Hg, MAP of =65 mm Hg, urine output at >0.5 mL/kg/h, initial lactate level of <4.0 mmol/L and
administration of antibiotics within the first hour.

Key words: severe sepsis, septic shoc, lactate, mortality, assessment
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BACKGROUND - are all associated with a high mortality rate of 20-70%
depending on patient age, number of failing organ systems

Sepsis, severe sepsis and particularly septic shock -the  and/or comorbidities' leaving long-term devastating ef-
most severe form of systemic response to infectious insult ~ fects in survivors®. A number of national epidemiological
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studies on patients with severe sepsis/septic shock have
been described in the literature™®. In the Czech Republic,
there is a dearth of publications on both the prevalence
and treatment of severe sepsis’. The EPOSS (Data-based
Evaluation and Prediction of Outcome in Severe Sepsis)
project was launched in 2011 with the aim of collecting
data on patients with severe sepsis/septic shock and to
aid in the evaluation of treatment efficacy'’. The EPOSS
project was conceived as a research project aiming to es-
tablish parametric documentation of the treatment of se-
vere sepsis directly in clinical practice and consists of two
parts: the EPOSS database (a collaborative programme in
which multiple ICUs continuously collect data on severe
sepsis) and the EPOSS study (analysis of data gathered
in the EPOSS database). This article provides a summary
of the results of the EPOSS study. The study assessed
compliance with diagnostic and treatment interventions
Sepsis Surviving Guidelines during the first 6 hours after
the diagnosis of severe sepsis/septic shock. We recorded
in-hospital mortality in relation to department from which
the patients were transferred to the EPOSS ICU. The
study also aimed to identify the most effective combina-
tion of diagnostic and treatment interventions related to
in-hospital mortality of severe sepsis/septic shock.

METHODS
According to the STROBE statement''.

Setting and study design

The EPOSS project processes data from the EPOSS
project database, and is a retrospective, multicentre, ob-
servational study designed to assess both clinical and epi-
demiological data of ICU patients with severe sepsis in the
Czech Republic. The Ethics Committee for Multicentric
Trials of the University Hospital in Brno approved the

observational study with the need for patient informed
consent being waived.

Participants

All patients aged 18 and over who were consecutively
admitted to participating ICUs and met the inclusion
criteria of severe sepsis/septic shock as defined by the
ACCP/SCCM were included ™. The condition for patient
enrolment was meeting the criteria of severe sepsis/sep-
tic shock identified either within the first 24-hour stay
in EPOSS-ICUs, or within an interval of 24 h prior to
admission to EPOSS-ICUs, combined with at least one
of the criteria of organ dysfunction or clinical or labora-
tory signs of hypoperfusion according to “Score to assess

Enrolled
n=1082
I
\2 v
Patients forms missing Included
n=61 n=1021
|
2 2
Incomplete information
about crystalloids ":ﬂgg?d
n=100
2
Other key variables
missing
n=24

Validated dataset for
the analysis
n=897

Fig. 1. Flow chart of data validation.

Table 1. Comparison of basic characteristic of patients included and excluded (incomplete data forms) from the analysis.

Patient selection for analysis (n)

Included (897) Excluded (185) d

Gender Female 342 (38.1%) 82 (44.3%) 0.118

Male 555 (61.9%) 103 (55.7%)
Age at enrollment median (5-95% percentile) 66.0 (21.0; 92.0) 64.0 (35; 84.0) 0.932
Age category Up to 60 yrs. 295 (33.0%) 65 (39.4%) 0.331

60-70 yrs 273 (30.5%) 48 (29.1%)

70-80 yrs. 193 (21.6%) 34 (20.6%)

More than 80 yrs. 133 (14.9%) 18 (10.9%)
SOFA score median (5-95% percentile) 10.0 (0.0; 20.0) 10.0 (73.0; 17.0) 0.551
APACHE I1 median (5-95% percentile) 25.0 (2.0; 53.0) 28.0 (12.0; 43.0) 0.055
BMI (kg/m?) median (5-95% percentile) 27.0 (11.0; 69.1) 27.3 (19.0; 46.0) 0.533
BMI category <=20.0 62 (6.9%) 11 (6.9%) 0.315

20.1-25.0 266 (29.7%) 51 (31.9%)

25.1-30.0 314 (35.1%) 43 (26.9%)

30.1-35.0 147 (16.4%) 32 (20.0%)

35.1+ 106 (11.8%) 23 (14.4%)
In-hospital mortality 365 (40.7%) 70 (37.8%) 0.470

Continuous data is described by median and range and tested using Mann Whitney U test. Categorical variables are described by absolute and

relative frequencies and tested by ML Chi square test.
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the incidence of organ dysfunction/failure in intensive
care units” (SOFA) (ref."). Inclusion criteria were always
checked on discharge (even for patients who died in the
hospital). Patients with incomplete data in their records
were excluded (Table 1), (Fig. 1). Appendix 2 shows par-
ticipating departments [see Additional file - Appendix 2].
The reference period for patient enrolment in the study
was from 1 January 2011 to 5 November 2013. The aim of
this article is to summarise data for the first one thousand
patients in the EPOSS database. Regarding participation
in the study, all ICUs in general, teaching and university
hospitals in the Czech Republic were invited to cooper-
ate. Participation by individual ICUs was voluntary. Three
types of ICU were recorded in the EPOSS project data-
base: surgical, medical and mixed. In the reference period,
the following indicators were monitored in participating
ICUs: the number of beds, the total number of patients,
in-hospital mortality and the average Acute Physiology
and Chronic Health Evaluation IT (APACHE II) (ref.')
score of all patients in a given institution within the first
24 h of admission.

Data management

The project database was developed and maintained
by the Institute of Biostatistics and Analyses, Masaryk
University in Brno. Prior to launching the study, repre-
sentatives of participating centres were trained in entering
data into the registry. The project manager communicated
electronically with data submitters, and centres involved
in the project received a monthly report on the actual
number of patients enrolled in the study. Detailed in-
structions for data entry, as well as the description, pro-
fessional starting points, organisation and objectives of
the project were available to all participants throughout
the duration of the study at http://eposs.registry.cz. The
Steering Committee continuously coordinated the collec-
tion and evaluation of data, and its members were always
available to solve any issues.

Patients were monitored until their discharge from the
hospital, or until death. Patients’ records were used as
the data source; data were retrospectively entered in an
electronic form and sent to the research database through
a web user interface.

The TrialDB application, which was adopted for the
EPOSS project, was initially developed by the Centre for

Medical Informatics, Yale University School of Medicine
(Connecticut, US), and further amended by the Institute
of Biostatistics and Analyses of the Faculty of Medicine
and the Faculty of Science of Masaryk University (IBA).

The core of the TrialDB data centre is composed of
databases administered in the ORACLE 11g system. Such
a database is accessed by a web application installed in the
application server. The web application is implemented
as a package of ASP (Active Server Pages); users may use
a current web browser for access, i.e. it is not necessary
to install any new software or other accessories. The sup-
ported browsers are IE 5.5+, Google Chrome and Mozilla
Firefox. Unfortunately, support for rather obsolete brows-
ers is necessary, as they are still broadly used in Czech
hospitals.

All the communication between the client application
and the server is made via a secured encrypted HTTPS
protocol. Only centrally administered and registered users
can access the application after entering a correct user-
name and password allocated by the system administrator.

Measurement

Data were collected during the enrolment of patients
into the study. An additional file shows this in more detail
[see Additional file - Appendix 3].

Urine output was assessed as a goal of >0.5 mL/
kg/h achieved in the first 6 h, or >3 mL/kg/6h respec-
tively. Administration of crystalloid bolus >30 mL/kg at
MAP<65 mm Hg was assessed collectively over the first
6 hours. Other diagnostic and treatment goals were evalu-
ated after at least 6 h of treatment.

Outcome Assessment

The assessed primary endpoint was mortality until
discharge from the hospital. We analysed the relation-
ship between in-hospital mortality and the type and num-
ber of fulfilled diagnostic and treatment interventions in
EPOSS ICUs. An evaluation viewpoint of each diagnostic
and treatment intervention was whether it was (or was
not) fulfilled within the initial period of six hours after
the diagnosis of severe sepsis/septic shock (Table 2). The
categories of fulfilled diagnostic and treatment interven-
tions were defined on the basis of their interpretation
consistency and adequate sample size. The reference cat-

Table 2. The diagnostic and treatment interventions, assessed within the initial 6 h of identifying severe sepsis/septic shock.

Initial lactate measurement (YES/NO)

Taking of blood cultures prior to antibiotics administration (YES/NO)

Administration of broad-spectrum antibiotics during the first hour of identifying severe sepsis/septic shock (YES/NO)
Administration of crystalloid bolus >30 ml/kg at MAP<65 mm Hg (YES/NO)

Measuring and achieving the normalization of lactate at <4 mmol/L (36 mg/dL) in the presence of initially elevated levels

(YES/NO)

Administration of vasopressors in the event of persistent hypotension MAP<65 mm Hg, unresponsive to initial fluid resuscita-

tion (YES/NO)
Achieving MAP of >65 mm Hg (YES/NO)

Measuring and achieving the target values of CVP>8 - 12 mm Hg (YES/NO)
Measuring and achieving the target values of ScvO,>70% or SvO,>65% (YES/NO)

Urine output >0.5 mL/kg/h (YES/NO)
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egory with the highest number of fulfilled components
was selected as a reference category with the best survival.

We recorded the following basic patient data: gender
(male/female), age at enrolment (years), age category
(years), SOFA score, APACHE 11, BMI (kg/m?), BMI
category, in-hospital mortality.

In pursuing the relationship between in-hospital mor-
tality and the admission source to the EPOSS ICU, we
evaluated the sources (outpatient clinic, general ward, ER,
other ICU), whether the primary admission was medical
or surgical, eventually whether surgical admission was
elective, acute or traumatological. From the number of
completed interventions in the first 6 h, we assessed ad-
herence to the Sepsis Surviving Guidelines.

Definitions

Sepsis was defined according to the American College
of Chest Physicians/Society of Critical Care Medicine
(ACCP/SCCM) Consensus Conference'?.

Infection was defined in accordance with the
International Sepsis Forum Consensus Conference on
definitions of infection in the intensive care unit".

Severe sepsis/septic shock was defined according to
the International Sepsis Forum Consensus Conference on
definitions of infection in the intensive care unit'e.

Organ failure was defined according to a (SOFA)
score of >2 (ref.”).

Patients without any reference to trauma or surgery
were defined as “medical”. “Surgical” patients were those
who underwent surgery within four weeks (at the most)
prior to the onset of severe sepsis/septic shock. “Planned
surgical” were patients who had undergone a planned
operation more than 24 h before the onset of symptoms
of severe sepsis/septic shock. “Emergent surgical” were
patients with surgery scheduled less than 24 h before
the onset of sepsis symptoms. “Traumatological” were
patients admitted in direct relation to trauma or complica-
tions relating to a trauma in intervals no more than thirty
days before the onset of sepsis. Time 0 was defined in ac-
cordance with the International Sepsis Forum Consensus
Conference on definitions of infection in the intensive
care unit'e,

“Admission source” was defined as the place from
where the patient was directed for admission to EPOSS
ICU (outpatient clinic, ER, ward, other ICU).

Statistical Methods

Patients with incomplete data in key mandatory vari-
ables at all time points (108 variables) were excluded from
the analysis. The time points were: the moment of fulfill-
ing criteria for severe sepsis/septic shock, and moment
after the initial 6 h; the sum of variables at these time
points (some or all of them depending on a variable) con-
taining data on Age, Gender, APACHE II, SOFA, BMI,
Crystalloids, MAP, CVP, Lactate, Antibiotics, Body tem-
perature, Urine output, ScvO2, SvO2, Norepinephrine,
Blood culture provides variables in the database. The
selection of variables for the multivariate model was
based on two principles: i) variables with a P value <0.1
in univariate analysis were selected for the development

of the multivariate model, ii) redundancy of variables was
evaluated and only the most statistically significant vari-
able out of the redundant set of predictors was selected.
No replacement of missing values or outliers was per-
formed in order to minimize bias due to changed content
of retrospective clinical records. Missing values in manda-
tory variables were reported in separate tables, and the
excluded cases were compared with validated records in
order to exclude systematic bias due to data validation.
The prerequisites of statistical computations were evalu-
ated using visual inspection of data and normality tests;
the redundancy of predictors was evaluated using the
analysis of their associations (correlation for continuous
variables and contingency table analysis for categorical
variables). Standard descriptive statistics were applied
to summarize the primary data; continuous variables as
means and 95% confidence intervals or median and range;
categorical variables by absolute and relative frequencies.
Potential predictors of hospital mortality were analysed
using logistic regression and risk or protective association
was quantified by odds ratios (OR) with corresponding
95% confidence intervals. Multivariate logistics regression
was adopted for adjusting univariate results for age and
APACHE 11, and for defining the final multivariate model.
The selection of variables for the multivariate model was
based on univariate P < 0.1 and redundancy analysis of
these preselected predictors. P < 0.05 was adopted as the
level of statistical significance for all analyses and SPSS
21 (IBM Corporation, 2012) was the software used.

RESULTS

Participants

The project was a joint collaboration of 17 ICUs with
a total of 220 beds in 12 hospitals. Based on a question-
naire on the long-term global characteristics of these
centres, altogether 18,902 patients were admitted during
the entire reference period (all diagnoses included). The
average patient age was 60.2 years, the average APACHE
1I score at admission was 20, and the real in-hospital mor-
tality was 11.4% irrespective of diagnosis.

Patients

For the period from 1 January 2011 to 5 November
2013, the EPOSS dataset contained data on 1,082 en-
rolled patients, and the final validated dataset involved
897 patients. The patient flow is shown in Fig. 1.

Descriptive data

The collected dataset included records of 1,082 pa-
tients meeting the criteria of severe sepsis/septic shock.
Following data validation, a final dataset of 897 patients
was obtained. The average patient age of the group was
66.0 years. Table 3 provides more details on the dataset.

Main results and mortality

All combinations of reported diagnostic and treatment
interventions were examined, and the most significant
combinations relating to in-hospital mortality were identi-
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Table 3. Basic description at enrolment - gender, age, BMI, SOFA and APACHE II.

Total (n=897)

In-hospital mortality
No (n=532) 59.3% Yes (n=365) 40.7%

Female
Male
Age at enrolment

BMI (kg/m?)
SOFA score
APACHE II

342 (38.1%)
555 (61.9%)
66.0 (21.0; 92.0)

27.0 (11.0; 69.1)
10.0 (0.0; 20.0)
25.0 (2.0; 53.0)

202 (38.0%) 140 (38.4%)
330 (62.0%) 225 (61.6%)
65.0 (21.0; 92.0) 69.0 (21.0; 92.0)

27.4 (11.0; 62.3) 26.2 (13.1; 69.1)
9.0 (0.0; 20.0) 10.0 (1.0; 20.0)
23.0 (2.0; 53.0) 29.0 (7.0; 51.0)

Continuous data is described by median and range.
Categorical variables are described by absolute and relative frequencies.

Table 4. Combination of the initial 6 h fulfilled diagnostic/treatment interventions as factors associated with in-hospital mortal-
ity: CVP>8-12 mm Hg (CVP), MAP>65mm Hg (MAP), Urine output>0.5 mL/kg/hr (Urine output), Blood culture before ATB
therapy (Blood), Lactate<4.0 mmol/L (Lactate), Initial lactate measured (Initial lact), Antibiotics in first hour (Antibiotics),
Scv02>70% or Sv02>65% (ScvO?2).

Factor In-hospital P
frequency mortality
CVP & MAP & Urine output & Lactate & Initial lact & Antibiotics 69 (7.7%) 23.2% 0.003
MAP & Urine output & Initial lact & Antibiotics 44 (4.9%) 56.8% 0.028
ScvO2 & MAP & Urine output & Blood & Lactate & Initial lact 13 (1.4%) 15.4% 0.082
CVP & ScvO2 & MAP & Urine output & Lactate & Initial lact & Antibiotics 11 (1.2%) 18.2% 0.147
MAP & Urine output & Blood & Lactate & Initial lact 20 (2.2%) 25.0% 0.157
MAP & Urine output & Initial lact 24 (2.7%) 54.2% 0.178
CVP & MAP & Urine output & Lactate & Initial lact 20 (2.2%) 55.0% 0.194

Statistical significance is computed for comparison of mortality in the given combination in comparison to the rest of dataset using the maximum

likelihood chi-square test

The Table shows the combinations of diagnostic/treatment interventions which achieved a statistical significance or are close to it.

Table 5. Diagnostic/treatment interventions - factor frequency in the initial 6 h, association with in-hospital mortality.

Factor

In-hospital OR

frequency mortality (95% CI) E
CVP 8 - 12 mm Hg 265 (29.5%) 37.4% 0.83 (0.61; 1.14) 0.250
Scv02>70% or SvO2>65% 200 (22.3%) 37.5% 1.04 (0.55; 1.96) 0.898
MAP > 65mm Hg 821 (91.5%) 39.0% 0.45 (0.28; 0.73) 0.001
Urine output > 0.5 mL/kg/h 668 (74.5%) 38.3% 0.69 (0.51; 0.93) 0.017
Blood culture before ATB therapy 220 (24.5%) 36.4% 0.99 (0.96; 1.03) 0.686
Lactate < 4.0 mmol/L 560 (62.4%) 34.8% 0.35 (0.25; 0.49) <0.001
Noradrenaline if MAP < 65mm Hg 66 (88.0%) 62.1% 3.28 (0.75; 14.30) 0.114
Crystalloids > 30 mL/kg if MAP< 65mm Hg 38 (50.7%) 60.5% 1.17 (0.47; 2.93) 0.740
Initial lactate measured 746 (83.2%) 40.8% 1.01 (0.71; 1.45) 0.936
Antibiotics in first hour 524 (58.4%) 39.7% 0.91 (0.69; 1.19) 0.472

Odds ratios and their statistical significance derived using univariate logistic regression model.

fied. Only two of these were statistically significant: CVP
> 8-12 mm Hg & MAP > 65mm Hg & Urine output > 0.5
mL/kg/hr & Lactate < 4.0 mmol/L & Initial lactate mea-
sured & Antibiotics in first hour (P = 0.003) and MAP >
65mm Hg & Urine output > 0.5 mL/kg/hr & Initial lactate
measured & Antibiotics in first hour (P = 0.028), respec-
tively. Table 4 shows the combinations of diagnostic and
treatment interventions which were statistically significant
or close to it at P < 0.05.

Diagnostic and treatment interventions related to in-
hospital mortality which were fulfilled during the first 6
h and which reached statistical significance were: MAP >
65mm Hg (P = 0.001), Urine output > 0.5 mL/kg/h (P =
0.017) and Lactate < 4.0 mmol/L (P < 0.001), (Table 5).

Assessment of the risk of in-hospital mortality adjust-
ed for age and APACHE II showed that only Lactate < 4
mmol/L and MAP > 65 mm Hg were statistically signifi-
cant (P < 0.001 for both factors), (Table 6).
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Fig. 2. Number of completed diagnostic and treatment interven-

tions in the initial 6 h.

Of the ten evaluated diagnostic and treatment inter-
ventions, 58.1% of patients fulfilled 4-5 and 21.7% of pa-
tients achieved 6-7; however, the fulfilment of 8 was only
reached in 0.6% of patients, while joint fulfilment of 9
or all 10 diagnostic and treatment interventions was not
achieved in any of the patients (Fig. 2).

In-hospital mortality adjusted for age and APACHE II
in relation to admission source to EPOSS ICUs: General
wards (45.7%), other ICUs (41.6%), outpatient (OPD)
clinics (26.5%) and ER (38.0%) respectively (Table 7).

EPOSS ICU mortality was 35,5% (women 36.3%, men
35.0% respectively), mortality at discharge from hospital
was 40.7% (women 40.9%, men 40.2% respectively).

Variables with P < 0.1 entered the multivariate analysis
of factors associated with in-hospital mortality; all these
factors with the exception of urine output > 0.5 mL/kg/h
remained statistically significant in the multivariate analy-
sis (Table 8).

Table 6. Risk of in-hospital mortality adjusted to age and APACHE II.

OR P
CVP 8- 12 mm Hg 0.88 (0.61; 1.27) 0.494
Scv02>70% or SvO2>65% 1.03 (0.48; 2.22) 0.932
MAP > 65mm Hg 0.36 (0.20; 0.64) <0.001
Urine output > 0.5 mL/kg/h 0.83 (0.58; 1.19) 0.302
Blood culture before ATB therapy 0.99 (0.95; 1.03) 0.665
Lactate < 4.0 mmol/L 0.34 (0.23; 0.50) <0.001
Noradrenaline if MAP < 65mm Hg 2.87 (0.42; 19.46) 0.280
Crystalloids > 30 mL/kg if MAP< 65mm Hg 1.29 (0.44; 3.78) 0.643
Initial lactate measured 0.96 (0.62; 1.50) 0.871
Antibiotics in first hour 0.92 (0.67; 1.26) 0.609
Fulfilled 0-3 interventions 2.16 (1.28; 3.64) 0.004
Fulfilled 4 interventions 2.31 (1.50; 3.54) 0.000
Fulfilled 5 interventions 1.61 (1.10; 2.36) 0.015

Fulfilled 6-8 interventions

Reference category of fulfilled components

Odds ratios and their statistical significance derived using univariate logistic regression model.

Table 7. Admission source, association with in-hospital mortality (adjusted to age and APACHE II).

Factor

In-hospital

frequency mortality OR {355 CD) ¥
Admission (from)  OPD clinic 68 (7.6%) 26.5% 0.58 (0.30; 1.10) 0.094
General ward 175 (19.5%) 45.7% 1.41 (0.94; 2.11) 0.093
ER 142 (15.8%) 38.0% 0.81 (0.52; 1.24) 0.328
Other ICU 512 (57.1%) 41.6% 1.05 (0.77; 1.44) 0.757
Primary admission =~ Medical 488 (54.4%) 45.1% 1.54 (1.12; 2.10) 0.007
Surgical 409 (45.6%) 35.5% 0.65 (0.48; 0.89) 0.007
Surgical admission  Elective (planned) 107 (26.2%) 36.4% 0.87 (0.50; 1.52) 0.633
Acute 267 (65.3%) 34.8% 0.92 (0.55; 1.55) 0.762
Traumatology 35(8.6%) 37.1% 2.01 (0.78; 5.14) 0.147
Severe sepsis/septic shock 96 (10.7%) 42.7% 1.12 (0.73; 1.73) 0.602

episode in the last 3 months

Odds ratios and their statistical significance derived using univariate logistic regression model.
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Table 8. Multivariate analysis of factors associated with in-hospital mortality.

Variables OR (95% CI) P
Age category Up to 60 yrs. Reference
60-70 yrs 1.261 (0.803; 1.980) 0.315
70-80 yrs. 1.575 (0.966; 2.568) 0.068
More than 80 yrs. 2.854 (1.634; 4.984) <0.001
Primary admission Medical 0.567 (0.391; 0.823) 0.003
Admission source OPD clinic Reference
General ward 4.045 (1.717; 9.530) 0.001
ER 1.887 (0.791; 4.505) 0.153
Other ICU 2.719 (1.233; 5.995) 0.013
Apache > 30 1.810 (1.232; 2.659) 0.002
MAP > 65mm Hg 0.405 (0.206; 0.798) 0.009
Lactate < 4.0 mmol/L 0.421 (0.267; 0.664) <0.001
Fulfilled interventions 0-3 1.688 (0.803; 3.548) 0.167
4 1.841 (1.082; 3.129) 0.024
5 1.617 (1.067; 2.452) 0.024
6-8 Reference

Odds ratios and their statistical significance derived using multivariate logistic regression model.

DISCUSSION

This is the first-ever study describing the outcome of
severe sepsis in ICUs in the Czech Republic. In this way,
it provides important information on the epidemiology
of severe infections in this country. The main result of
the study is identification of combinations of effective
diagnostic and treatment interventions within the ini-
tial 6 hours of diagnosis/treatment of severe sepsis/sep-
tic shock in relation to the lowest in-hospital mortality:
CVP >8-12 mm Hg & MAP >65mm Hg & Urine output
production > 0.5 mL/kg/h & Lactate < 4.0 mmol/L &
Initial lactate measured & Antibiotics in the first hour.
Achieving the key values as MAP > 65mm Hg, Lactate
< 4.0 mmol/L and Urine output > 0.5 mL/kg/h in the
initial 6 hours of identifying severe sepsis/septic shock is
statistically significantly associated with lower than the
average in-hospital mortality in the patient group. Given
the in-hospital mortality, these values can be assessed as
protective. Conversely, persistent hypotension - MAP of
< 65 mm Hg, and the impossibility of achieving this MAP
boundary can be assessed as risk factors of in-hospital
mortality. Administering a crystalloid bolus of > 30 mL/
kg at a MAP of < 65 mm Hg, as well as vasopressors in
the case of persistent hypotension, a MAP < 65 mm Hg,
and unresponsive to initial fluid resuscitation, was more
prevalent in the deceased than the survivor groups. The
result shows that fulfilling important diagnostic and treat-
ment interventions, such as fluid challenge or the support
of vasopressors, despite their undeniable therapeutic ben-
efits importance, they did not reduce in-hospital mortal-
ity without achieving adequate perfusion pressure. The
mere presence of hypotension (MAP < 65 mm Hg) was
therefore the major prognostic factor increasing in-hos-
pital mortality. However, the subgroup of patients with
hypotension persisting within the initial 6 hours of se-
vere sepsis/septic shock was small (N=75) and difficult
to evaluate statistically.

293

Arterial blood pressure is a major determinant of re-
gional flow, and is often used as an indicator of tissue
perfusion but in reality, it is a poor indicator of blood
flow. Distribution of flow for a given blood pressure is
dependent on the relative values of the resistance in differ-
ent vascular beds. Regional resistance cannot be assessed
in the clinical setting, and hence we are left with blood
pressure as a guide to therapy'’.

Some authors recommend rethinking resuscitation
endpoints in septic shock patients due to potential vaso-
pressor overuse, and suggest tissue hypoperfusion deterio-
ration be used during over emphasis on blood pressure
instead of flow. A three-stage approach to resuscitation
endpoints has been proposed: Step One (target minimum
MAP 45-50 mmHg to preserve heart and brain perfu-
sion), Step Two (target tissue perfusion-based endpoints
irrespective of MAP < 65 mmHg - permissive hypoten-
sion), Step Three (target single-organ perfusion) (ref.'s).

This study found higher in-hospital mortality in pa-
tients with severe sepsis/septic shock that developed dur-
ing hospitalization than in those who were just admitted
to hospital with symptoms of severe sepsis/septic shock.
The results thus show a higher in-hospital mortality in
patients admitted to EPOSS ICUs from general wards
(45.7%) or other ICUs (41.6%), in contrast to lower in-
hospital mortality in patients admitted from outpatient
(OPD) clinics (26.5%) or ER (38.0%). This figure sug-
gests a more serious course of sepsis caused more often
by multi-resistant strains of hospital-acquired infections
in patients already hospitalized, compared to severe sep-
sis caused in newly hospitalized patients by community
infections. In assessing the differences in mortality rates
however, we have to consider the potential influence of
differences in sepsis-causative organisms, existing co-
morbidities, and the reason for being hospitalized in the
first place. We are aware that although some of these were
part of the APACHE II score evaluation, the adjustment
might not be complete.
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The results of the EPOSS study are consistent with the
conclusions of the pilot study conducted by Malaska et
al.'°. These results showed the different importance of the
diagnostic and treatment severe sepsis interventions in
relation to in-hospital mortality. In our group of patients,
we found a higher in-hospital mortality (40.7%) than in
the compared studies which, however, do not state the
input value of APACHE II (ref.*'*2"). It is possible that
the higher in-hospital mortality we found reflected the
severity of patients’ conditions (baseline APACHE II in
our sample was 25), not only lower fulfilment level for
diagnosis and treatment interventions. As expected, we
found a statistically significant reduction in in-hospital
mortality associated with increase in number of jointly
fulfilled diagnostic and treatment interventions. In the
group achieving 0-3 diagnostic and treatment interven-
tions, the in-hospital mortality was 47.2%; for 4 and 5 it
was 45.3% and 44.0% respectively. In the case of jointly
fulfilled 6-8 diagnostic and treatment interventions, the
in-hospital mortality decreased to 32.5%. The more treat-
ment interventions were achieved within the first 6 h of
treatment, the better was the probability of survival.
This finding supports the concept of Sepsis Surviving
Guidelines.

Improvements in the outcomes for patients with se-
vere sepsis in relation to fulfilling SSC recommendations
were addressed by Castellanos-Ortega et al. These authors
reported a significant decrease in mortality within the
intervention group compared to the historical group of
patients (from 57.3% to 37.5%). An independent predic-
tor of survival was concordance in six and more fulfilled
interventions of septic package for the first 6 h?%. In the
present study, only 22.3% of our patients fulfilled six or
more diagnostic and treatment interventions. This study
has made a new contribution with a combination of fac-
tors, where reported studies compared only some diag-
nostic and treatment interventions'*202223,

As regards fluids, the current multicentre randomized
ProCESS study questioned the importance of EGDT. The
study worked with a group of patients with severe sepsis
who were initially treated in the ER, i.e. patients newly
admitted to hospital, and found no effect of EGDT on in-
hospital mortality. This was 21.0% in patients with severe
sepsis (EGDT group), 18.2% (protocol-based standard-
therapy group) and 18.9% (usual-care group) (ref.").
In our study, cases from the ER formed only 15.8% of
patients (in-hospital mortality 38%). Recurrence of an
episode of severe sepsis/septic shock did not emerge as
a significant prognostic factor, as 10.7% of the patients
had already had an attack of severe sepsis/septic shock
in the past 3 months. This figure, however, increased the
average in-hospital mortality by only 1.4% to 42.7%. We
do not have a clear explanation for this finding. In fact,
we expected that an attack of severe sepsis/septic shock
in the past three months would lead to a more significant
increase in in-hospital mortality.

SSC recommendations between 2008 and 2012 were
modified®!"?*. Current SSC guidelines do not follow
urine output in the initial 6 h. However, we consider the

achieved urine output as an important indicator of ad-
equate renal perfusion, together with an adequately con-
ducted fluid strategy; hence its inclusion here.

A major limitation of this study is that the EPOSS da-
tabase does not provide data categories fully comparable
with SSC. For this reason, the comparison of therapeu-
tic interventions with SSC recommendations can only
be general. Other limitations are that the study did not
include patients with severe sepsis identified after a 24-
hour stay in EPOSS ICUs or within an interval of more
than 24 h prior to admission to EPOSS ICUs, or patients
who had an attack of severe sepsis but were not admitted
to any EPOSS ICU. We do not know what proportion of
patients with severe sepsis did not pass through EPOSS
ICU. The data may also be biased due to the involvement
of only large hospitals and only some of their ICUs. We
are also aware of the risk of selection bias: it is possible
that EPOSS ICUs admitted patients with a poor prognosis
where initial treatment in special ICUs or general wards
was unsuccessful. The gradual involvement of centres dur-
ing the observation as well as the absence of a control
group is another drawback of our study. We only evaluated
a recent group of patients without being able to assess the
trend of the results. The strict validation procedure aimed
at obtaining fully verified records for analysis, could lead
to selection bias; nevertheless, no statistically significant
differences in the key characteristics were found between
included and excluded patients (Table 8).

Our study, the most extensive in Central Europe, pro-
vides extensive data on the epidemiology and observation
of treatment parameters in severe sepsis. Until now, the
only available results were those of the Slovak study by
Zahorec et al. from 2005, which monitored 121 patients
with a reported mortality of 51.2% (ref.?®). The first de-
scriptive data on epidemiology of sepsis/severe sepsis in
patients in the Czech Republic was assembled in 2003
thanks to a prospective, multicenter, one-day observa-
tional questionnaire by Cerny et al., which included 327
patients from 53 ICUs. Sepsis was diagnosed in 112 pa-
tients (34.2%) and 55 patients (16.8%) met the criteria for
severe sepsis’. In general features, data from the EPOSS
study on in-hospital mortality can be compared to data
provided by the FINN study from 2007, for example (the
ICU and in-hospital mortality in severe septic patients was
15.5% and 28.3% respectively) (ref.>®), and more recently,
the Intensive Care Over Nations (ICON) audit from 2014
(in-hospital mortality in patients with sepsis was 35.3%)
(ref.?"). The results of our study showed that efforts in this
regard need to focus more intensely on active and early
identification of patients with sepsis/severe sepsis and the
consistent application of interventions that are based on
SSC recommendations. It is necessary to promote the use
of early SSC intervention also in patients suspected of de-
veloping severe sepsis to preclude mainly the development
of hypotension. In relation to in-hospital mortality, we
primarily showed the importance of interventions related
to adequate organ perfusion. The SSC recommended pro-
cedures could be profitably used in patients who only tend
to meet the criteria for severe sepsis too, although the
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onset of severe sepsis is already indicated by laboratory
evidence of inflammation.

CONCLUSIONS

The data support the fulfilment of diagnostic and
treatment interventions in the early hours after identify-
ing severe sepsis/septic shock. Combined diagnostic and
treatment interventions which were fulfilled during the
first 6 hours associated with the lowest in-hospital mortal-
ity were: CVP of > 8-12. mm Hg & MAP of > 65mm Hg &
Urine output at > 0.5 mL/kg/h & Lactate of < 4.0 mmol/L
& Initial lactate measured & Antibiotics in the first hour.
We recorded lower than average in-hospital mortality with
Lactate levels of < 4.0 mmol/L following initial elevation,
and a MAP of > 65 mm Hg. The continuing presence of
hypotension at MAP < 65 mm Hg, even when adequate
initial 6 h fluid resuscitation, was associated with higher
than the average in-hospital mortality. Greater in-hospital
mortality occurred in patients admitted from general de-
partments or from other ICUs and a lower in-hospital
mortality of patients received from outpatient clinics or
Emergency. Higher in-hospital mortality in severe sepsis/
septic shock patients was found in patients transferred
from the departments of internal medicine than in surgi-
cal patients.
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APPENDIX 2

Centre Participants:

- Department of Anesthesiology and Intensive Care
Medicine, Faculty of Medicine and Dentistry,
Palacky University Olomouc and University Hospital
Olomouc, Olomouc, Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, University Hospital Ostrava and Faculty of
Medicine, University of Ostrava, Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, University Hospital Praha Motol, Praha,
Czech Republic

- Department of Anaesthesia and Intensive Care, St.
Anne's University Hospital Brno and Faculty of
Medicine, Masaryk University Brno, Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, Faculty of Medicine, Masaryk University
Brno and University Hospital Brno, Brno, Czech
Republic

- Department of Anaesthesiology and Intensive Care
Medicine, Hospital in Zlin, Zlin, Czech Republic

- First Medical Department and Biomedical Centre,
Faculty of Medicine in Plzen, Charles University
in Prague and Teaching Hospital in Plzen, Czech
Republic

- Department of Anaesthesiology and Intensive Care
Medicine, Hospital in Liberec, Liberec, Czech
Republic

- Department of Anaesthesiology and Intensive
Care, Faculty of Medicine in Hradec Kralove, Charles
University in Prague and University Hospital Hradec
Kralove, Hradec Kralove, Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, Hospital in Usti nad Labem, Usti nad
Labem, Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, Faculty of Medicine in Plzen, Charles
University in Prague and Teaching Hospital in Plzen,
Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, Hospital in Pardubice, Pardubice, Czech
Republic

- Medical Department IPVZ, Hospital in Zlin, Zlin,
Czech Republic

- Department of Anesthesiology and Intensive Care
Medicine, Hospital in Mlada Boleslav, Mlada Boleslav,
Czech Republic

- Department of Intensive Care Surgery, Faculty of
Medicine and Dentistry, Palacky University Olomouc
and University Hospital Olomouc, Olomouc, Czech
Republic

- Department of Gerontology and Metabolic Care,
Faculty of Medicine in Hradec Kralove, Charles
University in Prague and University Hospital Hradec
Kralove, Hradec Kralove, Czech Republic

- Department of Anaesthesiology and Intensive Care
Medicine, General University Hospital in Praha,
Praha, Czech Republic
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APPENDIX 3

When including patients, the following data was regis-
tered:

Age (years)

Gender (male/female)

Admission source to EPOSS-ICU (general ward, other
ICUs, ER, outpatient clinic)

Moment of meeting the criteria of severe sepsis

APACHE 11

In forms, at time of 0, 6 hours since identifying severe
sepsis, the following data was registered:

Fluid balance (mL/period of time)

Administered solutions (mL/period of time), divided
into crystalloids, colloids, albumin, plasma and eryth-
rocyte preparations

Body temperature (°C within the period of time)

297

52

Administration of vasopressors (type and dose in ug/
kg/min/period of time)

Administration of inotropics (type and dose in ug/kg/
min/period of time)

Lactatemia (mmol/L/period of time)

Urine output (mL/period of time)

MAP (mmHg in the monitored time)

CVP (mmHg in the monitored time)

ScvO, or SvO, (% in the monitored time)

Time of hemoculture taking (interval from the identi-
fication of severe sepsis/septic shock)

Time of antibiotics administration (interval from the
identification of severe sepsis/septic shock)

Time of discharge from EPOSS-ICU (interval from
the identification of severe sepsis/septic shock)
Time of discharge from the hospital (interval from the
identification of severe sepsis/septic shock)

Time of death (interval from the identification of se-
vere sepsis/septic shock)



b. EPOSS & SEPSIS-Q: navrh a popis reseni projektii pro sledovani léecby, morbidity

a mortality pacientii s tézkou sepsi v Ceské republice. Anesteziologie & intenzivni

medicina. 2013
Sepse je hlavni pfi¢inou morbidity a mortality pacientl pfijimanych na intenzivni péci. [3, 4,
27] Proto byla v roce 2011 na zéklad¢ iniciativy 18 pracovist’ intenzivni péce vytvoiena
vyzkumna skupina. Ta iniciovala projekt klinickych pracovist’ a Institutu biostatistiky a
analyz Masarykovy Univerzity (IBA MU) EPOSS (Data-based Evaluation and Prediction of
Outcome in Severe Sepsis), ktery mél za cil ziskat epidemiologicka data o 1éb¢ sepse (v té
dobé& oznacované jako tézké sepse) a septickém Soku na vybranych pracovistich intenzivni
péce v Ceské republice. Projekt ziskal oficidlni zastitu Ceské spoleGnosti anesteziologie,
resuscitace a intenzivni mediciny (CSARIM), Ceské spole¢nosti intenzivni mediciny (CSIM)
a Cesko-Slovenského fora pro sepsi (CSFS) a byl schvalen Multicentrickou etickou komisi
(MEK) Fakultni nemocnice Brno (FB Brno). Komplexni popis projektu byl samostatné

publikovan. [30] Soucésti projektu je i edukacni portdl www.SEPSIS-Q.cz, na kterém jsou

publikovany edukacni kazuistiky, které¢ vychazeji z anonymizovanych pacientskych dat z
jednotlivych pracovist.
Primarnim cilem projektu bylo:
e Definice parametrického zdznamu o 1€cbé pacienta s tézkou sepsi a jeho
prakticka implementace v on-line dostupné databazi
e Popis realné klinické praxe 1écby pacientl s t€Zkou sepsi na datech
sbiranych retrospektivné v reprezentativnim siti klinickych center, zjisténi
objektivnich epidemiologickych charakteristik pacientl a popis procesi
v managementu t&zké sepse na pracovistich intenzivni mediciny v Ceské

republice.
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Soucasti projektu pro zlepSovani kvality péce o pacienty s tézkou sepsi byl také interaktivni
ptehravac klinickych ptipada tézké sepse.

Vyznam projektu spo&iva v zapojeni 18 pracovist a tedy reprezentativnim vzorku z Ceské
republiky, dale v komplexnim feSeni databazového systému, ziskani redlnych dat o vysledku
pacientil s t€Zkou sepsi a septickym Sokem a nakonec vytvoreni edukac¢niho portalu

s interaktivnimi kazuistikami ke zlepSeni znalosti 0 managementu téchto pacienti.
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SOUHRN

Cil studie: EPOSS (Data-based Evaluation and
Prediction of Outcome in Severe Sepsis) & SEPSIS-Q
jsou vyzkumné projekty, jejichz cilem je parametrické
sledovani pacientd s tézkou sepsi, mapovani epide-
miologické situace tézké sepse v Ceské republice,
jakoz i hodnoceni a zlepSovani kvality péce o pacienty
|é¢ené pro tézkou sepsi.

Typ studie: Observacni neintervencni retrospektivni
studie.

Pracovisté: Vybrané jednotky intenzivni péce fakult-
nich a krajskych nemocnic.

Metody: V ¢lanku jsou predstaveny cile, tvorba proto-
kolu a zpUsob fizeni projektd, planované fokusované
analyzy, struktura databaze i technické reseni. To
zahrnuje ¢tyri zakladni komponenty: 1. data-akvizi¢ni

ABSTRACT

EPOSS & Sepsis-Q: Design and Description of Projects
Focused on Monitoring of Treatment, Morbidity and
Mortality of Patients with Severe Sepsis in the Czech
Republic
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multicentricky systém, 2. informacni portal http://
eposs.registry.cz, 3. edukacni portal http://www.sep-
sis-g.cz s komunikacnim rozhranim k systému EPOSS a
4. interaktivni pfehravac vyukovych Klinickych scénar(
pripadd tézké sepse.

Zaveér: Diky pouzitym technologiim a metodikam
ziskd odborna lékarska verejnost ve vystupech
EPOSS & SEPSIS-Q nejen moznost hodnotit kvalitu
péce o pacienty |écené pro tézkou sepsi, ale take
moznost podpory vzdélavani budoucich lékar( novymi
pedagogickymi metodami.

KLICOVA SLOVA

tézka sepse - intenzivni péce - vyzkumna databaze -
neintervencni retrospektivni sbér dat - design projektu -
vyukové klinické scénare

Objective: EPOSS (Data-based Evaluation and Prediction
of Outcome in Severe Sepsis) & SEPSIS-Q are research
projects aimed at the development of a database for
parametric monitoring of patients with severe sepsis
and the mapping of sepsis epidemiology in the Czech



Republic, as well as on the assessment and improve-
ment of quality of care provided to patients treated for
severe sepsis.

Design: Observational, non-interventional, retrospective
study.

Settings: Selected intensive care units at University and
regional hospitals.

Methods: The article introduces the aims, development
of the study protocol and project management, prima-
ry and secondary outcomes, database structure and
technical solution. The technical solution includes four
components: 1. data-acquisition multicentric system,
2.information website http://eposs.registry.cz, 3. educa-
tion portal http://www.sepsis-g.cz and 4. an interactive

1. UVOD - VYCHODISKA PROJEKTU
EPOSS & SEPSIS-Q

Tézka sepse je celosvétoveé jednou z hlavnich pri-
¢in mortality kriticky nemocnych pacienti. I pies
pokroky v terapii dosahuje mortalita v zavislosti na
véku a dalsich faktorech az 60 %, pricemz tato dia-
gnoza spotiebovava az 40 % vydaju vynakladanych
na intenzivni péci [1, 2]. V poslednich desetiletich
jsme svédKky narustu zajmu o sepsi, a to od mole-
kuldrnich mechanismi [3] a animélnich modeli
[4], pfes matematické modely [5] az po vyvoj a kli-
nické hodnoceni novych 1éki [6-8]. Od prillomové
Riversovy ,,Early Goal Directed Therapy* [9], ktera
ukazala, Ze zavedeni casné a cilené protokolizované
1é¢by vedlo k vyraznému zlepseni vysledki 1é¢by
tézké sepse, ovéruji s vétsi ¢i mensi ispésnosti efek-
tivitu tzv. ,septickych balicki“ 10, 11] desitky studii
[12]. Zkoumaji se dopady implementace protokol
pro 1é¢bu sepse na klinicky outcome pacientt [13,
14], objevuji se prvni epidemiologicka hodnoceni,
jako jsou panevropska rozsahla studie SOAP (Sepsis
Occurrence in Acutely Il Patients) [15] nebo studie
EPIC I a II (The European Prevalence of Infection
in Intensive Care) [16-18]. Hlavnim sledovanym
parametrem vétSiny uvedenych praci vak ziistava
kratkodobd mortalita.

Presnych informaci o pacientech, ktefi tézkou
v horizontu del§im nezZ 28 dni a jaka je jejich kvalita
Zivota, bylo dosud publikovano pomeérné malo [19,
20]. Az od zacatku nového tisicileti se totiz za¢inaji
objevovat prace zkoumajici fenomén sepse z epi-
demiologického hlediska a také v dlouhodobém
horizontu. Jejich autofi se zaméfuji na objektivni
posuzovani incidence, prevalence a mortality sepse
vnarodnim i mezinarodnim meéfitku, a to v riznych
Casovych intervalech [1, 2, 21, 22]. I pfes ur¢ita meto-
dologicka omezeni poskytly tyto prace nejen diilezité
udaje pro dolozZeni vyznamu a zavaznosti sepse, ale
Casto popisuji také etiologii, pritbéh a vysledky 1écby

INTENZIVNI MEDICINA

player of educational clinical scenarios of severe sepsis
cases.

Conclusion: The technologies and methods used in the
projects help healthcare professionals to assess the
quality of health care provided to patients treated for
severe sepsis, and promote future physicians’ education
using new teaching methods.

KEYWORDS

severe sepsis, intensive care, research database, non-
interventional ret ctive data collection, project design,
d I clinical

tézké sepse. V soucasné dobeé jsou k dispozici také
zajimavé vysledky ziskané analyzou dat z riiznych
narodnich klinickych registrii, které zatim ukazuji
spiSe nepfizniva fakta o dalsim osudu propusténych
pacienti. Ti sice ataku téZké sepse preckajia doziji se
propusténi z nemocnice, jejich 12meési¢ni mortalita
vSak muzZe dosahovat az 42,5 % [23].

Jaka je situace v nasi zemi? Nékterd ceska pra-
covisté se zucastnila vySe uvedené studie SOAP
v pritbéhu kvétna 2002, nicméné data za Ceskou
republiku nebyla samostatné analyzovana. Dne
10. dubna 2003 probéhla prospektivni multicen-
tricka jednodenni studie ,,Prevalence tézZké sepse
v Ceské republice“ [24], do niZ bylo zahrnuto 327
nemocnych z celkem 53 pracovist JIP nebo ARO,
s prumérnym vékem 53 let a s rozmezim 0,5-87 let.
Prevalence sepse byla 34,2 %, z toho na tézkou sepsi
pripadalo 16,8 % pacientii. Pomineme-li narodni
Registr intenzivni péce, jehoz vytéZznost pro hod-
noceni kvality péce o pacienty lécenych pro tézkou
sepsi neni velmi pfinosna, je nutno konstatovat,
Ze i pres obrovsky socioekonomicky dopad tézké
sepse chybéji v Ceské republice spolehlivé dlouho-
dobé demografické a epidemiologické tidaje. S am-
bici tento stav zménit prisel pocatkem roku 2011
spole¢ny projekt klinickych pracovist a Institutu
biostatistiky a analyz Masarykovy univerzity (IBA
MU), nazvany EPOSS (Data-based Evaluation and
Prediction of Outcome in Severe Sepsis).

2. CiLE, RELEVANCE A LIMITACE

EPOSS je koncipovan jako multicentricky vy-
zkumny projekt s cilem zavést parametrické sle-
dovani 1écby tézké sepse primo v klinické praxi,
odhalit objektivni epidemiologické charakteris-
tiky pacientll a popsat procesy v managementu
tézké sepse na pracovistich intenzivni mediciny
v CR - viz shrnuti primdrnich a sekundarnich cila
projektu v tabulce 1.
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Skutecnost, Ze pred startem EPOSS & SEPSIS-Q
nebyla k dispozici charakteristika pacientl s téz-
kou sepsi, chybéla data o jejich dlouhodobé morta-
lité a morbidité, a stejné tak chybél i parametricky
popis managementu tézké sepse na pracovistich
intenzivni péce v CR, ukazuje na vyznam a diileZi-
tost téchto dvou projektii. Lze pfedpokladat, Ze pti
zapojeni vSech vyznamnych pracovist intenzivni
péce podilejicich se na 16¢bé pacientl s tézkou
sepsi, poskytnou obdrzené vysledky z védeckych
vypoctl a fokusovanych analyz velmi realisticky
obraz o epidemiologii a managementu téZké sep-
se v nasi zemi, jakoz i o kvalité a vysledcich 1é¢by
tohoto zdvazného onemocnéni. Podstatné budou
rovnéz vystupy z edukacni ¢asti projektu, zamére-
né na tvorbu vyukovych klinickych scénatii, nebot
tyto bude mozné vyuzit k dalSimu sméfovani ke
spravné klinické praxi.

Limitace projektu EPOSS lze spatfovat zejmé-
na v potencialni nachylnosti k selekci zarazova-
nych pacienti z participujicich pracovist. Rizeni
projektu je tedy zajiSténo tak, aby byly v databa-
zi k dispozici zdznamy o vSech konsekutivnich
pacientech s tézkou sepsi. Zafazovani pacienti
je dale harmonizovano s ohledem na organizaci
piednemocni¢ni péce, kterd se v Ceské republice
vyznamné odliSuje od té v anglosaskych zemich,
jejichZ odborné autority byly lidry v tvorbé balick
pro 1écbu tézké sepse [10, 11].

Do databaze EPOSS proto nejsou zatfazovani ti
pacienti, jejichZ pribéh nemoci se komplikuje

Tab.1 Primarni a sekundarni cile projektu EPOSS

Primadrni cile
Definice parametrického zaznamu o lé¢bé pacienta s tézkou

sepsi a jeho praktickd implementace v on-line dostupné
vyzkumné databazi.

Popis realné klinické praxe v [écbé tézké sepse na datech
sbiranych retrospektivné v reprezentativni siti klinickych
center; zjisténi objektivnich epidemiologickych charakteristik
pacientl a popis procest v managementu tézké sepse na
pracovistich intenzivni mediciny v CR.

Sekundarni cile

Korelace faktického dosazeni vybranych cilovych parametr(
béhem inicialni resuscitace pacientt v tézké sepsi s mortalitou

a morbiditou pacientl a s jejich kvalitou Zivota hodnocenou
v intervalu 90, 180 a 360 dni od diagndzy tézkeé sepse.

Pri dostupnosti ekonomickych dat od zdravotnich pojistoven
zhodnoceni néklad(i na zdravotni péci u pacientt s tézkou
sepsi Ié¢enych na pracovitich intenzivni péce v CR.

U vybranych zéznami, které ponesou kazuisticky cenny
obsah, vytvorit komentované klinické scénare jako
multimedialni pomUcky urcené pro vyuku klinického
rozhodovani.
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Detekovatelna alternativa pfi srovnani

Interval spolehlivosti pro odhad binarnich
énny mortality podskupin pacienti:
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Detekovatelni altermativa srovnivané mortality

Obr.1  Analyza sily statistickych testl pro stanoveni
minimalniho po&tu zaznamu pro ovéfeni stanovenych
hypotéz v yzach projektu EPOSS

nozokomialni sepsi na pracovisti EPOSS (defini-
tivni doba vzniku > 24 hod po pfijmu na pracovisté
EPOSS). Databaze tedy poskytuje piehled o vyskytu
a 1écbé tézké sepse na zapojenych fakultnich a kraj-
skych pracovistich, ovSem vzhledem k charakteru
projektu nemiize poskytnout kompletni informace
o vyskytu tézké sepse v jednotlivych zdravotnic-
kych zafizenich.

S ohledem na vySe uvedené cile projektu bude
hrat dilezitou roli také mira, s jakou se podaii
dlouhodobé sledovat klinické vysledky a kvalitu
zivota prezivsich pacientd. Potenciilné nizka mi-
ra navratnosti zpiisobena obtiZemi s dostupnosti
pacientii po odchodu z nemocnice, ale také jejich
vysokou mortalitou, mize byt pti¢inou chybé-
jicich pozorovani, a tak i nemoznosti realizovat
planované védecké vypocty a fokusované analyzy
na celém souboru dat.

Pfi navrhovani protokolu projektu byl prove-
den vypocet spolehlivosti odhadi a analyza sily
statistickych testii (obr. 1). Potencidlni rizikové
faktory ovliviiujici mortalitu budou hodnoceny
pomoci vicerozmérné logistické regrese. Po dosa-
zeni dostatecné doby sledovani pacienti bude pro
posouzeni rizikovych faktor vyuzit vhodny typ
analyzy Casové cenzurovanych dat (Coxtiv model
proporciondlnich rizik, Kaplan-Meierova metoda
analyzy preziti).

3. ZARAZOVANI PACIENTU

Cilovou skupinou jsou pacienti star$i 18 let, pfi-
jati primdrné pro téZkou sepsi, nebo splrujici krité-
ria tézké sepse do 24 hodin od pfijeti na participujici
pracovisté projektu EPOSS. Sepse byla definovana
podle konsenzualni konference z roku 2003 [25] ja-
ko infekce s pfitomnosti minimalné dvou Kkritérii
pro syndrom systémové zanétlivé odpovédi (SIRS -
Systemic Inflammatory Response Syndrome). Tézka
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Obr.2  Struktura vyzkumné databaze EPOSS ukazuje zakladni déleni zdznamu do fazi a formulari

Tab.2 Prehled parametri ve vyzkumné databazi EPOSSw

Demograficka data Pohlavi, vék, BMI

Prijem datum, ¢as;

datum a ¢as splnéni kritérii tézké sepse;

prijem interni, chirurgicky, elektivni, akutni, traumatologicky;

prichod z: domu, jiné nemochnice, zafizeni dlouhodobé péce;

cesta prevzeti na JIP - urgentni prijem, ambulance, oddéleni, jind JIP;
Vstupni charakteristiky vstupni charakteristika - APACHE

predchozi kvalita Zivota - SF36
Vyznamné komorbidity CHRI, CHOPN, diabetes, autoimunitni onemocnéni aj.

sledovana chronicka medikace - betablokatory, statiny, kortikoidy

Sledované parametry

v €asovych intervalech TO, T3,
T6,T24

a dale po dnech D1-D7

hemodynamika - CVT, MAP, Cl, PAOP

oxygenacni parametry - Pa0,, S(c)vO,,

vazopresory, inotropika, bilance tekutin

laborator - PCT, CRP, KO, kontrola glykémie, laktat, koagulace, jaterni testy, rendlni funkce
SOFA

Antiinfekéni 1écba

primarni zdroj sepse - plice, bficho, krevni fecisté, kiize a mékke tkang, katétrova sepse,
mocové a pohlavni Ustroji, CNS

identifikace patogenu - G+, G-, anaeroby, fungi

lécba - preparat, datum a ¢as podani, davka, zpGsob podani

shoda inicialni empirické antiinfekéni terapie s kultivacnim nalezem

Sledované intervence

odbér hemokultury, kortikoidy, PAC, miniinvazivni monitoring, echokardiografie, RRT (renal
replacement therapy), nutrice

Priibéh onemocnéni, propusténi,
dlouhodobé sledovani

zplsob a divod ukonceni hospitalizace

osud pacienta po propusténi z JIP, dalsi ataka sepse

data o mortalité a kvalité Zivota po propusténi v casovych intervalech - 90, 180, 360 dni
od diagndzy tézké sepse

kvalita Zivota zaznamendvana dotaznikem SF36

BMI - body mass index, JIP - jednotka intenzivni péZe, APACHE Il skére (acute physiology and chronic health evaluation), SF36 - dotaznik na kvalitu Zivota

(short form), CHRI - rendlni

CHOPN - plicni nemoc, CVT - centralni venézni tlak, MAP - stfedni arterialni tlak

(mean arterial pressure), CI - srde¢ni index (cardiac index), PAOP - okluzni tlak v plicnici y artery Pa0, - parcidlni tlak kysliku
v arteridlni krvi, ScvO, - saturace vendzni nebo centralni venézni krve, PCT - prokalcitonin, CRP - C-reaktivni protein, KO - krevni obraz, SOFA skére (sequential organ
failure assesment score). CNS - centralni nervova soustava, G+ i, G- PAC-S zilv katétr y artery c:

2013,24,&. 4 ANESTEZIOLOGIE A INTENZIVNi MEDICINA

58

243



244

INTENZIVNIi MEDICINA

sepse byla definovana jako sepse s pfitomnosti mi-
nimalné jedné organové dysfunkce.

4. DEMOGRAFICKA DATA, KLINICKA
DATA A UDAJE O KVALITE ZIVOTA

Data o piipadech tézké sepse jsou v jednotlivych
centrech zaddvana proskolenymi 1ékafi-investiga-
tory retrospektivné v parametrické formé pomoci
on-line formulafi generovanych z data-akvizi¢ni
webové aplikace. Struktura vyzkumné databaze
EPOSS zahrnuje jednak vstupni tidaje (vstupni
kritéria tézké sepse, datum narozeni, pohlavi,
klinické pracovisté) a dale klinické tidaje v deseti
Casovych fazich béhem prvnich sedmi dnt hospita-
lizace. Klinické parametry pokryvaji podrobné in-
formace o antiinfekéni terapii, o priibéhu onemoc-
néni a dile také informace dilezité pti propousténi
pacienta z JIP. Dale se zadavaji idaje z dlouhodo-
bého sledovani pacienta (90., 180. a 360. den od
stanoveni diagnoézy je sledovan klinicky vysledek
a kvalita zZivota) a také datum a pricina eventudl-
niho umrti. Struktura vyzkumné databaze EPOSS
je schematicky znidzornéna na obrazku 2, detailni
prehled parametrt je v tabulce 2.

5. RIZENi PROJEKTU A ETICKE OTAZKY

Do projektii EPOSS & SEPSIS-Q se postupné za-
pojily vSechny fakultni nemocnice v nasi zemi a dr-
tiva vétsina krajskych nemocnic (obr. 3) a seznam
pracovist v pfiloze. Vybrani reprezentanti vSech

T

I

zapojenych pracovist tvofi odbornou radu projektu
(jmenny seznam viz pfiloha). Ta rozhoduje o pfi-
padnych zménach ve struktufe vyzkumné databaze
EPOSS a o navazanych valida¢nich pravidlech,
kterymi je zajiStovana integrita dat, vyplnénost
povinnych polozek a kontrola logickych vztaht
mezi hodnotami zadanymi do riiznych formulaf
jednoho zaznamu (faze 1é¢by, propusténi, follow-
-up, umrti). Na fizeni projektu se ddle podili fidici
komise (,steering committee*, jmenny seznam
Clenti je uveden v piiloze), ktera fesi zejména otaz-
ky publikaénich vystupii, sméfovani védeckych
vypoctl a fokusovanych analyz.

Pracovisté IBA MU, Kkteré v projektech
EPOSS & SEPSIS-Q zajistuje navrhy, vyvoj a provoz
technického feSeni, jakozi analytickou podporu in-
vestigatorim, je drzitelem ti1ISO certifikaci zamé-
fenych na management systému jakosti, IT sluZeb
a bezpecnosti informaci. Projekt EPOSS byl schva-
len multicentrickou etickou komisi FN Brno dne
19. 11. 2011. Od pacienti, u kterych bylo providéno
dlouhodobé sledovani po propusténi z nemocnice,
byl vyzadan pisemny informovany souhlas.

6. KOMPONENTY TECHNICKEHO RESENI
Technické feseni projektii EPOSS & SEPSIS-Q se
opira o nasledujici ctyfi komponenty:
1. data-akvizi¢ni multicentricky systém - vyzkum-
na databaze EPOSS,
2. informacni portdl EPOSS.RECISTRY.CZ s on-line
generovanymi grafy,

-

Obr.3 Do projektli EPOSS & SEPSIS-Q se zapojilo 18 klinickych pracovist z Ceské republiky.

Seznam pracovist je uveden v priloze
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Komunikaéni

Edukaéni portal www.sepsis-q.cz
(webovy server Apache/PHP)

/(

Informaéni portal eposs.registry.cz
(webovy server Apache/PHP)

Data-akvizicni systém EPOSS
(aplikaéni server Windows)

/

"{ DB EPOSS (Oracle)

(MysQL) (MysQL)

DB Sepsis-q.cz / \ DB eposs.registry.cz

Obr.4  Zakladni komponenty technického feseni v projektu EPOSS & SEPSIS-Q

3. edukacni portdl WWW .SEPSIS-Q.CZ s komuni-
kacnim rozhranim k systému EPOSS,

4. interaktivni pfehravac¢ vyukovych klinickych
scénaru pripadi tézkeé sepse.

Vsechny ¢tyfi komponenty, které schematicky
ukazuje obrazek 4, byly sladény prostfednictvim
komunikacnich rozhrani tak, Ze se vii¢i svym uzi-
vatelim jevi jako jeden komplexni systém.

6.1. Systém pro multicentricky sbér dat -
vyzkumna databaze EPOSS

Systémy pro multicentricky protokolarni sbér
dat, vyvinuté a provozované na IBA MU, spliuji
jak legislativni naroky, nebot jsou v souladu s EU
e-Privacy Directive, dale HIPAA (Health Insurance
Portability and Accountability Act) a také PIPEDA
(Personal Information Protection and Electronic
Documents Act), tak i pozadavky na bezpecnost
a dostupnost, nebot jsou provozovany v nezavis-
lych profesiondlnich serverovnach se zaloznimi
zdroji, monitorovanim 24/7/365 a s minimalni
dostupnosti 99,5 %.

Data-akvizi¢ni systém pro projekt EPOSS vyza-
duje na strané uzivatele pouze bézny internetovy
prohliZze¢. Komunikace mezi uzivatelem a cent-
ralnim datovym uloziStém je pouzitim protokolu
SSL (Secure Sockets Layer) zabezpecCena §ifrovanim.
Servery IBA MU, na kterych je data-akvizi¢ni systém
pro projekt EPOSS provozovan, vyuzivaji certifikaty
vydané certifika¢ni autoritou TERENA Certificate
service (tzv. kofenova certifikacni autorita).

Centralni datové tulozisté se sklada z SQL
(Structured Query Language) databaze a dale z we-
bové aplikace, ktera uzivatelim predklada k této
databazi komfortni rozhrani, a to prostfednictvim
on-line formulafa. Funkcionalita webové aplikace
umoznuje nasledujici operace:

1. autentizace a autorizace uzivatel;

2. vkladani novych zaznami, jejich vyhledavani
a editace;

3. audit historie provedenych zmén na jednotli-
vych zaznamech;

4. definice valida¢nich pravidel na nékolika tirov-
nich:
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- bezprostfedni kontrola zadavanych tidajt do
jednotlivych poli formulait na platné inter-
valy hodnot, délky fetézci apod. ;

- kontrola chybé&jicich povinnych tdajt a kon-
trola platnosti vztahlt mezi vybranymi udaji
Pri odeslani formuldfe na server;

- pokrocila valida¢ni pravidla, ktera zahrnuji
sloZzené SQL dotazy do databaze a podminéné
vyrazy, spousténa v 24hodinovych intervalech
nad celou databazi tak, aby bylo mozné kon-
trolovat logické vztahy zadanych hodnot na
ruznych formulatich;

5. automatizované generovani piehledovych sestav
pro management projektu;
6. datové rozhrani pro on-line generované grafy;

Nazev pfipadu
Pohlavi
Vék

Qaster

Syndrom toxického 3oku

Fotografie /
schéma / video

7. export dat pro analytickou podporu IBA MU;
8. administra¢ni a monitorovaci nastroje pro tech-
nickou podporu IBA MU (helpdesk).

6. 2. Informaéni portil EPOSS.REGISTRY.CZ
s on-line generovanymi vystupy analyzy dat
Informacni portal o cilech, zpsobu feSeni a pri-
béznych vysledcich v projektu EPOSS (http://www.
eposs.registry.cz) byl vybudovan pomoci redaké-
niho systému IBA.Backoffice, ktery slouzi obecné
pro zpracovani internetovych prezentaci s admi-
nistrovatelnym obsahem. Pristupnost portalu byla
zajisténa dodrzenim doporuceni WCAG 2.0 (Web
Content Accessibility Guidelines 2.0) a jeho pouzi-
telnost ovéfena heuristickym testovanim uzivatel-

Cas od diagnozy tézké
sepse / septického 3oku

Popis situace

Pacientka piné kontaktni, spolupracujici, bez pog

zlepseni organovych funkci, subfebrilni.

Laboratorné pretrvava nizka hladina ang

Pfedchozi uzel

Rozsifené klinické
parametry

Qo

Souhrn lééby

Pacientka s hematemezi a melénou je

Obr. 5

Krvéceni do traviciho traktu jako hlavni pfiznak tézké urosepse

Komentafové
okno

Alternativni
procedury
(slepé odbotky)

Provedend
terapie

Souhrn lééby

Informace o klinickém scénafi

Ukazky z interaktivniho prehravace vyukového klinického scénére

Ten se v prohlizeci ukazuje jako objekt obsluhovany v prostfedi Adobe Flash Player.
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skych uspéchii a neuspéchi pii praci s jednotlivymi
strankami. Investigdtorim vyzkumné databaze
EPOSS poskytuje informacni portal vstupni stranku
s prihlasovacim formuldfem do data-akvizi¢niho
systému a dale také on-line graficky reporting,
ktery pfedstavuje sadu ¢ty grafii. Ty prezentuji za-
kladni deskriptivni statistické ukazatele aktualniho
souboru dat: rozdéleni pohlavi, véku, primarniho
zdroje sepse a dale casovy vyvoj celkového poctu
validnich zdznamu v databazi.

6. 3. Eduka¢ni portil WWW.SEPSIS-Q.CZ
s komunikaénim rozhranim k systému
EPOSS

Cilem webového portdlu WWW .SEPSIS-Q.CZ je
poskytnout misto pro publikaci edukacnich a in-
formacnich materiall o sepsi. Technicky i obsa-
tzv. klinické scénare. Jedna se o vyukové objekty
pripominajici kazuistiky, ovSem s propracovanéjsi
podporou pro vyuku ¢i nacvik klinického rozhodo-
vani. Ze stovek zaznamt o tézkeé sepsi, které budou
zaznamenavany ve vyzkumné databazi EPOSS, mo-
hou byt prostfednictvim komunika¢niho rozhrani
vybrany zajimavé piipady pro jejich nasledné rozsi-
feni do anonymizované podoby klinického scénare

-vhodné upraveného pro kontaktni vyuku metoda-

mi PBL (problem-based learning) nebo eventuilné

také pro distan¢ni vyuku ¢i samostudium.

6. 4. Pfehravaé Kklinickych scénafu pfipadu
téZkeé sepse

Klinické scénate jsou po dokonceni schvalovany
vybranym garantem, jmenovanym odbornou radou
projektu. Po schvaleni klinického scéndfe jsou na
edukacnim portalu SEPSIS-Q ihned publikovana
metadata o tomto scénafi, tj. idaje o autorovi,
garantovi, nazev pripadu a jeho stru¢né shrnu-
ti. Pfehled dostupnych scénafu Ize filtrovat podle
pohlavi, mortality a tiZe sepse. Ukazky zobrazeni

Kklinického scénafe jsou na obrazku 5. Kazdy scénaf

se zobrazuje v podobé objektu pfehravaného v pro-

stfedi Adobe Flash Player. Toto prostfedi (plug-in
do internetového prohliZece) je dostupné vSem uzi-
vatelim zdarma. Z dlouhodobych statistik vyplyva,

Ze prostfedi Adobe Flash Player ma nainstalovano

vice nez 95 % internetovych uZzivatelil. Jedna se

o moderni technologii, velmi ¢asto vyuzivanou pri

elektronické podporte vyuky.

7. ZAVER

Vysledky prvni faze projektit EPOSS & SEPSIS-Q
[26] ukazuji, Ze se diky podpofe a spolupraci
vSech participujicich pracovist podatilo béhem
let 2011 az 2012 uvést v Zivot smysluplny na-
stroj, ktery umoznuje objektivni dokumentaci

INTENZIVNI MEDICINA

demografickych charakteristik, pribéhu léc¢by
a dalsiho osudu pacientll s téZzkou sepsi, coz
jsou tidaje, které dosud nebyly v Ceské republice
znamy. Struktura vyzkumné databaze EPOSS
je navrZena tak, Ze umoznuje provadét radu
zajimavych védeckych vypoctl a konkrétné fo-
kusovanych analyz. Po naplnéni databaze do-
state¢nym poctem validnich zdznami, véetné
udajt z dlouhodobého sledovani, bude velmi
zajimavé porovnat zjiSténé zavéry s vysledky
publikovanymi v zahranici.

V praci bylo pfedstaveno technické feSeni
projektd EPOSS & SEPSIS-Q, které je sloZeno ze
¢tyf komponent, jeZ dohromady tvori robustni
infrastrukturu s potencidlem uchazet se o me-
zindrodni projekty v oblasti 1ékafské vzdélavaci
informatiky (medical educational informatics).
Diky pouzitym technologiim a metodikdm bude
mit odborna 1ékarska vefejnost nejen moznost
hodnotit kvalitu péce o pacienty lécené pro téz-
kou sepsi, ale také ji budou rozs§ifeny moznosti,
jak podporovat novymi pedagogickymi metoda-
mi vzdélavani budoucich 1ékait. Ti pak budou
moci sami vysledky 1ékaiské péce v této oblasti
ovlivnit.

Appendix
Odborna rada EPOSS & SEPSIS-Q

Prof. MUDr. Pavel Sevcik, CSc. - vedouci projektu
(Klinika anesteziologie, resuscitace a intenzivni
mediciny Lékarské fakulty Masarykovy univerzity
a Fakultni nemocnice Brno, Anesteziologicko-
resuscitacni klinika Lékarské fakulty Ostravské
univerzity a Fakultni nemocnice Ostrava)

Prof. MUDr. Vladimir Cerny, Ph.D. (Klinika aneste-
ziologie, resuscitace a intenzivni mediciny
Lékatské fakulty Univerzity Karlovy v Hradci
Krélové a Fakultni nemocnice Hradec Kralové)

MUDr. Roman Kula, CSc. (Anesteziologicko-
-resuscitacni klinika Lékafské fakulty Ostravské
univerzity a Fakultni nemocnice Ostrava)

MUDr. Jan Maldska, Ph.D. - manaZzer projektu
(Klinika anesteziologie, resuscitace a intenzivni
mediciny Lékafské fakulty Masarykovy univerzity
a Fakultni nemocnice Brno)

MUDr. Pavel Dostdl, Ph.D. (Klinika anesteziologie,
resuscitace a intenzivni mediciny Lékarské fakulty
Univerzity Karlovy v Hradci Kralové a Fakultni
nemocnice Hradec Kralové)

MUDr. Renata Parizkovd, Ph.D. (Klinika anestezio-
logie, resuscitace a intenzivni mediciny Lékafské
fakulty Univerzity Karlovy v Hradci Kralové
a Fakultni nemocnice Hradec Kralové)

MUDr. Martin Slezdk - koordinator vyzkumné da-
tabaze EPOSS (Klinika anesteziologie, resuscitace
aintenzivni mediciny Lékaiské fakulty Masarykovy
univerzity a Fakultni nemocnice Brno)
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MUDr. Jifi Tichy (Anesteziologicko-resuscitacni
klinika Lékarské fakulty Ostravské univerzity
a Fakultni nemocnice Ostrava)

Doc. RNDr. Ladislav Dusek, Ph.D. - vedouci infor-
macni ¢asti projektu (Institut biostatistiky a ana-
lyz Masarykovy univerzity)

Prof. MUDr. Karel Cvachovec, CSc., MBA (Klinika
anesteziologie a resuscitace 2. 1ékafské fakulty
Univerzity Karlovy v Praze a Fakultni nemocnice
v Motole)

Prof. MUDr. Martin Matéjovic, Ph.D. (I. interni Kkli-
nika Lékarské fakulty Univerzity Karlovy v Plzni
a Fakultni nemocnice Plzer)

Doc. MUDr. Eduard Kasal, CSc. (Anesteziologicko-
-resuscitacni klinika Lékatské fakulty Univerzity
Karlovy v Plzni a Fakultni nemocnice Plzen)

Doc. MUDr. Vladimir Srdmek, Ph.D. (Anesteziologic-
ko-resuscitacni klinika Lékafské fakulty Masaryko-
vy univerzity a Fakultni nemocnice u sv. Anny)

Prim. MUDr. Daniel Nalos (Oddéleni intenzivni me-
diciny, Masarykova nemocnice Usti nad Labem)

Prim. MUDr. Ivan Herold, CSc. (Anesteziologicko-
-resuscitac¢ni oddéleni, Klaudianova nemocnice
Mlada Boleslav)

MUDr. Jan Maridk, Ph.D. (Klinika gerontologicka
a metabolicka Lékarské fakulty Univerzity Karlovy
v Hradci Kralové a Fakultni nemocnice Hradec
Kralové)

Doc. MUDr. Milan Adamus, Ph.D. (Klinika aneste-
ziologie, resuscitace a intenzivni mediciny Lékat-
ské fakulty Univerzity Palackého a Fakultni ne-
mocnice Olomouc)

MUDr. Eduard Havel, Ph.D. (Chirurgicka klini-
ka Lékarské fakulty Univerzity Karlovy v Hradci
Kralové a Fakultni nemocnice Hradec Kralové)

MUDr. Ivana Zykovd (Anesteziologicko-resuscitacni
oddéleni, Krajska nemocnice Liberec)

Prim. MUDr. Magdalena Fortovd (Anesteziologicko-
-resuscitacni oddéleni, Pardubicka krajska ne-
mocnice)

Prim. MUDr. Anna Sobdfiovd (Oddéleni intenziv-
ni péce opera¢nich oborii, Krajskd nemocnice
T. Bati, Zlin)

Prim. MUDr. Radovan Turek (Anesteziologicko-
-resuscita¢ni oddéleni, Krajskd nemocnice T. Bati,
Zlin)

Informaéni a analytické zizemi EPOSS &
SEPSIS-Q

Doc. RNDr. Ladislav Dusek, Ph.D. (Institut biostatis-
tiky a analyz Masarykovy univerzity)

Ing. Daniel Schwarz, Ph.D. (Institut biostatistiky
a analyz Masarykovy univerzity)

RNDr. Jifi Jarkovsky, Ph.D. (Institut biostatistiky
a analyz Masarykovy univerzity)

Mgr. Jan Svancara (Institut biostatistiky a analyz
Masarykovy univerzity)
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a analyz Masarykovy univerzity)

Bc. Richard Hiilek (Institut biostatistiky a analyz
Masarykovy univerzity)

Steering committee EPOSS & SEPSIS-Q

Doc. MUDr. Milan Adamus, Ph.D. (Klinika aneste-
ziologie, resuscitace a intenzivni mediciny Lékat-
ské fakulty University Palackého a Fakultni ne-
mocnice Olomouc)

Prof. MUDr. Vladimir Cerny, Ph.D., FCCM (Klinika
anesteziologie, resuscitace a intenzivni medici-
ny Lékarské fakulty Univerzity Karlovy v Hradci
Kralové a Fakultni nemocnice Hradec Kralové)

Doc. RNDr. Ladislav Dusek, Ph.D. (Institut biostatis-
tiky a analyz Masarykovy univerzity)

MUDr. Jan Maldska, Ph.D. (Klinika anesteziologie,
resuscitace a intenzivni mediciny Lékafské fakul-
ty Masarykovy univerzity a Fakultni nemocnice
Brno)

Prof. MUDr. Martin Matgjovic, Ph.D. (1. interni Kkli-
nika Lékatské fakulty Univerzity Karlovy v Plzni
a Fakultni nemocnice Plzer)

Prof. MUDr. Pavel Sevéik, CSc. (Klinika anestezio-
logie, resuscitace a intenzivni mediciny, FN Brno
a LF MU, Anesteziologicko-resuscitacni klinika FN
Ostrava a LF Ostravské univerzity)

Doc. MUDr. Vladimir Srdmek, Ph.D. (Anesteziologic-
ko-resuscita¢ni klinika Lékafské fakulty Masarykovy
univerzity a Fakultni nemocnice u sv. Anny)

Seznam pracovist zapojenych do projektu
EPOSS & SEPSIS-Q

FN Brno - Klinika anesteziologie, resuscitace
a intenzivni mediciny

FN u sv. Anny - Anesteziologicko-resuscitacni
klinika

FN Hradec Kralové - Klinika anesteziologie,
resuscitace a intenzivni mediciny

FN Hradec Kralové - Klinika gerontologicka
a metabolicka

FN Hradec Kralové - Chirurgicka klinika

FN Olomouc - Klinika anesteziologie, resusci-
tace a intenzivni mediciny

FN Olomouc - Oddéleni intenzivni péce chirur-
gickych obora

EN Ostrava - Anesteziologicko-resuscitacni kli-
nika

EN Plzen - I. interni klinika

FN Plzen - Anesteziologicko-resuscitacni kli-
nika

FN v Motole - Klinika anesteziologie a resus-
citace

VEN v Praze - Klinika anesteziologie, resusci-
tace a intenzivni mediciny

Pardubicka krajskd nemocnice - Anestezio-
logicko-resuscitac¢ni oddéleni



Krajska nemocnice Liberec - Anesteziologicko-
-resuscita¢ni oddéleni

Klaudidnova nemocnice Mlada Boleslav -
Anesteziologicko-resuscitacni oddéleni

Masarykova nemocnice Usti nad Labem -
Oddéleni intenzivni mediciny

Krajska nemocnice T. Bati - Anesteziologicko-
-resuscita¢ni oddéleni

Krajska nemocnice T. Bati - Jednotka intenzivni
péce Interni kliniky IPVZ
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3. Molekularni podklad dlouhodobych komplikaci sepse
Vzhledem k datiim, ktera poukazuji na vysokou incidenci sepse a jeji mortalitu
dosahujici az cca 20% vSech globalnich umrtni, byla vyhladsena Svétovou
zdravotnickou organizaci (WHO) jako celosvétova zdravotni priorita. [ 144]
V souvislosti s intenzivni péci je septicky Sok stale hlavni pfi¢inou mortality na ICU.
[145] Se zlepsujicim se trendem k poklesu dlouhodobé mortality u pacientti po pieziti
sepse se v posledni dekadé¢ zacinaji vice zkoumat specifické komplikace, které se
vyvijeji u pacientd, ktefi tyto stavy preziji. Tzv. post-septicky syndrom (PSS) je
kombinaci specifickych neuropsychickych, imunitnich, rendlnich a kardiovaskuldrnich
komplikaci. [130, 146] Dokonce zvySené kardiovaskularni riziko miize pietrvavat 5 az
10 let po propusténi z nemocnice. [147] Je pravdépodobné, Ze mechanismem
dlouhodobych kardiovaskularnich komplikaci je také urychlena tzv. endotelialni
senescence. V endotelialnich buikach dochazi k morfologickym a metabolickym
zménam, které vedou ke snizeni produkce NO, zvySeni produkce cytokini a zvySené
inflamatorni odpovédi. [132, 148] VySe uvedené méni endotel v chronicky zanétlive
zménénou, protrombotickou a dysfunkéni bariéru, ktera je podkladem dlouhodobych
kardiovaskularnich ptihod u pacienti po prodélané sepsi. Jednim z mechanismu
urychleného starnuti endotelii je pravdépodobné zkraceni telomer. [149-151]
Telomery, které se prirozené pii kazdé bunécné replikaci zkracuji, tvoii s dal§imi
proteiny tzv. telozom, ktery do urcité limitni délky ochraniuje konce chromozomdi, aby
nebyly rozpoznany jako zlomy. V okamziku dosazeni urcité limitni délky telomer
dochazi k zastaveni bunééné replikace a buiika piechazi do tzv. apoptozy. V této
souvislosti se objevuji prace, které u pacientii v septickém Soku prokazuji zkracenou
délku telomer v leukocytech (LTL), které pravdépodobné souvisi s aktivitou cytokinii

a zvySenim ROS. [152, 153] V navaznosti na septicky Sok madme u systémové
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hyperinflamace u COVID-19 pacientt, ktera bude jest¢ zminovana, k dispozici velice
recentni data, kterd dokladuji moZznost asociace zkraceni LTL a Spatné prognozy
pacientll s onemocnénim COVID-19. [136, 137] V této souvislosti je zkouméan enzym
telomeraza, ktery za fyziologickych okolnosti v ur€itych bunkach, ale také

v nddorovych bunkach prodluzuje, resp. udrzuje délku telomer. Pti stanoveni LTL a
aktivity telomerdzy se pouziva metoda, ktera byla zavedena do praxe jiz pred delsi
dobou a ktera také byla pouZita v této originalni praci, kterou zde uvadim. Metodu
stanoveni LTL, aktivity telomerazy a exprese mRNA pro katalytickou podjednotku
telomerazy (hTERT) ukazujeme na ptikladu aktivace telomerazové aktivity a délky

telomer u pacientli s akutni leukemii a kolorektalnim karcinomem. [134, 135]
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a. Telomerase activity and expression and telomere analysis in situ in the course
of treatment of childhood leukemias. Blood Cells Molecules and Diseases.

2000

V této praci jsme se zamétili na pediatrické pacienty s akutni leukemii (akutni
lymfoblastickou leukemii (ALL) a akutni myeloblastickou leukemii (AML)). Po ziskani IS
byly pacientim odebirany vzorky periferni krve, event. kostni dien¢ a vySetfovany na aktivitu
telomerazy, expresi mRNA pro hTERT a vysetfovana délka telomer. Celkem bylo v praci
analyzovéno 8 pacientil. U v§ech pacientl byla zjiSténa vysoka aktivita telomerdzy a exprese
mRNA pro hTERT a také korelace s klinickym priibéhem a odpovédi na terapii.

Praci zde uvadim, jelikoz se v posledni dobé zvySuje zajem o vyzkum v oblasti telomer jako
podklad tzv. PSP a dlouhodobych kardiovaskularnich komplikaci a navic nyni v situaci
pandemie se jesté tento zajem v souvislosti s hyperinflamaci u COVID-19 a souvislosti LTL a
progndzy pacientd, jesté vice zintenzivnil. Také podobnost molekularnich mechanismit
aktivace inflamace u sepse a patofyziologie nadorti jiz byla zminéna. Vyznam préce je také
mozno dokumentovat na citanich ohlasech, kdy byla celkem 19 citovana ve vyznamnych

pracich autorid z nejvysSe renomovanych pracovist’ a také fakt, ze jesté v roce 2021 je citovana.
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ABSTRACT: Samples of blood and marrow from children with leukemia were assayed for telomerase activity and
expression on the day of diagnosis and during the course of chemotherapy. A strong correlation between either
variables and clinical response was observed in most patients. A unique case was observed in which telomerase
activity was only moderately increased on diagnosis; it gradually increased in the course of therapy, and a
subsequent decrease occurred only after application of intensified therapy. This patient did not respond to therapy,
his disease progressed, and he finally died during intensified therapy. In another patient, analysis of telomere
lengths using dideoxy-PRINS revealed a single telomere expansion on a long arm of chromosome 4, suggesting
involvement of a telomerase-independent mechanism of telomere elongation. © 2000 Academic Press

Key Words: acute leukemias; telomerase; in situ analysis of telomeres; chemotherapy, predictive factors.

INTRODUCTION ase activity, e.g., via folding of telomeric DNA
into telomerase-inaccessible structures such as t-
loops or quadruplexes promoted by specific pro-
teins. Hopefully, the intriguing question of differ-
ential regulation of telomere lengths on individual
chromosomes will also be answered. The method
of terminal restriction fragments (TRF) has shown

Telomerase activity is regarded as an essential
step for the immortalization of human cells, both
in vitro and in tumor progression in vivo. Al-
though altered telomerase activity is not a cause
of malignancy, a strong association between the / :
presence of telomerase activity and malignancy ~ that telomeres gradually shorten during tumori-
makes the enzyme one of the most common tumor genesis and are stabilized only upon activation of
markers (1). The knowledge of human telomerase telomerase, typically at their shortened sizes. Be-
subunit composition made it possible to combine sides telomerase, rare cases of activation of alter-

the test for activity of telomerase [commonly per- ~ native mechanism of telomere lengthening (ALT)
formed as the telomere repeat amplification pro- were observed in both in vitro immortalized hu-
tocol, TRAP (2)] with the RT-PCR test for ex- man cells and tumor tissue samples (3). The ALT
pression of its reverse transcriptase and RNA sub- mechanism, probably based on recombination
units. A further step in understanding telomere events, results in generation of sequence-hetero-
biology could be achieved through accumulating geneous telomeres expanded to multiples of their
information on regulatory mechanisms control- original lengths. A commonly used TRF tech-
ling telomere lengths in the presence of telomer- nique (Southern hybridization of terminal restric-
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TABLE 1

Telomerase Activities in the Course of Therapy

Patient No. Diagnosis 0 BM 0 PB 2 PB 4 PB 6 PB 8 PB 15 PB 34 PB 34 BM
1 AML 94.8 65.1 n n n n 18.9 21.1 n
2 ALL 100.0 70.7 61.7 46.4 12.1 17.1 149 17.1 26.2
3 ALL 41.0 379 48.0 n 75:5 46.5 18.7 T
4 ALL n 98.0 n 253 21.7 16.2 21.0 104 n
5 ALL n D2 36.2 30.0 31.5 19.9 11.1 n n
6 AML n 98.4 T
7 ALL n 80.5 n 16.3 13.5 11.3 9.2 n n
8 ALL n 120.9 T

Control 1 — n 18.2 n n n n 11.8 14.6 n

Control 2 — n 212 n n n n 17.2 18.3 n

Note. n, data not available; T, patient died; BM, bone marrow; controls 1, 2, healthy individuals (without treatment).

tion fragments) is able to show only the average
size of telomeres, not their individual differences
or even a complete loss or extreme expansion at
certain chromosome arms. Instead of TRF, a
quantitative analysis of telomeres in situ using a
dideoxy-version of PRimed /N Situ labeling
(dideoxy-PRINS) technique has become a tool of
choice for detailed analysis of telomeres.

In this report we present results of our study
on telomere dynamics (telomerase activity and

expression, telomere analysis in situ) in the course
of therapy of cases of childhood leukemia.

MATERIALS AND METHODS

Patients

Eight children with acute leukemia have been
followed, six of them diagnosed as acute lympho-
blastic leukemias (ALL) and two as acute myeloid

120 e
Patient 2 i
100 f-—
2 60 |- /‘\
ol \‘\ 3
Patient 3 \ ; '
R R
0 T T T T 1 ‘ 1
0 2 6 8 15 34

Day

FIG. 1. Profiles of telomerase activities during treatment of childhood acute leukemias. Results in TPG units (total

product generated, Intergen Manual) were calculated from the signals obtained from two parallel reactions (60 ng of total
protein per assay) using the TRAPeze telomerase detection kit (Intergene). While the profile observed in patient 2 is typical
for most patients (see Table 1), the increase in telomerase activity during the first 6 days of treatment in patient 3 is unique
within our set of patients (see also Results and Discussion).
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Day

FIG. 2. Expression of the catalytic subunit of telomer-
ase (hTERT) during the treatment period of three different
patients. RNA samples were first analyzed for G3PDH as a
reference transcript, and then used for RT-PCR of hTERT.
PB, peripheral blood; BM, bone marrow.

leukemia (AML). Written informed consent was
obtained from each patient or their parents. On the
day of diagnosis (day 0), bone marrow (BM) and
peripheral blood (PB) was collected. Further col-
lection of blood was performed on days 2, 4, 6, §,
15, and 34 of therapy.

Patients with ALL were treated according to
the BFM 95 protocol, and those with AML ac-
cording to the BFM 98 protocol.

Telomerase Activity and Expression Assays

Nucleated cells were isolated from blood or
marrow samples using HISTOPAQUE-1.077
(Sigma Diagnostics) according to the manufactur-
er’s instructions. The resulting cell pellet was
divided into aliquots for preparation of cell ex-
tracts for TRAP assay, total RNA preparation and
cell counting. A TRAPeze telomerase detection
kit (Intergene) was used for preparation of cell
extracts and for semiquantitative TRAP assay ac-
cording to the supplier’s instructions. A non-iso-
topic detection method using SYBR Green (Mo-
lecular Probes) staining of reaction products after
separation by polyacrylamide electrophoresis has
been used throughout. The protein concentration
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in cell extracts was determined by the Bradford
procedure (4).

Total RNA was isolated from blood or mar-
row cells using a RNeasy Mini kit (QIAGEN) and
the quality of the product was checked on an
agarose gel. RT-PCRs were performed using an
Enhanced Avian RT-PCR kit with primers spe-
cific for the telomerase catalytic subunit (5'-
CCTCTGTGCTGGGCCTGGACGATA-3" and
5'-ACGGCTGGAGGTCTGTCAAGGTAG-3"),
the RNA subunit (5'-CCTAACTGAGA-
AGGGCGTAGG and 5'-GACTCGCTCCGTTC-
CTCTTC-3") and for G3PDH mRNA
(5'-ACCACAGTCCATGCCATCAC-3" and 5'-
TCCACCACCCTGTTGCTGTA-3") as a refer-
ence transcript. After reverse transcription
(46°C/45 min) and initial denaturation (94°C/3
min), PCR proceeded for 30 cycles (94°C/45 s,
55°C/30 s, 68°C/45 s) followed by a final exten-
sion step (68°C/5 min).

In Situ Analysis of Telomeres

Cell suspensions obtained on the day of diag-
nosis from blood of eight patients were analyzed
by dual color PRINS (PRimed /N Situ labeling).
In the first step, telomeres were labeled by
dideoxy-primed in situ labeling (dideoxy PRINS)
using the probe Telo2 (CCCTAA), (5). PRINS
utilizes an unlabeled probe which after hybridiza-
tion to its target sequence serves as a primer for
chain elongation using Tth DNA polymerase to
incorporate labeled nucleotides. Dideoxy-PRINS
is more specific for labeling sequences which lack
one or more of the four bases of DNA; the base(s)
not needed for chain elongation can be added in
the form of dideoxynucleotide(s) to reduce non-
relevant priming from random breaks in chromo-
somal DNA. In the case of the human C-rich
telomeric strand, the dideoxynucleotide used is
ddGTP. Telo2-primed synthesis was visualized
through incorporation of fluorescein—dUTP
(Roche). After the chain elongation, the 3'-ends
of products were blocked by ddNTP before the
next PRINS reaction (6).

Finally, centromeres of chromosome 4 were
labeled with the common PRINS reaction using
the probe Alpha 4/12 (5'-CTG AGA ATG CTT
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FIG. 3. Analysis of telomeres of patient 2 by dideoxy-PRINS with the probe Telo2. On one chromosome, an increased
telomeric signal was observed (arrows) corresponding to a (8.6 = 3.5)-fold telomere expansion with respect to the average
of the other telomeric signals (A). Healthy control is shown for comparison (B). The chromosome possessing the expanded
telomere was identified as chromosome 4 using PRINS with the centromeric probe Alpha 4/12 (C, D). The amplified telomeric

signal can also be seen in interphase nuclei (C).

CTC TCT AGA TCT AGT TAT TAT ATG TCA
TCC C-3'") (7) and digoxygenin—dUTP label
(Roche). Rhodamine-conjugated anti-digoxyge-
nin antibody (Roche) was used for visualization.

RESULTS AND DISCUSSION

Telomerase Activity Profiles in the Course of
Therapy

All eight acute leukemia patients were telom-
erase-positive on the day of diagnosis and showed
several fold increase of activity compared to
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healthy donors (Table 1). In further samples col-
lected in the course of therapy, a tight correlation
of telomerase activity with the clinical response
was observed: most patients showed a complete
morphological remission and a corresponding de-
crease of telomerase activity almost to the levels
of healthy donors within several days after diag-
nosis (a typical profile is shown in Fig. 1, patient
2). A unique case was observed in the case of
ALL patient 3 whose telomerase activity on the
day of diagnosis (day 0) was only moderately
increased above the normal; in the course of ther-
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apy the activity gradually increased until day 6,
and a subsequent decrease occurred only after
application of intensified therapy (Fig. 1, patient
3). This patient did not respond to therapy, his
disease progressed and he finally died during in-
tensified therapy.

Expression of Telomerase RNA and Catalytic
Subunit

RT-PCR examination of expression of the
RNA subunit (hTR) revealed its ubiquitous occur-
rence in all samples collected. Telomerase cata-
lytic subunit ("'TERT) mRNA was present in all
samples until day 15, and disappeared or was
substantially reduced on day 34 (Fig. 2). Expres-
sion of hTERT, was also detected in RNA sam-
ples from healthy donors, corresponding to the
low levels of telomerase activity found in their
cell extracts.

Dideoxy-PRINS Analysis of Telomeres

The telomere-specific probe Telo2 showed a
striking expansion of only a single telomere in
one of eight patients (patient 2), while the normal
telomere length distribution was found in 7 cases
as well as in healthy donors. As chromosomes of
this patient formed clusters (Fig. 3), it was diffi-
cult to obtain a karyotype to identify the chromo-
some bearing the expanded telomere. Therefore, a
secondary PRINS reaction with a centromere-spe-
cific probe was applied which proved that the
signal was localized on the q arm of chromosome
4. The telomeric signals from eight metaphases
were evaluated using software Telomere Quanti-
fier (DAKO, Denmark), and that on the expanded
telomere corresponded to a (8.6 = 3.5)-fold elon-
gation with respect to the average of lengths of all
the other telomeres on a given metaphase.

Due to the low number of cases analyzed here,
it is not possible to deduce a direct connection
between this single telomere expansion and the
diagnosis. Nevertheless, the occurrence of this
phenomenon and the extent of expansion suggests
the presence of a telomerase-independent mecha-
nism of telomere elongation and corresponds with
the previous observation (8) in a Ph-positive, B-
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ALL patient. In contrast to previously described
mechanism of alternative lengthening of telo-
meres (ALT) (3, 9), the single telomere expansion
observed here occurs in telomerase-positive cells,
while ALT and telomerase activity seem to be
mutually exclusive and apply to all telomeres
within a cell (10). Our data thus suggest that a
certain level of telomere length regulation is chro-
mosome- or even telomere-specific.
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b. Telomerase as a diagnostic and predictive marker in colorectal carcinoma.
Neoplasma. 2004

Metodologické moznosti vyzkumu telomer a s ni spojené telomerazy jsou v této praci
demonstrovany na datech ziskanych v prospektivni, observaéni studii u pacientd
s kolorektalnim karcinomem (Colorectal Cancer, CRC). [135] Cilem této prace bylo
zhodnoceni diagnostické a prediktivni tlohy telomerazy. Do studie byli zatazeni
pacienti, u kterych byl ziskan informovany souhlas s odbérem vzorku tumoru a
prilehlé, morfologicky normdlni tkané¢ béhem planované operace pro nové
diagnostikovany CRC. Metodologicky jsme provadéli vysetfeni celkové telomerazové
aktivity (TRAP assay) a zhodnoceni exprese mRNA pro katalytickou podjednotku
telomerazy (hTERT) pomoci RT-PCR metody. Celkovy pocet pacienttl, od kterych
jsme ziskali vzorky k analyze byl 41. VysSettili jsme celkem 82 vzorkl ( vzdy parovy
vzorek tumordzni a makroskopicky normalni prilehlé tkdn¢). Telomerazova aktivita
byla pozitivni v 83% vzorkli nadorové tkané (34/41). Vzorky pftilehlé tkané byly bud’
zcela negativni (61%) nebo mirn€ pozitivni (39%). Vysledky ziskané analyzou
exprese mRNA pro hTERT byly pozitivni u v§ech 34 tumoréznich vzorkd, u kterych
byla detekovana aktivita telomerdzy. Pfekvapivé byla exprese hTERT mRNA
detekovana u 3 vzorki CRC tumoru, které byly negativni na telomeradzovou aktivitu.
Toto pozorovani jsme ale podlozili detekci alternativni sestiihové (alternativni
splicing) a-varianty m RNA pro zmiflovanou hTERT. Tato inhibi¢ni varianta byla
prokédzana v nase projektu a dale i v ostatnich vyzkumnych skupinach s inhibi¢nim
efektem na expresi enzymu telomerazy. [154-156] Exprese mRNA pro hTERT byla
také prokazana v nasi studii v 19 vzorcich z makroskopicky intaktni okolni tkan¢ a to
zejména ve vzorcich, kde byla telomerazova aktivita mirné zvysend. Tyto fakta mohou

byt vysvétleny mikroinvazi nddoru do okolni tkan€. Pro moznou podporu této nasi

74



hypotézy jsme déle vySetiili vzorky od pacientd, ktefi byli operovani pro jiné nez
nadorové onemocnéni. U této skupiny kontrolnich vzorkl byla exprese mRNA
hTERT lehce detekovatelna. Navic jsme v nasi praci prokazali korelaci aktivity
telomerazy s metastazami do lymfatickych uzlin.

Vyznam prace je mozné ukazat na citacnim ohlasu. Prace byla citovana do této doby

celkem 20x (dle WOS).
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Telomerase as a diagnostic and predictive marker in colorectal carcinoma
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In asearch for molecular markers providing both informative diagnostics of malignant disease, and rational stratification
of a therapeutic strategy to achieve optimal response in a given patient, we examined the possibility of using telomerase for
this purpose in colorectal cancer. Telomerase, a ribonucleoprotein enzyme complex catalysing synthesis of chromosome
ends (telomeres), has been known as an almost universal tumor marker but its predictive value has been found in only
a limited number of malignant tumor types. Telomerase activity and expression of its catalytic subunit hTERT was
determined in 82 surgical specimens from 41 patients (a sample of tumor tissue and of adjacent morphologically normal
tissue was obtained from each patient). Telomerase activity was present in tumor samples from 34 (83% ) patients, reaching
an average value of 47.6 telomerase units (T.U.), while adjacent tissue specimens were either negative (in 25 (61%)
patients), or slightly positive (in 16 (39%) patients) showing 1.5 T.U. on average. In tumor samples from patients without
lymphatic node metastases (pN0), an average of 37.1 T.U was found. In contrast, in tumor samples from patients with
lymphatic node involvement (pN1 or pN2) the average activity was significantly higher (60.2 T.U., p<0.05). In patients with
distant metastases a tendency towards higher telomerase activity, although lacking statistical significance, could be ob-
served. Among patients that obtained chemotherapy with 5-fluoruracil, those with low telomerase activity showed a ten-
dency to chemosensitivity. Expression of hTERT was detected not only in samples showing telomerase activity, but alsoin
a considerable portion of telomerase-negative samples either from the tumor or the adjacent normal tissue. We demon-
strate that some of these apparent discrepancies may be attributed to differential splicing of "TERT mRNA. We conclude
that TRAP assay for telomerase activity is more informative than the common testing for h\TERT expression. Telomerase
activity is useful both as a diagnostic as well as a predictive factor in colorectal cancer.

Key words: colorectal carcinoma, telomerase, diagnostic and predictive marker

Colorectal carcinoma belongs to the group of most fre-
quently diagnosed tumors and is a significant cause of mor-
bidity and mortality in all over the world. Its increasing
incidence and the relatively low efficiency of chemotherapy
represent major therapeutic problems. Besides the devel-
opment of new cytostatic drugs, another approach to ther-
apeutic progress could arise from individual planning of
a therapeutic strategy based on evaluation of predictive

“This work was supported by the Grant Agency of the Academy of
Sciences of the Czech Republic, project S5004010 and the institutional sup-
port (MSM143100008 and Z5004920).

“"Author to whom correspondence should be sent.
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factors, i.e. molecular determinants allowing to assess the
effect of different modalities of anticancer therapy. A num-
ber of genetic alterations accompanies the pathologic trans-
formation of normal colonic epithelium to an adenomatous
polyp and ultimately an invasive cancer. It is therefore fea-
sible to search for such markers among genes whose muta-
tions are involved in this long-term multistep process of
disease progression. These include for example adenoma-
tous polyposis coli (APC), K-ras protooncogene, DCC (De-
leted in Colorectal Cancer) tumor-suppressor gene, tumor-
suppressor genes of the transforming growth factor beta
(TGF-beta) pathway, p53 tumor-suppressor gene and genes
involved in DNA mismatch repair [8].

Besides gene mutations and possibly other (epigenetic)
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Table 1. An overview of previous results on the possible predictive value of telomerase activity in colorectal cancer

No. of tumor Presence of Tested correlation(s) of telomerase activity with other clinicopathogenic Reference
specimens telomerase factors / result
tested activity
23 23 (100%) clinical staging / no; 2]
p53 mutations / no
37 19 (51%) Astler and Collier staging / yes (C>A.B) [10]
lymph node metastasis / yes
differentiation grading / yes (poorly and moderately > well)
mitotic and Ki-67 labeling index / yes
Bcl-2 expression / no
p53 accumulation / no
67 50 (75%) microsatellite instability / no [16]
29 29 (100%) Dukes’ staging / yes (A and C>B) 7]
location / yes (right>left)
differentiation grading / yes (poorly>well)
50 33 (66%) clinical staging / no 9]
Bcl-2 expression / yes (higher activity in Bcl-2-positive samples)
30 27 (90%) depth of invasion / yes [13]
age, gender, histologic type, location / no
lymph node metastasis, lymphatic infiltration,
Dukes’ stage / no
venous invasion / yes
liver metastasis / yes
20 15 (75%) depth of tumor invasion / no [1]

lymphatic and/or venous involvement / no
regional lymph node metastasis and Dukes’ stage / no

changes leading to altered gene expression (e.g., DNA
methylation and histone acetylation), transformed cells
have to possess a functioning telomere-maintenance me-
chanism to escape cell cycle arrest or apoptosis after critical
telomere shortening due to incomplete chromosome-end
replication. In about 85% of all cancers and about the same
percentage of colorectal cancers [11], telomere mainte-
nance is achieved by activation of telomerase, a complex
synthesising telomeres via the reverse transcriptase activity
of its catalytic protein subunit, h\TERT, using a template
region of an RNA subunit, h'TR (see [6] for recent review).
The rest can be accounted for by alternative telomere
lengthening (ALT) mechanisms operating via a telomer-
ase-independent (probably recombination) pathway [3] .
Consequently, telomerase activity has become an almost
universal diagnostic marker in oncology, but its predictive
value has been shown in only a limited number of tumor
types. In colorectal cancer, there are discrepant reports on
this subject. A significant correlation of telomerase activity
with tumor staging, cell differentiation, proliferation and
lymph node metastasis in colorectal carcinomas has been
reported [10]. Another group observed a significant differ-
ence in telomerase activity between tumors with and with-
out venous invasion [13]. Telomerase activity was
correlated with depth of invasion and liver metastasis but
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not with lymph node metastasis, lymphatic infiltration or
Dukes stage. In another recent study [1] no significant cor-
relation was observed between telomerase activity levels
and clinicopathological parameters such as depth of tumor
invasion, lymphatic and/or venous involvement, and regio-
nal lymph node metastasis and Dukes’ stage. An overview
of previous results is given in Table 1.

The aim of our present study was therefore to bring in-
dependent novel data to the ongoing discussion on the di-
agnostic and predictive value of telomerase in colorectal
cancer. These data show not only a strong correlation of
telomerase activity with malignant phenotype, but also with
lymph node metastasis. We further show that assays for
telomerase activity are more informative than a simple
RT-PCR test of hTERT expression, as the latter is also
positive in a considerable portion of telomerase-negative
samples coming either from the tumor or the adjacent nor-
mal tissue. We also demonstrate that some of these appar-
ent discrepancies may be attributed to differential splicing
of h\TERT mRNA [4, 14, 17].

Material and methods

Patients. Surgical specimens of tumor and adjacent mor-
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phologically normal tissue were obtained from 41 patients
who provided written informed consent to provide samples
for molecular genetic examination (a total of 82 specimens
were analyzed). Diagnosis of colorectal adenocarcinoma
was confirmed by histological typing. Among 41 patients,
3 showed grade I., 34 grade II. and 3 were of grade III., and
in one sample this criteria could not be applied. In the TNM
classification, there were 3 of pT2, 20 of pT3 and 17 of pT4
stage, and in one sample this was not applicable. With re-
spect to lymphatic node involvement, there were 24 patients
of pNO, 12 of pN1 and 2 of pN2 classification, and in 3
samples the pN status could not be assessed (see also Table
2 in the Results section).

Telomerase activity assay. A TRAPeze Telomerase De-
tection Kit (Intergene) was used for preparation of tissue
extracts from surgical specimens and for semiquantitative
TRAP assays according to the supplier’s instructions. Two
reactions using aliquots corresponding to tumor tissue and
adjacent tissue were tested in parallel. Reaction products
were separated on 12.5% polyacrylamide gels (19:1 acryla-
mide:bisacrylamide), stained using SYBR Green I (Molecu-
lar Probes) and detected in blue fluorescence mode on
a PhosphorImager STORMS860 (Molecular Dynamics).
Semi-quantitative evaluation in relative telomerase units
(T.U.) was performed using ImageQuant software (Mole-
cular Dynamics).

RNA isolation, RT-PCR analysis of hTERT expression
and detection of differential hTERT splicing. Total RNA
was isolated from surgical specimens using a RNeasy Mini
Kit (QIAGEN) and the quality of the product was checked
on an agarose gel. RNA concentration was measured using
RiboGreen RNA quantitation reagent (Molecular Probes).
Random hexamer-primed cDNA was synthesized from 200
ng of total RNA in a 20 ul reaction using a GeneAmp RNA
PCR kit (Applied Biosystems). Amplifications were per-
formed using AmpliTaq Gold DNA polymerase (Applied
Biosystems) in the supplied reaction buffer and 2 mM
MgCl, with an initial denaturation at 95 °C for 10 min fol-
lowed by 40 cycles (95 °C/30 s, 55 “C/30 s, 72 °C/30 s) and
a final extension (72 °C/7 min). As an independent internal
marker of overall transcription, expression of HPRT was
detected by RT-PCR in parallel.

For analysis of differential splicing of hTERT mRNA,
cDNA was prepared using 200 ng of RNA and a Super
Script First Strand Synthesis System for RT-PCR (Gibco
BRL) with random hexamers. The amplification of alterna-
tively spliced hTERT ¢cDNA was performed with TERT-
2164S and TERT-2620A primers as described [15]. Pro-
ducts were labeled during PCR with «-[*?P]dCTP (75 kBq
per PCR reaction). Amplified products were electrophor-
esed on 6% polyacrylamide gel with 1% urea and visualized
by use of PhosphorImager or X-ray film. As an internal
control, expression of HPRT was detected by RT-PCR in
parallel.
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Results and discussion

The overview of results is given in Table 2. In these data,
telomerase activity is positive in 34 of 41 tumor specimens
(83%) showing an average of about 48 telomerase units
(T.U.). This percentage corresponds well with summarized
data obtained by other groups [12]. Tumor-adjacent tissue
specimens are either negative (in 25 (61%) patients), or
slightly positive (in 16 (39%) patients) showing 1.5 T.U.
on average. Expression of hTERT was detected by RT-
PCR in all 34 telomerase-positive tumor specimens and in
3 of 7 telomerase-negative tumor specimens. This apparent
discrepancy can be explained in all these 3 samples by the
presence of an « splicing variant of "TERT mRNA whose
inhibitory effect has been reported recently [4, 17] or, alter-
natively, by the absence of the full-length (¢"f*) hTERT
mRNA transcript (Fig. 1). To our knowledge, our data re-
present the first report on alternate \TERT mRNA splicing
in colorectal cancer specimens and correspond to our pre-
vious findings in normal and carcinoma colon cell lines [5].

Expression of hTERT was found also in 19 specimens
from adjacent morphologically normal tissue, mostly in spe-
cimens where a slight telomerase activity had been de-
tected. The slight activity and positive RT-PCR results
can be explained in these cases by invasion of tumor cells
to adjacent tissue and/or by presence of normal proliferat-
ing cells in colon crypts.

To test the latter possibility, additional control specimens
from 3 non-tumor patients (samples of colorectal mucosa

patient no. patient no.
18 21 27 cpc NC TSR 18 21 27 M
e et € ST Mt NA et S %% bp
: -
5 N 500
= % 400
= % 300
—
wée. 200

- - o W IC

Figure 1. Analysis of telomerase activity (A), expression and splicing pattern
(B) of the \TERT mRNA region 2164-2620 (Genebank AF15950) in se-
lected tumor Tumor samples of patients 18, 21 and 27 display no
telomerase activity in TRAP assays (A), although they show expression of
hTERT mRNA (B). This apparent discrepancy can be d by the
presence of an inhibitory o splicing variant of hTERT mRNA (patient 18
and 21) or by the absence of the full-length length («*#*) hTERT mRNA
transcript (patient 27).

cpc - control positive HeLa cells, NC — negati I, TSR - tel
quantitation control, IC - internal amplification control, M — DNA length
marker.
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and of complete colon section) were analyzed in parallel.
No hTERT mRNA expression was detected in all 3 samples
of colorectal mucosa, while it could be found (showing the
same splicing pattern) in complete colon sections, probably
reflecting the presence of proliferating cells from colon
crypts. Considering these results we conclude that testing
of hTERT mRNA expression is less informative than
TRAP assays for telomerase activity, unless a quantitative
version of RT-PCR and complementary information on the
splicing pattern are available.

Concerning the potential predictive value of telomerase
activity, tumor samples from patients without lymphatic
node metastases (pNO) show an average value of 37.1
T.U. In contrast, in tumor samples from patients with lym-
phatic node involvement (pN1 or pN2) the average activity
was significantly higher (60.2 T.U., p<0.05). These data thus
correspond to previous findings showing a correlation of
telomerase activity with lymph node metastasis [10], but
contradict a couple of other reports [1, 13].

In patients with distant metastases a tendency towards
higher telomerase activity, although lacking statistical sig-
nificance, could be observed. Among twelve patients that
obtained chemotherapy with 5-fluoruracil, eight had objec-
tive response. Six of these patients showed low levels of
telomerase activity (0.0-6.0 T.U.) while within the non-re-
sponding group only one patient with no activity occurred.

We conclude that telomerase activity is useful both as
a diagnostic and a predictive factor in colorectal cancer.

We thank Dr. R. HANCOCK (Laval University Cancer Research
Center, Quebec, Canada) for helpful comments and revision of the
manuscript.
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4. Obéhového selhani u septického a kardiogenniho Soku a prognostické faktory

Sok, resp. jeho klinicka manifestace ve formé ob&hového selhani, je p¥itomny pii piijeti na
ICU az u 1/3 pacientll a je spojeny s vysokou mortalitou a morbiditou. [5] Klasické Clenéni a
klasifikace typt Soki pochazi od jednoho ze zakladateli oboru intenzivni mediciny a to od
prof. Harryho Maxe Weila. [52, 157] Cleni $oky na &tyfi zékladni typy: hypovolemicky,
kardiogenni, obstruktivni a distributivni. Klasicky jsou prvni tfi typy Sokd povazovany za
stavy s nizkym srdecnim vydejem (CO), zatimco u posledniho dochazi vlivem uvoliovani
inflamatornich mediatora k vysledné vazodilataci. Toto uvolilovani mediatort je typické pro
septicky Sok a klasické vniméni zésadni piekryv rliznych typt Sokd neptedpokladalo.
Postupem doby doslo dal$im vyzkumem v oblasti Sokl ke zjisténi, ze fenotypicky se Soky
mohou piekryvat (napft. u septického Soku mize byt ptitomna slozka kardiogenni,
hypovolemicka i obstruktivni) a u v§ech typt Sokit mize dojit k aktivaci inflamatornich
mediatort a zvySenému oxida¢nimu stresu (ROS, Reactive Oxygen Species) k dal§imu
tkatiovému poskozeni. [48] Kardiogenni (KS) a septicky $ok (SS) maji za n&kterych okolnosti
spolecné rysy nejen na urovni molekularni (viz déle), ale i na urovni klinické, kdy vyjadiena
septickd kardiomyopatie nizkym srde¢nim vydejem evokuje Sok kardiogenni (bude
diskutovano v oddilu 3).

Stanoveni prognézy, tedy predikce klinického vysledku u pacientt jak s kardiogennim, tak
septickym Sokem je velice diilleZita nejen pro event. stratifikace rizika a individualizovany
management pro konkrétniho pacienta, tedy tzv. personalizovana medicina (personalized
medicine nebo také precision medicine (precizni medicina)), ale i z hlediska popula¢niho pro
zlepSeni vysledki celkové 1é€by a racionalnéjSimu vyuzivani medicinskych zdrojt. Pro
predikci pribehu onemocnéni a vysledkl 1éCby je mozné pouzit bud’ rizné skorovaci systémy

anebo urcité biomarkery, resp. jejich kombinace. Ze skorovacich systémi je validovan pro
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vSeobecnou populaci pacientil na intenzivni péci napt. systém APACHE II (Acute Physiology
and Chronic Health Evaluation II) nebo SAPS II (Simplified Acute Physiology Score II),
které vykazuji dobrou diskriminaéni hodnotu. [158, 159] U pacienti, ktefi maji kardiogenni
Sok z pti¢iny akutniho koronarniho syndromu (ACS) se miize také pouzit tzv. GRACE skore
(Global Registry of Acute Coronary Events), ktery ma dobrou diskriminaci stran nemocni¢ni
a dlouhodobé mortality pacientii s kardiogenni Sokem, ale pouze z pti¢iny ACS. [160] Nebo
napiiklad recentné validované IABP-SHOCK II skore. [161] Jedna se o skorovaci systémy,
které urcuji zavaznost onemocnéni v prvnich 24 hodinach po pfijmu pacienta. VétSinou

v sob€ zahrnuji zhodnoceni nejhorsich fyziologickych hodnot v pribéhu pifijmu a také berou
v potaz eventualni chronickd onemocnéni pacienta. Tyto jednordzové systémy ale nemohou
byt pouzivany k definitivnimu stanoveni pravdépodobnosti mortality u konkrétniho pacienta.
Jako urcity dopln¢k ke skdrovacim systémiim je k dispozici mnozstvi dat riznych
hemodynamickych a zobrazovacich parametrt, které jsou spojené s nemocni¢ni mortalitou
pacientil, jak kardiogenniho, tak septického Soku (napt. davka a pocet vazopresort, laktat,
pritomnost mitralni regurgitace, ejekéni frakce levé komory (EF LK), Thrombolysis in
Myocardial Infarction (TIMI) flow a dalsi.). Idedlnim biomarkerem by mél byt ten, ktery je
validovan, nejlépe externi validaci stran diskrimina¢ni schopnosti predikovat mortalitu.

K témto charakteristikdm se svym zptisobem blizi hodnoceni hladin inflamatornich markert,
napft. IL-6, prokalcitonin (PCT), klirens laktatu a natriuretické peptidy (BNP, B-type
natriuretic peptide a NT-proBNP, N-terminal fragment pro-BNP). [138, 162-166]

Praktickym ptikladem pouziti inflamatornich markert v rutinni klinické praxi je dg.
superinfekce u pacienttl s KS. [167, 168] Vyzvou do budoucnosti je nalezeni markert, které
se daji pouzit v riznych fazich rozvoje kardiogenniho Soku a které jsou specifické pro urcitou
dysfunkci/selhani konkrétniho orgénu. [169] Na piikladu biomarkerti endotelidlnich buné¢k jde

dobie demonstrovat, jak lze vyuzit integrujici a komplexni lohu aktivace endotelii
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s moznosti sledovani jejich parametrt k predikci pribeéhu onemocnéni, tedy sepse, resp.
septického Soku. [170] Tato akutni endotelialni dysfunkce mize byt pocatkem chronické
endotelidlni dysfunkce a tzv. zrychleného vaskularniho starnuti. Tento mechanismus mtize byt
podkladem pro prokazané zvysené kardiovaskularni riziko pacientt, ktefi pfeziji sepsi,

v ramci PSS. [130] Efekt je pravdépodobné sledovatelny az 10 let po propusténi po prodélané
sepsi. [147] Pravdépodobnym patofyziologickym momentem se jevi akcelerovana
ateroskler6za na mozném podkladé zkraceni délky telomer, diskutovana v predchozim oddile.

[171]
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a. Myokardialni dysfunkce v sepsi — diagnostika a terapie. Vnitini lékarstvi. 2010
Management sepse (do roku 2016 klasifikovana jako tézké sepse) a septického Soku musi byt
komplexni a odrazi do urc€ité miry slozitost jeji patofyziologie. Pfi podrobnéjSim prozkoumani
inicialni faze, terapie téchto pacientli kombinuje nékolik relativn€ jednoduchych ptistupd.
Tyto jsou soucasti doporuceni iniciativy Surviving Sepsis Campaign, kterd jiz od roku 2002,
tedy od roku jejiho vzniku vydava v pravidelnych intervalech odborna doporuceni na
diagnostiku a 1écbu sepse. Posledni doporuceni byla vydana v roce 2021 a predchozi v roce
2012 a 2016. [172-176] V ramci rozvoje syndromu multiorgdnové
dysfunkce/multiorgdnového selhani (MODS/MOF) mtize u ¢asti pacientil dojit k postizeni
myokardu, které se projevi snizenim srde¢niho vydeje. V tomto okamziku se hemodynamicky
obraz SS piekryva diky snizenému CO s KS. Postizeni myokardu v sepsi bylo poprvé
pospano Margaret Parkerovou et al. jiz v roce 1984. [177] Pomoci vysetfeni radionuklidové
ventrikulografie a zavedenym plicnicovym katetrem (PAC, Pulmonary Artery Catheter)
pozorovali reverzibilni pokles EF LK pod 40 % u pacientt se septickym Sokem. Redukovana
EF LK byla pozorovana u 50 % pacientl v septickém Soku, a do konce 25 % pacientii bez
Sokovych znamek ji mélo vyznamné redukovanou. V pribéhu dalSich let s rozvojem
ultrazvukovych metod vySetieni srdce, tedy transtorakalni (TTE) a transezofageélni
echokardiografiie (TEE) byla tato pozorovani potvrzena a dale rozvedena. [178, 179] Pro stav
postizeni myokardu v sepsi se miizeme v literature setkat se synonymy: septicka
kardiomyopatie (SKMP), septické myokardidlni dysfunkce (SMD) a dal§imi. V diagnostice
SMD se pouzivaji v souc¢asné dob¢ zejména echokardiografické metody a tyto dokazi odhalit
jeji ptitomnost az u 2/3 pacientll v sepsi/septickém Soku. Biomarkery, které byvaji u pacientli
se SMD zvysené a je mozné je vyuzit i k predikci prognozy téchto pacienti jsou troponiny
(cTnl a cTnT) a natriuretické peptidy (NT-proBNP a BNP). Asociace hladiny troponind s

mortalitou pacientll v septickém Soku jsou opakované prokazany. [180, 181] Obdobné byly
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publikovany prace, které reportuji hladiny natriuretickych peptidd, zejména NT-proBNP ve
spojeni s mortalitou pacientli v sepsi/septickém Soku. [178, 182] Nas ¢lanek se kromé role
laboratornich markert vénuje a kriticky shrnuje i dalsi diagnostické piistupy, tedy TTE/TEE a
roli hemodynamického monitoringu. Nakonec rozebirame, jak zvolit management a jaké
1¢kové moznosti mame k dispozici.

Tento komentovany a dal$i navazujici ¢lanek z nasi vyzkumné skupiny, ktery se vénuje
charakteristice a patogenetickym mechanismiim SMD, je ojedinélou komplexni souhrnnou
publikaci v ¢eském jazyce na téma SMD. [107]

Vyzkum dalSich biomarkeri a moznosti predikce mortality u pacientli s obéhovym selhanim,

konkrétné pacienti v SS a KS, bude dale diskutovana v tomto oddilu mé habilitaéni prace.
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Myokardialni dysfunkce v sepsi — diagnostika
a terapie

J. Maléska, M. Slezak, K. Muriov4, J. Stasek, P. Sevéik
Klinika anesteziologie, resuscitace a intenzivni mediciny Lékarské fakulty MU a FN Brno, pracovisté Bohunice, prednosta prof. MUDr. Pavel Sevcik, CSc.

Souhrn: Dysfunkce myokardu jako sou¢ast multiorganového selhdni postihuje az 2/3 pacientii v tézké sepsi. Je zajimavé, Ze i u pacientl
s normalnim echokardiografickym ndlezem maZeme prokdzat elevaci sérové hladiny troponinii a natriuretickych peptidi. Prokdzand
prognostickd sila téchto markeri na morbiditu a mortalitu pacienti ukazuje na vyznamnou roli skrytého poskozeni myokardu v sepsi.
Terapeuticky zasahujeme aZ v pfipadé, kdy nizky srde¢ni vydej neni schopen uspokojit metabolické potfeby tkani. V soucasné dobé jsou
vzhledem ke znamym nezadoucim acinkam klasickych inotropik zkoumany nové terapeutické p¥istupy. Jedna se zejména o poutziti levo-
simendanu, ktery pfedstavuje slibnou alternativu, a to nejen kvili svému inotropnimu Gcinku. Véasna diagnostika, stanoveni prognézy
a lécebné strategie u pacientli se SMD poskytuje Siroké pole pro dal3i vyzkum a pfedstavuje vyzvu pro klinické pracovniky riiznych obori.

Kli¢ové slova: sepse - myokardidlni dysfunkce - troponin - BNP - echokardiografie - inotropika - levosimendan

Myocardial dysfunction in sepsis - diagnostics and therapy

Summary: Incidence of myocardial dysfunction in studies with severe sepsis patients is up to two thirds of patients. On the other side,
patients with normal echocardiography have some type of myocardial injury, which can be detected by elevated serum levels of troponins
and natriuretic peptides. Strong prognostic value of these markers regarding morbidity and mortality of septic patients indicates an im-
portant role of this ,,occult“ myocardial injury. Therapeutical interventions should take place only in situation in that low cardiac output
is not capable to ensure metabolic demands of tissues. Nowadays, because of detrimental effects of classical inotropes, new strategies
are under investigation. Namely levosimendan is promising alternative, not only related to its inotropic effects. Early diagnostics, assess-
ment of prognosis and therapeutic strategy in patients with SMD are challenging for continuing research and for clinicians of different

specialities.

Key words: sepsis - myocardial dysfunction - troponin - BN - echocardiography - inotropes - levosimendan

Diagnostické a prognostické
ukazatele myokardiélni dysfunkce
Sepsi indukovana dysfunkce myo-
kardu, spojend se strukturdlnim po-
$kozenim kardiomyocytd, je sledova-
telnd v biochemickych parametrech.
Souhrn téchto markert detekujicich
myokardialni dysfunkci a dal3ich, které
poskytuji prognostickou informaci
u septickych pacientdi, ptedstavuje
tab. 1[1-3].

Cirkulujici faktory v septickém Soku
vedou k tzv. minimalnimu poskozeni
myokardialnich bunék. Prokazan je
primy cytotoxicky efekt endotoxinu,
ktery cestou aktivace kaspazy 3 vede ke
Stépeni kontraktilnich proteind, pred-
poklada se vliv cytokinti a kyslikovych
radikalt. TNF-a zvySuje permeabilitu
endotelu-podobnaalterace permeabi-
lity probiha i v membrané myocytd
a vede k uvolnéni cTnl [4]. Stanoveni
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hladin cTnl a cTnT je standardem pro
diagnostiku a stanoveni rizika u pa-
cientd s akutnim koronarnim syndro-
mem. Zvy3ené hladiny ale pozorujeme
i u srde¢niho selhani neischemického
ptivodu, u plicni embolie, rendlniho se-
Ihdni a u heterogenni populace kriticky
nemocnych [5,6]. Zvysend koncent-
race byla popsana i v plazmé pacientt
v sepsi a septickém 3oku v asociaci se
vzestupem mortality. V studii Mehty et
al byla sérova hladina cTnl elevovana
az u 43 % pacienti se septickym 3okem
[4]. Vy3e zminéné studie zaméfené na
kriticky nemocné poukazaly na zvy3e-
nou mortalitu u pacientl se sérovou
hladinou cTnl > 1,0 ng/ml v porovnéni
s pacienty, ktefi méli troponin nega-
tivni, nezévisle na pficiné pozitivity. Pa-
cienti s elevovanymi hladinami tropo-
ninu méli vétsi sklon k hypotenzi, vy3si
spotiebu vazoaktivnich latek, hodnoty

APACHE |1 skére, ¢astéji byla nutnost
umélé plicni ventilace a zistavali hos-
pitalizovani déle na jednotkach inten-
zivni péce [7]. Elevace hladin cTnl téz
koreluje s poklesem funkce levé komory
(pokles LVSWI - Left Ventricular Stroke
Work Index), a to i u pacientt bez ko-
ronarni léze. Ver Elst et al zjistili statis-
ticky vyznamnou asociaci mezi pfitom-
nosti téchto specifickych a senzitivnich
ukazateld poskozeni kardiomyocytd
a dysfunkci levé komory objektivizo-
vané transezofagealni echokardiogra-
fii (TEE). cTnl byl senzitivnéj3i mar-
ker nez cTnT nebo CK-MB, ale viechny
tyto kardiospecifické markery korelo-
valy s poskozenim kardiomyocytt [6].
Déle Turner et al ve své studii zjistili, Ze
hladiny cTnl byly zvy3ené u vétsiny pa-
cientll se septickym Sokem, mély ale
tendenci k navratu do normadlu u pa-
cientdl, kteti prezili [8]. Stale je véci
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Studie Diagnéza (n)
Roch et al s
[19] septicky 3ok (39)
Hartemink e
ecal [18] septicky Sok (14)
Charpentier tézka sepse/
etal [2] septicky 3ok (34)
ver Elst et al septicky fok (46)
(6]
Fs“ilg el kriticky nemocni (128)
Mcherecal septicky ok (37)
(4]
'[r;]rner zd kriticky nemocni (21)
Clec’h etal

30k (75
Presneill . B
etal [3] kriticky nemocni (82)
Soriano tézkd sepse/septicky
etal [9] 3ok (25)

Tab. 1. Souhrn studii o biochemickych ukazatelich sepse a myokardialni dysfunkce.

- zvy3ené hodnoty u pacientt s kontraktiln{ dysfunkcf

- zvy3eni hodnot 2. a 3. den u zemrelych (p < 0,05)
- korelace s dysfunkci levé komory (p < 0,001)

- korelace s mortalitou (p < 0,001)

- s APACHE Il (p < 0,001)

- s multiorgdnovym selhdnim a mortalitou (p < 0,001)
- zvy8end spotteba inotropnich latek (p = 0,018)

- vy33{ APACHE Il (p = 0,004) a mortalita (p = 0,04)
- abnormalni echokardiografie (p = 0,002)

- negativni korelace s LVEF (p = 0,04)

Tézk.i se'pse/ Biochemické Pitomné korelace
septicky Sok ukazatele
0/39 NT-proBNP
a-ANP, cGMP
0/14 Endothelin
9/25 BNP (p<0,05)
0/46 cTnl, cTnT -s APACHE Il (p < 0,018)
- s vékem (p < 0,001)
46 cTnl
0/37 cTnl
0/15 Tl - s mortalitou (p = 0,01)
0/62 Prokalcitonin
G-CSF
17/29 GM-CSF 2 .
- korelace s ptitomnosti
IL-6
25 cTnl

GM-CSF - Granulocyte-Macrophage Colony-Stimulating Factor, G-CSF - Granulocyte Colony-Stimulating Factor

- s mortalitou (p = 0,002)

- negativni korelace s LVSWI (p = 0,008)

- zvy3ené hodnoty u nepfeZivajicich (p < 0,05)
- negativni korelace s LVSWI (p < 0,05)

- korelace s myokardialni depresi (p < 0,05)

- negativni s LVSWI (p = 0,01)
- se septickym 3okem (p < 0,01)
- hladina PCT den 1. koreluje s mortalitou

- s APACHE Il (G-CSF p < 0,002; pro IL-6 p < 0,001)

- negativni korelace s LVSWI (p = 0,0066)

diskuze, zda uvolnéni troponinu u pa-
cientl se sepsi odpovidd ireverzibil-
nimu myokardidlnimu poskozeni nebo
reverzibilni myokardialni depresi. Za-
timco u myokardialniho infarktu jsou
hladiny troponint zvysené nékolik dni,
u septickych pacientil bylo pozorovano
jen kratkodobé prechodné zvyseni. To
predpokldda uvolnéni troponinu bez
pfitomnosti myokardidlni nekrézy
a tomu odpovidajf i nalezy z autopsif
[9]. V poskozeni myokardu muize dale
hrat roli mikrovaskularni trombéza p¥i
sepsi indukované disseminované intra-
vaskularni koagulopatii. Moznost po-
dilu mikroinfarktl s uvolnénim tropo-
ninu na rozvoji SMD nelze vyloudit.
Poselstvim vy3e zminénych studif
bylo upozornéni na korelaci zvy3enych
hladin kardialnich troponin( u septic-
kych pacient(i se zdvaznosti myokar-
didlni dysfunkce a horsi prognézou.
cTnl je tedy mozno vyuzit jako cas-

Vnitf Lék 2010; 56(3): 226-232

ného markeru zévaznosti a pribéhu
onemocnénti.

Natriuretické peptidy

Natriuretické peptidy - BNP (Brain Na-
triuretic Peptide) a NT-proBNP (N-Ter-
minal pro-Brain Natriuretic Peptide) -
byly ptivodné nazvény podle mista
objevu - v mozku prasete, nicméné
u ¢lovéka je téméF vyhradné produ-
kovan v srdci, predevdim v myokardu
komor [10, 11]. Prohormon pro-BNP
je syntetizovan ventrikuldrnimi myo-
cyty jako odpovéd na mechanické
protazeni a 3tépi se na aktivni BNP
a biologicky inaktivni NT-proBNP. Na
rozdil od ANP (Atrial Natriuretic Pep-
tide), BNP a NT-proBNP nejsou intra-
celuldrné skladovany, ale po expresi
genu pro BNP se ndrazové syntetizuiji.
BNP ma natriuretické a vazodilata¢ni
efekty a ptisobi komplementarné k re-
nin-angiotenzin-aldosteronovému sy-

stému (RAAS) [2]. Hlavnim stimu-
lem pro syntézu a uvolnéni BNP je
distenze komory, sérové hladiny kore-
luji' s tizi srde¢niho selhani. P¥i hodno-
tach BNP < 100 pg/ml v séru pacienta
je diagnéza kongestivniho srde¢niho
selhdni nepravépodobnd, nad hranici
500 pg/ml naopak témé¥ jistd. Inter-
medidlni, tzv. 3ed4 z6na BNP - mezi
100 a 500 pg/ml - zahrnuje nap¥. sta-
bilni dysfunkci levé komory a néktera
nekardialni onemocnéni [10].

Nékolik studii se zabyvalo otdzkou,
zda BNP spravné koreluje s levostran-
nymi plnicimi tlaky a jaka je jeho pro-
gnosticka hodnota u pacienti se sepsi.
Zavéry byly rozporuplné. Studie Witt-
hauta et al [12] gzjistila negativni ko-
relaci mezi BNP a srde¢nim indexem
(ClI - Cardiac Index), ale nebyla nele-
zena zadna korelace mezi BNP a tepo-
vym objemem (SV - Stroke Volume),
LVSWI (Left Ventricular Stroke Work
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Index) a PAOP (Pulmonary Capillary
Wedge Pressure). V dali studii zamé-
fené na pacienty s tézkou sepsi a septic-
kym Sokem byly hladiny BNP 1.-4. den
signifikantné vy33i u pacientd se zhor3e-
nou systolickou funkci levé komory nez
u téch, kde zhstala systolickd funkce
zachovéna; zavér této studie rovnéz
poukazal na prognostickou hodnotu
BNP. Hladina BNP v séru > 190 pg/ml
oddélovala prezivajici pacienty se 70%
senzitivitou a 67% specificitou [2].
Nicméné dalsi studie dospély k opac-
nym zavéram [13], kdy prezivajici méli
vy33i hladiny BNP nebo prace neproka-
zaly prognosticky vyznam hladin BNP
u kriticky nemocnych pacientt [14,15].
BNP tedy neni jasnym a spolehlivym
prediktorem systolické dysfunkce myo-
kardu vyjadfené zménou LV EF u pa-
cientd se sepsi.

V porovnéni se systolickou funkci
levé komory je korelace mezi diasto-
lickou funkci levé komory a hladinou
BNP jasnd - narudend relaxace, restrik-
tivni porucha [16]. JelikoZ u pacientt se
sepsi pozorujeme i naruenou diasto-
lickou funkci levé komory, mazeme
najitzvySeni BNP, ale zachovanou LV EF
[17]. Navic u septickych pacientli mize
stoupat vaskuldrni plicni rezistence na
podkladé soubézného plicniho posti-
Zeni typu ARDS (Acute Respiratory
Distress Syndrome). | pFes pouziti pro-
tektivni ventilace vznika u asi 25% pa-
cientd s ARDS akutni cor pulmonale,
co je pravdépodobné asociovano s ele-
vaci hladinami BNP (ANP). V téchto
ptipadech je obtizné rozlidit jen na za-
kladé izolované hodnoty BPN, jaky je
podil sepse a jaky pfipada na zvy3enou
plicni vaskularni rezistenci [18,19].
V této situaci mize byt vyhodna moni-
torace pacienta pomoci plicnicového
katétru a echokardiografie.

Vyznamné zvy3eni hodnot u nepfezi-
vajicich pacient( se septickym 3okem
je pozorovano i u NT-proBNP. Hod-
nota > 13 600 pg/ml predikuje morta-
litu u kriticky nemocnych se 73% senzi-
tivitou a 83% specificitou, rovnéz plati
negativni korelace s LVSWI [19]. Vy-
hoda méfeni NT-proBNP oproti BNP
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spociva v jeho deldim biologickém po-
lo¢asu. Mze tak odrazet hemodyna-
mické a zanétlivé stimuly za del3i pe-
riodu a ukazuje se byt vhodngjsim
markerem myokardidlni dysfunkce,
a tedy prognézy pacienta.

ANP (Atrial Natriuretic Peptide)
U pacientd se septickym 3okem byly
také zjidtény zvy3ené hladiny ANP. Tyto
hodnoty byly asociovany napf¥. s vyso-
kymi plnicimi tlaky, s LVSWI a RVSWI
[20]. Podobné zavislosti byly zjistény
i u prohormonu pro-ANP pfi zkoumani
souboru septickych pacientt [21].
Zavérem lze Fici, ze BNP, NT-proBNP
a ANP, jejichz zvy3ena hladina ma pre-
diktivni vyznam jiz po 24 hod od roz-
voje septického $oku, mohou byt uzi-
te¢né k detekci myokardidlni dysfunkce
ve véasné fazi sepse, spise vsak jako
komplementéarni laboratorni mar-
kery k zakladnim diagnostickym meto-
ddm - hemodynamickému a echokar-
diografickému monitoringu.

Hemodynamicky monitoring
Nezbytnou souddsti intenzivni péce
o septického pacienta je dosazeni
a udrzeni zédkladnich hemodynamic-
kych cilt odpovidajicich sou¢asnym
doporucenim, koncentrovanym napt.
v dokumentu ,Surviving Sepsis Cam-
paign guidelines for management of
severe sepsis and septic shock“ [22].
V inicidlni fazi jde pfedevdim o udr-
Zeni centralniho Zilniho tlaku - Cent-
ral Venous Pressure (CVP) v rozmezi
8-12mmHg, stfedniho arteridlniho
tlaku - Mean Arterial Pressure (MAP)
nad 65 mm Hg. Pokud tohoto cile neni
dosazeno v prvnich 6 hod navzdory
adekvatni tekutinové resuscitaci a je
nutno podévat vazopresory, je indiko-
vana invazivni monitorace hemodyna-
mickych parametrd.

Zakladni metodou prvni volby je za-
vedeni periferniho arteridlniho katétru,
jezumozni nejen spolehlivé méFeni krev-
niho tlaku, ale ve spojeni s monitory za-
lozenymi na technologii analyzy pulzové
k¥ivky otvird iroké moznosti minimalné
invazivniho méfeni uzite¢nych parame-

tri - srde¢niho vydeje (CO, Cl), systé-
mové vaskularni resistence (SVR), ex-
travaskularni plicni vody (EVLW),
global end diastolic volume (GEDV).
U pacientii na umélé ventilaci je mozné
navic hodnotiti dynamické parametry -
variace tepového objemu a tlaku (SWV,
PPV), které odrazi adekvatnost pre-
loadu. Vyhodou je minimalni invazivita,
rychla a kontinualni informace o hemo-
dynamickych parametrech, hodnoty
jsou v3ak stanoveny nep¥imo, matema-
tickym algoritmem. A v p¥ipadech, kdy
jsou pfitomné arytmie a je pfitomna
spontanni dechova aktivita, nelze tyto
metody pouzit viibec.

Stéle diskutovanou je otazka indikaci
a pfinosu plicnicového katétru - Pul-
monary Artery Catheter (PAC), ktery
navzdory invazivité a s védomim nékte-
rych limitd pfi interpretaci hodnot -
pacienti na umélé ventilaci, chlopenni
vady - zistava ,zlatym standardem®
hemodynamického monitorovani. Za-
kladnim parametrem vedle srde¢niho
vydeje je tlak v zaklinéni - PAOP (Pul-
monary Artery Occlusion Pressure),
jehoz cilova hodnota u septickych pa-
cientdl by méla byt 12-15 mm Hg, ne-
zastupitelnou hodnotu pro posouzeni
dodavky a spotieby kysliku ma satu-
race smidené vendzni krve - S O,. Nevy-
hodou plicnicového katétru je zvysena
invazivita, mél by byt vyhrazen pro
obéhové nestabilni pacienty nereagu-
jici na standardni terapii a pouZit jen
po nezbytné nutnou dobu.V zadné ze
studii zabyvajicich se sepsi nebyl pro-
kazan benefit PAC Fizené terapie.

Cilem invazivniho monitoringu by
méla byt spravnd interpretace zjisté-
nych hodnot - preloadu (CVP, PAOP,
SW), kontraktility (CO), afterloadu
(SVR), v¢asnd identifikace problému
a predeviim cilend intervence - inotro-
pika, vazokonstriktory, tekutiny - smé-
fujici k optimalizaci makro- a mikrohe-
modynamickych parametra.

Echokardiografie

Echokardiografie ma v diagnostice
septické myokardidlni dysfunkce neza-
stupitelnou roli. Nejde jen o v¢asné za-
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chyceni poruchy a jeji terapii, ale trend
vykonnosti levé komory je vyznamny
i prognosticky - jak jiz bylo zminéno,
u prezivajicich pacientt dochazi k nor-
malizaci béhem 10 dni od rozvoje sep-
tického stavu. Zajimavym fenoménem
u prezivajicich je vyraznd dilatace ko-
mory - nérust left ventricle end diasto-
lic area (LVEDA) - zachovévajici tepovy
objem navzdory zhoriené ejekéni
frakci, naopak pacienti, ktefi sepsi ne-
prezili, méli rozméry levé komory nor-
malni [23].

Mezi vhodné echokardiografické pa-
rametry s uréitym prognostickym im-
paktem pat¥i napt. left ventricular
stroke work index (LVSWI), left ventri-
cular fractional area (LVFA) p¥i pouziti
TEE nebo early diastolic mitral annu-
lar velocity jako znamka poruchy re-
laxace. Echokardiografické vy3etieni
u pacient( v sepsi p¥inasi cenné infor-
mace pouzitelné v kazdodennim roz-
hodovani o lé¢ebné strategii. Zakladni
parametry - enddiastolické rozméry
levé komory, vypocet LV EF, echokar-
diografické zndmky poruchy relaxace -
by tedy bylo Zddouci vy3etfovat denné,
minimélné vdak 1., 3., 5., 7. a 10. den,
v idedlnim pfipadé stejnym zkuSenym
kardiologem - echokardiografistou.

Je nutno septickou

myokardidlni dysfunkci lé¢it?
Zékladnim obecnym ptedpokladem
zvladnuti sepse je jeji véasné rozpo-
znani a neodkladnd terapie, zalo-
Zena na rychlém inicidlnim podéni an-
tibiotik, efektivni chirurgické eradi-
kaci zdroje infekce, tekutinové resusci-
taci a podpurnych opatfenich, jako je
uméla plicni ventilace, hemodynamic-
kym monitoringem Fizena farmakolo-
gickd podpora obéhu a dalsi. V expe-
rimentdlnich studiich byly zkouseny
cetné preparaty, cilené proti vystup-
fiované proinflamatorni odpovédi or-
ganizmu (kortikosteroidy, antiendoto-
xinové protilatky, antagonisté TNF,
antagonisté IL-1 receptoru, anti-LPS
protilatky). V néslednych klinickych
studiich v3ak nedoslo k poklesu mor-
tality, naopak, ¢asto byla mortalita
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v intervenované skupiné pacientl sig-
nifikantné vy33i a lékové studie byly
pfedcasné zastavovany. Tato fakta jen
potvrzuji multifaktoridlni patogeneze
sepse a nutnost komplexniho pFistupu.

Terapie

Zakladnim terapeutickym cilem je ko-
rekce sepsi indukované hypotenze.
Spociva v optimalizaci preloadu in-
fuzni terapii (CVP, echokardiografie,
PAOP), pfi pretrvavajici hypotenzi po
korekci systémové vaskularni resis-
tence vazokonstriktory je indikovdna
inotropni podpora myokardu. Otazka
Iécby SMD per se je slozitéjsi. Pokud
SMD povazujeme za adaptaéni reakci
organizmu, terapeuticky zasahujeme
az v pfipadé, kdy nizky srdecni vydej
neni schopen uspokojit metabolické
potfeby tkani a dochazi k nartstu lak-
tatu. V situaci, kdy volumoterapie a va-
zopresory nezajisti p¥ijatelné makrohe-
modynamické parametry, je na misté
aplikace inotropika, nejéastéji dobu-
taminu. Pokud selZe i tato kombinace,
muze byt daldim krokem zvéZeni nasa-
zeni adrenalinu. P¥i podéavani katecho-
lamind je vdak nutno mit na paméti
jejich spole¢né nezadouci Gcinky - po-
ruchy rytmu, zvy3eni spotfeby O, myo-
kardem [24], nérst rezistence k in-
zulinu. V tomto sméru jsou zajimavé
studie s inhibitory PDE (Phospho-dies-
terase, fosfodiesterdza), které kromé
terapie srde¢niho selhdni vykazuji za-
jimavé ucinky na inhibici TNF a en-
dotoxinem indukovaného orgénového
selhani.

Noradrenalin

Vazopresorem prvni volby u pacientd
se septickym Sokem je noradrenalin.
Jeho dominantné a-agonistické Gcinky
2zvy3uji periferni cévni rezistenci a stredni
arteridlni tlak (MAP - Mean Arterial
Pressure) bez velkého efektu na srde¢ni
vydej, vkombinaci s malym inotropnim
B-mimetickym efektem nenf vzestup af-
terloadu levé komory nepfiméreny.
Podavéani noradrenalinu v septickém
Soku je tedy spojeno se vzestupem
MAP i systémového priatoku krve.
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Z experimentélnich septickych modelt
viak vyplyvaji zavéry o selhani noradre-
nalinu pfi obnové mikrovaskularni
perfuze a tkdfové oxygenace, zejména
ve splanchnické ¢&asti cirkulace [25].
Napt. Krej¢i et al na prase¢im modelu
septického 3oku sledovanim mikro-
cirkulace pomoci laser-dopplerovské
flowmetrie zjistili snizeny krevni pra-
tok v jejunu a v pankreatu u zvitat, kte-
rym byl aplikovan noradrenalin [26].
V daldim septickém, tentokrat krysim
endotoxemickém modelu, byla signi-
fikantné snizend tkariovd oxygenace
v mukéze ilea a zvy3ena hodnota lak-
tatu v séru [27]. Tato a daldi data pod-
trhuji nezaddouci ucinky noradrenalinu
na regiondlni perfuzi, oxygenaci a me-
tabolicky distres v septickém 3oku.

Vazopresin

Vazopresin (antidiureticky hormon,
terlipressin, ADH) je silnym vazokon-
striktorem a sehrava ustfedni roli v od-
povédi organizmu na hypotenzi. Zpa-
sobuje vzestup SVR, pokles srde¢ni
frekvence a md i antidiureticky Gcinek.
Landry et al zjistili deficit vazopresinu
v septickém 3oku. Nasledna infuze re-
lativné malych dévek zlepsila odpovéd
na katecholaminy u pacient( v septic-
kém Soku s refrakterni hypotenzi, ¢asto
umoznujici redukci jejich podavani
[28]. Signifikantni p¥inos byl proka-
zan p¥i kombinaci ADH s noradrenali-
nem na dlouhodobém animalnim mo-
delu sepse [29]. ADH ma i nezadouci
ucinky, napt. pokles CO a tepové frek-
vence. Déle k nim patfi arytmie, myo-
kardialni, mezenterickd a digitalni is-
chemie [30].

Levosimendan

V patogenezi SMD sehrava dalezitou
ulohu porucha metabolizmu kalcia
v kardiomyocytech. Fosforylace myo-
filament redukuje senzitivitu myofib-
ril na kalcium, coz vede k redukci myo-
kardidlni kontraktility zptsobenou
zménénou interakci cTnl a cTnC [31].
Dal3im mechanizmem je sniZeni hus-
toty rhodaninovych receptorti na sar-
koplazmatickém retikulu (SR) v kar-
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diomyocytu. Toto vede k naslednému
snizeni uvolfiovani kalcia ze SR a ke sni-
zeni kontraktility [32]. Levosimendan
je kalciovy senzitizér, ktery zlep3uje sr-
decni kontraktilitu a vede ke koronérni
a periferni vazodilataci [33]. Tento
efekt je zprostiedkovan Ca-depen-
dentni vazbou na troponin C za vzniku
silngjsi kontrakce kardiomyocytu bez
vzestupu intraceluldrni koncentrace
kalcia a Zddného nebo jen malého vze-
stupu konzumpce kysliku myokardem.
Jeho dcinek je dobte prozkouman v te-
rapii srde¢niho selhani.

Z experimentalnich dat se v animal-
nim modelu endotoxemie jako vyhodna
ukazala kombinace levosimendanu
s noradrenalinem [34]. V jiném zviFe-
cim modelu sepse (CLP - cecal ligation
and puncture) bylo porovnavano po-
déni levosimendanu a noradrenalinu.
Oba preparity mély srovnatelny efekt
na zlepseni CO bez signifikantniho
ovlivnéni mikrocirkulace. Jediné levosi-
mendan v3ak jednozna¢né zlepsil tka-
fiovy parcidlni tlak O, a snizil hladinu
laktatu v séru, coz ukazuje na mecha-
nizmus nezavisly na makrohemodyna-
mice. Diskutuje se o nékolika moznos-
a snizenf utilizace O, perifernimi tkd-
némi patH k nejvice pravdépodobnym
[35]. Dubin et al v experimentélnim
ovéim modelu sepse prokazal, Ze levo-
simendan (oproti dobutaminu) zacho-
véva regionalni dodavku O, v mezente-
ridIni cirkulaci [36].

Prvni klinické pouziti levosimen-
danu bylo poprvé popsdno Matéjovi-
&em v roce 2005 [37]. Od té doby byly
popsany dal3i aplikace levosimendanu
v [é¢bé refrakterniho septického 3oku
vramci podani u jednotlivého pacienta
¢&imalych skupin pacientd. Bylo shodné
referovano zlep3eni hemodynamiky,
zejména zvydeni CO a VO, (globdln{
dodavky kysliku), zlepseni metabo-
lizmu a sniZeni spotfeby vazopresor
[38,39]. Prvni randomizovanou kli-
nickou studii publikoval Morelli et al.
Soubor 30 pacientt byl randomizovan
do 2 skupin. Prvni k podéavani stan-
dardni terapie uzivajici jako inotropi-
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kum dobutamin a druhé byl apliko-
van levosimendan 0,2 pg/kg/min bez
tvodniho bolusu. Skupina s levosi-
mendanem méla jednoznaéné lepsi Cl,
LV EF, VO, a DO, a v porovnani s do-
butaminem i LVEDV, LVSWI a snizeni
hodnoty laktatu v séru [40]. Dal3i kli-
nickou randomizovanou studii bylo
zhodnoceni levosimendanu u pacienti
se septickym Sokem a ARDS se selha-
nim pravé komory. 35 pacientl bylo
randomizovédno k podani 24hodinové
infuze levosimendanu (0,2 pg/kg/min
bez tvodniho bolusu) nebo k placebu.
Vysledky studie potvrdily zlep3eni glo-
bélni hemodynamiky. Doslo téz ke sni-
zeni MPAP (Mean Pulmonary Artery
Pressure), redukci afterloadu pravé
komory s naslednym zlepsenim RVEF.
Podstatnym klinickym pozorovanim
bylo zvy3eni DO, a S O,, coZ jen potvr-
dilo zavéry pfedchozich studii, ve kre-
rych levosimendan vykazoval pozitivni
efekt na globdlni tkdriovou oxygenaci
[41].

Nezadouci Gcinky p¥i podani levo-
simendanu jsou zejména zplsobené
jeho vazodilata¢nim efektem. Zahr-
nuji hlavné systémovou hypotenzi,
bolesti hlavy a nevolnost. Jsou pFi-
nejmensim Castecné spojené s davko-
vacich schématem levosimendanu (pa-
vodné se podaval bolus a vy33i davky
v kontinualni infuzi - 0,4 pg/kg/min).
V obou klinickych studiich z Morel-
liho skupiny, pfi nichz byl podavén le-
vosimendan u pacient( se septickym
Sokem, nedoslo k vyrazné zméné MAP
a tepové frekvence. Dal$im davodem,
pro¢ nezadouci tciny nebyly tak vyjad-
fené, je jisté i adekvatni tekutinova re-
suscitace a konkomitantni podavani
noradrenalinu.

Data, kterd mame v soucasné dobé
k dispozici stran podavani levosimen-
danu u pacientd v septickém 3oku,
podporuji jeho aplikaci jako bezpec-
nou a ucinnou alternativu u pacientd
s vyjadienou SMD a nedostate¢nou
tcinnosti dobutaminu. Jeho podani
je vdak podminéno predchozi korekci
tézké hypotenze pomoci volumotera-
pie a vazopresorti na hodnoty systolic-

kého tlaku 90-100 mm Hg a vynecha-
nim dvodni bolusové davky. Nesmime
rovnéz zapominat, Ze z hlediska EBM
(Evidence-based medicine) se stale
jedna o off-label indikaci.

Experimentalni moZnosti terapie

S védomim kli¢ové role NO v rozvoji
septické kardiomyopatie se objevuji
prvni huménni lékové studie s nese-
lektivnim blokatorem inducibilni NO
syntazy - tilarginin acetdtem - a zatim
nepfinesly ocekavany benefit, prvni
z citovanych byla dokonce pted¢asné
ukoncena pro vysoky vyskyt neza-
doucich Géinka (plicni hypertenze, sr-
decni selhani) [42,43]. Na zvifecim
modelu sepse s nizkym srde¢nim vyde-
jem byla zkouméana i moznost podpory
obéhu intraaortalni balénkovou kon-
trapulzaci, vysledkem bylo del3i pte-
Ziti a nizsi spotfeba vazopresort [44].
Jsou popsany i jednotlivé kazuistiky
uspésné aplikace této metody v hu-
manni mediciné.

Zavér

Soucasti generalizované inflamatorni
reakce organizmu na p¥itomnost in-
fekéniho agens je syntéza a uvolnéni
excesivniho mnozstvi cirkulujicich fak-
tord - TNF, IL-1 a nasledné oxidu dus-
natého, které maji klicovou roli v roz-
voji septické dysfunkce myokardu. Do
tohoto procesu v3ak vstupuje i fada
dal$ich mechanizmi - porucha sig-
nalizace B-receptorti, zmény mikrocir-
kulace s néslednou mitochondrialni
dysfunkci, degradace kontraktilniho
aparatu kardiomyocytl. P¥itomnost
a dynamika myokardialni dysfunkce
je vyznamnym prognostickym uka-
zatelem prabéhu tézké sepse a sep-
tického Soku. Reverzibilita adaptivni
odpovédi, normalizace kontraktility
a ejekéni frakce béhem 7.-10. dne je
pfiznivou znamkou. Terapeutické ex-
perimenty s monoklondlnimi proti-
latkami proti jednotlivym cytokintim
(napt. anti-TNF), inhibitory NOS, ne-
ptinesly zatim benefit a potvrzuji multi-
faktorialni patogenezi sepse a myokar-
didlni deprese. V soucasné dobé jsou
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proto diskutovény nové terapeutické
pfistupy k pacientdim se septickou
myokardidlni dysfunkci. Jedna se ze-
jména o pouziti levosimendanu, ktery
predstavuje slibnou alternativu, a to
nejen kvali svému pozitivné inotrop-
nimu Géinku.

Prace byla podpoFena grantem IGA MZCR
NR9297-3.
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b. Dynamika hladiny interleukinu 6 u pacientii v septickém a kardiogennim soku a u

pacientii s akutnim infarktem myokardu s elevacemi ST, Vnitini Lékarstvi, 2014
Akutni infarkt myokardu (AIM) s dysfunkci levé komory (LK) je nejcastéjsi pri¢inou
kardiogenniho Soku. [167] Jeho mortalita je vysoka a 1 ptes pokrok v oblasti revaskulariza¢ni
terapie a v zavislosti na regionalnich podminkach mtze dosahovat az 51%. [5] U casti
pacientt, v registru SHOCK az 1/3, neni typicky obraz nizkého CO a vysoké SVR (tzv. cold
and wet), ale naopak dochézi k vazodilataci, tedy ke snizeni SVR (tzv. wet and warm).
V tomto piipad¢ dochazi k aktivaci systémové inflamace a je s timto klinickym fenotypem
spojena vys$i mortalita a riziko infekce. V této souvislosti byly testovany inflamatorni
markery jako je napf. interleukin 6 (IL6) a C-reaktivni protein (CRP) a byl zjistén vzestup u
pacientii s AIM. [183, 184] Navic hladiny IL6 byly asociovany v nékterych souborech
pacientl s nepfiznivou prognozou a rozvojem SIRS. [163, 185]
Pozorovani ostatnich vyzkumnych skupin néas vedlo k vytvoteni protokolu studie, kterd méla
za cil porovnat rozvoj SIRS na tiech skupinach pacientt:

a. Pacienti s AIM s rozvojem KS

b. Kontrolni skupina pacienti s AIM bez rozvoje KS

c. Kontrolni skupina pacientti se SS
Studie a jeji protokol byla schvéalen Multicentrickou etickou komisi (MEK) FN Brno a od
pacientil byl ziskan informovany souhlas (IS), pokud nebylo mozné ziskat, tak od nejblizsiho
ptibuzného. Nasledné byli do studie zatazeni pacienti, kteti splnili kritéria pro akutni infarkt
myokardu s elevacemi ST (STEMI) bez projevii KS, pacienti se STEMI s projevem KS a
pacienti spliiujici kritéria pro SS. Vyluéovacim kritériem byl nesouhlas s ucasti ve studii,
hematologicka ¢i jind malignita, zndmé systémové autoimunitni onemocnéni, trauma nebo
popaleniny vedouci k rozvoji septického Soku, a té¢hotenstvi. Do studie bylo ve sledovaném

obdobi leden 2008 do ¢ervna 2010 zatfazeno celkem 71 pacientt - 30 pacientii v kardiogennim

95



Soku, 21 pacientli v septickém Soku a 20 pacienti s nekomplikovanym priibéhem STEMI.
Median maximalni hodnoty C-reaktivniho proteinu byl nejvyssi u pacientti v SS (310 mg/l), u
pacientli v KS byl vyrazné vy$si ve srovnani s kontrolni skupinou pacienti se STEMI (166 vs
23 mg/1). Hodnoty IL6 byly ve skupiné pacienttl v SS v priibéhu prvnich 4 dni vyznamné
vy&§i v porovnani s pacienty v KS. Pacienti v SS méli nejvyssi hodnoty pfi piijeti s poklesem
v pryvnich 24 hodinach a naslednym vzestupem 3. den. Pacienti v KS dosahli maximalnich
hodnot za 12 hodin od pfijeti (tedy asi 16 hodin od vzniku infarktu myokardu), a pak
postupné dochazelo k poklesu hodnot na Groven srovnatelnou s hodnotami IL6 v kontrolni
skupin¢ pacientl. Podle vysledkii provedené analyzy kiivek pomoci tzv. ROC analyzy
(Receiver Operating Characteristic) jsou hodnoty IL6 > 1 237 pg/ml pfi pfijeti, resp. hodnoty
IL6 > 1 071 pg/ml za 24 hodin od pfijeti typické spise pro pacienty v SS v porovnani s
pacienty v KS. Vysoké hodnoty IL6 > 1 854 pg/ml u pacientt v KS jsou spojeny s
nepiiznivou prognoézou, ale k ¢asnému umrti doslo i u pacientt s hodnotami IL6 kolem 400
pg/ml. Piestoze byly vysoké hodnoty IL6 > 1 854 pg/ml i v nasi praci spojeny se zvySenou
mortalitou, vzhledem k mensimu poctu pacientti a vysokému rozptylu hodnot nebyl vysledek
analyzy ROC statisticky vyznamny. V porovnani s ostatnimi pracemi jsme neprokazali na
nasem souboru pacientl statisticky signifikantni prediktivni schopnost IL6 stran diskriminace
mortality u pacienti se STEMI komplikovanym KS. Vyznamem nasi prace je potvrzeni, Ze
zangtliva reakce neni typickym rysem pouze pacientd v septickém Soku, ale hraje vyznamnou
roli i v pribéhu akutniho infarktu myokardu komplikovaného KS. Rozvoj zanétlivé reakce je
heterogenni jak mezi sledovanymi skupinami, tak mezi jednotlivymi pacienty v kardiogennim
a septickém Soku. Vysledky studie potvrdily podobné prace zkoumajici na obdobn¢ pocetném
souboru pacientti vztah I1-6 k rozvoji SIRS. Préace byla citovana v systematickém piehledu ze

skupiny Cochrane Library v roce 2019. [139]
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Souhrn

Uvod: Kardiogenni 3ok (KS) je hlavni pfi¢cinou Umrti pacient(i hospitalizovanych pro akutni infarkt myokardu.
V ramci akutniho infarktu myokardu a kardiogenniho Soku byl pozorovan rozvoj zénétlivé odpovédi. Cilem nasi
prace bylo popsat dynamiku interleukin 6 (IL6) u pacientt v kardiogennim Soku a porovnat ji s dynamikou inter-
leukinu 6 u pacientt v septickém $oku (SS) a kontrolni skupinou pacientt s nekomplikovanym akutnim infarktem
myokardu s elevacemi ST (STEMI) a vyhodnotit jeho diagnostické a prognostické moznosti. Metodika a pacienti:
V prospektivni observacni studii bylo zafazeno celkem 71 pacientd, ktefi splnili zafazovaci kritéria: 30 pacient(
v kardiogennim Soku, 21 pacientl v septickém Soku a 20 pacientl se STEMI. Hladiny IL6 byly stanoveny celkem
8krat po dobu 3 mésicl. Hlavnim sledovanym parametrem byla 3mési¢ni mortalita. Vysledky: Nejvyssi hodnoty
IL6 byly detekovany v pribéhu 1. tydne u pacientt v septickém Soku s maximalni hodnotou pfi pfijeti. U pacientt
v KS doséhly hladiny IL6 maxima za 12-24 hodin od vzniku infarktu. Podle ROC analyzy byly zvysené hodnoty
IL6 > 357 pg/ml pi pfijeti (AUC 0,730; p = 0,031) typické pro KS v porovnani s kontrolni skupinou pacientti se STEMI.
Hodnoty IL6 > 1 237 pg/ml pfi pfijeti, resp. hodnoty IL6 > 1 071 pg/ml po 24 hodinach byly dle ROC analyzy charak-
teristické pro pacienty v SS v porovnani s pacienty v KS. Zjistili jsme pouze statisticky nesignifikantni trend pro IL6
v predikci mortality u pacientt v kardiogennim Soku pro hodnoty > 1 854 pg/ml (AUC 0,769, p = 0,066) stanovené
12 hodin od prijeti. Nezjistili jsme Zadny vyznam IL6 v predikci 3mésicni mortality u pacientl v septickém Soku.
Zavér: Pacienti v kardiogennim 3oku produkuji vyssi hladinu prozanétlivého IL6 ve srovnani s pacienty se STEMI.
Maximalnich hodnot IL6 dosahuiji pacienti v septickém 3oku pfi pfijeti na anesteziologické oddéleni, pacienti v kar-
diogennim Soku za 12-24 hodin od pfijeti. Vzhledem k vyrazné interindividualni variabilité hladiny IL6 jak u paci-
entl v kardiogennim, tak i septickém Soku se rutinni pouziti IL6 v klinické praxi nejevi jako pfinosné pro predikci
progndzy pacient( v kardiogennim i septickém Soku.

Kli¢ova slova: infarkt myokardu - interleukin 6 — kardiogenni Sok — prognéza - septicky sok

Dynamics of interleukin 6 levels in the patients with cardiogenic and
septic shock and in a control group of patients with uncomplicated AMI
Summary

Introduction: Cardiogenic shock (CS) is the leading cause of mortality in patients with acute myocardial infarction

(AMI). Inflammatory response seems to be common response in patients with AMI, especially those with CS. We
have therefore conducted a study to determine diagnostic and prognostic utility of interleukin 6 (IL6) levels in the
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cohort of patients with cardiogenic and septic shock (SS) and in a control group of patients with uncomplicated
AMI. Methods: In this prospective study 71 patients fulfilled the inclusion criteria: 30 patients with cardiogenic
shock, 21 patients with septic shock and 20 patients with ST elevation myocardial infarction (STEMI). Plasma levels
of IL6 were measured at 8 time points. The main endpoint was 3 month mortality. Results: We have shown that the
highest IL6 levels during the first week were recorded in patients with septic shock with peak value at admission.
The maximum level of IL6 was detected between 12 to 24 hours after the onset of Ml among patients with cardio-
genic shock. According to Receiver operating characteristic (ROC) statistics levels of IL6 > 357 pg/ml at admission
(AUC 0.730, p = 0.031) were typical for patients with CS in comparison with control group of STEMI patients. Values
of IL6 > 1 237 pg/ml at admission and > 1 071 pg/ml at 24 hours (after admission?) were typical for thouse in septic
shock in comparison with CS patients. We found only a non-significant trend of IL6 for the prediction of mortality
in the cohort of CS patients for levels > 1 854 pg/ml (AUC 0.769, p = 0.066) sampled 12 hours after admission. There
was no association of plasma levels of IL6 with mortality in septic shock patients. Conclusions: Patients with cardio-
genic shock demonstrated more pronounced cytokine response as evidenced by increased levels of IL6 compared
to patients with uncomplicated STEMI. Levels of IL6 peaked in SS patients at admission, in CS patients 12-24 hours
after admission. In daily clinical practice routine measurement of IL6 levels for prediction of prognosis both in car-

diogenic and septic shock are of little value mainly due to significant interindividual variability of IL6 values.

Keywords: cardiogenic shock - interleukin 6 — myocardial infarction — predictor — prognostic — septic shock

Uvod

Pacienti s akutnim infarktem myokardu (AIM) kompliko-
vanym kardiogennim $okem (KS) maji §patnou prognézu
s vysokou hospitaliza¢ni mortalitou 50-60 % navzdory
moderni intenzivni péci [1,2] a revaskulariza¢ni lécbé
[3]. U &asti pacient v KS se nesetkame s typickym obra-
zem danym kombinaci tézké systolické dysfunkce levé
komory doprovazenym vyraznym zvysenim periferni
vaskularni rezistence (systemic vascular resistance —
SVR) vedoucim k obrazu studené periferie a mramoro-
vané klize. Vysledky rozsahlé prospektivni studie SHOCK
trial provedené u pacientd s AIM komplikovanym KS
ukdzaly, Ze minimalné 20 % pacientli ma projevy systé-
mové zanétlivé reakce (systemic inflammatory response
syndrome - SIRS) provdzené normalni nebo snizenou
periferni vaskularni rezistenci, pficemz u 1/3 z téchto pa-
cient( byla vylou¢ena pritomnost infekce [4]. Rada praci
jednoznacné prokazala, Zze v pribéhu AIM dochazi ke
zvyseni zanétlivych markerd, jako je C-reaktivni protein
(CRP) [5,6] nebo interleukin 6 (IL6) [7]. Zvysend plazma-
tickd hladina IL6 byla ve skupiné pacientt s AIM kompli-
kovanym KS signifikantnim prediktorem 30denni mor-
tality, a to u pacientd s Gspésnou revaskularizaci i bez
ni [8]. V dali praci Geppert et al srovnavali hodnoty
IL6 mezi pacienty v kardiogennim a septickém Soku. Pa-
cienti v SS méli vy3si hodnoty IL6 ve srovnani s pacienty
v KS. Hodnota IL6 ve skupiné pacientti v KS vyznamné
zévisela na celkové tizi stavu daném rozvojem multior-
ganového selhani (multiple organ failure - MOF). Hod-
noty IL6 ve skupiné pacientl v KS s MOF byli signifi-
kantné vy3si ve srovnani s hladinami IL6 u pacientd v KS
bez MOF a srovnatelné s hladinami IL6 u pacientd v SS
[9]. Ve skupiné pacienttl v septickém Soku spiSe nez ma-
ximalni hladiny IL6 byly s nepfiznivou prognézou spo-
jeny pretrvavajici vysoké hladiny IL6 [10]. Pfi interpre-
taci téchto vysledku je nutné si uvédomit, ze hladiny IL6
u pacientd v SS vyrazné kolisaji [11-13] a tvorba cytokindl
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jako odezva organizmu na sepsi je vyznamné ovlivnéna
etiologickym agens septického stavu a plvodem in-
fekce [14]. Cilem nasi prace je popsat rozvoj zanétlivé
reakce pomoci IL6 u pacientl s AIM komplikovanym kar-
diogennim Sokem a porovnat ho jednak s kontrolni sku-
pinou pacientd s nekomplikovanym akutnim infarktem
myokardu s elevacemi ST a zéroven ho porovnat se sku-
pinou pacientt v S$, u kterych predpokladame vysoce
vystuprniovanou zanétlivou reakci.

Pacienti a metodika

Protokol studie byl schvédlen Etickou komisi FN Brno
a je v souladu s etickymi principy Helsinské dekla-
race. Ucastnici studie podepsali informovany souhlas
s Ucasti ve sledovéni pfi vstupu do studie nebo po
nabyti plného védomi, a v pfipadé, Zze pacient védomi
nenabyl, byl souhlas ziskédn od nejblizsiho pfibuzného.

Populace
Soubor predstavuje pacienty v kardiogennim Soku,
septickém Soku a pacienty s akutnim infarktem myo-
kardu s elevacemi ST (STEMI) bez KS zafazené v obdobi
od ledna roku 2008 do ¢ervna roku 2010. Pacienti v sep-
tickém Soku pfijati na pracovisté anesteziologické a re-
suscitacni mediciny byli zafazeni do studie co nejdfive
od okamziku, kdy splnili kritéria pro septicky sok, pa-
cienti v KS a pacienti se STEMI byli zafazeni do studie
pfi prijeti na koronérni jednotku. Kritéria pro septicky
Sok odpovidaji kritériim International Sepsis Definitions
Conference, ACCP/SCCM, konkrétné kritériim sepse s tr-
valou hypotenzi (systolicky krevni tlak < 90 mm Hg) pfes
adekvatni naloz tekutin (> 30 ml/kg) [15]. SIRS byla defi-
novana podle publikovanych kritérii [16]. Sepsi induko-
vané selhani jakéhokoliv organu nesmélo pfi vstupu do
studie trvat déle nez 24 hodin.

Kardiogenni 3ok byl definovan jako setrvald hypo-
tenze trvajici minimalné 30 min se systolickym tlakem
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< 90 mm Hg pres adekvétni pInéni levé komory (tlak
v zaklinéni v plicnici - PCWP nebo enddiastolicky tlak
levé komory - LVEDP musel byt > 15 mm Hg) nebo pa-
cient se srde¢nim selhanim vyzadoval podéni vazo-
presor(i (dopamin = 7 pug/kg/min nebo noradrenalin
> 0,15 pg/kg/min) po dobu minimalné 30 min k udr-
zeni systolického krevniho tlaku > 90 mm Hg a za-
bréanéni organové hypoperfuzi (oligurii < 20 ml/hod,
encefalopatii) a periferni hypoperfuzi (studené konce-
tiny, periferni cyanéza a mramorovana kaze, laktatova
acidéza) [17].

Diagnoéza STEMI byla zalozena na symptomech od-
povidajicich myokardialni ischemii s odpovidajicimi
EKG znamkami akutni ischemie (elevace Gseku ST nebo
novy blok levého Tawarova raménka) a elevaci markert
myokardialni nekrézy (troponin T) [18].

Vylucovacimi kritérii byl nesouhlas s ucasti ve studii,
hematologicka ¢i jina malignita, znamé systémové au-
toimunitni onemocnéni, trauma nebo popaleniny ve-
douci k rozvoji septického Soku, a téhotenstvi.

Odbér krevnich vzork

Krevni vzorky byly odebrany ihned pfi zafazeni paci-
entt do studie (vzorek €. 1), po 12 hodinach (vzorek ¢. 2),
po 24 hodinach (vzorek ¢. 3) a déle v nasledujicich dnech
vzdy v 6 hodin réno: 3. den (pfiblizné 36-48 hodin od
pfijeti — vzorek ¢. 4), 4. den (vzorek ¢. 5), 5. den (vzorek
¢.6), 7. den nebo pfi propusténi (vzorek ¢. 7) a po 3 mé-
sicich (vzorek ¢. 8). Vzorky byly ihned centrifugovany
v chlazené centrifuze a vzorky séra a plazmy byly ucho-
vavany az do zpracovani pfi -80 °C. Centrifuga i hlu-
bokomrazici boxy byly umistény pfimo na koronarni
jednotce, kde probihalo zpracovani vzorkd. Rutinni
biochemické a hematologické vysetieni bylo prova-
déno pfi prijeti. Hodnota hs-troponinu T byla u paci-
entl s akutnim infarktem myokardu stanovena vzdy
24 hodin od vzniku symptom. U viech pacientti v sep-
tickém Soku bylo pfi prijeti stanoveno APACHE Il skére
(Acute Physiology and Chronic Health Evaluation) [19].
Trimési¢ni sledovéni bylo provadéno v ramci ambu-
lantni kontroly.

Laboratorni metody

Ve vzorcich plazmy ziskanych zpracovanim periferni
krve pacientt byly méreny hladiny IL6 pomoci kitu
Th1/Th2 11-plex (Bender Medsystems GmbH, Viden,
Rakousko) metodikou zaloZenou na detekci analytu
pomoci kulicek potazenych monoklondlni protilat-
kou. Vzorky byly fedény 10krat pufrem a analyzovany
podle pokynd vyrobce na 96jamkové desticce véetné
2 stripli pro 8 hodnot standardni kiivky a blanku. Kon-
centrace analytd piimo Umérna intenzité fluorescence
byla méfena pomoci pritokové cytometrie na systému
FACSArray (BD Biosciences, San Jose, CA, USA) a byla vy-
jadfena v pg/ml. Data ziskana z BD FACSArray software
verze 1.0.4 (BD Biosciences, San Jose, CA, USA) byla ana-
lyzovéna pomoci softwaru FlowCytomix™ Pro 2.4 (BD
Biosciences, San Jose, CA, USA).
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Troponin T byl stanoven pomoci elektrochemilu-
miniscence na analyzatoru Cobas® 8000 (Roche Dia-
gnostics), rozsah mérfeni 0,005-10 pg/ml, detekéni
limit 0,005 pg/ml. C-reaktivni protein (CRP) byl sta-
noven imunoturbidimetricky na analyzatoru Cobas®
8000 (Roche Diagnostics), rozsah méfeni 1,0-350 mg/I,
detekéni limit 0,3 mg/I.

Statisticka analyza

Koncentrace marker( byly popsany medidnem a 5.-95.
percentilovym rozsahem. Analyza rozptylu byla vyuzita
pro srovnani hodnot markerd mezi skupinami pacientd;
analyza byla zdivodu poruseni predpokladu normality
dat provedena na logaritmicky transformovanych hod-
notach. ROC (receiver operating characteristic) analyza
byla vyuzita pro definici cut-off markert odlisujici paci-
enty se septickym a kardiogennim Sokem a cut-off pro
mortalitu pacient(; definované cut-off byly popsany
pomoci senzitivity a specificity.

Vysledky

Charakteristika populace

Do analyzy bylo zafazeno celkem 30 pacient( v kardio-
gennim $oku, 21 pacientt v septickém Soku a 20 paci-
entl s nekomplikovanym pribéhem STEMI. Zakladni
charakteristika pacientl je uvedena v tab. 1. Vsechny
3 skupiny pacientl byly srovnatelné v zékladnich de-
mografickych parametrech (vék, BMI a pohlavi). Paci-
enti v septickém Soku méli vstupné nejvyssi tepovou
frekvenci, intraaortalni balénkové kontrapulzace byla
zavedena u 40 % pacientt v KS a kontinuélni podporu
funkce ledvin vyzadovalo 13 % pacientd v KS a 57 % pa-
cientl v SS. Umélou plicni ventilaci vyzadovalo 93 % pa-
cient v KS, viichni pacienti v SS a pfechodné 1 pacient
v kontrolni skupiné po resuscitaci pro fibrilaci komor
v Uvodu akutniho STEMI. Median maximalni hodnoty
C-reaktivniho proteinu byl nejvys$i u pacienti v SS
(310 mg/l), u pacient v KS byl vyrazné vyssi ve srovnani
s kontrolni skupinou pacientt se STEMI (166 vs 23 mg/I).

Dynamika hodnot interleukinu 6 ve
sledovanych skupinach

Jak dokladaji hodnoty plazmatickych hladin IL6 (tab. 2
a graf 1), existuje predevsim u pacientl v septickém
Soku vyrazny interindividualni rozptyl hodnot, hod-
noty 5.-95. percentilu IL6 pfi prijeti se pohybuji v roz-
mezi 386-189 316 pg/ml. Pacienti v septickém a kar-
diogennim Soku maji pfi pfijeti v porovnani s kontrolni
skupinou pacientt se STEMI statisticky vyznamné vyssi
hodnoty IL6. Hodnoty IL6 byly ve skupiné pacientt
v SS v préibéhu prvnich 4 dni vyznamné vyssi v porov-
nani s pacienty v KS. Pacienti v SS méli nejvy3si hod-
noty pfi pfijeti s poklesem v prvnich 24 hodinach a na-
slednym vzestupem 3. den (graf 1, s. 118). Pacienti v KS
dosahli maximélnich hodnot za 12 hodin od prijeti
(tedy asi 16 hodin od vzniku infarktu myokardu), a pak
postupné dochazelo k poklesu hodnot na troven srov-
natelnou s hodnotami IL6 v kontrolni skupiné pacientt
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Tab. 1. Zakladni charakteristika souboru pacienti v kardiogennim Soku, septickém Soku a kontrolni skupiny

se STEMI

parametr kardiogenni $ok (N = 30) septicky Sok (N =21) STEMI (N = 20) P
vyska (cm) 170 (160; 185) 176 (158; 185) 172 (157; 186) 0,280
véha (kg) 80(62;110) 85(75;115) 90 (78; 120) 0,014*
BMI 26 (21;34) 29 (23;36) 28(25;37) 0,067
veék (roky) 60 (50; 83) 65 (33;75) 54(39;77) 0,685
muzi N =21 (70 %) N=15(71%) N =8 (80 %) 0,818
systolicky TK pii prijeti 90 (50; 135) 100 (70; 120) 120 (100; 210) 0,009*
(mm Hg)

diastolicky TK pii pfijeti 60 (30; 90) 50 (40; 70) 75 (60; 110) <0,001*
(mm Hg)

tepova frekvence (min™) 87 (45;122) 111 (68; 149) 71 (67; 120) 0,002*
invazivni ventilace N =28 (93 %) N =21 (100 %) N=1(10%) <0,001*
IABP N =12 (40 %) N=0(0%) N=0(0%) <0,001*
CRRT N=4(13%) N =12 (57 %) N=0(0%) <0,001*
Apache Il skére - 30(22;37) - -
kreatinin pii prijeti 113 (65; 239) 153 (52;391) 91(55;113) 0,004*
(umol/l)

CRP maximalni (mg/l) 166 (1;321) 310 (140; 386) 23 (5;287) <0,001*
kreatinin pfi pfijeti 113 (65; 239) 153(52;391) 91(55;113) 0,004*
(umol/1)

CRP maximalni (mg/l) 166 (1;321) 310 (140; 386) 23(5;287) <0,001*

Hodnoty kontinuélnich proménnych jsou uvedeny jako median (5.-95. percentil), p (Kruskal-Wallis test nebo ML x?) TK - krevni tlak

APACHE II - Acute Physiology and Chronic Health Evaluation Il BMI - Body Mass Index CRRT - kontinualni podpora renalnich funkci

IABP - intraaortalni baldnkova kontrapulzace

Tab. 2. Hodnoty plazmatickych hladin IL6 béhem prvnich 24 hodin od pFijeti v jednotlivych sledovanych

skupinach
&as stanoveni skupina median
(5.-95. percentil) (pg/ml)

KS 497 (154; 15 633)

IL6 (prijeti) 59 3551(386; 189 316)
STEMI 204 (92; 840)
KS 497 (162;3811)

IL6 (12 hod od prijeti)  SS 1089 (189; 196 654)
STEMI 349 (20;978)
KS 569 (123; 3 849)

IL6 (24 hod od prijeti) 5§
STEMI

1415 (344; 59 565)
256 (100; 697)

*signifikantni rozdil, p (Kruskal-Wallis test)

se STEMI. U vétsiny pacientl v KS byl zaznamenam pre-
chodny mirny vzestup hodnot IL6 (3.-5. den od pfijeti),
ktery vsak neni v grafu 1 (s. 118) jednoznacné patrny
vzhledem ke znacnému rozptylu hodnot mezi jed-
notlivymi pacienty. Toto pfechodné zvyseni hodnot
IL6 u pacientd v KS nelze vysvétlit jednozna¢né

100

P P p
(KS vs S3) (KS vs STEMI) (SS vs STEMI)
<0,001% 0,031* <0,001*
0,063 0,151 0,012*
0,020* 0,121 0,002*

pfitomnosti klinickych znamek systémové zanétlivé
reakce (SIRS), ktera byla diagnostikovana u 66 % paci-
entl v KS (graf 2, s. 120), ani rozvojem infekce, ktera
byla diagnostikovéna u 33 % pacient’ v KS (vétsinou
se jednalo o pneumonie u pacientli na ventilatorech
a o infekce mocovych cest, graf 3, s. 121).
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Graf 1. Srovnani hodnot interleukinu 6 v ¢ase u pacientii v septickém Soku, kardiogennim Soku a u kontrolni

skupiny pacienti se STEMI
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Pro srovnani hodnot IL6 mezi skupinami byla pouzita analyza rozptylu (ANOVA).

Rozdily mezi hodnotami interleukinu 6

ve sledovanych skupinach

Byla provedena analyza ROC ke stanoveni cut-off
hodnot, které by dovolily rozlideni hodnot IL6 ty-
pickych pro KS, SS a nekomplikovany AIM. Hodnoty
IL6 > 357 pg/ml pfi prijeti byly typické pro pacienty
v kardiogennim Soku v porovnéni s pacienty s nekom-
plikovanym STEMI (tab. 3a). Hodnoty IL6 > 1 237 pg/ml
pfi prijeti, resp. hodnoty IL6 > 1 071 pg/ml po 24 hodi-
nach byly charakteristické pro pacienty v SS v porov-
nani s pacienty v KS.

Interleukin 6 jako prediktor mortality

Mortalita byla béhem 3mési¢niho sledovani ve skupiné
pacient(i v KS 42,8 %, ve skupiné pacient v SS 31,8 %.
Prestoze byl medidn hodnot IL6 v prvnich 24 hodinach
ve skupiné zemrelych pacientd v KS i SS vy3si v porov-
nani s pacienty prezivajicimi (tab. 4), rozdil nebyl sta-
tisticky vyznamny a podle provedené analyzy ROC byl
pouze u pacientd v KS po 12 hodinéch pfi hodnoté
IL6 > 1 854 pg/ml trend k predikci nepfiznivé prognézy
(pfi senzitivité 0,5 a specificité 1,0). Ve skupiné paci-
entl v KS mélo vstupné 5 pacientl hodnoty IL6 nad
1854 pg/ml (228 798 pg/ml, 15 633 pg/ml, 8 787 pg/ml,
4047 pg/ml a 2356 pg/ml) a vsichni tito pacienti ze-
mieli do 48 hodin.

Vnitf Lék 2014; 60(2): 114-122

Diskuse

Hlavni vysledky nasi prace Ize shrnout do nasledujicich
bodu:

= pii hodnoceni hladin IL6 existuje vyrazny interin-
dividualini rozdil mezi pacienty se stejnou zakladni
diagnézou

pacienti v septickém Soku maji v pribéhu prvnich
4 dni vyznamné vyssi hodnoty IL6 ve srovnéni s pa-
cienty v KS a pacienty s nekomplikovanym STEMI;
u pacient( v SS dosahuji hodnoty IL6 maxima nej-
Castéji pri prijeti, u pacientd v kardiogennim Soku
hodnoty IL6 dosahuji maxima za 12 hodin od pfijeti;
v obou skupinach dochazi k dalsimu mirnému pre-
chodnému vzestupu hodnoty IL6 mezi 3.-5. dnem
od prijeti

podle vysledkd provedené analyzy ROC jsou hod-
noty IL6 > 1237 pg/ml pfi pfijeti, resp. hodnoty
IL6 > 1 071 pg/ml za 24 hodin od pfijeti typické spise
pro pacienty v SS v porovnani s pacienty v KS

vysoké hodnoty IL6 > 1854 pg/ml u pacientd v KS
jsou spojeny s nepfiznivou prognézou, ale k cas-
nému umrti doslo i u pacientl s hodnotami IL6 kolem
400 pg/ml

V soucasné dobé existuje pouze limitované mnozstvi li-
terarnich informaci, které by srovnavaly pacienty v KS
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Tab. 3a. Analyza ROC pro stanoveni cut-off hodnoty IL6 rozlisujici pacienty v kardiogennim Soku a pacienty

s nekomplikovanym STEMI

¢as stanoveni skupina cut-off median IL6 AuC [ senzitivita specificita
(pg/ml) (pg/ml)
STEMI 357 204
IL6 (pijeti) 0,730 0,031* 0,700 0,700
KS 497
STEMI - 349
IL6 (12 hod od pfijeti) 0,661 0,149 0,773 0,600
497
STEMI - 256
IL6 (24 hod od prijeti) 0,681 0,119 0,778 0,500
569

*signifikantni AUC

Tab. 3b. Analyza ROC pro stanoveni cut-off hodnoty IL6 rozliSujici pacienty v kardiogennim a septickém Soku

<as stanoveni skupina cut-off median IL6 AUC P senzitivita specificita
(pg/ml) (pg/ml)

KS 1237 497

IL6 (prijeti) 0,790 <0,001* 0,762 0,833
sS 3551
KS - 497

IL6 (12 hod od prijeti) 0,670 0,063 0,737 0,636
sS 1089

1071 569

IL6 (24 hod od piijeti) 0,748 0,020* 0,615 0,833

SS 1415

*signifikantni AUC

Tab. 4. Analyza ROC k predikci mortality pomoci IL6 u pacienti v septickém a kardiogennim Soku

&as stanoveni skupina stav median IL6 (pg/ml) AUC P
prezivajici 2445
IL6 (prijeti) 59 0,565 0,619
zemfeli 7617
prezivajici 733
IL6 (12 hod od pFijeti) S5 0,619 0,398
zemreli 3515
prezivajici 664
IL6 (24 hod od prijeti) S5 0,714 0,199
zemfeli 6536
prezivajici 486
1L6 (pFijeti) K3 0,651 0,178
zemfeli 673
prezivajici 436
IL6 (12 hod od prijeti)  KS 0,735 0,066
zemfeli 1529
prezivajici 569
IL6 (24 hod od prijet)  KS 0,769 0,085
zemfeli 1742

a SS. Geppert et al vyhodnotili hladiny IL6 u 51 pacientd
v KS a 26 pacientti v S$, kontrolni skupinu tvofilo 11 paci-
entd hospitalizovanych na jednotce intenzivni péce, ktefi
nebyli v kritickém stavu [9]. Absolutni hodnoty IL6 této
a nasi prace nelze zcela porovnat, protoze laboratorni
metodika stanoveni byla odliSnd (Geppert et al pou-
Zili metodu ELISA, R&D system, Wiesbaden, Némecko),
median hodnot IL6 byl u pacientti v KS 112 pg/ml (95%
Cl 1-156), u pacientti v S5 250 pg/ml (95% CI 196-319).

102

Nicméné byl prezentovéan obdobny trend jako v nasi
préci: pacienti v kardiogennim Soku méli vyznamné vyssi
hodnoty IL6 nez kontrolni skupina pacientl v nekritic-
kém stavu, ale nizéi hodnoty IL6 nez pacienti v SS. Vyse
hodnot IL6 u pacientti v KS korelovala s pfitomnosti mul-
tiorganového selhani a pacienti v KS s multiorganovym
selhanim méli hodnoty IL6 srovnatelné s pacienty v SS.
Brunkhorst et al sledovali rozvoj zanétlivé reakce
u 29 pacientd v KS, u kterych nebyla zjisténa zadna

Vnitf Lék 2014; 60(2): 114-122
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Graf 2. Pribéh IL6 u pacienti v kardiogennim Soku podle pfitomnosti SIRS
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infekce a srovnavali ji se zanétlivou reakci u 26 paci-
entl v septickém Soku [20]. IL6 byl stanoven opét jinou
metodikou (EASIA - enzyme amplified sensitivity im-
munoassay, Medgenix Diagnostics, Fleurus, Belgie).
Pacienti v SS méli rovnéz v porovnani s pacienty v KS
vyssi vstupni (1 640 vs 500 pg/ml) a maximalni hodnoty
IL6 (1 616 vs 629 pg/ml). Podobné jako v nasi praci méli
pacienti v SS maximalni hodnoty IL6 p¥i pfijeti a poté
doslo k jejich poklesu, pacienti v KS dosahli maximal-
nich hodnot IL6 za 24 hodin.

V préaci Pudila et al byla demonstrovana kinetika
IL6 u pacienta se STEMI komplikovanym kardiogennim
Sokem. Byla pozorovana 2 signifikantni maxima, prvni
peak po 9 hodinéach (362 pg/ml), poté doslo k poklesu
a naslednému vzestupu IL6 az na hodnotu 859 pg/ml
[21]. Podobny pribéh byl zaznamendan i u vétsi casti
pacient(i v KS v nasi praci. Vzhledem k velké interindi-
vidualni variabilité hodnot IL6 a skute¢nosti, Ze doba
2. maxima IL6 byla v zavislosti na jednotlivych pacien-
tech 3.-5. den, a vyhodnoceni byli i pacienti zemfreli
pred rozvojem 2. maxima, neni druhy peak z grafu 1
(s. 118) zretelné patrny. Zvazovali jsme, zda 2. maximum
nesouvisi s rozvojem zanétlivé reakce nebo rozvo-
jem infekce, ale podobny pribéh hodnot IL6 s dvéma
maximy mélii pacienti bez prokdzané infekce nebo bez
klinickych projevt SIRS (graf 2 a graf 3).

V klinické praxi se setkdvame s pacienty v kardiogen-
nim 3oku, u kterych se ¢asné do 24-48 hodin rozvinou
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znamky zanétlivé reakce s febriliemi a vysokymi hod-
notami C-reaktivniho proteinu, aniz by byly pfitomny
zjevné znamky infektu (napt. dychacich cest provazené
odsavanim hnisavého sputa, mocové infekce a jiné)
a vysledky kultivace hemokultur k vylouceni sepse
nejsou ihned k dispozici. Nase vysledky srovnani pa-
cientl v kardiogennim a septickém Soku naznacuji, ze
hodnoty IL6 > 1237 pg/ml pfi pfijeti, resp. hodnoty
IL6 > 1071 pg/ml za 24 hodin jsou spiSe typické pro
septicky Sok a mohly by napomoci ¢asné identifikovat
sepsi u pacientli v KS, nicméné srovname-li hodnoty
IL6 u pacientl v KS s prokazanou infekci a bez infekce
(graf 3), nezda se IL6 dostatecné specificky k ¢asné dia-
gnostice infekce u pacientti v KS.

V rozsahlé studii COMMA u pacientl se STEMI léce-
nych priméarni PCl (percutaneous coronary interven-
tion), ktera sledovala vliv podani monoklonalni pro-
tildtky proti C5 slozce komplementu na mortalitu
a rozvoj kardiogenniho Soku, byly vysoké hodnoty IL6,
C-reaktivniho proteinu a TNFa stanovené pii prijeti, za
24 a 72 hodin prediktorem zvy3ené mortality a rozvoje
kardiogenniho Soku. Tato prace jednoznacné potvrdila,
ze v patofyziologii akutniho infarktu myokardu hraje
rozvoj zanétlivé reakce dlezitou roli [7]. Pfestoze byly
vysoké hodnoty IL6 > 1 854 pg/ml i v nasi praci spojeny
se zvy$enou mortalitou, vzhledem k mensimu poctu
pacientl a vysokému rozptylu hodnot nebyl vysledek
analyzy ROC statisticky vyznamny.
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Graf 3. Prabéh IL6 u pacienti v kardiogennim Soku podle diagnostikované infekce
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Dulezitou otazkou v hodnoceni hodnot IL6 jsou ab-
solutni hodnoty IL6 u zdravych osob (kontrolni sku-
pina). V rdmci nasi prace jsme stanovili hodnoty IL6 ve
skupiné 11 zdravych osob, hodnota medianu IL6 byla
149 pg/ml (78-244 pg/ml, 5.-95. percentil). Vzhledem
k tomu, Ze hodnoty IL6 vyznamné zdvisi na metodice
stanoveni, je problematické srovnéni s jinymi pracemi,
které stanovily IL6 u zdravych osob [22]. Nase vysledky
dokumentuji vyraznou variabilitu hodnot IL6 i u zdra-
vych osob.

Vysledky této prace dokladaji velmi ¢asnou produkci
IL6: hodnota IL6 je zvysend u pacientt s AIM jiz pfi pfi-
jeti ve srovnani se zdravymi kontrolami a maxima dosa-
huje asi po 16 hodinéach od vzniku infarktu myokardu.
Hodnota IL6 souvisela s tizi stavu; pacienti v kardiogen-
nim Soku méli vyznamné vyssi hodnoty v porovnani
s pacienty se STEMI a hodnoty IL6 > 1 854 pg/ml byly
spojeny se zvysenou mortalitou. Na druhé strané rada
pacientd v KS zemrela navzdory relativné nizké hladiné
IL6, a proto se nam stanoveni IL6 nejevi jako idedlni
biomarker k predikci mortality u pacientd v KS. U paci-
entl v septickém Soku je situace jesté komplikovanéjsi
z dvodu riiznych etiologickych patogent, plivodu in-
fekce a tize onemocnéni. Pfestoze je dnes vyznam sta-
noveni hladin cytokinl u pacientli v sepsi ve srovnani
s minulosti hodnocen stfizlivéji, néktera pracovisté maji
velmi dobré zkusenosti s vyuzitim IL6 v klinické praxi
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[23] a jeho dynamika muze jako relativné nespecificky
zanétlivy marker odrazet aktualni stav pacienta.

Limitace
Nase prace ma radu limitaci. Nejzavaznéjsi limitaci je re-
lativné nizky pocet vyhodnocenych pacient(, prestoze
ve srovnani s obdobnymi publikovanymi pracemi je
pocet sledovanych pacientt srovnatelny [9,20].
Prestoze byly zakladni demografické charakteristiky
jednotlivych skupin srovnatelné, hladiny IL6 mohly byt
ovlivnény dal$imi komorbiditami a rovnéz priibéh one-
mocnéni mohl byt u jednotlivych pacient( rozdilny.
Navzdory maximalnimu usili o standardizované pro-
vadéni odbéru a jejich okamzité zpracovani a zamra-
zeni, by mohly preanalytické chyby ovlivnit vysledky
nasi prace. Tento aspekt by mél byt zvazovan zejména
u markert s kratkym poloc¢asem a nizkou stabilitou [24].

Zaver

Zanétliva reakce neni typickym rysem pouze pacientt
v septickém Soku, ale hraje vyznamnou roli i v pribéhu
akutniho infarktu myokardu komplikovaného kardio-
gennim Sokem. Rozvoj zanétlivé reakce je heterogenni
jak mezi sledovanymi skupinami, tak mezi jednotlivymi
pacienty v kardiogennim a septickém 3Soku. Pacienti
v SS maji v porovnani s pacienty v KS v pribéhu 1. tydne
vyznamné vyssi hodnoty IL6. Pacienti v KS dosahuji

Vnitf Lék 2014; 60(2): 114-122
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maximalni hodnoty IL6 asi za 16 hodin od vzniku in-
farktu. Stanoveni IL6 ma maly prognosticky vyznam
u pacientll v kardiogennim Soku a nezjistili jsme ani
zadny vztah k prognoéze pacient( v septickém Soku.

Podporeno grantem Masarykovy univerzity MUNI/A/0914/2012,
projektem MZ CR pro koncepéni rozvoj vyzkumné organi-
zace 65269705 (FN Brno) a projektem European Regional
Development Fund - projekt FN u sv. Anny v Brné a ICRC
(No. CZ.1.05/1.1.00/02.0123).
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Vysoka mortalita pacienttl s ob&hovym selhanim, tedy STEMI komplikovany KS a sepse,
ktera progreduje do SS je dobie dokumentovana. V piipadg, Ze trajektorie téchto kriticky
nemocnych pacientt je dale komplikovana infekci, vede tato dale ke zvySeni jiz tak vysokého
rizika mortality. [167, 186] Na druhou stranu ¢asné rozpoznani, diagnostika a 1écba
infekce/sepse je spojena se zlepSenim prognozy pacientl. [172, 187] S tim souvisi potieba
idedlniho biomarkeru, ktery by rychle, levné a relativné spolehlivé souvisel u diskutovaného
souboru pacientli s rozvojem infekce a idedlné jeho hladiny ukazovaly jeji rozvoj jesté v ¢asné
fazi rozvoje infekce. Casna a adekvatni antibioticka 16¢ba je opakované prokazana u pacienti
v Sokovém stavu se zlepSenim jejich prognoézy. Jak bylo prokazano nejen nasi vyzkumnou
skupinou, u STEMI, ktery je komplikovan kardiogennim Sokem dochézi k aktivaci
inflamatorni odpovédi se zvySenymi hladinami inflamatornich markert a zde je tedy vyzvou
jak rozlisit rozvoj KS nekomplikovany infekci od KS s rozvojem konkomitantni infekce.
Tedy na praci s popisem inflamatorni odpovédi u pacientii s nekomplikovany STEMI, STEMI
plus KS a SS navazala rozsahlejsi studie ve spolupraci s francouzskou vyzkumnou skupinou
vedenou Alexandrem Mebazzou. [62, 138] Primarni cilem prace bylo popsat infek¢ni
komplikace u pacientti v KS a souvisejici inflamatorni odpovéd’ pomoci &ty¥ biomarkert a
jejich vztah ke kratkodobé progndze téchto pacientii. Kontrolnimi skupinami byly opét jednak
pacienti s nekomplikovanym STEMI a dale pacienti se SS. Studie a jeji protokol byla
schvalen Multicentrickou etickou komisi (MEK) FN Brno a od pacientt byl ziskan
informovany souhlas (IS), pokud nebylo mozné ziskat, tak od nejbliz§iho ptibuzného. Do
studie byly poté zafazeni pacienti, ktefi splnili kritéria STEMI, bud’ s rozvinutym KS nebo
bez piitomnosti KS a pacienti s diagnostikovanym SS. Vyfazovacimi kritérii bylo

kardiopulmonalni resuscitace (KPR) od pfijeti bez ndvratu spontanniho obéhu (ROSC),
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nepiitomnost AIM jako pii¢iny KS, nemoznost ziskani IS, nadorové onemocnéni a systémové
autoimunitni onemocnéni. Do studie bylo mezi roky 2006 a 2011 zafazeno celkem 102
pacient(i — 80 pacientd s KS a 22 pacientii se SS. Infekce byla prokézana u 46,3% pacientii. U
skupiny pacientd, kterd méla v priib&hu hospitalizace prokézanou infekci a ktefi byli 3 mésice
po zatazeni do studie nazivu, byl trend k delsi dobé na UPV. V mortalit¢ hodnocené v 3
mésicich mezi témito skupinami ale statisticky signifikantni rozdil nalezen nebyl. Déle jsme
studovali vztah ke ¢tyfem sledovanym biomarkerim (CRP, prokalcitonin (PCT), presepsin
(PSP) a pentraxin 3 (PTX3)) v priib&hu prvnich sedmi dni od zafazeni do studie. Casovy
prabéh dynamiky hladin jednotlivych biomarkera byl rizny s riznou dobou dosazeni
maxima, ktera ukazuje na vyznamnou ulohu inflamatorni odpovédi u pacientt s KS. Vztah
konkrétniho biomarkeru k prokazané infekci se ale nepodatilo ani v jednom ptipadé prokézat.
Predikce 3 mési¢ni mortality u pacientii s KS byla naopak vyznamné signifikantni, zejména
hodnoty odebrané do 12 hodin od piijeti pacienta na ICU. Zde byl ROC pro CRP, PCT, PSP a
PTX3 mezi 0,683 az 0,875. Prace prokézala piitomnost infekce u pacienttl v KS ve
vyznamném procentu pacientd, dale prokézala vyznamné aktivovanou inflamatorni odpovéd
u pacientti v KS (v porovnani s kontrolni skupinou pacientii s nekomplikovanym STEMI),
ktera ale nedosahovala hodnot u kontrolni skupiny pacientii v SS. Prace poprvé popsala
pfesny ¢asovy priib&h hodnot presepsinu na kohorté pacientt s KS a dvou kontrolnich
kohortach pacientti. Dale jsme prokazali, Ze kombinace biomarkeri a zejména jejich sériové
méteni miize byt pomocné pro rozpoznani vznikajici infekce. A Ze extenzivni inflamatorni
odpovéd u pacientd s KS je spojena se §patnou prognézou. Vyznam prace je mozné
dokladovat poctem citaci (celkem 29x) a také tim, ze byla citovana jako soucést doporuceni
pro epidemiologii, patofyziologii a sou¢asny management kardiogenniho Soku vytvoiené

v rdmci Evropské asociace srde¢niho selhani Evropské kardiologické spolecnosti v roce 2020.
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OBSERVATIONAL STUDY

Jiri Parenica,*! Jiri Jarkovsky,* Jan Malaska,5t Alexandre Mebazaa,"'#

Jana Gottwaldova, Tt Katerina Helanova," Jiri Litzman,*T Milan Dastych, "t
Josef Tomandl,$8 Jindrich Spinar,’T Ludmila Dostalova,*t Petr Loka; ¥
Marie Tomandlova,’8 Monika Goldergova Pavkova,’" Pavel Sevcik, i

and Matthieu Legrand’''#, on behalf of the GREAT Network

“Department of Internal Medicine and Cardiology, University Hospital Brno, Brno, Czech Republic;
TFacuIty of Medicine, Masaryk University, Brno, Czech Republic; #Institute of Biostatistics and Analyses,
Faculty of Medicine, Masaryk University, Brno, Czech Republic; $Department of Anaesthesiology and
Intensive Care, University Hospital Brno, Brno, Czech Republic; “Universite Paris Diderot, PRES
Sorbonne Paris Cité, France; "' Department of Anaesthesiology and Critical Care and Burn unit, APHP,
Saint Louis Lariboisiere University Hospitals, Paris, France; #U 942 INSERM, Paris, France; “Department
of Biochemistry, University Hospital Brno, Brno, Czech Republic; T Department of Laboratory Methods,
Faculty of Medicine, Masaryk University, Brno, Czech Republic; ** Department of Clinical Immunology
and Allergology, St Anne’s University Hospital in Brno, Brno, Czech Republic; $Department of
Biochemistry, Faculty of Medicine, Masaryk University, Brno, Czech Republic; "' Department of
Pathological Physiology, Faculty of Medicine, Masaryk University, Brno, Czech Republic; and
'Department of Anaesthesiology and Intensive Care, University Hospital Ostrava,
Ostrava-Poruba, Czech Republic

Received 3 Jun 2016; first review completed 22 Jun 2016; accepted in final form 12 Sep 2016

ABSTRACT—Introduction: Patients with cardiogenic shock (CS) are at a high risk of developing infectious complications;
however, their early detection is difficult, mainly due to a frequently occurring noninfectious inflammatory response, which
accompanies an extensive myocardial infarction (Ml) or a postcardiac arrest syndrome. The goal of our prospective study was to
describe infectious complications in CS and the immune/inflammatory response based on a serial measurement of several
blood-based inflammatory biomarkers. Methods: Eighty patients with CS were evaluated and their infections were monitored.
Inflammatory markers (C-reactive protein, procalcitonin, pentraxin 3, presepsin) were measured seven times per week. The
control groups consisted of 11 patients with ST segment elevation myocardial infarction without CS and without infection, and 22
patients in septic shock. Results: Infection was diagnosed in 46.3% of patients with CS; 16 patients developed an infection
within 48 h. Respiratory infection was most common, occurring in 33 out of 37 patients. Infection was a significant or even the
main reason of death only in 3.8% of all patients with CS, and we did not find statistically significant difference in 3-month
mortality between group of patients with CS with and without infection. There was no statistically significant prolongation of the
duration of mechanical ventilation associated with infection. Strong inflammatory response is often in patients with CS due to MI,
but we found no significant difference in the course of the inflammatory response expressed by evaluated biomarkers in patients
with CS with and without infection. We found a strong relationship between the elevated inflammatory markers (sampled at 12h)
and the 3-month mortality: the area under the curve of receiver operating characteristic ranged between 0.683 and 0.875.
Conclusion: The prevalence of infection in patients with CS was 46.3%, and respiratory tract infections were the most common
type. Infections did not prolong statistically significantly the duration of mechanical ventilation and did not increase the
prevalence of hospital mortality in this high-risk CS population. CS due to acute myocardial infarction was accompanied by a
strong and highly variable inflammatory response, but it did not reach the intensity of the inflammatory response observed in
patients with septic shock. An extensive immune/inflammatory response in patients with CS is linked to a poor prognosis.

KEYWORDS—Cardiogenic shock, C-reactive protein, infection, inflammatory response, pentraxin 3, presepsin, procalcitonin

INTRODUCTION

The in-hospital mortality of patients with cardiogenic shock
(CS) remains high (between 54% and 63%), though routine

revascularization by primary percutaneous coronary intervention
(PCI) led to a slight but significant decrease in mortality (1-3). In
general, infectious complications raise the hospital mortality of
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critically ill patients (4). Patients with CS are at a particularly
high risk of developing infection: according to recent publi-
cations dealing with CS, as much as 45% of patients with CS have
undergone cardiopulmonary resuscitation (CPR) (5), and the risk
of bronchoaspiration and the subsequent development of aspira-
tion pneumonia is estimated at up to one-third of these patients
(6); patients who have undergone CPR are treated with hypo-
thermia, which increases the risk of respiratory infection and
sepsis (6); 90% of patients with CS are treated with mechanical
ventilation, which increases the risk of ventilator-associated
respiratory infection (7); multiple invasive access sites increase
the risk of infection in patients with CS (8); and severe congestive
heart failure in patients with CS facilitates the development of
respiratory infection (9). A recently published study of patients
with acute heart failure suggested that an adequate and timely
initiated antibiotic therapy of infection can improve the patients’
prognosis (10). In clinical practice, inflammatory markers such
as C-reactive protein (CRP), procalcitonin or newly identified
presepsin (soluble CD14 subtype) (11), and pentraxin 3 (PTX3)
(12) contribute to an early suspicion of infection. A single
determination of inflammatory markers in patients with CS with
acute myocardial infarction (MI) is of limited significance with
respect to suspicion of infection because these patients develop
an aseptic inflammatory response either as part of their immune
response (in reaction to an extensive tissue damage in MI) (13),
or as part of the postcardiac arrest syndrome after CPR (14).

The primary outcome of the present study was to describe
infectious complications in patients with CS, and to describe
the immune/inflammatory response and its influence on the
short-term prognosis using four different inflammatory bio-
markers depending on the development of infection. Patients
hospitalized with septic shock (patients with an extreme
inflammatory response and with a confirmed severe infection)
and patients with ST segment elevation myocardial infarction
(STEMI) without CS and without infection were evaluated as
control groups for the description of the immune response using
the time course of inflammatory biomarkers in comparison
with patients with CS.

METHODS

The study protocol complied with the Declaration of Helsinki and was
approved by the Ethics Committee of the University Hospital Brno (Czech
Republic). Written informed consent forms were obtained from the patients
either before their participation in the study, or after regaining consciousness.
For patients who failed to regain consciousness, anonymous data were proc-
essed with the consent of a relative.

The study cohort involved patients with CS and acute coronary syndrome
hospitalized in the Coronary Care Unit at the Department of Cardiology of the
University Hospital Brno, whereas patients with septic shock were hospitalized
in the Intensive Care Unit of the University Hospital Brno.

Patients with CS were included in the study between January 2006 and June
2011. A total of 131 patients were screened; the exclusion criteria were as
follows: ongoing resuscitation since the time of admission without return of
spontaneous circulation (15 patients), nonconfirmation of acute MI as the cause
of the state of shock (22 patients), nonacquisition of the study consent form (3
patients), malignancy (8 patients), and inflammatory disease or connective
tissue disease (3 patients).

The diagnosis of acute MI (type 1 according to the Third Universal
Definition of Myocardial Infarction (15)) was based on the rise or fall of
markers of myocardial necrosis (high-sensitive cardiac troponin T), with at least
one of the following: symptoms consistent with MI; ECG changes (new or
presumably new significant ST-T wave abnormalities, new left bundle branch
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block, or a newly developed pathological Q wave); imaging evidence of a new
loss of viable myocardium or a new regional wall motion abnormality; and
identification of an intracoronary thrombus. The diagnosis of acute heart failure
was assessed according to clinical signs upon hospital admission and/or during
hospitalization (Killip class I-IV). CS was defined as hypotension with systolic
blood pressure (SBP) at most 90 mmHg lasting at least 30 min despite adequate
left ventricular filling (pulmonary capillary wedge pressure or left ventricle
end-diastolic pressure >15 mmHg) or if the patient required vasopressor
therapy (dopamine >7 pg/kg/min or norepinephrine >0.15 pg/kg/min) more
than 30 min to keep SBP at least 90 n'g,mHg due to heart failure confirmed by a
low cardiac index less than 2 L/min/m~ or by echocardiography (left ventricular
dysfunction with ejection fraction <40%, acute mitral regurgitation or acute
septal defect); or if patients had signs of tissue hypoperfusion (oliguria <20 mL/
h; mottled and cold skin; signs of encephalopathy; acidosis or blood lactate
>2.2mmol/L) (16, 17). Septic shock was defined as hypotension with SBP at
most 90 mmHg despite adequate volume resuscitation (intravenous crystalloids
>30mL/kg) in patients with confirmed sepsis and after exclusion of other
reasons for hypotension (18).

The final diagnosis of infection was established in accordance with CDC
criteria for infections (19) based on the consensus of two independent phys-
icians who had all patients’ medical records, results of cultivation tests, and
standard laboratory tests, including the blood count and the levels of CRP and
procalcitonin (if these were performed as part of standard care, not results of
series measurements performed as part of the study).

A prospective follow-up to screen for symptoms and signs of infections
during hospitalization was based on the following protocol: collection of
tracheal aspirates, swab samples from the nose and throat, and urine samples
for microbiological testing were done routinely on the first day of mechanical
ventilation in all patients and then regularly twice a week. If an infection was
suspected, repeated collections and cultivations of samples were undertaken
(tracheal aspirates, bronchoalveolar lavage fluid [BALF], urine, blood cul-
tures—three samples taken within 1.5h) to identify microorganisms and the
source of infection. An infection of the respiratory tract (pneumonia or infection
of the lower respiratory tract) was suspected in the presence of fever, expec-
toration or aspiration of purulent sputum, wheezing or rales upon physical
examination, and new radiographic pulmonary infiltrates (chest x-ray was
performed when lung infection was suspected). An infection of urinary tract
was suspected in the presence of fever with dysuria together with bacteriuria
and leukocyturia. Sepsis and bloodstream infection were suspected in the
presence of shivers, fever, hemodynamic deterioration, and progression of
hypotension with oliguria. If a primary infection of the bloodstream was
suspected, the intravenous cannula/central venous catheter was removed and
the tip was cultivated. Similarly, tips of urine catheters and urine samples were
tested if a urinary infection was suspected. Samples for microbiological testing
were collected before the initiation of antibiotic therapy (20).

Standardized prophylactic antibiotic regimens were not used. Antibiotic
therapy was initiated according to decision of the treating physician if there was
a high clinical suspicion of infection accompanied by an inflammatory response
(temperature >38°C).

In all patients, the onset of systemic inflammatory response syndrome
(SIRS) was evaluated according to temperature more than 38°C and white
blood cell count more than 12,000/pL. Other criteria (heart rate >90/min and
respiratory rate >20/min) used in SIRS in patients with CS and on mechanical
ventilation were not appropriate; this methodology was previously published by
SHOCK Investigators (13).

Laboratory methods

Samples of venous blood for the determination of inflammatory biomarkers
were drawn at seven time points: sample 1 (upon hospital admission), sample 2
(12 h after hospital admission), sample 3 (24 h after hospital admission), sample 4
(morning of the third day; ~48 h after hospital admission), sample 5 (morning of
the fourth day: ~72 h after hospital admission), sample 6 (morning of the fifth day:
~96h after hospital admission), and sample 7 (morning of the seventh day).

Samples were centrifuged within less than 10 min in a refrigerated centri-
fuge. Plasma and serum were stored at —80°C. The refrigerated centrifuge and
freezer were located in the Intensive/Coronary Care Unit. Standard biochemical
and hematological blood tests were performed immediately upon hospital
admission, and then each day in the moming, or depending on the
patient’s condition.

All laboratory methods were undertaken according to the manufacturer’s
instructions of the assay kits. Cardiac troponin T levels (Roche Diagnostics,
Indianapolis, Ind) were d 24 h after the onset of chest pain. CRP levels were
analyzed by a commercial immunoturbidimetric method using the CRPL3 kit
(Roche, Basel, Switzerland) on a Cobas 8000 system. Procalcitonin levels were
analyzed using the commercial kit Elecsys BRAHMS PCT (Roche) on a Cobas
8000 system. Plasma concentrations of PTX3 were measured using a
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commercially available sandwich enzyme-linked immunosorbent assay kit (R&D
Systems, Minneapolis, Minn). Presepsin levels were measured using the com-
mercial kit Pathfast (Mitsubishi Chemical Europe, Dusseldorf, Germany).

Statistical analyses

Standard descriptive statistics were used for the analyses. Continuous variables
were described by the median value as well as by the Sth and 95th percentiles.
Categorical variables were described by counts and percentages. The significance
of differences between the two groups was assessed using the Mann-Whitney test
for continuous variables and the chi-squared test for categorical variables. The
statistical significance of differences between the three groups was assessed using
the Kruskal-Wallis test for continuous variables.

Receiver operating characteristic (ROC) curves and the area under the curve
(AUC) were used to determine if the inflammatory biomarkers were good
predictors of the 3-month mortality. The level of significance was set at a =
0.05. The software SPSS 22.0.0.1 (IBM, Armonk, NY) was used for
data analyses.

The peak value of a biomarker means the value at the time of peak according
to time-dependent curve of biomarker for all patients.

RESULTS

Baseline characteristics

All patients were Caucasian. The baseline characteristics of
80 patients with CS according to the presence of infection are
shown in Table 1. Infection was diagnosed in 37 patients

CARDIOGENIC SHOCK AND INFECTIOUS CoMmpLIcATIONS 167

(46.3%). Upon hospital admission, patients with CS with
infection had a higher SBP upon admission (100 vs. 90 mmHg;
P=0.003) when compared with patients with CS without
infection. In the CS group, 87.5% of patients had STEMI,
and 12.5% of them had non-STEMI. Patients with CS had often
comorbidities such as hypertension (55.0%), diabetes mellitus
(43.8%), and/or chronic obstructive pulmonary disease (7.5%).
Median value of the left ventricle ejection fraction was 36%,
renal replacement therapy was used in 8.8% of patients,
therapeutic hypothermia was used in 37.5% of patients, and
intra-aortic balloon counterpulsation was used in 48.8%
of patients.

Median time between the hospital admission and the onset of
infection was 48 h. Three-month mortality was 51.3% (41 out
of 80 patients). Kaplan-Meier survival curves (Fig. 1A) showed
that a significant number of patients without infection died
within the first 24 h, i.e., before the potential onset of infection
(15 out of 29 patients who died); Figure 1B shows the prognosis
of patients who survived the first 24 h after admission, and in
which infection might theoretically develop; no statistically
significant differences in survival were found between CS
groups with and without infection (P =0.557). Median

TasLe 1. Baseline demographic and laboratory characteristics of cardiogenic shock patients according to onset of infection

Variable CS without infection (n=43) CS with infection (n=37) P

Age 64 (47; 81) 66 (42; 83) 0.839
Women 19 (44.2%) 10 (27.0%) 0.162
BMI, kg/m? 27.5 (22.0; 32.9) 27.3 (21.7; 37.3) 0.802
Systolic BP upon admission, mmHg 90 (50; 160) 100 (80; 175) 0.003
Diastolic BP upon admission, mmHg 60 (30; 85) 70 (50; 100) 0.001
HR upon admission, /min 87 (40; 113) 98 (44; 142) 0.107
Systolic BF, minimum, mmHg 65 (40; 90) 75 (50; 85) 0.061
Diastolic B, minimum, mmHg 40 (20; 60) 40 (30; 55) 0.053
Hypertension 25 (58.1%) 19 (51.4%) 0.653
Diabetes mellitus 21 (48.8%) 14 (37.8%) 0.371
History of MI/PCI/CABG 12 (27.9%) 10 (27.0%) 1.000
COPD 4 (9.3%) 2 (5.4%) 0.681
ACEI/ARBs upon admission 19 (44.2%) 14 (37.8%) 0.655
Beta-blockers upon admission 15 (34.9%) 12 (32.4%) 1.000
CPR before admission 22 (51.2%) 13 (35.1%) 0.179
Time from diagnosis to admission, h 3 (1; 25) 5 (1; 26) 0.148
Time from diagnosis to infection, h — 48 (10; 247) —

LVEF, % 35 (16; 66) 34 (15; 61) 0.362
Creatinine, pmol/L 116 (66; 239) 109 (65; 204) 0.172
Natrium, mmol/L 139 (133; 145) 138 (128; 143) 0.246
Potassium, mmol/L 4.1 (2.5; 6.0) 4.0 (2.8;6.9) 0.949
Troponin T/l peak (relative value) 220.0 (0.0; 1,142.9) 327.4 (3.0; 2,482.1) 0.067
Glycemia, mmol/L 13.0 (5.5; 34.3) 12.4 (5.3; 25.4) 0.189
Hemoglobin, g/L 137 (111; 157) 144 (102; 166) 0.110
Hemoglobin, minimum, g/L 110 (63; 157) 104 (65; 141) 0.256
Leukocytes 16.1 (8.7; 30.3) 15.3 (7.6; 27.9) 0.327
Leukocytes, maximum 20.2 (7.8; 33.8) 18.9 (10.1; 34.7) 0.923
Antibiotics 15 (34.9%) 36 (97.3%) 0.001
Mechanical ventilation 37 (86.0%) 34 (91.9%) 0.494
Intra-aortic balloon counterpulsation 21 (48.8%) 18 (48.6%) 1.000
Renal replacement therapy 3 (7.0%) 4 (10.8%) 0.698
Therapeutic hypothermia 19 (44.2%) 11 (29.7%) 0.184
Duration of stay, d 2 (0; 19) 13 (3; 27) 0.001

ACEI indicates angiotensin-converting enzyme inhibitor; ARBs, antagonist for the type-2 receptor of angiotensin II; BMI, body mass index; BPF, blood
pressure; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; LVEDP, left

ventricular end-diastolic pressure; LVEF, left-ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention.
Categorical variables represented as n (%) and continuous variables as median (5th; 95th percentile).
P values from the Kruskal-Wallis test or chi-squared maximum-likelihood test (categorical variables).

Bold values express statistically significant results.
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10 — with infection duration of hospitalization of patients without infection was
T without infection shorter (2 days, range 0—19 days) in comparison with those
2 ., p<0.001 with infection (.13 days, range 3—2.7 days). Tl.le obse‘rvatlon was
k3 done (at least in part) due to a high mortality during the first
g o7 24 h. When we compared only patients surviving after 3 months,
g’ oL those with infection tended to have a longer duration of
s mechanical ventilation (76 h, range 10—-245h) compared with
é 0.5 "‘ those without infection (48 h, range 5—192 h); nevertheless, the
g oafl difference was not statistically significant (P =0.441). Thirty-
£ i seven patients with CS had an identified infection: 25 patients
S 03 . . . . .
g were diagnosed with a respiratory tract infection (RTI),
o 02 6 patients with an RTI and urinary tract infection (UTI),
01 4 patients with a UTI, and 2 patients with a bloodstream
infection and RTI. In six patients, at least two microorganisms
00 o : 2 3 3 P 5 were detected. ) o . . ) )
& S — Out of 37 patients with infection, 16 patients had a diagnosis
of infection within 48 h after hospital admission (RTI: 12 cases;
i UTI: 2 cases; RTT and UTI: 2 cases), 21 patients had a diagnosis
> — wilRSEGH of infection after 48 h (RTI: 13 cases; UTI: 2 cases; RTI and
0,9 ) o UTL: 4 cases; bloodstream infection and RTI: 2 cases). Micro-
a1 11 T withiout infection organisms associated with infections in patients with CS
p=0.557 according to source are shown in Table 2. Eight patients had
o 07 ventilator-associated pneumonia (VAP) according to radio-
= 0.6+ graphic pulmonary infiltrates accompanied with new massive
% l,‘.."‘-,.,_",_-,“,‘.‘_,.,,_,_“% purulent secretions, fever and leukocyte count more than 12 x
5 057 10%/L, but did not have positive results of microbiologic testing
& 04+ (cultivation was either not done, or the result was negative due
5 to a previously initiated antibiotic therapy).
§ ey According to revision of two independent physicians, infec-
0,2+ tion was a significant or even the main reason of death in three
i patients (3.8% of all patients with CS). Clinical signs of SIRS
’ were found in 53.8% of all patients, and in 50% of patients
0,0 without confirmed infection. When we evaluated only patients
(') 1 é é ‘; tl‘: é surviving at least 24 h (i.e., those in which SIRS could have
theoretically developed as a consequence of reaction to acute MI
B Follow=up(monthe) with CS), SIRS was reported in 68.8% of all patients with CS.
Fic. 1. Survival of patients with CS according to the diagnosed . R R B . B
infection: (A) from ission, and (B) from 24 h after admission. Time course of biomarkers in CS with respect to infection
Time courses of four inflammatory biomarkers (CRP, pro-
calcitonin, presepsin, and PTX3) in CS according to infection
TasLe 2. Microorgani: iated with infections in patients with cardiogenic shock according to the primary source of infection

Respiratory tract Urinary tract Bloodstream n

-

Escherichia coli
Pseudomonas aeruginosa
Candida albicans

Proteus mirabilis
Klebsiella pneumoniae

Coagulase-negative staphylococci
Pseudomonas aeruginosa 1

Staphylococcus aureus

Klebsiella pneumoniae
Pseudomonas aeruginosa
Streptococcus pneumoniae
Candida albicans
Alpha-hemolytic streptococci
Coagulase-negative staphylococci
Escherichia coli

Haemophilus influenzae

Group C beta-hemolytic streptococci
Unidentified

Eight other patients had ventilator-associated pneumonia according to radiographic infiltrates accompanied with new massive purulent secretions, fever
and leukocyte count more than 12 x 10%L, but did not have positive results of microbiologic testing (cultivation was not done or the result was negative
due to a previously initiated antibiotic therapy).

Infection was identified in 37 patients with CS: 25 patients with a respiratory tract infection (RTI), 6 patients with an RTl and urinary tract infection (UTI), 4
patients with a UTI, and 2 patients with a bloodstream infection and RTI. In six patients, at least two microorganisms were detected.
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—#— Cardiogenic shock without infection
(median; 25th-75th percentie)
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I Cardiogenic shock with infection
(median; 25th-75th percentile)
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are shown in Figure 2 and in Supplemental Table 1, http:/
links.lww.com/SHK/A484.

Peak values of CRP in patients with CS were reached
between the mornings of the third and fourth day (=48-72h
after the onset of MI). In patients with infection, there was a
nonsignificant trend toward a faster elevation of CRP at 24h
after admission (65 vs. 120 mg/L; P = 0.074), higher and longer
sustained values on the fifth day (73 vs. 127; P=0.108) and on
the seventh day (12 vs. 48; P =0.088), and later peaks depend-
ing on the onset of infection. Patients with infection did not
have significantly higher peak values (166 vs. 182mg/L;
P=0.124).

Peak values of procalcitonin were detected earlier (between
12 and 48 h after hospital admission), and there was no sig-
nificant difference between patients with CS without and with
infection (2.1 vs 1.4ng/mL; P =0.325).

Presepsin reached peak values in both groups of patients with
CS irrespective of infection 12h after admission (429 vs.
527 pg/mL; P=0.168), and decreased after the third day. A
nonsignificant trend toward a gradual decrease of presepsin
levels was apparent in the group of patients without infection, in
contrast to the group of patients with infection.

Peak values of PTX3 in patients with CS were detected 12 to
48 h after hospital admission irrespective of infection (18.9 vs.
14.1ng/mL; P =0.354).

The results show that a large dispersion of values of inflam-
matory biomarkers in patients with CS does not make it
possible to demonstrate significant differences in their values
depending on the development of infection. Inflammatory
response in patients with CS can be significantly influenced
by an out-of-hospital cardiac arrest and a subsequent develop-
ment of the postcardiac arrest syndrome; we evaluated the

inflammatory response by measuring CRP levels in patients
with CS depending on the performed CPR before hospital
admission and the presence on infection. Again, due to a large
variability in the immune/inflammatory response, we did not
detect a significant difference in the time course of CRP in the
period of seven days (Fig. 3).

We therefore evaluated separately two patients with CS, with
and without infection. Figure 4 clearly demonstrates how
important it is to measure inflammatory markers repeatedly,
and to know the time of a supposed peak to reveal a potential
infection. Two types of kinetics are demonstrated: CRP and
procalcitonin had low values upon hospital admission, with a
subsequent early increase; in the infected patient, there was a
clear increase after the time of the supposed peak at 48h. A
slight and continuous decrease in presepsin levels after 12 h was
observed in the patient without infection, whereas the maxi-
mum value for presepsin was observed at 48 h in the infected
patient. A significant difference in regards to infection was not
observed in time courses of PTX3 levels.

Prognostic value of inflammatory biomarkers in CS

Previous results demonstrated a frequent elevation of inflam-
matory markers in patients with CS irrespective of infections.
Using the c-statistic, we tested the prognostic value of inflam-
matory biomarkers to predict the 3-month mortality; we eval-
uated biomarkers that were measured during the first 24h
(samples 1-3). We found a strong relationship between the
elevated inflammatory markers and the prognosis: we ident-
ified the best prognostic value for levels evaluated 12h after
hospital admission: the AUC of ROC for CRP, procalcitonin,
presepsin, and PTX3 ranged between 0.683 and 0.875
(Table 3).
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0 Cardiogenic shock without infection and without CPR before admission (median; 25th-75th percentile)
- Cardiogenic shock without infection and with CPR before admission (median; 25th-75th percentile)
—— Cardiogenic shock with infection and with CPR before admission (median; 25th-75th percentile)
8~ Cardi shock with infection and without CPR before (median; 25th-75th percentile)

250

CRP (mgh)
3

wlx: %} ] ;1

oh h 24h 3rd day 4th day 5th day 7th day
Time
Fic. 3. Time of exp! ion of C-r ive protein in groups of all pati with CS 1g to p of infection and out-of-hospital
cardiac arrest with cardiop yr ion (CPR) before hospital admission.

Comparison of immune/inflammatory response expressed CS regardless of infection; on the contrary, the inflammatory

by inflammatory biomarkers in patients with CS and response of STEMI patients without CS and without infection

patients with septic shock and patients with STEMI is significantly less intense, demonstrating a ‘“‘normal-average”

(without shock and infection) inflammatory response within MI treated by primary PCI
The baseline characteristics of all patients with CS (irre- without CS (Fig. 5).

spective to infection) in comparison with patients with septic

shockand patients with STEMI are shown in Supplemental

Table 2, http://links.lww.com/SHK/A484. DISCUSSION
The time course of biomarkers in patients with septic shock The present study highlights two extremely important points
demonstrates an extreme inflammatory response, which sig- in the care of patients with CS: infection is a frequent com-

nificantly exceeds the inflammatory response of patients with plication, which partially increases the hospital mortality of

A
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TasLe 3. Prognostic value of inflammatory biomarkers for the prediction of 3-month mortality in cardiogenic shock patients irrespective of

infection
Survival Death
Median Median
n (5th—95th percentile) n (5th—95th percentile) AUC P Cutoff Sensitivity Specificity
CRP/2 26 30.5 (8.5; 202.1) 16 63 (15.5; 238.6) 0.683 0.049 >45.6 0.750 0.250
Proc./2 26 1.3(0.2;9.8) 16 3.4 (0.4; 557.5) 0.761 0.005 >2.0 0.813 0.188
Pres./2 24 410 (239; 789) 1 655 (234; 2,587) 0.716 0.043 >1,035 0.455 0.545
PTX3/2 24 10.5 (1.2; 58.0) 10 50.7 (11.4; 1,200) 0.875 0.001 >26.5 0.800 0.200

AUC indicates area under the curve; CRP, C-reactive protein; Pres., presepsin; Proc., procalcitonin; PTX3, pentraxin 3.

Only biomarkers at 12h (sample 2) are shown.

patients, and extends the time of mechanical ventilation; the
immune/inflammatory response of patients with CS with acute
myocardial infarction (AMI) is strong (expressed biochemi-
cally by levels of inflammatory biomarkers, and clinically by
the development of SIRS) and very variable. This high vari-
ability makes it impossible to determine the cutoff value of
inflammatory biomarkers for the suspicion of development of
infection. Regardless of infection, an extensive immune/
inflammatory response is linked to a poor prognosis.

Frequent infections in CS and especially RTIs (67.5% of all
infections) were found. As mentioned in the “Introduction,”
there is a number of reasons for the high incidence of infections,
particularly the pulmonary ones: pulmonary congestion (9),
mechanical ventilation (7), cardiac arrest with prehospital CPR
(6), treatment by therapeutic hypothermia (21), and multiple
invasive access sites.
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According to randomized studies on the prevention of VAP,
mortality attributable to VAP is ~9% (22). In our study,
infections led to an increase in mortality by only 3.8%: this
might be due to a high mortality of the CS itself. In the
literature, there is lack of information about infective compli-
cations in patients with CS. In the SHOCK trial, sepsis with
positive culture results was reported in 13.3% of patients, with
the predominant pathogen being Staphylococcus aureus, fol-
lowed by Klebsiella pneumoniae and Pseudomonas aerugi-
nosa; independent predictors of sepsis were duration of use of
intraaortic balloon pump and multiple central catheters (8).
Nosocomial infections developed in 64% of a total of 220
patients with CS supported by venoarterial extracorporeal
membrane oxygenation (ECMO). VAP (55%), bloodstream
infection (18%), cannula infections (10%), and mediastinitis
were identified (23). A high prevalence of infection (65%) has

|—8—  Median (25-75th percentile)

45
40
= Procalcitonin
E
g 30
£
[ 25
]
S 2
8
2 15
o
10 {
: |
. b | T
on 12 24 3 an sm
noh o day  day  day  dey
400
350 Pentraxin 3
- 300
E
o 250
£
D 200
X
I
Q150
100
) |
Ja Ut it )
oh 12 24 3rd an Sth Tth
noh o dey dy  day day

Fic. 5. Time course of expression of C.

protein, pr

groups of patients with septic shock and patients with STEMI (without shock ;nd without infection).

pi

and p 3inp with CS in comparison with control

Copyright © 2016 by the Shock Society. Unauthorized reproduction of this article is prohibited.

114



172 SHOCK VoL. 47, No. 2

also been reported in patients after cardiac arrest treated by
hypothermia (6).

We did not find any clinical effect of fixed cultivation of
bronchial aspirates and BALF samples on the first day of
mechanical ventilation. However, respiratory infections were
the most common infections in patients with CS, and half of
them were presented within 48h upon hospital admission;
therefore, for patients undergoing mechanical ventilation, we
suggest that bronchial samples are cultivated on the morning of
the third day, and then regularly twice a week; in addition, if
there is suspicion of an RTI, rules for the prevention of VAP
should be followed immediately.

Immune/inflammatory response and the time course of
presepsin and other inflammatory biomarkers in patients
with CS

The immune/inflammatory response is very strong in
patients with CS with AMI when compared with a control
group of patients with STEMI without shock; nevertheless, it
does not reach the extreme values of response seen in patients
with septic shock. SIRS was clinically found in 68.8% of
patients who survived the first 24 h, regardless of the develop-
ment of infection.

For the first time, we showed a detailed time course of
presepsin in a cohort of patients with AMI complicated by CS.
In comparison with CRP and procalcitonin, presepsin had a
slightly different course, with an earlier onset of the peak. For
all markers, we demonstrated a significantly higher inflamma-
tory response in patients with CS in comparison with the
control STEMI group, but a significantly lower inflammatory
response in comparison with patients with septic shock. This
high variability of the inflammatory response in patients with
CS makes it impossible to determine cutoff values for the
detection of infection. Probably the main reason for this
observation is that the inflammatory response due to these
infections as expressed by the evaluated biomarkers is similar
or lower in comparison with the inflammatory response due to
myocardial necrosis in CS or postcardiac arrest syndrome. In
this project, we analyzed other inflammatory markers as well
(interleukin-6, soluble L-selectin, soluble P-selectin, soluble V-
CAM-1, soluble ICAM-1, and complement activation product
C5a); none of these markers have brought information making
it possible to distinguish between infection and inflammatory
aseptic reaction as part of CS during an acute MI, and these data
are therefore not presented. The knowledge of time course of
inflammatory biomarkers in patients with CS might be useful in
the everyday clinical practice: an unexpected increase or
maintenance of high values of inflammatory biomarkers after
their supposed peak can support a diagnosis of infection and
can help to decide about an early initiation of antibiotic therapy
before a definitive result of microbiological cultivation. As
shown in Figure 3, a combination of two biomarkers with
different time courses (CRP with a peak at 48 h and presepsin
with an early-onset peak after 12—-24h) and serial measure-
ments might be helpful.

From the point of view of short-term prognosis, high levels of
inflammatory markers during the first 24 h identify very well
the group of highest-risk patients in CS who might benefit most

PARENICA ET AL.

from further intensive treatments such as mechanical circula-
tory support or ECMO. Inflammatory response in critically ill
patients is generally a predictor of poor prognosis (24).

Nevertheless, inflammatory biomarkers have also their path-
ophysiological function in acute MI complicated with CS. An
inflammatory response only partly corresponds with the size of
the MI. CRP activates the complement system by the classic
pathway, helping to lyse and to remove damaged myocardial
cells (25). An inappropriately high inflammatory response with
excessive production of CRP is accompanied by an increased
infiltration of damaged tissue (as well as the surrounding
myocardium) by macrophages, increased activity of metal-
loproteinases (MMP9) and activation of the complement sys-
tem, and increased expression of chemotactic molecules such
as monocyte chemoattractant protein (MCP)-1, all of which
lead to an extension of myocardial damage and left ventricular
remodeling (26, 27). An excessive production of CRP can
stimulate cardiomyocytes as well as peripheral blood cells to
increase the output of inducible nitric oxide synthase with an
overproduction of nitric oxide (NO) (28) and, whereas phys-
iological levels of NO have a cardioprotective effect, high NO
concentrations have negative inotropic and cytotoxic effects on
cardiomyocytes and participate in vasodilatation that may
further lead to the development and progression of CS (29).
Procalcitonin is a peptide precursor of the hormone calcitonin,
but its physiological role during the inflammatory response is
not clear. Its role in the metabolism of calcium, cytokine
networks, modulation of NO synthesis, and pain-relieving
effects has been considered (30). PTX3 seems to have (in
comparison with CRP) a cardioprotective effect. PTX3 binds
to component Clq and prevents unwanted and excessive acti-
vation of complement (31). Binding to P-selectin reduces
further neutrophil infiltration into the site of myocardial injury
(32), and binding to activated platelets reduces proinflamma-
tory and prothrombotic effects in MI patients (33). In our work,
high values of PTX3 associated with a poor prognosis are
probably the result of an excessive inflammatory response, than
PTX3 alone would actively contribute to a negative outcome.
Presepsin is a soluble CD14 subtype, and its biological role has
not been elucidated; it is a regulatory factor capable of mod-
ulating cellular and humoral immune responses by interacting
directly with T and B cells (34). Unfortunately, recent studies
leading to the suppression of inflammatory reactions in an
unselected group of patients with acute MI have not proved any
positive therapeutic effect yet (35).

Limitations—TFirst, the study cohort was relatively small.
Second, the study was carried out at a single center. Third,
infectious complications are more difficult to recognize in
patients with CS due to an aseptic inflammatory response: we
cannot rule out that despite every effort, we did not manage to
diagnose this infection in several patients, particularly in those
who died early. On the contrary, if there is a suspicion of infection
that might be linked to death, microbiological cultivation was
performed in these deceased patients, from samples available
from the dissection. Fourth, a large proportion of patients with
CS underwent CPR and treatment with therapeutic hypothermia
before hospital admission, which makes the interpretation of
results even more difficult: the inflammatory response is not only
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part of the immune response to an extensive myocardial necrosis,
but also part of the postcardiac arrest syndrome with additional
pathophysiological changes caused by therapeutic hypothermia.
A high proportion of patients with CS who survive out-of-
hospital cardiac arrest and resuscitation are currently an indis-
pensable part of all large cohorts of patients with CS, and cannot
be separated from the study (5, 36), but according to our
subanalysis of time course of biomarkers in patients with CS
depending on the presence of infection and CPR, no significant
difference was shown between these groups. And fifthly, a high
proportion of early deaths in patients with CS makes it signifi-
cantly more difficult to evaluate the influence of infectious
complications on the duration of hospitalization and on the
duration of mechanical ventilation.

CONCLUSION

The prevalence of infection in patients with acute MI com-
plicated by CS was 46.3%, and RTIs were the most common
type. Infections did not prolong statistically significantly the
duration of mechanical ventilation and did not increase the
prevalence of hospital mortality in this high-risk CS population.
CS due to AMI was accompanied by a strong and highly
variable inflammatory response, but it did not reach the inten-
sity of the inflammatory response observed in patients with
septic shock. An extensive immune/inflammatory response in
patients with CS is linked to a poor prognosis. Our results might
lay the groundwork for a prospective study which would
evaluate the use of repeated determination of levels of inflam-
matory biomarkers or their combinations, potentially contri-
buting to an early decision about the initiation of antibiotic
therapy in patients with CS with a suspicion of infection.
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V ramci moZnost prognostikovat a predikovat priibéh onemocnéni pacientt s KS a SS a
rozlisit systémovou inflamatorni odpoveéd’ od jiz rozvinuté sepse/septického Soku u pacientli
s KS jsme v ramci vyzkumné skupiny vySetfovali hladiny solubilniho ST2 (serum stimulation
2). ST2 ma dv¢ zékladni varianty na zdkladé aktivace dvou riiznych promotori: sST2 je
solubilni ligand, ktery slouzi jako receptor pro interleukin 33 (IL33), vychytava jej a tim
kon¢i signalni drahu a druha varianta je trasnmembranova forma ST2, ktera potencuje
inflamatorni odpovéd’ zprosttedkovanou skrze NF- kB (Nuclear Factor kB). [188, 189]
Elevované hodnoty solubilniho ST2, véetné jejich prediktivni role byly prokézané u pacienti
s AIM, v tézké sepsi a v dalSich zanétlivych onemocnénich. [190, 191] Do doby publikace
nasi prace nebyly popsany hodnoty solubilniho ST2 u pacienti v KS a SS ani jejich
diskriminativni role stran prognézy. Nase hypotéza byla, ze hladiny solubilniho ST2 (sST2)
jsou u pacientii v KS a SS zvysené oproti kontrolni skupiné pacientti s nekomplikovanym
STEMI, navic, Ze tyto hodnoty maji prediktivni schopnost diskriminace kratkodobé mortality.
Studie a jeji protokol byla schvalen MEK FN Brno a od pacienti byl ziskan IS, pokud nebylo
mozn¢é ziskat, tak od nejblizsiho ptibuzného. Do studie byli zatazeni pacienti, kteti splnili
kritéria septického Soku nebo kardiogenniho Soku nebo STEMI. Vytazovacimi kritérii byla
malignita, zanétlivé onemocnéni, leukopenie (pocet leukocytt < 2,0 x 10%/1), trauma,
popaleniny nebo téhotenstvi v pfedchozich ttech mésicich. Vzorky krve byly odebirany
v osmi ¢asovych bodech, prvni pfi ptijmu, dale 12 hodin po ptijmu, v pribéhu 24 od pfijmu,
rano 3. den od zatazeni do studie a dale 4., 5., 7. den hospitalizace a kone¢n¢ posledni byl
odebiran 3 mésice od zadatku studie. V priibéhu studie jsme zafadili celkem 32 pacientd s KS,
17 pacientt se SS a 61 pacientt se STEMI (kontrolni skupina). Hladiny sST2 byly nejvyssi od

piijmu u pacientii se SS v porovnani s pacienty s KS a STEMI. Cutt-off hodnota sST2 pii
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pfijmu > 210,4 pg/ml byla dle ROC analyzy schopna rozliit pacienty se SS a KS se
senzitivitou 82,4% a specificitou 84,4%. Rozlideni mezi skupinou pacientt s KS a STEMI
bylo statisticky signifikantni na cutt-off hodnoté >22,2 pg/ml se senzitivitou 87,5% ale

s nizkou specificitou 54,1%. V naSem souboru pacientii s KS a SS jsme nenasli statisticky
signifikantni asociaci mezi 3 mési¢ni mortalitou a hladinami sST2. Statisticky signifikantni
vztah jsme prokazali mezi hodnotou BNP a hladinami sST2 u celé kohorty pacientd, ale
pouze u ptijmovych hodnot.

Vyznam préace je mozné dokumentovat tim, Ze se jednalo o prvni kohortu pacientii s KS a SS
u kterych byly dokumentovany hodnoty sST2 v prubéhu prvniho tydne hospitalizace a

v horizontu 3 mésicii. V této navaznosti byla prace dosud 19 krat citovana, véetné n€kolika
vyznamnych originalnich praci a ptehledovych praci zabyvajicich se biomarkery u

kardiogenniho Soku a sepse.
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Soluble ST2 levels in patients with cardiogenic and
septic shock are not predictors of mortality

Jiri Parenica MD MSc PhD'23, Jan Malaska MD PhD?#, Jiri Jarkovsky MSc PhD?, Jolana Lipkova MSc®,
Milan Dastych MD PhD7/8, Katerina Helanova MD'?, Jiri Litzman MD PhD?2, Josef Tomandl MD PhD'°,
Simona Littnerova MSc®, Jana Sevcikova MSc®, Roman Gal MD PhD?2#, Pavel Sevcik MD PhD24,
Jindrich Spinar MD PhD'" 23, Monika Pavkova Goldbergova DSc PhD®

] Parenica, ] Malaska, ] Jarkovsky, et al. Soluble ST2 levels in
patients with cardiogenic and septic shock are not predictors of
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BACKGROUND: Soluble ST2 (sST2) is an interleukin-33 receptor.
sST2 was found to be an independent prognostic factor in patients with
myocardial infarction, sepsis and heart failure.

OBJECTIVES: To assess sST2 levels in patients with cardiogenic shock
(CS) and septic shock (SS), and to evaluate the prognostic value of sST2
for short-term mortality.

METHODS: The present prospective observational study evaluated
32 patients with CS, 17 patients with SS and 61 patients with ST segment
elevation myocardial infarction (STEMI )(control group). Samples of
serum were collected eight times and the follow-up time was three
months.

RESULTS: sST2 levels were elevated from admission in SS patients
relative to patients with CS and STEMI, who exhibited peak sST2
levels 24 h after admission. On admission, CS patients had a median

(5th percentile; 95th percentile) sST2 level of 62.5 pg/mL (8.3 pg/mL;

315.8 pg/mL) and SS patients had a median sST2 level of 216.4 pg/mL
(46.8 pg/mL; 364.4 pg/mL). ROC analysis found sST2 to be a biomarker
that could distinguish between CS and SS at admission (area under the
curve [AUC] 0.813; P<0.01) with a cut-off value of 210.4 pg/mL. Patients
with STEMI had significantly lower sST2 levels at admission (20.3 pg/mL
(4.2 pg/mL; 339.8 pg/mL) compared with CS patients. The AUC of the
ROC analysis was 0.671 (P=0.007) for the detection of CS in patients with
STEML. Only a weak correlation was observed between sST2 and B-type
natriuretic peptide (r=0.376, P=0.05) and sST2 and N-terminal pro-B-type
natriuretic peptide (r=0.496, P=0.019). No statistically significant differ-
ences were observed in sST2 levels in patients with CS and SS relative to
three-month mortality.

CONCLUSION: Levels of sST2 at admission are significantly higher in
patients with SS compared with CS. sST2 could be a diagnostic marker to
distinguish SS and CS as well as CS and STEMI at the time of admission.
Levels of sST2 are related to levels of natriuretic peptides in CS but not in SS.
sST2 levels are not a suitable prognostic marker for patients with CS and SS.

Key Words: Cardiogenic shock; Circulating levels; Septic shock; ST2

T2 is an interleukin (IL)-1 receptor family member with a func-

tionally active transmembrane isoform (ST2L) and a soluble iso-
form (sST2) that can be detected in human plasma. ST2 is a receptor
for IL-33. IL-33 is a potential mediator of several inflammatory dis-
eases through the ST2L signalling pathway (1). IL-33 may also act as
a fibroblast-cardiomyocyte signalling system and is upregulated in
cardiomyocytes and fibroblasts subjected to biomechanical strain.
Increasing IL-33/ST2 signalling can invoke a cardioprotective effect
(2). sST2 appears to be a decoy receptor that binds IL-33 and inhibits
the membrane ST2 signalling pathway.

In vivo, the cardiac ST2 transcript and serum sST2 protein levels
were increased following the induction of myocardial infarction, and
serum sST2 levels were inversely correlated with left ventricular func-
tion (3). The prognostic value of sST2 levels has been demonstrated
in patients with heart failure (4), acute dyspnea (5) and myocardial
infarction (6-9). Elevated levels of sST2 were also identified in
patients with sepsis, and sST2 levels correlated with disease severity
and in-hospital mortality (10).

To date, there is no information regarding sST2 levels and their
prognostic value in patients with cardiogenic shock (CS) and septic
shock (SS). It has been demonstrated that inflammatory responses
play an important role, both in SS and in patients with CS after myo-
cardial infarction (11,12); left ventricular dysfunction is also common
in patients with SS (13). CS is complicated in some patients by the
development of sepsis, which requires a different treatment strategy. It
is difficult to distinguish between an aseptic severe inflammatory
response and sepsis in clinical practice. New biomarkers may help to
differentiate between these two states.

Based on previous data, we hypothesized that sST2 levels would be
elevated in patients with CS and SS compared with a control group of
patients with acute ST segment elevation myocardial infarction
(STEMI). In addition, we hypothesized that sST2 levels would be
prognostic of short-term mortality in shock patients. The aims of the
present study were: to measure the levels of sST2 in patients with CS
and SS compared with patients with STEMI; to evaluate sST2 as a
biomarker for differentiating CS, SS and patients with STEMI with
and without shock; and to evaluate sST2 as a prognostic marker in

patients with CS and SS.
METHODS

Patients

The present study included patients with CS and STEMI who were
hospitalized in the coronary intensive care unit of the internal cardiol-
ogy department, and patients with SS who were hospitalized in the
intensive care unit of the Brno Faculty Hospital (Brno, Czech
Republic). Exclusion criteria were malignancy, inflammatory disease,
connective tissue disease, leukopenia (white blood cell count
<2x10%/L), trauma, burns or pregnancy during the previous three
months. The diagnosis of STEMI was based on the presence of symp-
toms consistent with a myocardial infarction, in conjunction with
appropriate changes observed during electrocardiography (ST segment
elevation or new left bundle branch block) and elevation in the levels
of markers of myocardial necrosis (troponin T). The diagnosis of acute
heart failure was based on clinical signs on hospital admission and/or
during hospitalization (Killip class I to IV). CS was defined as
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TABLE 1

Baseline characteristics

Variable Cardi ic shock Septic shock STEMI P
Body surface area 32,1.9 (1.6;2.3) 17,21 (1.7; 2.3) 61,2.0 (1.7, 2.3) 0.172
Age, years 32, 60 (41; 83) 17, 65 (26; 73) 61, 61 (48; 78) 0.980
Systolic blood pressure on admission, mmHg 32, 95 (60; 180) 17, 100 (70; 150) 61, 130 (100; 180) <0.001
Diastolic blood pressure on admission, mmHg 32, 60 (40; 90) 17, 60 (5; 80) 61, 75 (60; 100) <0.001
Heart rate, beats/min 32, 94 (40; 122) 17, 120 (75; 156) 61, 72 (56; 102) <0.001
Smoker, n (%) 12 (37.5) 6(35.3) 22 (36.1) 0.585
Male, n (%) 19 (59.4) 12 (70.6) 45 (73.8) 0.366
Hypertension, n (%) 19 (59.4) 9 (52.9) 35 (57.4) 0.910
Diabetes mellitus, n (%) 15 (46.9) 2(11.8) 16 (26.2) 0.022
Dyslipidemia, n (%) 20 (62.5) 2(11.8) 43 (70.5) <0.001
Chronic obstructive pulmonary disease, n (%) 1(3:1) 3(17.6) 0(0.0) 0.008
Atrial fibrillation, n (%) 2(6.3) 1(5.9) 1(1.6) 0.451
Angiotensin-converting enzyme inhibitor, n (%) 7(21.9) 2(11.8) 15 (24.6) 0.490
Beta blockers, n (%) 8(25.0) 1(5.9) 12 (19.7) 0.205
Angiotensin Il receptor blocker, n (%) 4 (12.5) 2(11.8) 8(13.1) 0.988
Diuretics, n (%) 7(21.9) 2(11.8) 11 (18.0) 0.669
Invasive ventilation, n (%) 28 (87.5) 17 (100.0) 9(14.8) <0.001
Intra-aortic balloon pump, n (%) 13 (40.6) 0(0) 1(1.6) <0.001
Continuous renal replacement therapy, n (%) 2(6.3) 12 (70.6) 0(0.0) <0.001
Left ventricle ejection fraction, % 30; 36 (10; 60) 11; 60 (20; 78) 61; 51 (35; 68) <0.001
Time from diagnosis to admission, h, 3.2(0.6; 49.8) 11.8 (1.3; 69.0) 3.3(1.0; 13.5) <0.001

median (5th percentile; 95th percentile)

Data presented as n, median (5th percentile; 95th percentile) unless otherwise indicated. P values were calculated using the Kruskal-Wallis test or maximum

likelihood ¥2 test. STEMI ST segment elevation myocardial infarction

hypotension with systolic blood pressure <90 mmHg lasting >30 min
despite adequate left ventricular filling (pulmonary capillary wedge
pressure or left ventricle end-diastolic pressure >15 mmHg) or if the
patient required vasopressor therapy (dopamine >7 pg/kg/min or norepi-
nephrine 20.15 pg/kg/min) for longer than 30 min to maintain systolic
blood pressure 290 mmHg, due to heart failure confirmed by a low car-
diac index (<1.8 L/min/m? to 2 L/min/m?) or using echocardiography
(severe left ventricle dysfunction with EF <40%, acute mitral regurgita-
tion or acute septal defect); additionally, patients had signs of tissue
hypoperfusion (oliguria <20 mL/h, mottled and cold skin), signs of
encephalopathy and acidosis or blood lactate >2 mmol/L (14,15). SS
was defined as hypotension with systolic blood pressure <90 mmHg
despite adequate volume resuscitation (intravenous crystalloids at least
30 mL/kg) in patients with proven sepsis and after exclusion of other
causes of hypotension (16). The study protocol complied with the
Declaration of Helsinki and was approved by the local ethics committee
of the Faculty Hospital (Brno, Czech Republic). Written informed con-
sent was obtained from subjects before participation in the study or after
regaining consciousness; for patients who failed to regain consciousness,
anonymous data were processed with the consent of a relative.

Laboratory methods

Samples of venous blood were obtained at eight time points: sample 1 on
hospital admission; sample 2 12 h after hospital admission; sample 3 24 h
after hospital admission; sample 4 on the morning of the third day of
hospitalization (approximately 48 h after hospital admission); sample 5
on the morning of the fourth day of hospitalization; sample 6 on the mor-
ning of the fifth day of hospitalization; sample 7 on the morning of the
seventh day of hospitalization; and sample 8 three months after admis-
sion. Samples were centrifuged within 5 min to 15 min in a refrigerated
centrifuge, and the plasma and serum were stored at —=80°C. Both the
refrigerated centrifuge and freezer were located in the intensive/coronary
care unit. Standard biochemical and hematological blood tests were per-
formed immediately on hospital admission; troponin T (Roche
Diagnostics, USA) was assessed 24 h after the onset of chest pain. B-type
natriuretic peptide (BNP) levels were analyzed using an AxXSYM BNP-
microparticle enzyme immunoassay (Abbott Laboratories, USA),
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N-terminal proBNP was analyzed using a Cobas E411 NT-proBNP
imunoassay kit (Roche Diagnostics, USA) and sST2 was analyzed using a
Quantikine Human ST2/IL-1 R4 Kit (R&D Systems, USA). In patients
with STEMI, levels of sST2 were analyzed only in samples 1, 2, 3 and 4.

Statistical analysis

Standard descriptive statistics were used for analysis. Continuous par-
ameters were described using the median and 5th and 95th percentile,
and the occurrence of categorical parameters were described using n
and percentage. Differences between two groups were assessed for sta-
tistical significance using the Mann-Whitney test for continuous par-
ameters and the maximum likelihood y? test for categorical parameters.
Differences among the three groups were assessed for statistical signifi-
cance using the Kruskall-Wallis test for continuous parameters.

ROC curves and the area under the curve (AUC) were used to
determine whether the parameters were suitable predictors of selected
endpoints. The level of statistical significance was set at a=0.05. SPSS
version 19 (IBM Corporation, USA) for Windows (Microsoft
Corporation, USA) was used for data analysis.

RESULTS

Baseline characteristics

All patients were Caucasian. The clinical background and demo-
graphic characteristics of the patients are summarized in Table 1. A
total of 87.5% patients in the CS group had STEMI and 12.5% of
patients had non-STEMI. Baseline laboratory results are presented in
Table 2. Compared with CS patients, SS patients had higher levels of
creatinine, C-reactive protein (CRP) and procalcitonin. The time
from diagnosis to admission was comparable in patients with STEMI
and CS, but was significantly longer in SS patients (Table 1).

sST2 levels during hospitalization in patients with CS, SS and STEMI
The peak level of sST2 in CS patients occurred 24 h after admission.
Patients with SS had high sST2 levels at admission, and the levels
were elevated during the first week. Control patients with STEMI had
lower levels of sST2 on admission compared with CS patients; at 12 h
and 24 h, sST2 levels were comparable with those of CS patients
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Soluble ST2 levels as predictors of mortality in CS and SS

TABLE 2

Biochemical characteristics

Variable Cardiogenic shock Septic shock STEMI P
Creatinine, on admission, pmol/L 32, 109 (65; 187) 17, 237 (139; 336) 61, 89 (57; 119) <0.001
Creatinine, maximum, pmol/L 32, 141 (81; 464) 17,272 (153; 511) 61, 92 (68; 134) <0.001
Uric acid, pmol/L 27, 413 (269; 939) 2,186 (118; 254) 59, 305 (164; 492) <0.001
Troponin T, maximum, pg/L 20,3.7 (0.1; 22.0) 7,0.0(0.0; 2.0) 22,25(0.0;9.1) 0.003
Glycemia on admission, mmol/L 32,12.0 (6.0; 36.0) 17,8.0 (3.0; 22.9) 61, 9.0 (6.0; 18.0) 0.002
CRP, maximum, mg/L 26, 175 (19; 321) 17, 325 (164; 480) 44,37 (4; 287) <0.001
Hemoglobin, on admission, g/L 32, 143 (108; 163) 17, 96 (71; 155) 61, 144 (109; 164) <0.001
Leukocytes, on admission 32,17.0 (6.3; 27.0) 17, 18.0 (1.0; 46.0) 61, 13.0 (8.0; 25.0) 0.019
Lactate, on admission, mmol/L 17, 3.0 (1.0; 20.0) 17, 2.8 (0.9; 20.0) 18,2.5(1.0; 6.0) 0.774
Procalcitonin, maximum, ug/L 13, 2.0 (1.0; 21.0) 14, 30.5 (2.0; 180) 11, 1.0 (0.0; 34.0) <0.001
BNP, on admission, pg/mL 27, 221 (26; 1342) 10, 1100 (87; 2030) 55, 59 (15; 343) <0.001
NT-proBNP, on admission, pg/mL 22, 1340 (44; 16,658) 4, 15,806 (1028; 57,544) 43, 205 (48; 807) <0.001

Data presented as n, median (5th percentile, 95th percentile), unless otherwise indicated. CRP C-reactive protein; BNP B-type natriuretic peptide;
NT-proBNP N-Terminal proBNP; STEMI ST segment elevation myocardial infarction
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Figure 1) Soluble ST2 (sST2) levels during hospitalization in patients with
cardiogenic shock (grey box), septic shock (black box) and ST segment ele-

vation myocardial infarction (white box)

Figure 2) Dependence of soluble ST2 (sST2) levels on time from the onset

of myocardial infarction to admission

TABLE 3
ROC analysis to distinguish between cardiogenic shock (CS) and septic shock (SS)
Sensitivity, Specificity, Positive if Percentile

Marker AUC P 95% CI % % < 2 Group n Median 5th 95th

sST2/1, pg/mL  0.813 <0.001 0.688-0.937 824 84.4 2104 cs 32 62.5 8.3 315.8
SS 17 2164 46.8 364.4

sST2/2,pg/mL  0.642 0.157 0.453-0.831  87.5 50.0 204.0 CS 18 2066 8.8 481.9
SS 16 2151 55.7 4263

sST2/3,pg/mL  0.580 0.439 0.377-0.784  66.7 58.8 215.7 cs 17 2161 29.1 522.2
SS 15 2130 22.7 4453

AUC Area under the curve; sST2/1 Level of sST2 at admission; sST2/2 Level of sST2 12 h after admission; sST2/3 Level of sST2 24 h after admission

(Figure 1). The level of sST2 on admission depended on the amount
of time that had passed from the onset of the myocardial infarction to
admission (the time of first sampling), as demonstrated in Figure 2.

Differences in sST2 levels between patients with CS and SS

ROC analysis was performed to distinguish CS from SS at 24 h after
admission using sST2 levels. Patients with SS had significantly higher
levels at admission, and a cut-off value of >210.4 pg/mL at admission
was sufficient to distinguish SS from CS with a sensitivity of 82.4%
and a specificity of 84.4% (Table 3).

Differences in sST2 levels between patients with CS and STEMI
without shock

Patients with CS had significantly higher levels of sST2 compared
with the control STEMI group; however, this was true only at
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admission. ROC analysis revealed a statistically significant result for
the detection of CS, with a sensitivity 87.5% but with a low specificity
of 54.1% for a cut-off of >22.2 pg/mL (Table 4).

sST2 levels and mortality
No statistically significant differences in sST2 levels in patients with CS
and SS according to three month mortality rate were observed (Table 5).

Correlation of sST2 levels with other biochemical parameters

A significant correlation between natriuretic peptide levels and sST2
levels was found, but only at admission, in the entire cohort of patients
(rs=0.411; P<0.001 for BNP, and rs=0.441; P<0.001 for NT-proBNP).
The only significant correlation observed was for CS patients at admis-
sion, between sST2 levels and BNP (rs=0.376; P=0.05) and sST2 levels
and NT-proBNP (rs=0.496; P=0.019). No significant correlations were
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TABLE 4
ROC analysis to distinguish cardiogenic shock (CS) in patients with ST segment elevation myocardial infarction (STEMI)
Sensitivity, Specificity, Positive if Percentile

Marker AUC P 95% CI % % < 2 Group n Median 5th 95th

sST2/1, pg/mL  0.671 0.007 0.558-0.783 87.5 54.1 222 STEMI 61 203 42 339.8
cs 32 62.5 83 3158

sST2/2, pg/mL  0.556 0.569 0.365-0.746 444 66.7 137.2 STEMI 18 208.5 14.0 791.7
cs 18 206.6 8.9 481.9

sST2/3, pg/mL  0.535 0.760 0.301-0.768  70.6 54.5 209. STEMI 1 208.5 21.9 369.2
cs 17 216.1 29.1 522.2

AUC Area under the curve; sST2/1 Level of sST2 on admission; sST2/2 Level of sST2 12 h after admission; sST2/3 Level of sST2 24 h after admission

TABLE 5
Soluble ST2 (sST2) levels in patients with cardiogenic
shock (CS) and septic shock (SS) according to survival

P, alive versus

Percentile deceased

Marker n  Median 5th 95th CS SS
sST2/1, pg/mL

CS alive 20 49.5 6.2 278.9 0.228 0.336

CS deceased 12 116.2 229 320.6

SS alive 8 2141 46.8 352.1

SS deceased 9 217.8 97.9 364.4

STEMI 61 20.3 4.2 339.8
sST2/2, pg/mL

CS alive 12 214.0 12.8 481.9 0.851 0.674

CS deceased 6 165.3 8.9 315.0

SS alive 8 2145 118.1 358.4

SS deceased 8 2159 55.7 426.3

STEMI 18 208.5 14.0 791.7
sST2/3, pg/mL

CS alive 1 215.8 29.8 522.2 0.688 0.083

CS deceased 6 2478 29.1 312.0

SS alive 8 248.8 281 4453

SS deceased 7 2122 227 307.8

STEMI 1 208.5 21.9 369.2

sST2/1 Level of sST2 on admission; sST2/2 Level of sST2 12 h after admission;
sST2/3 Level of sST2 24 h after admission; STEMI ST segment elevation myo-
cardial infarction

found between sST2 levels and other biochemical parameters including
troponin T, creatinine, CRP, procalcitonin and glycemia.

DISCUSSION

To the best of our knowledge, the present study was the first to evalu-
ate sST2 levels in a cohort of patients with CS and SS. The main
findings of our study can be summarized as follows: Levels of sST2 are
significantly higher in patients with SS compared with patients with
CS, but only on admission; sST2 could be used as a laboratory diagnos-
tic marker to distinguish between SS and CS on admission; Although
the results of a ROC analysis evaluating CS in patients with STEMI
on hospital admission were statistically significant, it is not likely to be
useful in clinical practice because of its low specificity (54.1%), despite
a sensitivity of 87.5%.

We consider it very important to note that the control group con-
sisited of patients with acute myocardial infarction without severe
heart failure. We demonstrated that sST2 levels in this group were
similar to levels in patients with CS or in patients with severe inflam-
matory disease.

Previous studies have demonstrated that the production of ST2 is
induced by mechanical strain in cardiac myocytes (3), in a state of sys-
tolic failure of the left ventricle (17) and in patients with an inflamma-
tory disease such as asthma (18), systemic lupus erythematosus (19),
rheumatoid arthritis (20), pneumonia or sepsis (10,17). Elevated sST2
levels were also observed during myocardial infarction and its levels

208

123

predicted short- and long-term prognosis (7-9). Interaction of IL-33
with the transmembrane ST2 receptor induces the production of
inflammatory mediators. IL-33 has also been shown to be a biomechan-
ically induced protein in the heart that is synthesized by cardiac fibro-
blasts and antagonizes angiotensin II- and phenylephrine-induced
hypertrophy. sST2 blocked the antihypertrophic effects of IL-33, indi-
cating that sST2 functions as a soluble decoy receptor in the myocar-
dium (21). Therefore, elevated levels of sST2 after myocardial
infarction can serve as a simple negative prognostic factor and, in addi-
tion, the substance that can produce negative effects by binding to
IL-33 and blocking the positive effects of the IL-33/LST2 signalling
pathway, which prevents cardiomyocyte apoptosis and improves car-
diac function and survival after myocardial infarction (21,22).

In the present study, we found a significant but weak correlation
between sST2 and other biomarkers associated with left ventricle
overload (ie, BNP and NT-proBNP) in patients with CS. We did not
observe a similar correlation in patients with SS. This may be due to
the limited number of SS patients or due to a different mechanism by
which BNP increases in SS. High initial levels of BNP, which are
routinely observed, may be related not only to left ventricular dysfunc-
tion occurring in patients with SS, but also to changes in BNP
clearance (23).

The relatively small number of patients in the STEMI group
and/or ischemia-related release of BNP may be reasons for why no
correlation between sST2 and BNP was observed in the STEMI
group. Similar results have been observed by other researchers. Weir
et al (24) reported a correlation between sST2 and norepinephrine
and aldosterone, but no correlation with NT-proBNP; similarly,
Shimpo et al (9) did not observe a correlation between sST2 and
BNP in patients after STEMI. These results suggest that biomechan-
ical stress linked to the left ventricle during STEMI or CS is not the
leading inducer of sST2 production. This is also supported by our
findings of similar levels of sST2 in patients with CS and with STEMI
at 12 h and 24 h after admission (Table 4). In patients with CS, the
level of sST2 at admission likely depends on the amount of time
between the onset of myocardial infarction and the first sSST2 sam-
pling, as shown in Figure 2.

High levels of sST2 in patients with CS and SS may be related to
stimulation by IL-1 beta (IL-1B), IL-6 or tumor necrosis factor-alpha
(25). IL-1B has been demonstrated to be a strong inducer of sST2
production (3), and the proinflammatory cytokine IL-1 is increased
during both CS and SS (26,27). The induction of sST2 production by
IL-6 is supported by observations made by Brunkhorst et al (28) that
baseline levels of IL-6 were highest in SS patients while peak levels of
IL-6 in CS patients appeared at 24 h (29).

Elevated levels of ST2 have been found in several inflammatory
diseases, and we believe that there is an association between sST2 and
CRP or procalcitonin. While such an association was not revealed in
our study, it is possible that it was masked by the limited number of
patients evaluated, or perhaps there is only a weak correlation between
sST2 and CRP (r=0.10, P=0.007) as reported in a previous study in
patients after STEMI (9).

The literature contains only limited data regarding the relation-
ship between sepsis and sST2 levels. Hoogerwerf et al (10) evaluated
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a cohort of patients with sepsis, but not with SS. Correlations
between sST2 levels and disease severity and mortality were found.
However, no differences were found regarding infectious sources.
Peak levels were observed on the second day. Nonsurvivors exhibited
elevated sST2 levels compared with survivors. We believe that our
patients in SS were in a more prognostically serious condition com-
pared with patients with sepsis without shock, and the prognostic
values of sST2 were overshadowed and affected by other conditions
such as acute kidney injury, multiorgan failure or continuous renal
replacement therapy. Higher sST2 levels in patients with SS com-
pared with CS or STEMI patients may have been caused by a longer
time between diagnosis of SS and the first blood sample (11.8 h
compared with 3.2 h in CS patients or 3.3 h in STEMI patients)
(Table 1).

The present study had several important limitations, primarily
the limited number of patients. Patients with STEMI were used as a
control cohort; however, having a healthy control group would have
been useful. Finally, longer times between the onset of SS and the
first samples, taken at admission to ICU, compared with CS or
STEMI patients, is a limitation that affects a direct comparison of
results.
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CONCLUSION
Levels of sST2 at admission were significantly higher in patients with
SS compared with CS patients. sST2 can be used, at the time of
admission, as a laboratory diagnostic marker for a laboratory distinc-
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V pritbéhu rozvoje Soku a obéhového selhani dochédzi nejen k aktivaci inflamatornich
mediatorq, ale také ke zvySenému oxida¢nimu stresu. Tento mechanismus je vyznamny
zejména v dusledku poskozeni obecné pfi tzv. ischemii/reperfuzi (I/R poSkozeni). U pacientt
s AIM se konkrétné jedna o AIM a nasledné reperfuzi pomoci perkutdnni korondrni
intervence (PCI). V disledku tohoto vznika vyznamnd produkce ROS, kterd je nejen
produkovéna reperfundovanym myokardem, ale i ostatnimi organy, které v prub¢hu rozvoje
Soku mohly byt hypoperfundované. [192] DalSim vyznamnym zdrojem produkce ROS byva
pfimy vliv systémové inflamace, zejména v aktivovaném endotelu a v poskozenych tkanich,
stejné jako unik elektronil z transportniho fetézce v mitochondriich zptsobeny vyznamnou
stimulaci nikotinamidadenindinukleotidfosfat (NADPH) oxidazami a xantin oxiddzami. [193]
ROS piimo poSkozuje komponenty bunék, zejména proteiny, lipidy a nukleové kyseliny.
Vysledkem na trovni kardiomyocyti je nejen zména permeability a kontraktility, ale 1
aktivace apoptotickych drah. [194] To dale pfispiva ke sniZzeni srde¢niho vydeje a
zpétnovazebnim mechanismem také k poskozeni dalSich organt a v konecném dusledku
k rozvoji syndromu multiorgdnového selhani (MOF) a smrti. Detekce téchto reaktivnich
forem kysliku, tedy napt. superoxid, hydroxylovy radikal a peroxid vodiku, neni vzhledem
k jejich nestabilité v rutinni klinické praxi moznd, proto se pouzivaji nahradni markery, které
je mozné detekovat a jsou pro pouziti vzhledem ke své stabilit¢ vice vhodné, napft. oxidised
guanine species (OGS) a dalsi. Cilem studie bylo zjistit rozsah a dynamiku pritbéhu
oxidativniho stresu u pacienti se STEMI komplikovaném KS a zhodnotit prognosticky
vyznam biomarkerd spojenych s oxidativnim stresem. Do studie byli zatazeni pacienti, kteti

splnili dand kritéria STEMI a zaroven KS. Samoziejmosti bylo schvaleni MEK FN Brno a
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podepsani IS pacientem nebo osobou blizkou, v ptipadé nenabyti védomi. Exclusion kritérii
bylo znama nebo novée diagnostikovand malignita, chronické zanétlivé onemocnéni nebo
onemocnéni pojiva, onemocnéni, které neni kardiovaskularni, ale které limituje pacienta

v prognodze v horizontu jednoho roku a pacienti, ktefi nedodrzovali 1é¢bu. Vzorky krve byly
odebirany v intervalech: ihned po pfijeti pfed provedenim PCI, 12 a 24 hodin po pfijeti a rano
den 3.,4.,5.,7. Ve vzorcich byly stanovované pfimo vybrané biomarkery oxidativniho stresu
— OGS (konkrétn¢ malondialdehyd (MDA), 8-hydroxy-2'-deoxyguanosin (8-OHdG) a 8-
hydroxyguanosine (8-OHQG), které reflektuji oxidativni poSkozeni deoxyribonukleové
kyseliny (DNA) a ribonukleové kyseliny (RNA). Dale byla vySetfovana celkova aktivita
antioxidantl v plazm¢ (TAC) pomoci tzv FRAP assay (Ferric ion Reducing Antioxidant
Power), aktivita antioxida¢nich enzynmt (Cu/Zn-superoxid dismutaza (SOD) a glutathion
peroxidaza 3 (GPx3)) a antioxidant glutathion (GSH). Do studie bylo nakonec zatazeno 82
pacientti se STEMI komplikovanym KS a 3 mésiéni mortalita v naSem souboru byla 46% (38
pacientll). Nejvyssi hodnoty OGS byly hned pfi pfijeti, které klesaly a nadir byl dosazen
béhem prvnich 48 hodin a dalsi vrchol v den 7. Celkova antioxida¢ni aktivita méfend pomoci
FRAP dosahovala vrchol 12 hodin po pfijmu, nadir den 5. a opét den 7. vzestup. Hladiny
GSH u pacienti s KS klesaly k minimu 24 hodin po p¥ijmu a byl pozorovan navrat k normalu
cca v den 4. Vrcholové hladiny GPX3 byly méfeny v den 4. A byly signifikantné vyssi nez pfi
pfijmu. Ve vztahu k predikci 3 mési¢ni mortality byly v praci prokdzany perzistujici hladiny
OGS, FRAP a SOD pfi ptijmu a po dobu 12 hodin. Prace ukézala, Ze vySe zminéné hodnoty
odebrané za 12 hodin po pfijmu mohou u pacientii se STEMI slouzit jako ¢asné prediktory

rozvoje kardiogenniho Soku.
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Introduction: Cardiogenic shock is a frequent complication of acute myocardial infarction. Similar to ischemia/
reperfusion injury, excessive production of reactive oxygen species can be expected in those who experience
cardiogenic shock. The aims of this study were to describe the extent and time course of oxidative stress and
evaluate the prognostic value of oxidative stress markers in patients who experienced ST-segment elevation
myocardial infarction (STEMI) complicated by cardiogenic shock.

Methods: Plasma/serum levels of selected biomarkers of oxidative stress (oxidised guanine species (OGS),
malondialdehyde, and glutathione peroxidase 3) and markers, which simultaneously reflect severe cellular
damage (ferric ion reducing antioxidant power (FRAP), Cu/Zn-superoxide dismutase (SOD), and glutathione)
were measured seven times per week in a prospective cohort of 82 patients with STEMI complicated by
cardiogenic shock.

Results: We found elevated OGS levels in patients who died during three months, which persisted significantly
increased the next 12 h compared to surviving patients. A similar time course pattern also exhibited concen-
trations of FRAP and SOD. The other markers did not change significantly and did not show differences between
surviving and non-surviving patients during the monitored period. In addition, a strong relationship between
OGS, FRAP, and SOD levels (on admission and 12 h after admission) and 3-month mortality was found.
Conclusion: Levels of OGS, FRAP, and SOD within 12 h after hospital admission were revealed as early predictors
of the adverse development of STEMI complicated by cardiogenic shock.

1. Introduction

reperfusion (via percutaneous coronary intervention [PCI]) lead to
excessive production of ROS, which is the main contributor to cardiac

Under physiological conditions, regulated production of reactive
oxygen species (ROS) in the cardiovascular system is involved in redox
communication among cardiomyocytes, fibroblasts, and endothelial
cells [1]. Ischemia (myocardial infarction [MI]) and subsequent

reperfusion injury [2]. Cardiogenic shock (CS) is characterised by
diminished cardiac output, end-organ hypoperfusion, and hypoxia. An
important point of view is that haemodynamic derangements are not the
sole factors in the pathophysiology of CS. Others, such as

Abbreviations: CS, cardiogenic shock; EF, ejection fraction; FRAP, ferric ion reducing antioxidant power; GPX3, glutathione peroxidase 3; GSH, glutathione; LVEF,
left ventricular ejection fraction; LVEDP, left ventricular end-diastolic pressure; MDA, malondialdehyde; MI, myocardial infarction; OGS, oxidised guanine species; 8-
OHdG, 8-hydroxy-2'-deoxyguanosine; PCI, percutaneous coronary intervention; ROS, reactive oxygen species; SBP, systolic blood pressure; SOD, Cu/Zn-superoxide
dismutase; STEMI, ST-segment elevation myocardial infarction; TAC, total antioxidant capacity.
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neurohormonal (e.g., catecholamines, vasopressin, angiotensin II), in-
flammatory (e.g. interleukin IL-6, tumour necrosis factor-a, nitric
oxide), and metabolic (e.g., lactate, uric acid) mediators also have
crucial roles and should be considered [3]. Moreover, ROS over-
production can be expected in CS [4], and the myocardium and other
organs may be undesirably affected by these species.

Overproduction of ROS (e.g., superoxide [-O2 ], hydroxyl radical [
OH], and hydrogen peroxide [H20-]) is the result of several different
molecular mechanisms, including leakage of electrons from the electron
transport chain, by significant stimulation of NADPH oxidases and
xanthine oxidase, or inflammatory processes in damaged tissue [2,5].
The toxic effect of ROS leads to damage of cell components, including
proteins, lipids, and nucleic acids. The consequences are not merely
changes in the permeability of membranes and cardiomyocyte
contractility, but also intracellular signalling, leading to necrotic or
apoptotic cardiomyocyte death [2,6]. These pathophysiological mech-
anisms lead to a typical clinical picture with the progression of left
ventricular dysfunction, progressive hypotension, and multi-organ fail-
ure [7].

ROS are very unstable molecules, and their determination is difficult
in routine clinical practice; therefore, ROS levels are assessed using
appropriate surrogate markers. In our study, we quantified several types
of markers to describe oxidative stress, namely, molecules resulting from
the modification of cell structures by ROS (oxidised guanine species
[OGS] encompassing 8-hydroxy-2'-deoxyguanosine [8-OHdG], 8-
hydroxyguanosine, and 8-hydroxyguanine; malondialdehyde [MDA]),
cumulative action of antioxidants present in plasma (total antioxidant
capacity [TAC]), antioxidant enzymes (Cu/Zn-superoxide dismutase
[SOD], glutathione peroxidase 3 [GPX3]), and antioxidant molecule
(glutathione [GSH]).

OGS are a product of oxidatively damaged DNA (8-OHdG and 8-
hydroxyguanine) or RNA (8-hydroxyguanosine and 8-hydroxyguanine)
[8,9]. They are removed from DNA or RNA through specific repair
mechanisms and released into the bloodstream [9,10]. 8-OHdG is the
most studied OGS in patients with heart failure [11] or cardiovascular
disease [12]. MDA is a product of polyunsaturated fatty acid peroxida-
tion. This aldehyde can interact with proteins and nucleic acid bases to
form various adducts; only low amounts of MDA are present in the free
form [13,14]. TAC corresponds to the cumulative action of all the an-
tioxidants in plasma, which contribute to ROS elimination. The ferric ion
reducing antioxidant power (FRAP) assay [15] has been used to evaluate
TAC. Among antioxidant enzymes, SOD is involved in the primary
mechanism for the clearance of superoxide anions, and GPX3 is a major
antioxidant enzyme in the plasma involved in the elimination of extra-
cellular Hy0, and lipid peroxides with the participation of GSH as a
cofactor.

The aims of the present study were to assess the extent and time
course of oxidative stress and evaluate the prognostic value of bio-
markers associated with oxidative stress in patients with ST-segment
elevation myocardial infarction (STEMI) complicated by CS.

2. Methods
2.1. Study population

The study cohort consisted of 82 patients with STEMI complicated by
CS admitted to the Coronary Care Unit of the Cardiology Department of
the University Hospital Brno (Brno, Czech Republic). Exclusion criteria
were as follows: known or newly diagnosed malignancy; inflammatory
or connective tissue disease; disease(s) other than a cardiovascular dis-
ease that would clearly limit the 1-year prognosis; and non-compliance
with treatment. The study protocol complied with the Declaration of
Helsinki and was approved by the Ethics Committee of the University
Hospital Brno. Written informed written consent was obtained from all
subjects before participation in the trial or after regaining consciousness.
For patients who failed to regain consciousness, anonymous data were
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processed with the consent of a relative.

The diagnosis of STEMI was made based on MI symptoms, appro-
priate electrocardiographic changes, and elevated cardiac troponin
levels. Only patients with time from onset of chest pain to primary PCI <
12 h were evaluated. Left ventricular end-diastolic pressure (LVEDP)
was measured before left ventricular angiography using a 5 Fr fluid-
filled pigtail catheter. CS was defined as hypotension in those with
systolic blood pressure (SBP) < 90 mmHg lasting > 30 min despite
adequate left ventricular filling (pulmonary capillary wedge pressure or
LVEDP > 15 mmHg), or if the patient required vasopressor therapy
(dopamine > 7 pg/kg/min or norepinephrine > 0.15 pg/kg/min) > 30
min to maintain SBP > 90 mmHg due to heart failure confirmed by a low
cardiac index (< 2 L/min/mz), or echocardiography (left ventricle
dysfunction with ejection fraction [EF] < 40%, acute mitral regurgita-
tion or acute septal defect), or if the patient exhibited signs of tissue
hypoperfusion (oliguria < 20 mL/h; mottled and cold skin; signs of
encephalopathy; acidosis or blood lactate > 2 mmol/L) [16,17].

Patients were monitored prospectively in the Cardiology Outpatient
Department of the University Hospital Brno. Three-month mortality was
assessed in all patients.

2.2. Laboratory methods

Venous blood samples were collected at seven-time points: imme-
diately on hospital admission before coronary angiography and primary
PCI (median 3 h from onset of chest pain); 12 h and 24 h after hospital
admission; the morning of the third day, approximately 48 h after hos-
pital admission; the morning of the fourth day, approximately 72 h after
hospital admission; the morning of the fifth day, approximately 96 h
after hospital admission; and the morning of the seventh day. After
centrifugation, serum and EDTA-plasma samples were aliquoted and
immediately stored at —80 °C until analysis. Standard biochemical
blood tests were performed on hospital admission, while other tests were
performed within one to four months.

Evaluation of cardiac troponin levels was part of routine clinical
care; cardiac troponin I was measured in the first part of the study, and
in the second part of the study high-sensitivity cardiac troponin T.
Cardiac troponin I levels were analysed using a contemporary AxSYM
Troponin-I ADV kit (Abbott Laboratories, Chicago, IL, USA), the limit of
detection (LOD) was 0.02 ng/mL, and the inter-assay coefficient of
variation (CV) was below 9%. Cardiac troponin T levels were analysed
using a high-sensitivity assay (Roche Diagnostics, Basel, Switzerland),
the LOD 5 ng/L, the inter-assay CV < 10%. The cut-off value of troponin
I and troponin T had been used 0.2 ng/mL and 14 ng/L, respectively.

Serum levels of OGS were measured using a competitive enzyme-
linked immunosorbent assay (ELISA) (Cayman Chemicals, Ann Arbor,
MI, USA); the kit is highly specific for 8-OHdG, the LOD 33 pg/mL, the
inter-assay CV < 11%. Serum levels of SOD were measured using a
commercially available ELISA kit (Bender MedSystems, Wien, Austria),
the LOD 0.04 ng/mL, the inter-assay CV < 8%. Serum GPX3 levels were
determined using an ELISA kit (Adipogen, San Diego, CA, USA), the LOD
100 pg/mL, the inter-assay CV < 5%. Plasma levels of MDA were
measured using reversed-phase high-performance liquid chromatog-
raphy (HPLC) with fluorescent detection (Shimadzu 10A series HPLC
System, Shimadzu Corp., Kyoto, Japan) after derivation by thio-
barbituric acid [18]. The LOD was determined to be 0.01 pmol/L, the
inter-assay CV < 4.2%. Plasma levels of total GSH were measured using
reversed-phase HPLC with fluorescent detection as described by Vester
and Rasmussen [19]. The LOD was found to be 0.06 pmol/L, the
inter-assay CV < 3.2%. FRAP was measured using the colorimetric
method described by Benzie and Strain [15] with modification of the
assay in a 96-well format and using ascorbic acid as the standard. The
LOD was determined to be 10 pmol/L, and the inter-assay CV < 2.9%.
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2.3. Statistical methods

Standard descriptive statistics were applied in the analysis — absolute
and relative frequencies for categorical variables and median with
interquartile range for quantitative variables. A non-parametric
approach was chosen because the data were not normally distributed
as tested by the Shapiro-Wilk test. Differences among the groups were
analysed using the Fisher’s exact test for categorical variables and the
Mann-Whitney test for quantitative variables. The Wilcoxon paired test
was applied to evaluate differences between time points. Receiver
operating characteristic (ROC) curve analyses were used to describe the
predictive power of the variables and the identification of optimal cut-
off points using Youden’s J statistic. Analyses were performed using
SPSS version 22 (IBM Corporation, Armonk, NY, USA). The level of
significance was set at a = 0.05.

3. Results
3.1. Study population

A total of 82 patients with STEMI complicated by CS were evaluated.
The baseline characteristics of the patients according to 3-month mor-
tality are summarised in Table 1. Thirty-eight (46%) patients died dur-
ing the three months after admission. On hospital admission, non-
survivors were older, more often had diabetes mellitus, hypertension,
lower SBP and left ventricular ejection fraction (LVEF), higher troponin I
peak value or troponin T peak value (a maximum value of the ratio
troponin level/troponin cut-off value), glycemia, and creatininemia. In
addition, non-survivors were treated more frequently with invasive
ventilation, intra-aortic balloon pump, and inotropic drugs than
survivors.

3.2. Time course of biomarkers in the studied cohort of patients with
STEMI complicated by CS

The time course of biomarkers changes in the total studied popula-
tion of STEMI patients with CS is shown in Table 2 and Supplemental
Table. Peak values of OGS were found on admission; during next 48 h
OGS levels significantly were decreased to the minimum (P < 0.001) and
then again followed their significant increase (the 7th day; P < 0.01).
FRAP reached peak values 12 h after admission, minimum values were
found on the fifth day (P < 0.001), and at the end of the monitored
period followed a significant increase (the 7th day; P < 0.01). Peak
values of SOD were on admission, then followed a gradual decrease to
minimal values on the fourth day after admission (P = 0.001). Initial
GSH levels in patients with CS fell to a minimum within 24 h after
admission (P < 0.01) and returned to the initial levels after the 4th day
after admission. Peak levels of GPX3 were reached on the fourth day,
and they were significantly higher than levels upon admission (P =
0.01). MDA levels did not exhibit significant changes during
hospitalisation.

3.3. Time course of biomarkers with regard to survival at three months
since admission

The time course of biomarkers changes in patients with CS according
to 3-month mortality are shown in Fig. 1, Table 2 and Supplemental
Table.

Peak values of OGS in non-surviving patients were found on admis-
sion, while in surviving patients 24 h after admission. During three days
after admission, OGS values significantly dropped in both surviving and
non-surviving patients (P < 0.02 and P < 0.01, respectively). Non-
surviving patients exhibited significantly higher OGS levels in the first
12 h compared with surviving patients (Fig. 1a, Table 2).

Both groups exhibited the highest FRAP values in the first 24 h and
then were decreased in both groups during following five days.
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Table 1
Baseline characteristics of STEMI-related cardiogenic shock patients according
to 3-month mortality.

Alive at 3 months ~ Deceased at 3 P
(n=44) months (n = 38)
Male 28 (63.6) 26 (68.4) 0.816
Age, years 63 (56; 69) 69 (60; 76) 0.025
BMI, kg/m? 27 (24; 28) 28 (24; 29) 0.907
Systolic BP upon 108 (88; 145) 95 (80; 120) 0.049
admission, mmHg
Diastolic BP upon 68 (50; 83) 60 (59; 80) 0.229
admission, mmHg
Heart rate upon 92 (65; 105) 88 (70; 101) 0.773
admission,/min
CPR before admission® 15 (57.7) 16 (45.7) 0.440
Hypertension 19 (43.2) 25 (65.8) 0.048
Diabetes mellitus 14 (31.8) 22(57.9) 0.026
History of IHD 11 (25.0) 8(21.1) 0.795
History of stroke or TIA 409.1) 5(13.2) 0.726
COPD 2(4.5) 2(5.3) 0.999
ACEI/AT2 upon 18 (40.9) 16 (42.1) 0.999
admission
Beta-blockers upon 14 (31.8) 13 (34.2) 0.999
admission
Diuretics upon admission 7 (15.9) 11 (28.9) 0.187
Invasive ventilation 28 (63.6) 33 (86.8) 0.022
1ABP 11 (25.0) 19 (50.0) 0.023
Inotropes 18 (40.9) 31 (81.6) <
0.001
Vasopressors 43 (97.7) 37 (97.4) 0.999
IRA - LAD/left main® 24 (58.5) 13 (39.9) 0.160
PCIIRA 40 (90.9) 31 (81.6) 0.331
LVEDP max, mmHg 25 (18; 34) 29 (23; 36) 0.182
LVEF, % 38 (27; 51) 30 (23; 40) 0.024
Delay (chest pain — PCI), 276 (199; 347) 259 (197; 468) 0.631
min
Troponin peak value 263 (114; 587) 681 (245; 1135) 0.035
Haemoglobin, g/L 141 (127; 151) 140 (127; 150) 0.863
Creatinine, pmol/L 100 (81; 127) 124 (100; 170) 0.001
Glycaemia, mmol/L 10.5 (8.6; 13.2) 13.9 (10.6; 20.7) 0.003
Uric acid, pmol/L 362 (305; 448) 439 (327; 538) 0.030

Categorical variables are presented as counts with percentages in brackets. For
continuous variables, median is reported with the interquartile range in
brackets. P-values of the Mann-Whitney U test or Fisher’s exact test comparing
alive and deceased patients are reported.

ACEI, angiotensin-converting enzyme inhibitors; AT2, angiotensin II inhibitors;
BMI, body mass index; BP, blood pressure; COPD, chronic obstructive pulmo-
nary disease; CPR, cardiopulmonary resuscitation; IABP, intra-aortic balloon
pump; IHD, ischaemic heart disease; IRA, infarct-related artery; LAD, left ante-
rior descending artery; LVEDP, left ventricular end-diastolic pressure; LVEF, left
ventricular ejection fraction; PCI, percutaneous coronary intervention; TIA,
transient ischaemic attack. Troponin peak value means a maximum value of the
ratio troponin I level/troponin I cut-off value or the ratio hs-troponin T level/hs-
troponin T cut-off value.

Bold values express statistically significant results.

$ Percentages are derived from available data excluding missing values.

However, FRAP values in non-surviving patients reached peak values 24
h after admission; minimal values were found on the fifth day (P = 0.05).
In surviving patients, peak and minimal FRAP values were found earlier,
that means peak value 12 h after admission and minimal value the
fourth day (P = 0.004). Moreover, FRAP values in deceased patients
were significantly elevated compared to survivors in the first 24 h of the
monitored period (Fig. 1c, Table 2).

Peak levels of SOD in both groups were found on admission and then
significantly decreased during 72 h in both groups (P = 0.01). SOD levels
were significantly higher in non-survivors within the first 24 h of the
monitored period (Fig. 1d, Table 2). Initial GSH levels had a trend to
decrease in both groups during 24 h after admission; in survivors drop
was significant after 24 h (P = 0.01) and in deceased patients after 12 h
(P = 0.01). In addition, GSH levels were increased between the 4th and
7th day in survivors (P = 0.01). It has not been proven a significant
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Table 2
Evolution of the biomarkers over time and comparison according to surviving at
3 months.

Overall Alive at 3 months  Deceased at 3 P
months
n Median n Median n Median
(IQR) (IQR) (IQR)
0GS/1 63 11.3 (7.0; 31 7.0 (6.0; 32 12.6 (10.4; <
13.3) 11.7) 14.2) 0.001
0GS/2 42 10.3 (7.0; 24 7.2(6.8; 18 12.1 (10.4; 0.001
13.0) 11.8) 13.6)
0GS/3 29  9.2(5.6; 17  8.2(4.4; 12 9.9(7.9; 0.059
11.7) 9.6) 12.6)
0GS/4 26 5.4 (3.9; 16 4.7 (3.5 10  6.1(4.9; 0.286
8.7) 8.5) 9.8)
0GS/5 26 5.4 (3.7; 16 5.1(3.6; 10 6.0 (4.6; 0.336
7.2) 6.9) 8.5)
0GS/6 21 5.2(4.1; 15 5.2(3.4; 6 5.8 (4.1; 0.381
6.7) 6.0) 7.4)
0GS/7 14 6.9 (5.8; 12 7.3(6.0 2 5.9 (5.0; 0.440
8.2) 8.4) 6.8)
MDA/ 60  0.47 (0.34; 32 0.44(0.34; 28  0.50(0.35; 0.358
1 0.66) 0.62) 0.72)
MDA/ 63 0.44 (0.34; 39  0.44(0.33; 24 0.47 (0.35; 0.713
2 0.62) 0.62) 0.59)
MDA/ 29  0.44(0.37; 17 0.42(0.35; 12 0.47 (0.38; 0.419
3 0.50) 0.50) 0.53)
MDA/ 26 0.38 (0.35; 16 0.39(0.35; 10 0.38 (0.35; 0.897
4 0.50) 0.46) 0.50)
MDA/ 26 0.40 (0.35; 16 0.37 (0.35; 10 0.47 (0.41; 0.121
5 0.50) 0.42) 0.53)
MDA/ 22 0.41(0.34; 15  0.35(0.32; 7 0.48 (0.41; 0.056
6 0.48) 0.45) 0.65)
MDA/ 15 0.43(0.37; 12 0.42(0.36; 3 0.45 (0.43; 0.448
7 0.48) 0.53) 0.48)
FRAP/ 59 1158 (888; 31 916 (814; 28 1264 <
1 1497) 1304) (1148; 0.001
1765)
FRAP/ 53 1220 (915; 31 982 (797; 22 1419 0.001
2 1508) 1309) (1167;
1698)
FRAP/ 26 1037 (911; 15 948 (703; 11 1435 (997; 0.009
3 1435) 1126) 1866)
FRAP/ 23 806 (670; 14 759 (572; 9 1020 (756; 0.224
4 1078) 1043) 1484)
FRAP/ 23 741 (614; 14 635 (614; 9 935 (700; 0.159
5 1040) 982) 1338)
FRAP/ 20 703 (547; 14 699 (533; 6 802 (561; 0.494
6 842) 813) 1002)
FRAP/ 13 832 (695; 11 832 (695; 2 1183 (569; 0.923
7 946) 946) 1797)
SOD/1 38 207.4 16 134.5 22 3105 0.006
(122.8; (91.0; (167.1;
500.0) 207.4) 637.0)
SOD/2 62 111.3 37  86.0 (64.0; 25 160.0 0.002
(72.9; 150.0) (111.6;
200.0) 256.0)
SOD/3 25 99.0 (88.0; 15  94.0 (68.0; 10 157.1 0.007
148.0) 106.0) (101.0;
255.0)
SOD/4 23 96.0 (77.0; 14 84.0(74.0; 9 108.0 0.159
149.0) 116.0) (96.0;
153.0)
SOD/5 22 74.0 (61.0; 14 66.0 (55.0; 8 101.0 0.050
109.0) 96.0) (73.0;
127.0)
SOD/6 18  79.0 (60.0; 13 71.0(58.0; 5 93.0 (81.0; 0.173
114.0) 93.0) 115.0)
SOD/7 11 97.0 (71.0; 10 93.5(71.0; 1 142.0 0.364
109.0) 104.0) (142.0;
142.0)
GPX3/ 64 26.0 (20.2; 38  29.7 (21.6; 26 228(17.8; 0.086
1 32.9) 35.0) 32.6)
GPX3/ 27 24.1 (16.2; 15 24.1(19.4; 12 256 (11.9; 0.608
2 31.8) 31.4) 32.5)
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Table 2 (continued)

Overall Alive at 3 months  Deceased at 3 P
months
n Median n Median n Median
(IQR) (IQR) (IQR)
GPX3/ 26  25.5(15.6; 15 25.8 (15.6; 11 23.1 (14.6; 0.540
3 32.6) 35.3) 32.6)
GPX3/ 23 27.0(23.0; 14 28.1 (24.6; 9 24.8 (12.8; 0.124
4 33.2) 38.1) 30.7)
GPX3/ 23 27.6(22.0; 14 27.0 (22.9; 9 30.8 (15.8; 0.877
5 37.4) 39.6) 35.7)
GPX3/ 20 25.2(21.7; 14 25.2 (22.6; 6 26.9 (16.2; 0.602
6 36.8) 39.7) 33.8)
GPX3/ 13 24.0(19.3; 11 2380172 2 30.1 (24.0; 0.513
7 35.5) 35.5) 36.2)
GSH/1 48 1.6 (1.3; 29 1.5(1.3; 19 1.8 (1.5; 0.191
2.2) 1.8) 2.6)
GSH/2 32 1.4(08; 18 1.4(0.9; 14 1.4(08; 0.750
1.8) 1.8) 1.8)
GSH/3 28 1.2 (0.9; 16 1.1(0.8; 12 1.3(1.2; 0.260
1.7) 1.6) 2.0)
GSH/4 24 1.4(1.2 14 14012 10 1.5(L3; 0.472
1.9) 1.5) 2.2)
GSH/5 26 1.6 (1.0 16 1.3 (1.0 10 1.9 (1.6; 0.135
2.0) 1.7) 23)
GSH/6 22 1.6 (1.0; 15 1.6 (1.0; 7 1.7 (1.6; 0.368
1.8) 1.8) 22)
GSH/7 14 20 (1.0; 12 2005 2 1.5 (1.0; 0.440
2.0) 2.5) 2.0)

n, number of patients; P-values of the Mann-Whitney U test comparing alive and
deceased patients; IQR, interquartile range; OGS, oxidised guanine species;
MDA, malondialdehyde; FRAP, ferric reducing ability of plasma; SOD, Cu/Zn-
superoxide dismutase; GPX3, glutathione peroxidase 3; GSH, glutathione. Bio-
markers upon admission (1); 12 h (2), and 24 h (3) after hospital admission; the
morning of the third (4), the fourth (5), the fifth (6), and the seventh day (7)
following hospital admission are shown. Units of concentration: OGS, ng/mL;
MDA, pmol/L; FRAP, pmol/L; SOD, ng/mL; GPX3, pg/mL; and GSH, pmol/L.
Bold values express statistically significant results.

difference in GSH levels between both groups (Fig. 1f, Table 2). GPX3
levels were significantly decreased after the 3rd day after admission in
survivors (P < 0.05) and did not exhibit significant differences between
the survivor and non-survivor patients (Fig. le, Table 2). MDA levels did
not exhibit a significant difference between the groups (Fig. 1b, Table 2).

3.4. Prognostic value of oxidative stress-related biomarkers in CS

The prognostic value of biomarkers of oxidative stress to predict 3-
month mortality was tested. Biomarkers measured on admission and
12 h later were used for the test. A high predictive value of OGS, FRAP,
and SOD values was found at both time points for predicting 3-month
mortality, with an area under the ROC curve ranging from 0.732 to
0.807 (Table 3).

4. Discussion

Several significant findings were obtained in this study. First,
oxidative stress reflected by indirect biochemical parameters developed
most during the first 24 h; this was evidenced by the levels of OGS,
which were already high on admission and persisted elevated for 24 h.
Moreover, OGS levels in non-surviving patients during the initial 24 h
seems higher comparing with expected values in healthy (4.5-7.1 ng/
mL) [20]. From a pathophysiological point of view, nucleic acid dam-
age, probably due to oxidative stress, appears to occur very early within
the initial hours of MI and CS. Our results are consistent with some
previous findings. Nagayoshi et al. [21] reported that reperfusion ther-
apy in patients with MI was associated with increased urinary 8-OHdG
levels, which peaked at 4 h after reperfusion therapy and then
decreased 24 h after treatment. Previous studies have reported that
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patients who experience acute MI exhibit higher blood or urinary levels
of 8-OHAG than controls [21-24]. Furthermore, 8-OHdG levels may be
closely associated with the severity of the injury [23].

Second, the total antioxidant capacity of plasma expressed as FRAP
was very high on admission and following 24 h and was significantly
higher in patients with more severe disease and an unfavourable prog-
nosis. Moreover, FRAP values in non-surviving patients during the initial
24 h, similar to OGS values, were higher comparing with expected
values in healthy subjects (820-1216 pmol/L) [15]. In addition, FRAP
involves, among others, a considerable contribution from uric acid [15].
The baseline levels of uric acid were on the upper reference limit and
significantly higher in deceased patients (Table 1). From this point of
view, our results are consistent with previously published studies that
have reported increased uric acid levels to identify a subgroup of
high-risk patients with STEMI [25] and CS [26].
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Third, SOD, similarly to OGS and FRAP, was highest at the beginning
of the monitored period and declined during the first 24 h after admis-
sion. SOD levels were found above the upper limit for healthy (35.2 ng/
mL) provided by the ELISA kit manufacturer in all patients during
monitored period. The increase in plasma SOD activity may be caused by
the release and washout of SOD from the ischemic myocardium [27] or
by degranulation of activated neutrophils [28]. According to our result,
we presume that significantly higher SOD levels in non-surviving pa-
tients were associated with extensive tissue damage and worse prognosis
of patients with STEMI complicated by CS.

Fourth, high levels of OGS, FRAP, and SOD on admission and 12 h
after admission were associated with poor prognosis in patients with
STEMI complicated by CS. This finding could be helpful for early
stratification of patients with STEMI and CS. Recently Parenica et al.
revealed the prognostic significance of FRAP and SOD in patients with
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Table 3
Predictive value of biomarkers for 3-month mortality in STEMI-related cardio-
genic shock patients.

n AUC (95% P Cut- Sensitivity Specificity
CD off (%) (%)
0GS/1 31/ 0.791 < >83 93.8 58.1
32 (0.677; 0.001
0.905)
0GS/2 24/ 0.801 < >87 94.4 66.7
18 (0.667; 0.001
0.934)
MDA/ 32/ 0.569 0.358 > 57.1 59.4
1 28 (0.423; 0.48
0.715)
MDA/ 39/ 0.528 0.713 > 50.0 64.1
2 24 (0.383; 0.49
0.673)
FRAP/ 31/ 0.807 e > 96.4 67.7
1 28 (0.694; 0.001 1069
0.920)
FRAP/ 31/ 0.773 < > 983 100.0 51.6
2 22 (0.648; 0.001
0.897)
SOD/1 16/ 0.763 0.006 >222 68.2 81.3
22 (0.606;
0.920)
SOD/2 37/ 0.732 0.002 >109 84.0 67.6
25 (0.604;
0.859)
GPX3/ 38/ 0.627 0.086 < 50.0 711
1 26 (0.487; 22.35
0.767)
GPX3/ 15/ 0.558 0.608 < 41.7 100.0
2 12 (0.315; 15.35
0.801)
GSH/1 29/ 0.613 0.191 > 68.4 55.2
19 (0.446; 1.55
0.779)
GSH/2 18/ 0.534 0.747 < 100.0 16.7
14 (0.330; 3.85
0.738)

n, number of patients alive/deceased at 3 months since the admission; AUC, area
under the curve; CI, confidence interval; OGS, oxidised guanine species; MDA,
malondialdehyde; FRAP, ferric reducing ability of plasma; SOD, Cu/Zn-
superoxide dismutase; GPX3, glutathione peroxidase 3; GSH, glutathione. Bio-
markers upon admission (1) and 12 h after hospital admission (2) are shown.
Bold values express statistically significant results.

STEMI [29].

In addition, GSH is one of the most important endogenous antioxi-
dants and also a cofactor of GPX3. It has been shown that low levels of
reduced GSH in plasma or erythrocytes are associated with CS and acute
MI [4,23]. We found a decrease of GSH levels in the first 24 h after
admission; however, we did not find differences between plasma total
GSH levels in surviving and non-surviving patients. It should be noted
that the use of the reduced/oxidised GSH index is ideal for assessing
oxidative stress. However, to correctly determine the particular forms of
GSH, strict conditions for sampling, storage, and processing of samples
are necessary, which can be difficult to implement.

Not all markers of oxidative stress had the same course as OGS. In the
case of GPX3, levels were decreased only in survivors after three days.
On the other hand, as previously reported, intracellular GPX was found
to play a crucial role in myocardial protection from ischemic reperfusion
injury [30]. Decreased GPX activity in erythrocytes or whole blood has
been reported in patients with acute MI [23,31] and CS [4]. In the case
of MDA, a marker of lipid peroxidation, levels persisted unchanged
during the monitored period, and no significant differences or changes
in MDA level were observed between the surviving and non-surviving
patients. According to our findings, it seems that the degree of lipid
peroxidation is not affected by the severity of the conditions of patients
with STEMI complicated by CS. Our findings are not in agreement with
previously published results, where MDA levels were significantly
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increased in individuals with more severe STEMI [23].

Although a decrease in antioxidants and antioxidant enzymes is used
as an indirect biomarker of oxidative stress, we did not have those
findings for FRAP and SOD in our work. Instead, we observed an initial
increase for these markers, which could be explained by the massive
myocardial necrosis occurring initially, which leads to a liberation of
intracellular structures as nucleic acids (with consecutive production of
uric acid) and enzymes as SOD into the bloodstream. For the case of
GPX3, no variation was observed, and for GSH, there was a decrease in
the first 24 h, which is coherent with the increase in oxidative stress
reflected by OGS.

Finally, many current studies are exploring the effects of oxidative
stress in acute MI. It appears that this could be one of the directions that
will improve the prognosis of these patients in the future. It has been
shown that early administration of a substance with an antioxidant ef-
fect in a model of myocardial ischemia and reperfusion injury can have a
protective effect with a reduction in infarct foci and improved cardiac
function [32,33].

Our study had several limitations, the first of which was the rela-
tively small size of the cohort and its single-centre design. Second, not all
biomarkers were determined in full scale in all patients. Moreover, a
large proportion of patients underwent cardiopulmonary resuscitation,
mechanical ventilation, and treatment with therapeutic hypothermia —
all of these factors can significantly affect the evaluation of oxidative
stress parameters. On the other hand, above mentioned treatment was
comparable in both groups and reflected the actual clinical picture of
patients with STEMI complicated by CS.

5. Conclusion

To our knowledge, the present study is the first to describe the time
course of markers related to oxidative stress in patients who experienced
STEMI complicated by CS and their prognostic power.

Our results suggest that oxidative stress expressed as OGS in a pop-
ulation of patients with STEMI complicated by CS was highest during the
first 12 h after hospital admission. Similarly, TAC expressed as FRAP was
highest during the first 24 h and persisted significantly higher in patients
with more severe disease. Furthermore, SOD levels were highest at
hospital admission and persisted higher in patients with more severe
disease. Finally, the parameters mentioned above were revealed as early
predictors of the adverse development of the disease.

Acknowledgements

This work has been supported by the Ministry of Health of the Czech
Republic (Conceptual Development of Research Organisation
(65269705)). The funder had no role in study design, data collection and
analysis, decision to publish, or manuscript preparation.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.freeradbiomed.2021.07.040.

References

[1] M. Zhang, A.M. Shah, ROS signalling between endothelial cells and cardiac cells,
Cardiovasc. Res. 102 (2014) 249-257.

V. Braunersreuther, V. Jaquet, Reactive oxygen species in myocardial reperfusion
injury: from physiopathology to therapeutic approaches, Curr. Pharmaceut.

Biotechnol. 2012) 97-114.

[2]

[3] H.R. Reynolds, J.S. Hochman, Cardiogenic shock - current concepts and improving
outcomes, Circulation 117 (2008) 686-697.
[4] S.S. Senthil, R. Veerappan, M.R. Rao, K.V. Pugalendi, Oxidative stress and

antioxidants in patients with cardiogenic shock complicating acute myocardial
infarction, Clin. Chim. Acta 348 (2004) 131-137.

K.M. Venardos, D.M. Kaye, Myocardial ischemia-reperfusion injury, antioxidant
enzyme systems, and selenium: a review, Curr. Med. Chem. 14 (2007) 1539-1549.

[5]



M. Tomandlova et al.

[6]
71
[8]

[9

[10]

(11}

(121

[13]

(141

[15]

[16]

17

(18]

(191

[20]

D. Kumar, H.Q. Lou, P.K. Singal, Oxidative stress and apoptosis in heart

dysfunction, Herz 27 (2002) 662-668.

J.R. Burgoyne, H. Mongue-Din, P. Eaton, A.M. Shah, Redox signaling in cardiac

physiology and pathology, Circ. Res. 111 (2012) 1091-1106.

J. Cadet, S. Loft, R. Olinski, M.D. Evans, K. Bialkowski, J.R. Wagner, P.C. Dedon,

P. Moller, M.M. Greenberg, M.S. Cooke, Biologically relevant oxidants and

and ure of oxil damage to

nucleobases and 2-deoxyribose in nucleic acids, Free Rad:c Res. 46 (2012)

367-381.

Q.M. Kong, C.L.G. Lin, Oxidative damage to RNA: mechanisms, consequences, and

diseases, Cell. Mol. Life Sci. 67 (2010) 1817-1829.

S.S. David, V.L. O'Shea, S. Kundu, Base-excision repair of oxidative DNA damage,

Nature 447 (2007) 941-950.

A. Di Minno, L. Turnu, B. Porro, 1. Squellerio, V. Cavalca, E. Tremoli, M.N.D. Di

Minno, 8-Hydroxy-2-deoxyguanosine levels and heart failure: A systematic review

and meta-analysis of the literature, Nutr. Metabol. Cardiovasc. Dis. 27 (2017)

201-208.

A. Di Minno, L. Turnu, B. Porro, L. Squellerio, V. Cavalca, E. Tremoli, M.N.D. Di

Minno, 8-Hydroxy-2 ine levels and cardi ular disease: A

systematic review and met: lysis of the li ioxi Redox Signal.

24 (2016) 548-555.

D. Del Rio, A.J. Stewart, N. Pellegrini, A review of recent studies on

malondialdehyde as toxic molecule and biological marker of oxidative stress, Nutr.

Metabol. Cardiovasc. Dis. 15 (2005) 316-328.

J. Pilz, 1. Meineke, C.H. Gleiter, Measurement of free and bound malondla]dehyde

in plasma by high-performance liquid c as the 2,4-di
ine derivative, J. Cl B 742 (2000) 315-325.

LFE.F. Benzie, J.J. Strain, Ferric reducing antioxidant power assay: direct measure

of total antioxidant activity of biological fluids and modified version for

simultaneous measurement of total antioxidant power and ascorbic acid

concentration, Methods Enzymol. 299 (1999) 15-27.

J.S. Hochman, J.H. Alexander, H.R. Reynolds, A.L. Stebbins, V. Dzavik, R.

A. Harrington, F.V. de Werf, T. Investigators, Effect of tilarginine acetate in

patients with acute myocardial infarction and cardiogenic shock - the triumph

randomized controlled trial, JAMA 297 (2007) 1657-1666.

C.W. Hamm, J.P. Bassand, S. Agewall, J. Bax, E. Boersma, H. Bueno, P. Caso,

D. Dudek, S. Gielen, K. Huber, M. Ohman, M.C. Petrie, F. Sonntag, M.S. Uva, R.

F. Storey, W. Wijns, D. Zahger, ESC Guidelines for the management of acute

coronary syndromes in patients presenting without persistent ST-segment elevation

of the European Society of Cardiology (ESC), Eur. Heart J. 32 (2011) 2999-3054.

G.A. Khoschsorur, B.M. Winklhofer-Roob, H. Rabl, T. Auer, Z. Peng, R.J. Schaur,

Evaluation of a sensitive HPLC method for the determination of malondialdehyde,

and application of the method to different biological materials, Chromatographia

52 (2000) 181-184.

B. Vester, K. Rasmussen, High-performance liquid-chromatography method for

rapid and accurate determination of homocysteine in plasma and serum, Eur. J.

Clin. Chem. Clin. Biochem. 29 (1991) 549-554.

T.M.V. Iriyoda, N. Stadtlober, M.A.B. Lozovoy, F. Delongui, N.T. Costa, E.M.

V. Reiche, 1. Dichi, A.N.C. Simao, Reduction of nitric oxide and DNA/RNA

oxidation products are associated with active disease in systemic lupus

erythematosus patients, Lupus 26 (2017) 1106-1111.

133

72

[21]

22

23

[24]

[25]

(26

271

28]

[29]

[30]

[31]

[32]

331

Free Radical Biology and Medicine 174 (2021) 66-72

Y. Nagayoshi, H. Kawano, J. F ki, S. S. Kojima, H.

K. Tsujita, T. Sakamoto, M. Yoshimura, H. Ogawa, Urinary 8-hydroxy-2'-
deoxyguanosine levels increase after reperfusion in acute myocardial infarction
and may predict subsequent cardiac events, Am. J. Cardiol. 95 (2005) 514-517.
R.A. Najar, S.M.H. Ghaderian, H. Vakili, A.S.T. Panah, A.R. Farimani, G. Rezaie, A.
B. Harchegani, The role of p53, bax, bcl2, and 8-OHdG in human acute myocardial
infarction, Cent. Eur. J. Biol. 5 (2010) 439-445.

S. Shahzad, A. Hasan, A.F. Faizy, S. Mateen, N. Fatima, S. Moin, Elevated DNA
damage, oxidative stress, and impaired response defense system inflicted in
patients with myocardial infarction, Clin. Appl. Thromb. Hemost. 24 (2018)
780-789.

S. Himmetoglu, Y. Dincer, E. Bozcali, V.A. Vural, T. Akcay, Oxidative DNA damage
and antioxidant defense after reperfusion in acute myocardial infarction, J. Invest.
Med. 57 (2009) 595-599.

C. Lazzeri, S. Valente, M. Chiostri, C. Picariello, G.F. Gensini, Uric acid in the early
risk stratification of ST-elevation myocardial infarction, Intern. Emerg. Med. 7
(2012) 33-39.

S. Valente, C. Lazzeri, S. Vecchio, C. Giglioli, M. Margheri, P. Bernardo,

M. Comeglio, S. Chiocchini, G.F. Gensini, Predictors of in-hospital mortality after
percutaneous coronary intervention for cardiogenic shock, Int. J. Cardiol. 114
(2007) 176-182.

H. Tomoda, K. Morimoto, N. Aoki, Superoxide dismutase activity as a predictor of
myocardial reperfusion and salvage in acute myocardial infarction, Am. Heart J.
131 (1996) 849-856.

R.M. Borzi, B. Grigolo, R. Meliconi, L. Fasano, C. Sturani, M. Fabbri, T. Porstmann,
A. Facchini, Elevated serum superoxldevdlsmutase levels correlate with disease
severity and in 'y fibrosis, Clin. Sci.
85 (1993) 353- 359.

J. Parenica, P. Kala, M.G. Pavkova, J. Tomandl, J. Spinar, S. Littnerova,

J. Jarkovsky, A. Mebazaa, M. Tomandlova, M. Dastych J. Gottwaldova E Gayat,
Natriuretic peptides, nitrite/nitrate and sup have

value on top of the GRACE score in prediction of one-year mortality and
rehospitalisation for heart failure in STEMI patients - Multiple biomarkers
prospective cohort study, Int. J. Cardiol. 211 (2016) 96-104.

T. Yoshida, N. Maulik, R.M. Engelman, Y.S. Ho, J.L. Magnenat, J.A. Rousou, J.

E. Flack, D. Deaton, D.K. Das, Glutathione peroxidase knockout mice are
susceptible to myocardial ischemia reperfusion injury, Circulation 96 (1997)
216-220.

V. Muzakova, R. Kandar, P. Vojtisek, J. Skalicky, R. Vankova, A. Cegan,

Z. Cervinkova, Antioxidant vitamin levels and glutathione peroxidase activity
during ischemia/reperfusion in myocardial infarction, Physiol. Res. 50 (2001)
389-39.

B.F. Zhang, H. Jiang, J. Chen, X. Guo, Y. Li, Q. Hu, S. Yang, Nobiletin ameliorates
myocardial ischemia and reperfusion injury by attenuating endoplasmic reticulum
stress-associated apoptosis through regulation of the PI3K/AKT signal pathway,
Int. Inmunopharm. 73 (2019) 98-107.

X.M. Liu, Y.C. Jiang, W.W. Fu, X.F. Yu, D.Y. Sui, Combination of the ginsenosides
Rb3 and Rb2 exerts protective effects against myocardial ischemia reperfusion
injury in rats, Int. J. Mol. Med. 45 (2020) 519-531.




5. MozZnosti ovlivnéni inflamace na pfikladu syndromu akutni respiraéni tisné
a. Systémové kortikoidy v terapii ARDS vyvolaného onemocnénim COVID-19.
Anesteziologie a Intenzivni Medicina. 2021.

Syndrom akutni respiracni tisné¢ (ARDS, Acute Respiratory Distress Syndrome) je piikladem
aktivace systémové inflamace, podobné jako klinické situace, které jsou pfic¢inou tzv.
neinfekéniho SIRS a jsou shrnuty v tabulce 1. Na urovni plic se patofyziologicky jedna o
vystupiiovanou inflamaci, ktera se projevuje akutnim difuznim poskozenim alveold (DAD —
Diffuse Alveolar Damage). ARDS mitize byt z pti¢iny jak tzv. primarni (plicni), napft.
pneumonie, tak z pfi€iny tzv. sekunddrni (mimoplicni), tedy vSechny stavy u kterych dochazi
k aktivaci systémové inflamace. Tedy jak sepse, v¢etné septického Soku, tak z pticiny tzv.
neinfekéniho SIRS. Na bunécné urovni dochazi jak k poskozeni endotelu plicni
mikrocirkulace, tak k poSkozeni buné¢k, které tvoti alveolus. Vysledkem je extravazace
tekutiny, kterd vypliuje alveolus, tedy ke vzniku alveolarniho edému, v tomto pfipadé tzv.
nekardialniho. Poskozeni endotelu a obnazeni tkanového faktoru vede ke vzniku
mikrotrombt, které dale aktivuji trombocyty, migraci neutrofill, tvorbé ROS a dalsi aktivaci
inflamace pies napt. aktivaci TREM-1. Vysledkem je zacarovany kruh, kdy aktivace zdnétu
na lokalni rovni, v tomto pfipad€ na tirovni plic, vede k vyplavovani proinflamatornich
cytokinid, ROS a dal§ich mediatori, které ve vysledku lokalni zanét dale zhorSuji. Na
exsudativni fazi navazuje faze reparacni, kdy dochézi ke vstfebavani alveolarni tekutiny a
regeneraci alveolarniho epitelu. V této fazi jsou klicové alveolarni makrofagy a z nich
zejména fenotyp tzv. M2 makrofagy. Pod vlivem interleukinu 4 a 13 (IL) plsobi reparacné,
inhibuji tzv. iNOS (inducible NO synthase) a tim snizuji tvorbu tzv. RNS (Reactive Nitrogen
Species) a také ROS. Pokud pietrvava plsobeni vyse uvedenych interleukinti, dochazi

k obavané fibrotizaci plic pfi perzistenci M2 makrofagt a excesivni fibroproliferaci.

134



Excesivni aktivace systémové a lokdlni inflamace je cilem a justifikaci pro podéani
glukortikoidu. Jejich genomické ucinky jsou zprosttedkované komplexem glukokortikoid-
glukokortikoidovy receptor, ktery se vaze v jadie, kde reguluje a méni expresi genti ve smyslu
potlaceni inflamatorni cesty. Dalsi u€inky glukortikoidd, tzv. negenomické se projevuji teprve
pfi podani vysokych davek kortikoidl, maji rychlejsi nastup a jejich mechanismem je napf.
snizena degranulaci neutrofilii a sniZzeni produkce ROS.

Nastupem pandemie COVID-19 (Coronavirus Disease 2019) zplisobené novym typem
koronaviru SARS-CoV-2 (Severe Acute Respiratory Synrome Coronavirus 2) doslo

k nahlému zahlceni zdravotnickych systému po celém svété excesivnim mnozstvim pacientl
s postizenim plic charakteru ARDS. Kromé vysoké mortality pacientd, ktefi dospé&ji az do
stadia kritického onemocnéni s nutnosti umélé plicni ventilace (UPV), dochazi k zahlceni
kapacit ICU. V této souvislosti se také zacalo opét diskutovat podéani kortikoidii. Pouziti
kortikoidti pro pacienty s ARDS bylo jesté pfed pandemii téma, které nebylo jednoznaéné
rozhodnuté pohledem EBM. Jedinou vyjimkou v tomto ohledu byla studie Jesuse Villara a
spoluautort, ktefi tésné€ v zac¢atku pandemie shodou okolnosti publikovali rozsédhly soubor
pacientl v klinickém hodnoceni, kdy podani dexamethasonu 20 mg (den 1.-5.) a 10 mg (den
6.-10.) bylo oproti placebu u pacientl spojené se snizenim mortality a poctu dnii na
ventilatoru (VFDs - Ventilator-free Days). [195]

Hlavni vyhodou kortikoidi v obdobi pandemie je jejich nizka cena a celosvétova dobra
dostupnost, coz je ¢inni potencialné idedlnim 1ékem. Doporuceni pro aplikaci kortikoidii u
tézkych pripadi COVID-19 bylo i pies relativni nedostatek diikazl publikovano jenom 17
dnti po vyhlaSeni celosvétové pandemie. [196] Benefit kortikoidni terapie byl nasledné
potvrzen ve studii RECOVERY a je aktualné¢ indikovana v ptipadé absence zavaznych
kontraindikaci terapie kortikoidy (dexamethason 6 mg i. v. po dobu 10 dniti) u pacientd

s té¢zkym pribéhem COVID-19. [197, 198]
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Clanek shrnuje aktualni dostupné poznatky tykajici se podavani kortikoidii u pacienti

s COVID-19 a ARDS. Po kratkém uvodu se podrobn¢ vénuje plsobeni kortikoidd, zejména
na celularni Grovni. Nasleduje ¢ast patofyziologickd, ktera do hloubky rozebira patofyziologii
ARDS a v posledni ¢asti zejména ve vztahu k mechanismtim, které vysvétluji pouziti
kortikoidii v 1é¢bé ARDS. Dale rozebirdme dostupna fakta a data, ktera se tykaji pouziti
kortikoidll u pacientti v terapii ARDS, které nesouvisi s onemocnénim COVID-19 a nasleduje
nejdulezitjsi cast, ktera cili na aktudlné znama a publikovand data tykajici se pouziti
kortikoid@ u pacientti s ARDS spojené s COVID-19. Clanek je uzavien diskuzi a
doporucenim pro klinickou praxi s pouzitim dat, ktera mame aktuédlné k dispozici. Na tuto
prehledovou praci, které je v ¢estin€ jedind, navazala dotaznikova studie nasi vyzkumné
skupiny, ktera zkoumala realnou praxi pouZiti kortikoidii u pacienti s COVID-19 v Ceské
republice (ASAP-C, NCT04648410) a v evropskych odbornych spolecnostech (ASAP-
ESICM/ESAIC, NCT04866082) — konkrétné s Evropskou spole¢nosti intenzivni mediciny

(ESICM) a Evropskou spolecnosti anesteziologie a intenzivni péce (ESAIC).
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Systémove kortikoidy vterapii ARDS
vyvolaného onemocnénim covid-19

Keller F., Ko¢i V., Rihakova K., Malaska J., Stasek J.

Klinika anesteziologie, resuscitace a intenzivni mediciny, Fakultni nemocnice Brno, Lékarska fakulta Masarykovy univerzity

Lidsky koronavirus SARS-CoV-2 (Severe Acute Respiratory Coronavirus 2) predstavuje, kvali schopnosti zptsobovat postizeni
plic u nezanedbatelného procenta postizenych, zasadni zdravotnicky a potazmo spolecensky problém. Od propuknuti
pandemie koncem roku 2019 byla testovana fada léciv ovliviujicich pribéh onemocnéni. Az na nékolik ptipadd vsak nebyl
jejich pozitivni ucinek prokazan, navic v dostatecné kvalitnich studiich. Jednou z takovych vyjimek jsou kortikoidy apliko-
vané u nemocnych s tézsim stupném oxygenacni poruchy. Kortikoidy maji potenciél ptiznivé ovliviiovat plicni poskozeni
a reparaci plicnich funkci diky modulaci zanétlivé odpovédi zprostiedkované pres glukokortikoidni receptory. Jejich ucinek
byl potvrzen v nékolika velkych randomizovanych studiich a v soucasnosti jsou brény jako nedilna soucast komplexni péce
o pacienty s pneumonii vyvolanou virem SARS-CoV-2, ktefi vyzaduji oxygenaéni podporu ¢i umélou plicni ventilaci. Existuje
vsak znac¢na nejistota ohledné optimalni davky kortikoidd napfic takto Sirokym spektrem pacientt. Data z dfivéjsich studii
u pacientl se syndromem akutni respiracni tisné (ARDS) nekoronavirové etiologie svédc¢i spise pro vyssi davky kortikoidu,
nez byly uzity v pracich u pacient s nemoci vyvolanou SARS-CoV-2 (covid-19, coronavirus disease 2019). Stejné tak neni
jasné optimalni nacasovani a volba konkrétniho pfipravku. Na tyto otdzky by mohla v dohledné budoucnosti pomoci
odpovédét pravé probihajici klinickd hodnoceni.

Klicova slova: covid-19, ARDS, kortikoidy.

Systemic corticosteroids in the management of covid-19 ARDS

Human coronavirus SARS-CoV-2 (Severe acute respiratory coronavirus 2), due to its ability to cause lung injury in significant
percentage of patients, represents great medical and even social problem. Since the outbreak of the pandemic at the end of
2019, many new therapeutics have been tested. Unfortunatelly, real benefit in high quality studies was confirmed in just a few
of them. One of these exceptions is represented by corticosteroids used in patients with advanced grade of oxygenation failure.
Corticosteroids have favorable influence on lung injury and potentially facilitate reparation of pulmonary functions by modulating
inflammatory response mediated through glucocorticoid receptors. Their benefit was confirmed in several randomized trials
and they actually represent an integral part of complex care in those patients with pneumonia caused by SARS-CoV-2, who are
in need of oxygenotherapy or mechanical ventilation. Nevertheless, uncertainty exists regarding their optimal dose in such a
broad spectrum of patients. Data from former studies performed in non coronavirus patients with Acute Respiratory Distress
Syndrome (ARDS) favor rather larger doses of steroids than those tested in covid-19 patients. Also optimal timing and choice of
specific corticosteroid remains unknown. Ongoing clinical trials could provide answers to these relevant questions.

Key words: covid-19, ARDS, corticosteroids.

flvod oxygenoterapii (HFOT) & umeélou plicni ventilaci (UPV) [1]. Mortalita
Soucasna pandemie infekce novym typem koronaviru SARS-CoV-2  pacientd s ARDS spojenym s covidem-19 je i nadéle vysoka [2]. Jiz
(covid-19) postihla od prosince 2019 miliony lidi. U ¢asti pacientl dojde  od pocatku pandemie byla v terapii covidu-19 zkousena fada léciv.
k poskozeni plic vyjddifenému jako syndrom akutni respiracni tisné,  Nékteré z nich byly podévany na zékladé praci na mensich souborech

ktery mlze vést k respira¢ni insuficienci vyzadujici vysokopritokovou  pacient(, nicméné nasledné randomizované multicentrické studie
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vétsinou redlny pozitivni efekt nepotvrdily [3]. Mezi nékolik vyjimek,
tedy Iékd s prokdzanou efektivitou u pacientd s covidem-19 pohledem
tzv. mediciny zalozené na dukazech (evidence based medicine, EBM),
patfi systémové kortikoidy. Aplikace dexamethasonu v davce 6 mg po
dobu 10 dnt je doporucena Svétovou zdravotnickou organizaci (WHO)
a dalsimi odbornymi spole¢nostmi (European Society of Intensive Care
Medicine, Society of Critical Care Medicine) u pacient( s tizi infekce
stupné 5-9 (WHO clinical progression scale) [4]. Tento prehledovy ¢lanek
ma za cil stru¢né seznamit s patofyziologickymi predpoklady pouziti
kortikoidl u pacientd s tézkou infekci covidu-19, doposud provedenymi
hlavnimi studiemi na ARDS (jak spojenych s covidem-19, tak tzv. non-
-covid-19 ARDS) a rozebrat nejistoty a piipadné dalsi moznosti spojené
s touto skupinou léka.

Patofyziologické piredpoklady pouziti
kortikoidiiu ARDS

Pusobeni kortikoidii na celularni urovni
Glukokortikoidy (GC) a jejich syntetické analogy kortikoidy jsou molekuly
schopné aktivovat glukokortikoidni receptory (GR) a vytvofit s nimi
komplex (GG-GR). Tyto receptory jsou obsazeny témér v kazdé lidské
burice, a to bud volné v cytoplazmé, nebo navdzany na buné¢nou
membrénu. Aktivovany komplex GG-GR ovliviuje burky skrze dvé
zakladni cesty. Cestou genomickou a negenomickou [5].

Genomicka cesta je typickd pomalejsim nastupem Gcinku (mi-
nimalné desitky minut) a pro jeji aktivaci staci relativné nizsi hladina
glukokortikoidd. Pro plnou aktivaci staci dévka ekvivalentni 80-100 mg
metylprednisolonu. Komplex GG-GR vnika do jadra, kde méni expresi
gent (stimulac¢né nebo inhibi¢né), a to bud pfimo - skrze specifické
vazebné misto pro kortikoidy (GRE), nebo nepiimo - interakci s tran-
skrip¢nimi faktory. Komplex GG-GR inhibuje napfiklad transkripcni
faktory nuklearni faktor kappa B (NF-kB) a aktivacni protein 1 (AP-1),
které potencuji zanétlivou odpovéd organismu aktivaci imunitnich
bunék a tvorbou cytokind, jako je interleukin-1 (IL-1) a tumor nekrotizujici
faktor alfa (TNF-alfa) [5].

Negenomicka cesta se vyznacuje rychlej$im nastupem Gcinku
(jednotky minut) a je aktivovana az vy3simi hladinami GC [5]. Touto
cestou dokéZou GC ovlivnit napfiklad intracelulérni hladiny kalciovych
iontd, &i aktivitu NO-syntazy (NOS) [6). Mezi dalsi procesy patfi ovlivnéni
zanétlivé odpoveédi organismu prostrednictvim inhibice degranulace
neutrofild a ovlivnéni funkce makroféga [5, 6]. Shrnuti genomickych
a negenomickych ucinkd kortikoid( viz tabulka 1.

Tab. 1. Shrnuti genomickych a negenomickych acinkd kortikoidd [5, 6, 17]
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Patofyziologie vzniku ARDS

Syndrom akutni dechové tisné je ve stru¢nosti definovan jako akutné
vznikld oxygenacni porucha nasledkem vyvolavajici pficiny (plicni i
mimoplicni) s charakteristickym obrazem bilateralni plicni infiltrace
a s vyloucenim kardialniho plicniho edému [7]. Patofyziologicky je
tato klinickd jednotka charakterizovana akutnim difuznim poskozenim
plic na podkladé vystupriované zanétlivé reakce [7]. ARDS vznika
s ¢asovym odstupem od primérniho inzultu, ktery mGze byt jak plicni
etiologie (typicky pneumonie), tak mimoplicni etiologie (sepse, trau-
ma). V dusledku primarniho onemocnéni jsou do obéhu vyplavovény
zanétlivé medidtory, které pusobi zanétlivou reakci plicnich kapilar
[7]. PFi rozvoji ARDS dochézi k soucasnému poskozeni endotelu
plicni mikrocirkulace a epitelu plicnich alveold, coz vede ke vzniku
alveoldrniho edému (nekardialniho), typického znaku exsudativni
faze ARDS [8]. Pokud pacient precka fazi exsudativni, onemocnéni
déle postupuje pres fazi repara¢ni budto do funkéniho uzdraveni,
nebo do féze fibrotické [9].

Plicni endotel je poskozovan vicero mechanismy. Jednim z dobfe
popsanych je neutrofilni poskozeni, kdy dochazi k akumulaci neutrofila
v plicni mikrocirkulaci. Jejich nasledna aktivace a degranulace uvolnido
obéhu velké mnozstvi proinflamatornich cytoking, kyslikovych radikald
(reactive oxygen species, ROS) a prokoagulacnich latek (trombin), z nichz
nékteré endotel pfimo poskozuji [10]. ZvySend koncentrace trombinu,
TNF-alfa, a dalsich ldtek vede k destabilizaci vaskuldrniho endotelidiniho
cadherinu (VE-cadherin), ktery je v plicni mikrocirkulaci zodpovédny
za funkéni integritu endotelu [11]. V poskozeném endotelu dochézi
k obnazeni tkanového faktoru (TF), iniciaci koagulacni kaskady, dalsimu
uvolnéni trombinu a tvorbé mikrotromb. Trombin nasledné aktivuje
trombocyty, které degranuluji a uvolriuji do krve fadu molekul. Mezi ni-
mi napiiklad P-selectin, protein podporujici migraci a aktivaci neutrofild
v plicnim endotelu. Aktivované trombocyty taktéz podporuji expresi
intraceluldrni adhezivni molekuly ICAM-1) na burikdch endotelu, ktera
stimuluje adhezi neutrofilti. Zaroven dochézi ke tvorbé trombocyto-
-neutrofilnich komplex, které na rozdil od solitérnich bunék vykazuji
vyssifagocytarni aktivitu a vys$si tendenci ke tvorbé ROS. Neutrofily ex-
primuji struktury zndmé jako triggering receptor expressed on myeloid
cells-1 (TREM-1), které po rozeznani ligandu na povrchu trombocytd
stimuluji zdnétlivou odpoveéd produkci proinflamatornich cytokind.
Synergii trombocyt( a neutrofildi tak dochazi k dalsimu endotelidinimu
poskozeni [12]. Nasledkem viech téchto déju se v alveolech akumuluje
exsudét bohaty na proteiny, dochézi k inaktivaci surfaktantu. ARDS se

nachazi v exsudativni fazi.

G ické efekty GC

Non-genomické efekty GC

Néstup Gcinku Desitky minut az hodiny

Jednotky minut

Aktivacni davka GC

PInd aktivace ekvivalentem 80-100 mg metylprednisolonu

Dévka vyssi nez ekvivalent 80-100 mg metylprednisolonu

Misto Gcinku Bunécné jadro

Typicky buné¢néd membréna

Ovlivnéné struktury GRE a transkrip¢ni faktory (NF-kB, AP-1), etc.

MAPK, PI3K, eNOS etc.

Vybrané tcinky

Inhibice tvorby prozénétlivych cytokind (IL-1, IL-6, TNF-a)

Inhibice degranulace neutrofild, ovlivnéni bronchodilatace,
potenciace vazoaktivniho efektu katecholamin(

Vysvétlivky: GC - glucocorticoid, GRE - glucocorticoid response elements, NF-kB — nuclear factor kappa B, AP-1 - activation protein 1, MAPK — mitogen-activated protein
kinase, PI3K — phosphatidylinositol 3-kinase, eNOS — endothelial nitric oxide synthase, IL-1 — interleukin 1, IL-6 - interleukin 6, TNF-a — tumor necrosis factor alfa
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Poskozeni alveoldrniho epitelu je taktéz multifaktoridiniho charakteru.
Kromé plsobeni primédrniho onemocnéni (napf. pneumonie), pripadné
vlivu umélé plicni ventilace, dochazi k poskozeni samotnou zénétlivou
reakci. V plicnich alveolech se pfirozené vyskytuiji alveolarni makrofagy
(AM).V dlsledku zmén alveolarniho mikroprostredi v rédmci ARDS dochazi
k aktivaci tzv. toll-like receptor AM (aktivaci cesty mitogenem aktivo-
vané proteinkindzy (MAPK) a nasledné NF-kB). AM méni sv{jj fenotyp na
inflamatorni M1 makrofégy a secernuji inflamatorni cytokiny (IL-1beta,
IL-6 a TNF-alfa), zvy3uje se aktivita inducibilni NO syntazy (iNOS). Pomoci
téchto cytokint jsou do alveoll rekrutovény neutrofily z intravaskuldrmiho
prostoru (coz je jesté ziednodudeno poruchou funkce endotelu), které
nasledné poskozuii alveoly zénétlivou reakci [9].

Klinicky se vy3e zminéné procesy projevi vzestupem ventilatné/
perfuzniho (V/Q) nepoméru a rozvojem pravolevého plicniho zkratu,
vedoucich k arteridIni hypoxemii. TaktéZ se snizuje schopnost plic elimi-
novat oxid uhlicity a vznikla hyperkapnie stimuluje minutovou ventilaci.
Tachypnoe vede ke zvy3eni ventilace mrtvého prostoru. K privodnim
jevdim ARDS patfi v neposledni fadé také snizeni plicni poddajnosti
[13]. V pocétcich pandemie bylo navrzeno déleni ARDS vyvolaného
covidem-19 na fenotyp s vysokou poddajnosti (tzv. H-typ) a fenotyp
s nizkou poddajnosti (L-typ) [14]. V soucasnosti se nicméné ¢ast autord
kloni k tomu, ze dané fenotypy spise reflektuiji rizné faze vyvoje ARDS
jako takového a tedy ze ARDS zpUlsobeny onemocnénim covid-19 se
v zasadé nelisi od ARDS jiné etiologie [15].

Reparacni faze je zavisla na vstfebani alveolarniho exsudatu. Toto
mUze byt efektivni pouze v pfipadé, Zze doslo k dostatecné regeneraci
alveolarniho epitelu [10]. Na této regeneraci se znovu podileji alveolarni
makrofdgy. Po odstranéni vyvolavajicich faktord a pod viivem IL-4 a IL-13,
méni AM svij fenotyp na anti-inflamatorni M2 makrofagy. Nésledné
fagocytuji apoptotické neutrofily, inhibuji produkci proinflamatornich
cytokind a inhibuji iNOS (¢imz snizuji hladinu reaktivnich forem dusiku
v alveolu) [9].

Obévanou pozdni komplikaci ARDS je plicni fibréza. Stejné jako vyse
zminéné patofyziologické mechanismy, je i fibrotickd prestavba zavisla
na AM. Tradi¢né je profibroticky vniman fenotyp M2. Protrahované
pusobeni IL-4 a IL-13 pUsobi perzistenci M2 makrofag( a naslednou
excesivni fibrotizaci. Oproti tomu fenotyp M1, produkci matrixové me-
taloproteinazy (MMP) a antifibrotickych cytokinG (napf. CXCL10 - che-
mokinovy (GX-Gmotiv) ligand 10)), fibrotické procesy narusuje. Nékteré
nové studie vsak pfisuzuji protizanétlivou aktivitu nové i fenotypu M2.
Na presné vysvétleni téchto procesd zatim stale cekame [9].

Mechanismus ptisobeni kortikoida v1éché ARDS

Role glukokortikoidd v Ié¢bé ARDS se v teoretické roviné opiré o jejich
schopnost redukce systémové zanétlivé odpovédi, kterd je vedoucim
patofyziologickym mechanismem plicniho postizeni [5]. Vysledky ex-
-vivo studie naznacuji, Ze snizend aktivita GRa u pacientl s ARDS vede
ke zvy3eni aktivity NF-kB [16]. Zvysena aktivita NF-kB stimuluje rozvoj
zénétlivé odpoveédi s negativnim efektem na morbiditu a mortalitu [5].
Podavani adekvatnich dévek exogennich GC vede ke zvyseni aktivity
i absolutniho mnozstvi GRa. Zvysenim aktivity GRa dochdzi k potlaceni
aktivity NF-kB a naslednému snizenf hladin cirkulujicich prozanétlivych
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cytokinG (TNF alfa, IL-1, IL-6), ¢imZ GC zasahuiji do klicového patofyziolo-
gického mechanismu ARDS [5]. Za pfedpokladu pouZiti dostate¢né vy-
sokych davek dochézi k aktivaci negenomickych mechanisma. Snizenim
tvorby superoxidovych aniontd makrofagy a inhibici degranulace
neutrofild snizuji GC Uroven zanétlivé odpoveédi [5, 17].

Nicméné Ize shrnout, Ze v terapii ARDS cilime primdrné na ucinky
genomické (inhibice NF-kB, inhibice tvorby inflamatornich cytokind),
od ¢ehoz se také odviji ddvkovéani GC. Dévkovaci schémata se pohy-
buji na rozhrani nizsich az stfednich davek. Za toto rozhrani mize-
me povazovat ekvivalent denni davky 400-500 mg hydrokortizonu
(15-18,8 mg dexamethasonu, 80-100 mg metylprednisolonu). Davky
ekvivalentni 1500 mg hydrokortizonu za den a vy33i Ize povazovat za
davky vysoké [5].

Ve volbé vhodné terapie hraje roli i farmakokineticky profil konkrét-
niho GC. Genomické ucinky jsou aktivovany pfi relativné nizkych kon-
centracich. Stropovy efekt pro genomické Ucinky nastava pfi jednotlivé
dévce ekvivalentni asi 80-100 mg metylprednisolonu [18]. ZvySovani
koncentrace nad tuto hladinu nevede k dalsi klinicky vyznamné po-
tenciaci genomickych Gcink( a narGsta riziko Uc¢ink( nezadoucich
(napt. hyperglykemie, superinfekce, trombotické komplikace) [18]. Je
tedy vhodné vyvarovat se prilisnému koliséni plazmatické koncentrace
GC, atov obou smérech. Jednim z moznych feSeni je pouzit davkovaci
schéma s inicidlnim bolusem, nasledovanym kontinualnim podanim
formou infuze. Takovy postup je vhodny napiiklad u hydrokortizonu,
jehoz plazmaticky polocas je relativné kratky. Pro udrzeni dostate¢né
koncentrace by tedy bylo nutné podavani frekventnich bolusu. Oproti
tomu plazmaticky poloc¢as dexamethasonu je vyrazné delsi. Proto by
mohlo byt mozné i bolusové podani [5]. Systémova zanétliva reakce
provazejici ARDS navic snizuje jaterni metabolismus kortikoidd a tim
umoznuje rychlejsi dosaZeni koncentraci nutnych k pIné aktivaci ge-
nomickych (a ¢astecné i negenomickych) ucinkd [5].

Kortikoidy v terapii nekoronavirového
ARDS

Vzhledem k vy3e popsanym ucinkdm byly kortikoidy zkoumény v terapii
ARDS jiz prakticky od chvile, kdy byl tento syndrom popsan. Byla prove-
dena fada vice ¢i méné robustnich a validnich studif, z nichz vybirdme
Ctyri dle naseho nézoru nejpodstatnéjsi.

Prvni z nich [19] je prospektivni randomizované studie zabyvajici se
otdzkou, zda dlouhodobé podavani metylprednisolonu v rdmci terapie
perzistujiciho ARDS vede ke klinicky vyznamnému benefitu. Do studie
bylo zafazeno 24 pacientd, u kterych nedoslo po 7 dnech umélé plicni
ventilace ke zlepseni plicnich funkci. Byli rozdéleni do skupiny experi-
mentalni (n = 16) a kontrolni (n = 8). Pacienti v experimentalni skupiné
dostavali metylprednisolon v inicidlni dévce 2 mg/kg/den, poté byla
dévka postupné snizovana po dobu 32 dni, kontrolni skupina dostavala
placebo. Jako primarni cil byla sledovana mortalita a plicni funkce,
sekundarni cil potom bylo zlepseni multiorgdnové dysfunkce a pfitom-
nost nozokomialni infekce. U pacientd lé¢enych metylprednisolonem
doslo k signifikantnimu poklesu mortality, zlepseni plicnich funkci (dle
Lung Injury Score (LIS) a oxygenacniho indexu) a zlepseni MODS score.
Vysledky jsou nicméné limitovény malym poctem zafazenych pacientdi.
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Nésledovala multicentrickd randomizované studie [20], do niz
bylo zahrnuto 180 pacient(i s ARDS trvajicim 7 a vice dni, kterym byl
podavan metylprednisolon v davce 2 mg/kg po dobu 14 dndi s na-
slednym snizovanim dévky, anebo placebo. Sledovana byla 60denni
mortalita, dny bez UPV ¢i orgdnové dysfunkce, biochemické markery
zanétu, fibroproliferace a infekéni komplikace. Mortalita po 60 dnech
se v kontrolni a v experimentalni skupiné nelidila, naopak byla vyssi
v experimentalni skupiné u pacient, u kterych byla kortikoterapie
zapocata alespor 14 a vice dni po za¢atku ARDS. U pacientd lécenych
metylprednisolonem bylo dosazeno vyssiho poctu dni bez UPV a So-
ku béhem prvnich 28 dni, zlepeni oxygenace a snizeni po¢tu dni na
podpore vazopresorl. Metylprednisolon nezvysoval pocet infekénich
komplikaci, ale byl spojen s horsi svalovou slabosti. Uvedené studie byla
nésledné kritizovana mimo jiné pro piilis rychlé vysazovéni kortikoidu,
coz bylo provézeno ¢asto zhorsenim plicnich funkci. Nicméné Ize
shrnout, ze podavani metylprednisolonu vice jak dva tydny od vzniku
ARDS muze zvysovat riziko umrti.

Dali Meduriho studie z roku 2007 [21] zkoumala efekt nizkodévko-
vého metylprednisolonu na plicni funkce u pacientd s ¢asnym tézkym
ARDS (do 72 hodin od zahéjeni umélé plicni ventilace). Do studie bylo
zahrnuto 91 pacient(, ktefi byli rozdéleni do dvou skupin v poméru 2:1,
tzn. 63 pacientt bylo v experimentéIni skupiné a 28 v kontrolni. Délka
|écby byla az 28 dnf a primérnim cilem bylo snizeni LIS o jeden bod nebo
Uspésna extubace do 7. dne. Pacienti v experimentalni skupiné dostavali
metyprednisolon v nasycovaci ddvce 1 mg/kg, pficemz dévka byla poté
postupné snizovéna. Pacientdim, u kterych nedoslo ke zlepseni LIS mezi
7.a9.dnem, byl podévan metylprednisolon v dévce 2 mg/kg/d. Pacienti
v experimentalni skupiné doséhli redukce v LIS 0 1 bod v 69,8 %, zatimco
v kontrolni skupiné v 35,7 %, v experimentdlni skupiné bylo 7. den 539 %
pacient bez ventila¢ni podpory, zatimco v kontrolni skupiné to bylo
25 %. U pacientl dostévajicich methylprednisolon doslo béhem 7 dnd
také k signifikantnimu poklesu hodnot CGreaktivniho proteinu (CRP),
MODS score a zlepseni poméru parcidlniho arteridlniho tlaku kysliku
ku inspiracni frakci (PaO,/FiO,). Vysledky studie podporuji hypotézu, ze
metylprednisolonem indukovana down-regulace systémové zanétlivé
odpovédi byla spojena se signifikantnim zlepsenim pulmonalnich a ex-
trapulmonélnich organovych dysfunkci, redukci doby na UPV a délky
pobytu na intenzivni péci. Limitaci studie jsou opét zejména maly
vzorek pacientd a nerovnomérné rozdéleni pacient( s katecholamin-
-dependentnim $okem, kterych bylo vice v kontrolni skupiné.

Recentni multicentrickd studie [22] se zabyvala uzitim dexametha-
sonu v 1é¢bé ARDS s cilem redukovat pocet dni na UPV a mortalitu
u pacient( se stfedné tézkym az tézkym ARDS (P/F index < 200 mmHg,
pozitivni endexspiracni tlak (PEEP) > 10 cmH,0 a FiO, > 50 % 24 h po
vzniku ARDS). 277 pacientl bylo nédhodné rozdéleno do dexametha-
sonové skupiny (n = 139) a kontrolni skupiny (n = 138). Pacienti v expe-
rimentalni skupiné dostévali dexametason v dédvce 20 mg denné 1. az
5.den, 6. az 10. den byla dévka redukovéna na 10 mg denné. U expe-
rimentalni skupiny byl pocet dni bez UPV vys3i o0 4,8 dne v porovnani
s kontrolni skupinou. 60denni mortalita byla nizsi v experimentalni
skupiné o 15,3 %. Vyskyt nezadoucich ucinkd, jako je hyperglykemie,
infekce nebo barotrauma se v jednotlivych skupinach nelisil. Navzdory
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znac¢né heterogenité pficin ARDS u pacientt ve studii (nejcastéji pne-
umonie a sepse) vysledky ukazuji, ze ¢asné podavani dexamethasonu
u pacientl se stfedné tézkym az tézkym ARDS muze ovlivnénim sys-
témové odpovédi snizit dny na UPV a celkovou mortalitu.

Kortikoidy v terapii onemocnénicovid-19

Od zacatku pandemie SARS-CoV-2 v prosinci 2019, kdy nebyla zndma
z4dna efektivni 1é¢ba, bylo provedeno nékolik velkych randomizova-
nych studii zkoumajicich kortikoidy v terapii respira¢ni insuficience
zpUsobené timto onemocnénim.

V krétkosti rozebereme ¢tyfi hlavni studie (REMAP-CAP, CoDEX,
CAPE COVID, RECOVERY), k nimz pracovni skupina WHO (World Health
Organisation) REACT (Rapid Evidence Appraisal for COVID-19 Therapies)
koordinovala prospektivni metaanalyzu [23].

REMAP-CAP [24], multicentrickd, randomizovand open label studie
nového typu ,adaptive platform trial’, posuzovala efekt hydrokortizonu
u covidu-19 pacient( pfijatych na jednotku intenzivni péce (JIP) na po-
tfebu podpory obéhu vasopresory nebo ventilatni podpory. Sledoval
se pocet dnd, po které pacient zlstal bez orgadnové podpory (ventilacni
aobéhové) v pribéhu 21 dni. Bylo zafazeno 384 nemocnych, ktefi byli
randomizovani do 3 skupin. Prvni experimentalni skupina (n = 137)
dostévala hydrokortizon 50mg a 6 h fixné po dobu 7 dni. Nemocni
v druhé experimentéini skupiné (n = 146) méli rozvinuty Sokovy stav
(nutnost podpory obéhu vasopresory nebo inotropiky) a dostavali
50 mg hydrokortizonu a 6 h po dobu trvani Sokového stavu (az 28 dni).
Kontrolni skupina (n = 101) dostavala béznou lé¢bu bez hydrokorti-
zonu. Predbéznym zévérem je, Ze v experimentalnich skupindch byla
vétsi pravdépodobnost zvyseni poctu dnd bez orgénové podpory nez
v kontrolni skupiné.

CAPE COVID [25] je multicentrickd, randomizovana a jedina dvojité
zaslepend, placebem kontrolované studie. Bylo zafazeno 149 nemoc-
nych pfijatych na JIP pro akutni respiracni selhdni souvisejici s covi-
dem-19. Randomizovéni byli do dvou skupin. Experimentalni skupina
(n =76) byla lé¢ena stfednimi ddvkami hydrokortizonu (inicidiné 200 mg)
v predem daném schématu, kontrolni skupina (n = 73) dostévala pla-
cebo. Sledovala se mortalita a nutnost UPV nebo HFOT v prlbéhu
21 dni. Predbéznym zévérem studie je, Ze stfedni davky hydrokortizonu
vyrazné nesnizily pravdépodobnost ventila¢ni podpory do 21. dne
(42,1 % v experimentalni vs. 50,7 % v kontrolni skupiné (rozdily v pro-
porcich -8,6,95% konfiden¢ni interval (95% Cl) -24,9-7,7)).

CoDEX [26], multicentrickd, randomizovana open label studie,
sledovala, zda podavéani dexamethasonu zvysi pocet dni bez nutnosti
UPV v priibéhu prvnich 28 dni. Zafazeno bylo 299 nemocnych s co-
videm-19 a stfedné tézkym az tézkym ARDS dle Berlinskych kritérii.
Nemocni byli randomizovéni do dvou skupin. Experimentéini skupina
dostavala jednou denné 20 mg dexamethasonu prvnich pét dni a na-
sledujicich 5 dni 10 mg dexamethasonu. Druhd skupina méla pouze
standardni péci. Vysledkem bylo primérné 6,6 dni (95% Cl 5,0-8,2) bez
nutnosti UPV v experimentaini skupiné versus 4,0 dni (95% Cl 2,9-5,4)
ve skupiné kontrolni.

RECOVERY [27], kontrolovana nezaslepend studie, zkoumala vliv
podévéani dexamethasonu na 28denni mortalitu u pacientt s pred-
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poklédanou nebo laboratorné potvrzenou nakazou SARS-CoV-2. Bylo
zafazeno 6425 nemocnych, ktefi byli randomizovéani do dvou skupin.
Experimentélini skupina (n = 2104) dostévala dexamethason 6 mg jed-
nou denné po dobu az 10 dni. Kontrolni skupina (n = 4321) méla béznou
péci. V pribéhu 28denniho sledovéani zemrelo 482 pacientd (22,9 %)
v experimentdlni skupiné vs. 1110 pacientd (25,7 %) ve skupiné kont-
rolni. Pocet zemfrelych byl sledovén také z pohledu trovné ventilacni
podpory. V experimentélni skupiné byla mortalita nizsi nez ve skupiné
kontrolni u pacientd na UPV (29,3 % vs. 41,4 %, rate ratio 0,64, 95% Cl
0,51- 0,81), u pacientl vyzadujicich oxygenoterapii v jakékoliv formé
(23,3% vs. 26,2 %, RR 0,82, 95% C1 0,72-0,94), avsak ne u téch, ktefi neméli
Zadnou ventilacni ¢i oxygenacni podporu (17,8 % vs. 14,0 %, RR 1,19, 95%
Cl 091-1,55). Z toho vyplyva, ze bylo dosazeno signifikantné lepsich
vysledkd u pacientl vyzaduijicich ventilacni podporu ¢i oxygenoterapii,
naopak pacienti nevyzadujici zddnou formu ventilatni podpory z uziti
dexamethasonu neprofitovali. Bylo s vyhodou, pokud se dexamethason
zacal podavat vice nez 7 dni po zacatku klinickych pfiznakd. V tomto
obdobi se totiz velmi pravdépodobné snizuje replikace viru a prevazuje
zanétlivé poskozeni plic.

Za zminku stoji fakt, Ze po zvefejnéni vysledkd studie RECOVERY byly
zbylé tfi studie predcasné ukonceny. Viechny vyse zminéné studie maji
také fadu nedostatkt a faktord, na které se pfi vyhodnocovani nebere
ohled a které mohou zvy3Sovat mortalitu. Jedna se napfiklad o etni-
kum pacienta, body mass index (BMI), nastaveni UPV (PEEP, FiO,, atd),
¢i uzivéani kortikosteroid( z jinych indikaci v kontrolnich skupinach.
Déle se vedou diskuze, zda je uvedend 28denni mortalita optiméalini.
Dle ukoncené REMAP-CAP je medidn pobytu na JIP 24 dni a az 30 %
pacientl pobyva na JIP i 90. den. Dale je vysoké pravdépodobnost
sekundarnich virovych, bakteridlnich ¢ mykotickych infekci, které se
Casto projevi za delsi dobu, nez je 28 dni.

Diskuze

Zdravotnické systémy mnoha zemi jsou nebo byly v riizné mife zahlceny
pacienty s tézkym pribéhem nemoci covid-19. Mortalita pacientt na
invazivni UPV z(stavé vysoka (34-43 %) [28, 29]. Je zcela logické, Ze jsou
zkoumény léky, které by mohly mit potenciél tuto nepfiznivou situaci
Zlepsit. Kortikoidy maji schopnost modulovat imunitni odpovéd a v di-
sledku toho tlumit poskozeni plic [5]. U pacientt s ARDS nekoronavirové
etiologie médme po publikaci studie Villar et al. [22] jiz pomérné seriézni
data. Kortikoidy byly aplikovéany bud ¢asné (do 24-72 hodin), nebo
pii nelepsicim se stavu 7. den od rozvoje ARDS. Konzistentné napfic
studiemi byl prokazan benefit v oxygenacnich parametrech a zkraceni
doby umélé plicni ventilace. Ve studii, v niz byly kortikoidy podany
pfi nelepsicim se stavu po 7. dnu od rozvoje oxygenacni poruchy,

nedoslo ke snizeni 60denni mortality a naopak u pacientti zafazenych
po 14. dnu od rozvoje ARDS dokonce doslo k vyznamnému narlistu
mortality [20]. To odpovidé patofyziologické predstavé jiz rozvinutého
fibroproliferativniho stadia poskozeni plicniho parenchymu, ¢ili budou
prevazovat nezadouci Ucinky kortikoidd.

Co se volby konkrétniho preparatu tyce, nejcastéji pouzivanym
kortikoidem u nekoronavirového ARDS byl metylprednisolon [19, 21]. Ma
5x vétsi glukokortikoidni aktivitu nez hydrokortizon a minimaini mine-
ralokortikoidnf G¢inky. Jako nejvhodnéjsi davkovaci schéma s ohledem
na relativné kratsi biologicky polocas (12-36 hodin) se jevi inicialni bolus
nasledovany kontinudini infuzi. Po stabilizaci stavu by méla prijit faze
pomalého vysazovani, umoziujici postupnou restituci hypotalamo-
-hypofyzarni osy [5] pfi pretrvavani klinického ucinku.

Dexamethason mé 5x vétsi glukokortikoidni U¢inek nez me-
tylprednisolon a zanedbatelnou mineralokortikoidni aktivitu.
Vzhledem k del3imu biologickému polocasu (36-72 hodin) [30] jde
aplikovat v jedné denni dévce a Ize predpokladat, ze po jeho vysazeni
se bude Ucinek vytracet postupné a je proto mozné vynechat fazi
postupného snizovéani davky. Byl Uspésné pouzit v terapii nekorona-
virového ARDS [22] i ARDS vyvolaného covidem-19 [26, 27]. Je v3ak
nutné pripomenout, Ze hlavni studie podporujici uziti dexamethasonu
[27] vykazuje urcité metodologické nedostatky, jako napfiklad absen-
ce stratifikace mezi centry a pouze kratkodoby outcome (28denni
mortalita) [31].

Svétové zdravotnickd organizace a odborné spole¢nosti [32, 33]
doporucuji podéani dexamethasonu v ddvce 6 mg u nemocnych s tizi
onemocnéni 5-9 dle WHO, tzn. od pacientti vyzadujicich malou davku
oxygenoterapie az po pacienty na agresivni umélé plicni ventilaci ¢i
mimotélni oxygenaci. Je vysoce pravdépodobné, Ze pacienti s takto
rliznou tizi onemocnéni budou profitovat z riiznych déavek kortikoidd,
cilize ,one sizefit all“ nebude zcela optiméalni strategii. Napriklad pacienti
s tzv. hyperinflamacnim fenotypem [34] by naopak velmi pravdépo-
dobné mohli profitovat z vy3sich davek kortikoidd, napf. ve schématu
jiz drive pouzitém u nekoronavirového ARDS [22].

Zavérem lze shrnout, Ze systémové kortikoidy maji potencial prizni-
vé ovliviiovat klinicky vysledek pacientt s tézkou pneumonii vyvolanou
covidem-19. Zistava ovsem nékolik nezodpovézenych otazek. Zejména
neni zndmo optimalni davkovaci schéma u riznych skupin pacientt
s ohledem na tiZi respira¢niho selhani, déle volba a dévka konkrétniho
kortikosteroidu (metylprednisolon ¢i dexamethason) a také moznost
individualizovat podéni kortikoidu u konkrétniho pacienta. Na tyto
adalsi otazky by mély odpovédét randomizované, kontrolované studie
na porovnani riznych davek kortikoid(, napf. dexamethasonu, které
jsou nyni velice intenzivné provadény [35, 36).

Podékovani: Klara Fabiankova.
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protocol for a prospective, multi-centre, open-label, parallel-group, randomized

controlled trial. Trials. 2022.
ARDS je priklad vystupiiované lokalni inflamace iniciované bud’ primarnim poskozenim plic
nebo systémovou inflamatorni odpovédi (sekundérni inzult). Onemocnéni, ktera jej
vyvolavaji, jsou heterogenni skupinou, nicméné vysledek, tj. orgdnova hyperinflamace plic je
do urcité miry shodny, nicméné zatim nemame k dispozici prokazanou specifickou 1écbu.
Jedinou skupinou 1€k, které maji potencial nespecificky utlumit tuto zanétlivou odpovéd’ a
event. zabranit vzniku fibrotizace plic jsou kortikoidy. Jiz pted pandemii COVID-19 byly u
Meduriho byly sice povzbudiva, ale nebyla obecné akceptovana pro maly pocet pacientt a
metodické namitky. [199, 200] Randomizovana, kontrolovana studie (RCT) skupiny ARDS
network také mortalitni benefit podani kortikoid neprokézala. [201] Na druhou stranu méme
data, kterd podani kortikoidi prokazala jako prospésné u pacientil s téZkou komunitni
pneumonii a dokonce i u pacientli v septickém Soku. [202-204] Ptesto kortikoidy pro rutinni
pouziti v klinické praxi u pacientti s ARDS doporucovany nebyly. Zlom nastal po publikaci
prace (vySe zmiflované), ktera prokéazala mortalitni benefit podavani dexamethasonu po dobu
10 dnd. [195]
Pandemie onemocnéni COVID-19 znovu oteviela debatu o pouziti systémovych kortikoida
v 1é¢be pacienti s ARDS. Nésledné v situaci rychlého, celosvétového hledani 1€ku, ktery by
byl efektivni v boji proti COVID-19 byl prokdzan v extrémné rychlém case efekt na mortalitu
systémovych kortikoidil, konkrétné dexamethasonu 6 mg po dobu 10 dnti, v 1é¢be pacientd
s t¢zkym prabéhem onemocnéni COVID-19 studii RECOVERY, naopak u pacientl s lehkym
priabéhem benefit prokazan nebyl. [205] Na zéklad¢ vysledku této studie nasledné Svétova
zdravotnicka organizace (WHO) doporucila terapii systémovymi kortikoidy u pacient(

s t¢zkym prabéhem (od zahéjeni oxygenoterapie). [198] Optimalni strategie pro podavani
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kortikosteroidi je stale predmétem debat a probihajicich studii. Hleda se optimalni G¢inna
latka, forma podani i konkrétni dadvkovani. Vzhledem k piiznivému farmakodynamickému
(vyssi potence s minimalnim mineralokortikoidnim ti¢inkem) a farmakokinetickému profilu
(davkovani jednou denné, bez nutnosti pomalého vysazovani) dexamethasonu se na zacatku
pandemie zkoumal vétSinové dexamethason 6 mg. a v ndvaznosti na uvedenou studii Villar a
spol a vzhledem k tomu, Ze denni davka 6 mg dexamethasonu i. v. nekoresponduje

s ekvivalentnim davkovanim metylprednisolonu (napt. Meduri et al. Pouziva 80 mg
metylprednisolonu = 1 mg/kg pro 80 kg pacienta piedstavuje ekvivalent 15 mg
dexamethasonu), nés vedlo k myslence vyssiho davkovani a potencialné dal$iho zlepSeni
vysledkt 1é¢by. [143, 206] Jiz nyni jsou k dispozici vysledky studie COVID STEROID 2,
kterd porovnavala podavani dexamethasonu 12 mg vs. 6 mg i.v. u pacienti s COVID-19
ARDS od stadia nutnosti podavani oxygenoterapie. Vysledky nedosahly statistické
signifikance, nicméné ve skupin€ vys$si davky byl trend ke zlepseni kompozitniho primarniho
cile studie, tedy pocet dnti pteziti bez orgdnové podpory (invazivni ventilace, obéhova
podpora a renélni elimina¢ni techniky) v prubehu 28 dnti. [207] Planovana sekundérni
bayesianska analyza vyse uvedené studie COVID STEROID 2 v navaznosti signifikantné
prokézala zlepSeni kompozitniho primarniho cile studie u skupiny pacientt s 12 mg
dexamethasonu i.v. [208] Skupina REMED, v které jsem v roli narodniho koordinator, je
soucasti planované prospektivni metaanalyzy s predem publikovanym protokolem. [209]
Vytvoreny protokol klinického hodnoceni (KH) REMED (EudraCT No.:2020-005887-70,
NCTO04663555), ktery zkoumé podavani dvou rtiznych davek dexamethasonu u pacientti

s COVID-19 ARDS byla v dob¢é pandemie publikovana plna verze protokolu v casopise
Trials, ktera navézala na strukturované shrnuti formou letter. [143, 206] Tento protokol a
klinické hodnoceni je svym zplisobem unikétni, jelikoz zahrnuje 10 pracovist’ intenzivni péce

v Ceské republice. Vzhledem k tomu, Ze studie COVID STEROID 2 neprokazala v primarni
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analyze statisticky signifikantni benefit podavani vyssich davek kortikoida (dexamethasonu
12 mg), se na vysledky studie REMED c¢ek4, jak je zminovano naptiklad v editorialu Stevena

Webba v ¢asopise JAMA. [210]
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Abstract

Background: Since December 2019, SARS-CoV-2 virus has infected millions of people worldwide. In patients with
COVID-19 pneumonia in need of oxygen therapy or mechanical ventilation, dexamethasone 6 mg per day is
currently recommended. However, the dose of 6 mg of dexamethasone is currently being reappraised and may
miss important therapeutic potential or may prevent potential deleterious effects of higher doses of corticosteroids.

Methods: REMED is a prospective, open-label, randomised controlled trial testing the superiority of dexamethasone 20
mg (dexamethasone 20 mg on days 1-5, followed by dexamethasone 10 mg on days 6-10) vs 6 mg administered
once daily intravenously for 10 days in adult patients with moderate or severe ARDS due to confirmed COVID-19. Three
hundred participants will be enrolled and followed up for 360 days after randomization. Patients will be randomised in
a 1:1 ratio into one of the two treatment arms. The following stratification factors will be applied: age, Charlson
Comorbidity Index, CRP levels and trial centre. The primary endpoint is the number of ventilator-free days (VFDs) at 28
days after randomisation. The secondary endpoints are mortality from any cause at 60 days after randomisation;
dynamics of the inflammatory marker, change in WHO Clinical Progression Scale at day 14; and adverse events related
to corticosteroids and independence at 90 days after randomisation assessed by the Barthel Index. The long-term
outcomes of this study are to assess long-term consequences on mortality and quality of life at 180 and 360 days. The
study will be conducted in the intensive care units (ICUs) of ten university hospitals in the Czech Republic.

Discussion: We aim to compare two different doses of dexamethasone in patients with moderate to severe ARDS
undergoing mechanical ventilation regarding efficacy and safety.
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Clinical trial background

Introduction

Since December 2019, SARS-CoV-2 virus has infected
millions of people worldwide. A significant number of
patients develop a hyperinflammatory state affecting the
lungs, which may lead to the need for oxygen therapy. In
most severe cases, acute respiratory distress syndrome
(ARDS) develops, and high flow oxygen therapy or inva-
sive mechanical ventilation is necessary [1]. Therapeutic
options in coronavirus disease 2019 (COVID-19)-associ-
ated ARDS patients remain limited, and mortality is still
excessive.

Rationale and up-to-date evidence

Systemic corticosteroids have the potential to limit
hyperinflammatory response by modulating the immune
system. This effect is mediated mainly by binding to the
glucocorticoid receptor (GR) a [2]. Their effectiveness was
proved in heterogeneous ARDS patients recently [3].

In patients with COVID-19 pneumonia in need of oxy-
gen therapy or mechanical ventilation, dexamethasone 6
mg per day is currently recommended. This therapy is
mandated by the results of the RECOVERY trial [4]. After
this trial was published, three randomized trials compar-
ing hydrocortisone [5, 6] or dexamethasone [7] against
placebo were stopped prematurely. All these studies were
included in the subsequent individual patients’ data (IPD)
meta-analysis [8]. However, the dose of 6 mg of dexa-
methasone is currently being reappraised.

The aforementioned study in non-COVID-19 ARDS
patients [3] used 20 mg of dexamethasone per day,
which is roughly equivalent to the methylprednisolone
regimen (1 mg/kg/day) studied in early severe ARDS pa-
tients [9]. Only these moderate doses (80-100 mg of
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methylprednisolone, equivalent to 15-19 mg of dexa-
methasone) have the full potential to modulate the im-
mune response by saturating GRa receptors [2].
Importantly, prematurely stopped CoDEX trial [7] com-
paring dexamethasone against placebo in COVID-19
ARDS patients used an initial daily dose of 20 mg of
dexamethasone vs placebo.

In light of these facts, 6 mg of dexamethasone
given to COVID-19 patients with different severities
of illness (WHO classification groups 5-10) may miss
important therapeutic potential or may prevent poten-
tial deleterious effects of a full-dose therapeutic cor-
ticosteroid. The authors hypothesize that the patients
with moderate to severe ARDS undergoing mechan-
ical ventilation may benefit from higher doses of
dexamethasone [3, 7, 9].

Anticipated risks and benefits

There may or may be no benefit from a higher dose of
dexamethasone in the improvement of the clinical
outcomes of an individual participant. However, there is
a potential benefit to the society from the participation
in this study resulting from insights gained about the
dexamethasone use and posology. The potential risks of
participating in this study are those associated with
dexamethasone use, i.e. known adverse effects of potent
glucocorticoids.

Trial objectives and endpoints
Primary objective(s) and endpoint(s)
The primary objective of this study is to test the
hypothesis that administration of dexamethasone 20 mg
is superior over 6 mg in adult patients with moderate or
severe ARDS due to confirmed COVID-19.

The primary endpoint is the number of ventilator-free
days (VFDs) at 28 days after randomization.

VEDs are defined as being alive and free from
mechanical ventilation (more than 48 h):

e Day 0 is the day of randomization.

e The time frame is 28 days.

e Free from mechanical ventilation means extubation
for > 48 h without reintubation in a 28-day survivor
or disconnection from the ventilator in patients with
tracheostomy (irrespective of PEEP valve) for > 48 h
without reconnection to the ventilator in a 28-day
survivor.

e VFDs are counted from the last successful
extubation or disconnection from the ventilator.

o If death occurs before day 28, VFD = 0 (to penalize
non-survival, regardless of intubation status).
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o If death occurs after day 28, 28-day ventilation and
survival status is used for calculating VFDs (censor
after 28 days).

Secondary objective(s) and endpoint(s)

The secondary objective is to investigate the efficacy and

safety of dexamethasone 20 mg vs dexamethasone 6 mg.
The following are the secondary endpoints:

a) Mortality from any cause at 60 days after
randomization

b) Dynamics of inflammatory marker (CRP) change
from day 1 to day 14

¢) WHO Clinical Progression Scale at day 14 (range
0-10; 0 = no illness, 1-9 = increasing level of care
and 10 = death) [11]

d) Adverse events related to corticosteroids (new
infections, new thrombotic complications) until day
28 or hospital discharge

e) Independence at 90 days after randomization
assessed by the Barthel Index

Exploratory objective(s) and endpoint(s)

The exploratory objective of this study is to assess the
long-term consequences on mortality and quality of life
at 180 and 360 days.

Trial design

REMED is a prospective phase II open-label random-
ized controlled trial testing the superiority of dexa-
methasone 20 mg vs 6 mg. The study is multi-centre
and will be conducted in intensive care units (ICUs)
of university hospitals in the Czech Republic. The
trial aims to be pragmatic, i.e. designed to evaluate
the effectiveness of the intervention in conditions that
are very close to the real-life routine clinical practice.
Dexamethasone will be administered once daily intra-
venously for 10 days. Three hundred participants will
be enrolled and followed up for 360 days after
randomization.

Trial population

Inclusion criteria

Subjects will be eligible for the trial if they meet all of
the following criteria:

1. Adult (> 18 years of age) at time of enrolment

2. Present COVID-19 (infection confirmed by RT-
PCR or antigen testing)

3. Intubation/mechanical ventilation or ongoing high-
flow nasal cannula (HFNC) oxygen therapy

4. Moderate or severe ARDS according to the Berlin
criteria:
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(a) Moderate—PaO,/FiO, 100-200 mmHg
(b) Severe—PaO,/FiO, < 100 mmHg

5. Admission to ICU in the last 24 h

Exclusion criteria
Subjects will not be eligible for the trial if they meet any
of the following criteria:

1. Known allergy/hypersensitivity to dexamethasone
or excipients of the investigational medicinal
product (e.g. parabens, benzyl alcohol)

2. Fulfilled criteria for ARDS for > 14 days at
enrolment

3. Pregnancy or breastfeeding

4. Unwillingness to comply with contraception
measurements from the enrolment to at least 1
week after the last dose of dexamethasone (sexual
abstinence is considered as the adequate
contraception method)

5. End-of-life decision or patient is expected to die
within next 24 h

6. Decision not to intubate or ceilings of treatment in
place

7. Immunosuppression and/or immunosuppressive
drugs in medical history:

(a) Systemic immunosuppressive drugs or
chemotherapy in the past 30 days

(b) Systemic corticosteroids use before hospitalization

(c) Corticosteroid administration (dexamethasone
equal or less than 8 mg per day or other
corticosteroids in equivalent dose) during the
present hospital stay for COVID-19 for more than
last 5 days before enrolment

(d) Systemic corticosteroids during the present hospital
stay for other conditions than COVID-19 (e.g. sep-
tic shock)

(e) Dexamethasone more than 8 mg per day or other
corticosteroids in equivalent dose during the
present hospital stay for COVID-19 for more than
one single dose

8. Present haematological or generalized solid
malignancy

150



Malaska et al. Trials (2022) 23:35

9. Any of the following contraindications of
corticosteroids:

Intractable hyperglycaemia

Active gastrointestinal bleeding

Adrenal gland disorders

The presence of superinfection diagnosed with
locally established clinical and laboratory criteria
without adequate antimicrobial treatment

10. Cardiac arrest before ICU admission
11. Participation in another interventional trial in the
last 30 days

Randomization and stratification

Randomization will be carried out within the electronic
case report form (eCRF) by the stratified permuted
block randomization method. The allocation sequences
will be prepared by a statistician independent of the
study team. Allocation to the treatment arm of an
individual patient will not be available to the
investigators before the completion of the whole
randomization process. Following stratification factors
will be applied:

e Age < 65and > 65 [12]

e Charlson Comorbidity Index (CCI) < 3 and > 3
e CRP < 150 mg/L and > 150 mg/L

e Trial centre

Patients will be randomized in a 1:1 ratio in one of the
two treatment arms. Randomization through eCRF will
be available 24 h every day.

Blinding

This is an open-label trial, in which the participants and
the study staff will learn about the allocated intervention.
Blinded pre-planned statistical analysis will be performed
[13] according to the “Statistics” section.

Enrolment stopping rules

Enrolment of new subjects into the trial will be stopped
if any of the following is encountered until the sponsor
determines if it is safe for the trial to continue
enrolment:

1. Death that is related to dexamethasone.

2. SAE or SUSAR that is related to dexamethasone
during 28 days post-administration.

3. Emergence of new data that may lead to the trial
becoming unethical. This may be merely due to
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safety concerns of the interventional group (e.g. if

harm is reported by other trials).

4. After the interim analysis, the steering committee
will review the primary outcomes and the summary
of adverse events in both arms whilst still blinded
to the treatment allocation. The enrolment can be
stopped if the following criteria are fulfilled:

(a) There is a significant difference in the primary
outcome at p < 0.01 between the arms.

(b) Futility: the futility criterion is not binding for
the steering committee. Based on available data,
the study statistician calculates the probability
of being able to reject the null hypothesis by
achieving the target number of subjects and the
probability of type II error made by stopping the
trial prematurely.

Premature termination of participation in the trial
Reasons for the early termination of a patient’s
participation include the following:

e Withdrawal of informed consent (subject’s decision
to withdraw for any reason)

e Important deviation in the process of informed
consent

o Life-threatening adverse reaction to dexamethasone
at the discretion of the investigator

e Newly emerged pregnancy of a participant after the
enrolment

Subjects can terminate their participation prematurely
at any time at their request for any reason, but they
must notify the investigator. The investigator must
contact the sponsor to report the premature
discontinuation.

The investigator must:

o Instruct the participant about the right on early
termination of participation

e Assure him/her that the end of participation will not
affect the attitude of the physician or further
treatment and its quality

e Ask for discussing this decision with the investigator
in advance

e Make a note in the patient’s medical records and
eCRF about the date of early termination of
participation

The sponsor reserves the right to discontinue the
study at any time if there is a significant safety concern
(e.g. grade 4 adverse reactions to dexamethasone) or
insufficient recruitment despite intensified efforts to
enrol patients or if repeated poor study documentation
occurs at a site. The trial can be discontinued by the
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decision of the regulatory authority or ethics committee,
as well.

Study treatment

Dexamethasone (ATC code: H02AB02)

Dexamethasone solution for injection/infusion is the
investigational medicinal product as well as the
comparator. The trial will assess two doses, 20 mg
(investigational) vs 6 mg (comparator).

All authorized medicinal products containing dexamethasone in the
form of solution for iv. injection/infusion can be used.

Qualitative and quantitative composition
The active pharmaceutical ingredient is dexamethasone
sodium phosphate (4 mg/mL).

The excipients differ in various dexamethasone solutions
for inj./inf. Please see the SmPC of the medicinal product
you are using. Several excipients have known biological
effects (e.g. allergic reactions): methylparaben, propylparaben
and benzyl alcohol. Allergy or hypersensitivity to
dexamethasone or excipients is an exclusion criterion.

Pharmaceutical form and route of administration
Solution for injection/infusion; intravenous administration

Other information

Detailed pharmacological profile of the drug, including
information on the mechanism of  action,
contraindications, drug interactions, adverse effects and
others, can be found in the Summary of Product
Characteristics (SmPC).

Packaging and labelling
The medicinal product will be labelled in accordance
with applicable legislation.

Delivery and storage

The medicinal product containing dexamethasone will be
ordered regularly by the trial sites’ hospital pharmacies and
taken from the Czech market. It will be stored up to 30 °C in
the secondary package to keep it from the light according to
the SmPC recommendations.

Dosing schedule

Patients in the intervention group will receive
dexamethasone 20 mg intravenously once daily on days 1-5,
followed by dexamethasone 10 mg intravenously once daily
on days 6-10. Patients in the control group will receive
dexamethasone 6 mg days 1-10.
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Dose modification and delays
For this study, no dose modification or delays are
possible,  except for  stopping  dexamethasone
administration if the patient is being discharged from
the hospital due to clinical improvement before day 10.
Previous treatment with dexamethasone more than 8
mg per day or other corticosteroids in an equivalent
dose during the present hospital stay for COVID-19 for
more than one single dose is an exclusion criterion. If
the study subject is treated with dexamethasone 8 mg or
less per day or other corticosteroids in an equivalent
dose less than 5 days before the enrolment, he/she can
be enrolled, and there will be no changes in the duration
of study drug administration.

Permitted concomitant medication
Study participants will receive the best standard of care
according to the local protocols and national guidelines,
including the state-of-the-art anti-infective and adjunct-
ive treatment of COVID-19, sedation and delirium man-
agement, physiotherapy, ventilator and haemodynamic
management.

Currently, the standard of care for hospitalized
patients with COVID-19 that require oxygen support
[14] can consist of the following:

e Remdesivir (at the discretion of the investigator)

e Prevention of thromboembolic disease
(anticoagulants)

e Gastric ulcer prophylaxis for patients on
dexamethasone

o Nutrition, hydration, electrolytes, vitamins and
glucose administration

e Antipyretics (paracetamol, metamizole)

e Antibiotics

e Bronchodilators

All chronic medication prescribed to the patient
before the enrolment is permitted to continue with the
exceptions defined in the “Exclusion criteria” and
“Restricted concomitant medication” sections. All
necessary medication needed during the trial is allowed
with exceptions defined in the “Restricted concomitant
medication” section.

Restricted concomitant medication
Systemic corticosteroids other than dexamethasone are
restricted, as well as other investigational medicinal
products currently tested for the treatment of COVID-
19 (e.g. investigational antivirals or monoclonal anti-
bodies). Remdesivir is not considered as an investiga-
tional drug, as it has already been authorized.
Concomitant treatment with potent inhibitors of
CYP3A increases the risk of systemic adverse effects of
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dexamethasone. In cases where the benefits of such
treatment do not overweight this increased risk,
combination with strong inhibitors of CYP3A is
considered restricted.

Potent inhibitors of CYP3A include, e.g., systemic azole antimycotics,
clarithromycin, erythromycin, telithromycin, diltiazem and verapamil.

Concomitant use of potent inducers of CYP3A
decreases the effect of dexamethasone, which may then
bias the results. In cases where benefits of such
treatment do not overweight this risk of bias,
combination with potent inducers of CYP3A is
considered restricted.

Potent inducers of CYP3A include, e.g., phenytoin, rifampicin,
phenobarbital and carbamazepine.

Detailed information on drug interactions could be
found in SmPC.

Course of the trial
Screening of eligible patients
Patients admitted to the ICU of each centre will be
screened daily for eligibility, and all the patients will be
recorded in the screening log of eCRF. For patients with
the completion of consent, appropriate enrolment
information will be recorded to eCRF and only after all
required information are provided the randomization
and allocation will proceed.

For details on obtaining the informed consent, see The
“Informed consent procedure” section.

Overview of medical care about the study participant
Patients in both arms will receive the best standard of
care. General supportive care guided by the official
recommendations and local protocols will be given, as
described in the “Permitted concomitant medication”
section.

The centres are encouraged to follow appropriate
antibiotic stewardship practices, e.g. guidelines for
hospital-acquired and ventilator-associated pneumonia
(VAP/HAP) management [15]. As for ventilation strat-
egies, the centres are encouraged to comply with the
best evidence of ventilator settings for ARDS patients,
ie. tidal volume approx. 6 mL/kg of predicted body
weight, driving pressure (AP) < 15 cm of water, plateau
pressure (Ppl) < 30 cm of water, setting inspiratory frac-
tion of oxygen (FiO,) and positive end-expiratory pres-
sure (PEEP) to keep SaO, = 90% or PaO, > 8 kPa and
set respiratory rate (RR) to maintain pH > 7.20. Besides
ventilator settings, other measures are left to the local
protocols and at the discretion of each centre, e.g. prone
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positioning, neuromuscular blocking agents, lung re-
cruitment manoeuvres and extracorporeal membrane
oxygenation (ECMO).

Weaning from mechanical ventilation is performed
by the daily screening of readiness through using the
spontaneous breathing trial (SBT). If SBT is
successful and no other significant reason against
extubation is present, the patient is extubated.
Patients allowed spontaneous ventilation while on
ECMO are classified as support dependent until
ECMO is weaned off.

Clinical examinations and assessments

During the trial course, subjects will be monitored during
hospitalization and after discharge. A summary of
scheduled procedures is outlined in the “Study
procedures” section. For a graphic summary, see Table 1.

Study procedures
At enrolment:

o Eligibility screen—inclusion and exclusion criteria

e Informed consent procedure

e Pregnancy testing (hCG) in women with
childbearing potential —preferentially from a blood
sample, if statim hCG is not available at the time of
enrolment and urine pregnancy testing is necessary

e Demographic data (age, sex, race or ethnic group,
BMI)

e Medical history (allergies, comorbidities and CCI,
chronic medication)

e Vital signs (temperature, blood pressure, heart rate,
respiratory rate)

Day 1:

e Vital signs (temperature, blood pressure, heart rate,
respiratory rate)

e Administration of dexamethasone according to the
allocation to treatment arms

e Blood count and routine biochemistry [RBC, WBC,
haematocrit, lymphocyte count, platelets,
coagulation profile, renal and liver functions (BUN,
creatinine, AST, ALT, bilirubin), b-dimer, LDH,
troponin, pH, blood gases, sodium, potassium,
chloride, glycaemia]

o Inflammatory markers (CRP; other markers, e.g.
procalcitonine, presepsin, interleukin-6 at the discre-
tion of each centre)

e COV-HI assessment—based on day 1 CRP or
ferritin level

e APACHE II score counted using the worst values in
the first 24 h of ICU stay (the score is determined
based on specific parameters from medical history,
vital signs, blood count and biochemistry, and other
examinations)
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Table 1 Clinical trial schedule

STUDY PERIOD

Prim.

Premature

Follow-up

endpoint termination

Das

TIMEPOINT | 0-24h Ds | D2 I Ds | D5| Dio | Dis Deo | Dao | Diso I Dasc* Anytime

ENROLMENT:

Inclusion/Exclusion criteria X

Informed consent X

Pregnancy testing’ X

Randomization X
INTERVENTIONS:

Dexamethasone 20 mg I I

Dexamethasone 6 mg I I I
ASSESSMENTS:

Demographic data? X

Medical history® X

Vital signs® X

Blood count and routine
biochemistry®

APACHE 115
Ventilatory status
COV-HI"

Adverse events

x| x| x| x| x
x| x| x| |
|

Inflammatory markers®
WHO CPS
Hospitalization status
Vital status X|X|X|[X

Barthel index X X X

x
>
x
x
x

x| x| x| x| x

x|

Reason for premature X

termination

'hCG from a peripheral blood sample in women of childbearing potential; if statim hCG is not available, perform urine pregnancy testing

2Age, sex, race or ethnic group and BMI

3Allergies, comorbidities, and Charlson Comorbidity Index (CCl) and chronic medication

“Temperature, blood pressure, heart rate and respiratory rate

®Blood count (RBC, WBC, haematocrit, lymphocyte count, platelets), coagulation profile, renal and liver functions (BUN, creatinine, bilirubin, AST, ALT), o-dimer,
LDH, troponin, pH, blood gases, sodium, potassium, chloride and glycaemia (other laboratory tests and imaging methods are left at the discretion of each centre)
SCounted using the worst values in the first 24 h of ICU stay

’D,, CRP, ferritin; D,, CRP; COV-HI is defined as CRP > 150 mg/L or doubling within 24 h from greater than 50 mg/L, or ferritin > 1500 pg/L [11, 15, 16]

BCRP (other markers, e.g. procalcitonine, presepsin, interleukin-6 at the discretion of each centre)

*End of trial visit (or phone call)

Day 2:

Administration of dexamethasone according to the
allocation to treatment arms

Inflammatory markers (CRP; other markers, e.g.
procalcitonine, presepsin, interleukin-6 at the discre-
tion of each centre)

COV-HI assessment—based on day 2 CRP level

Day 3 to day 10:

Administration of dexamethasone according to the
allocation to treatment arms

Inflammatory markers (CRP; other markers, e.g.
procalcitonine, presepsin, interleukin-6 at the discre-
tion of each centre)

Day 14:

World Health Organization Clinical Progression
Scale
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Inflammatory markers (CRP; other markers, e.g.
procalcitonine, presepsin, interleukin-6 at the discre-
tion of each centre)

Day 1 to day 28/ICU discharge (whichever comes
first):

Checking adverse events and adverse reactions (with
a special interest in newly emerged infections and
new thrombotic complications)

Ventilatory status, i.e. use of a mechanical ventilator
or other ventilation/oxygen support

Vital status

Discharge from ICU and hospital

Days 60, 90, 180 and 360:

Out-patient visits (if possible) or structured phone
call interviews led by study nurse with the patient or
his/her family member or caregiver
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e Vital status

e Quality of life by the assessment of daily life
activities and functional independence (Barthel
Index)

o Checking adverse events and reactions

Biological samples

Blood samples will be taken following local practice and
analysed in the respective clinical laboratory facility of
the trial centre. No other biological specimens will be
obtained or stored in this trial.

Assessment tools, scores and scales
The following tools will be used during the trial:

APACHE II

Barthel Index

Charlson Comorbidity Index
COV-HI

Glasgow Coma Scale
Spontaneous breathing trial
WHO CPS

Safety assessments

Before the start of the clinical trial, all investigators will
undergo training in pharmacovigilance requirements and
obtain detailed written instructions for recording and
reporting of AEs. These instructions for pharmacovigilance
will be part of the investigator’s site file.

Definitions (according to the Directive 2001/20/EG)
For clinical trials, effective legislation has introduced the
following definitions, see Table 2.

AE surveillance, recording and documentation
AE could be diseases or symptoms which occur or
worsen after the enrolment of a patient in the clinical

Table 2 Definitions of safety signals in clinical trials
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trial. All AEs need to be documented, no matter if
the investigator suspects a causal connection to the
study medication. AE will be monitored and
documented from the day of giving informed consent
until the end of participation in the study (i.e. day
360).

Subjects will be instructed to report any AEs that they
experience to the investigator. The investigator should
actively ask about AEs.

Each AE should be described, documented in the
eCRF and evaluated to determine the following:

Seriousness

Severity

Causality, i.e. relation to the study medication
Duration (start and end dates or whether it
continues)

e Action taken (no action taken, study medication
discontinued, prolongation of the ongoing
hospitalization, administration of a drug, etc.)

AE needs to be followed until its resolution, i.e. until
it subsides, stabilizes and becomes chronic or the
subject dies.

If AE fulfils the criteria of SAE, a separate form
must be completed besides the standard eCRF
record.

AEs will be recorded according to the Medical
Dictionary for Regulatory Activities (MedDRA). The
most recent MedDRA version at the start of the
study will be used.

Treatment of AE

A patient with an AE must receive appropriate therapy.
The investigator may decide to discontinue the study
medication. The patient will remain under medical
supervision until the investigator believes that the AE
has been resolved.

Adverse event AE

Any untoward medical occurrence in a patient or clinical trial subject administered a medicinal

product and which does not necessarily have a causal relationship with this treatment

All untoward and unintended responses to an investigational medicinal product related to any dose

A serious adverse event/reaction is any untoward medical occurrence or effect that at any dose:

Adverse drug reaction ADR
administered

Serious adverse event SAE

. " - Results in death

Serious adverse reaction SADR ¢ life-threatening
- Requires hospitalization or extension of existing hospitalization
- Results in persistent or significant disability or incapacity
- Is a congenital anomaly or birth defect

Unexpected adverse reaction UADR

information (SmPC)

Suspected unexpected serious
adverse reaction

Adverse reaction, the nature, severity or outcome of which is not consistent with the product

SUSAR  Any suspected adverse reaction related to the study treatment that is both serious and unexpected
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Assessment of seriousness

AE is considered serious if it fulfils the definition in the
“Definitions (according to the Directive 2001/20/EG)”
section.

Some situations can be considered as SAE even if they
do not fulfil the criteria of the definition. These are
important medical events that may not be immediately
life-threatening, or result in death, or hospitalization but
may jeopardize the subject, or may require intervention
to prevent one of the other outcomes listed in the defin-
ition above. These should also be considered SAE—e.g.
allergic bronchospasm, convulsions or other states re-
quiring treatment.

If AE fulfils the criteria of SAE, a separate serious
adverse event form must be completed and sent to the
sponsor. For the procedure, see the “Reporting of SAE
and SUSAR” section.

In this clinical trial, the following SAEs are excluded
from the notification requirement:

e SAE which occurs after enrolment (i.e. after giving
informed consent), but before the study medication
was initiated

o Hospitalization(s) planned before the enrolment

e Death not related to the dexamethasone use

Assessment of intensity (severity)
The intensity (severity) of an AE should be evaluated
according to these 5 categories:

Grade AE is asymptomatic or mildly symptomatic and requires
1 only observation, no medical intervention.

Grade AE with medium intensity, requires local, non-invasive or

2 small-scale treatment.

Grade AE is medically significant and requires hospitalization or

3 extension of ongoing hospitalization, but it is not directly life-
threatening.

Grade AE is life-threatening and requires urgent significant medical
4 intervention.

Grade AE leads to death.
5

The sponsor expects a high mortality rate due to the natural course
of the disease in patients that need ICU care. Relatedness of death to
dexamethasone use will be assessed by the trial investigator. Cases
considered “not related” will not be separately reported by the sponsor
to the RA/EC. The sponsor will be notified of them through eCRF
records, and RA/EC will be informed by the sponsor through
periodical Annual Reports and final CSR. Cases of death considered
“related” will be handled as SAE at the trial site and reported
separately and immediately by the sponsor to the RA/EC.

Page 10 of 15

Assessments of causality
To assess the relation between administration of the
study medication and the AE, the following definitions

apply:

o Related—The event is known to occur with the
study medication, there is a reasonable possibility
that the study medication caused the AE, or there is
a temporal relationship between the study
medication and AE. Reasonable possibility means
that there is evidence to suggest a causal
relationship between the study medication and the
AE.

e Not related—There is no reasonable possibility that
the administration of the study medication caused
the AE, there is no temporal relationship between
the study medication and AE onset, or an alternate
aetiology has been established.

The investigator is obliged to report any SAE within 24 h after he/she
learns about it to the sponsor using serious adverse event form (SAE
form). The blank forms are stored in the investigator’s site file. The
announcement will be done by e-mail: farmakovigilance@med.muni.cz

Reporting of SAE and SUSAR

If at that point all required information is not available,
succeeding records will be sent by the investigator. The
sponsor will check the notification completeness and
formal plausibility. If required, queries will be made and
followed up.

In the case of death, a copy of the autopsy record
should be added. If the death of the subject complies
with the definition of SUSAR (see the “Definitions
(according to the Directive 2001/20/EG)” section), it will
be reported as SUSAR (see below).

The sponsor has full responsibility for the safety of the
clinical trial. Further reporting of AEs to the competent
authorities according to the legal requirements is the
responsibility of the sponsor.

Follow-up
All SAEs should be followed until their resolution, i.e.
they subside, stabilize and become chronic, or the
subject dies followed. In case of early termination
because of SAE occurrence, the subject should be
followed until SAE resolution. All necessary extra visits
will be recorded in the eCRF as “unscheduled visits”.
Follow-up information is sent using a new SAE Form
stating that this is a follow-up to the previously reported
SAE and giving the date of the original report. Within
24 h of receipt of follow-up information, the investigator
must update the SAE form and submit any supporting
documentation (e.g. laboratory test reports, subject dis-
charge summary, autopsy report) The follow-up
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information should describe whether the event has re-
solved or continues, if and how it was treated and
whether the patient continued or withdrew from trial
participation.

Reporting of SUSAR

SAE related to the study medication fulfilling the
criterion of unexpectedness (i.e. SUSAR) must be
reported by the sponsor to the Ethics Committee and
the EudraVigilance database (module EVCTM), at the
latest 15 days after it becomes known. The sponsor will
also inform all investigators involved in the trial.
Reporting to the EudraVigilance database will be
performed via regulatory authority according to the
agreement between the sponsor and the regulatory
authority. In case of a fatal or life-threatening SUSAR,
the sponsor will report all relevant information immedi-
ately, at the latest 7 days after the event becomes known.
Any subsequent additional information is forwarded
within the next 8 days if necessary.

Pregnancy

Pregnant or breastfeeding women cannot be included in
the study. Pregnancy testing (hCG, blood sample) is
obligatory at enrolment in women of childbearing
potential (ie. from menarche to the onset of
postmenopausal state). In case the information regarding
menstrual cycle cannot be obtained from the patient due
to her health or consciousness status, pregnancy testing
is also necessary independently of the patient’s age. If
statim hCG is not available at the moment of enrolment,
investigators should perform urine pregnancy testing.
Urine test strips will be supplied to the trial centres,
where statim hCG is not available, e.g. on weekends or
public holidays.

Participants, men and women, must comply with the
required contraception measurements from the
enrolment to at least 1 week after the last dose of
dexamethasone. Sexual abstinence is considered as the
adequate contraception method for this clinical trial.
Newly emerged pregnancy in the hospitalization phase
of the trial is highly unlikely. However, if it is diagnosed,
dexamethasone treatment must be stopped. If a
participant becomes pregnant during the follow-up
phase, she must inform the investigator.

The investigator should report the pregnancy to the sponsor within 24
h of learning of its occurrence using pregnancy form. This
announcement will be done by e mail: farmakovigilance@med.muni.cz.

Pregnancy should be followed by the investigator until
completion. If it ends for any reason before the anticipated
date, the investigator should notify the sponsor. At the
completion of the pregnancy, the investigator will document
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the outcome of the pregnancy. If the outcome of the
pregnancy meets the criteria for classification as SAE (e.g.
spontaneous abortion, stillbirth, neonatal death, postpartum
complication or congenital anomaly), the investigator should
follow the procedures for reporting an SAE.

Statistics

A separate statistical analysis plan (SAP) and statistical
interim analysis plan (SIAP) will be prepared to provide
details on the approach to analyses. The SIAP will be
finalized before the interim database lock; the SAP will
be finalized before the final database lock. All eventual
deviations from the SAP will be described and justified
in the relevant part of The Clinical Trial report.

Sample size determination

The sample size was calculated to detect the difference
of 3 VFDs at 28 days (primary efficacy endpoint)
between the two treatment arms at two-sided type I
error of 0.05 and power of 80%. Based on the data from
a multi-centre randomized controlled trial in COVID-19
ARDS patients in Brazil [7] and the multi-centre obser-
vational study from French and Belgian ICUs regarding
moderate to severe ARDS related to COVID-19 [18], in-
vestigators assumed standard deviation of VFD at 28
days as SD = 9. Using these assumptions, a total of 142
patients per treatment arm would be needed; after ad-
justment for drop-out rate, 150 per treatment arm (300
patients per study) will be enrolled.

Analysis of efficacy

Primary efficacy endpoint (number of VFDs at day 28) will
be calculated for both treatment arms separately with
corresponding  95% confidence intervals. Comparison
between arms will be based on parametric or non-
parametric test (following the type of data distribution) and
will be adjusted for relevant baseline covariates (stratification
parameters).

Secondary and exploratory efficacy endpoints will be
analysed following the type of data (chi-square test or
Fisher’s exact test for binary data and ANOVA or a non-
parametric alternative tests for continuous and ordinal
data, if appropriate).

The primary population for analysis of efficacy will be
intention-to-treat population (ITT), and the results will
be confirmed on the per-protocol population (PP).

Subgroup analysis

Pre-planned subgroup analysis will be performed
regarding the primary outcome variable in the
subgroups defined by the following criteria:

o Age
o Sex
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BMI

Comorbidities

P/F ratio

Length of dexamethasone treatment before
enrolment

ECMO procedure

e Other corticosteroids than study medication
administered (from day 11 to day 28)

No adjustments of p values due to multiplicity are
planned.

Analysis of safety

The safety will be analysed in all patients who received
any dose of study treatment and provided at least one
post-dose safety assessment (safety population). All ad-
verse events will be coded and tabulated by system organ
class and preferred term for individual events within
each system organ class and will be presented in de-
scending frequency. Adverse events will also be tabu-
lated by severity and relationship to the study
medication. Serious adverse events will be summarized
separately.

Planned interim analysis
One interim analysis is planned for the safety and
efficacy evaluation after the primary outcome is known
for the 150th subject (50% of planned sample size). To
control the overall level of type I error, the p value of
0.01 for interim analysis and 0.04 for the final analysis
will be applied. All the details on stopping rules for
interim analysis will be described in SIAP.

The interim analysis will be evaluated, and the
decision about continuation of the study will be done by
DMC.

Missing data
No imputation techniques for missing data will be
applied.

Data management and quality assurance

eCRF database

All participants will be assigned an identification code to
ensure the pseudonymization of their data. The
investigator will maintain a subject identification list for
the trial centre (subject identification codes with the
corresponding subject names) to enable records to be
identified.

Trial data will be collected in eCRFs managed in
electronic data capture system REDCap. Access to the
database (username, password) will be granted by the
study data manager, and the respective study staff will
be trained for using it right and safely. The investigator
is responsible for the data correctness, completeness,
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and filling in time. eCRF will be designed to generate
queries on missing data or unusual data entries, which
will be fed back to the study site investigators in regular
intervals.

Trial documents and medical records

The sponsor, the trial site and the study staff will handle
the subject’s personal and trial data according to the
effective legislation regarding data protection. Any paper
or electronic trial documents or data are confidential
and must not be disclosed to the third persons. In the
informed consent form, the participants are informed
that their medical records can be provided only to the
authorized monitors, auditors or inspectors.

Medical records of the subjects will be retained in the
trial site for 15 years (from the end of the clinical trial),
so will be the relevant trial administrative documents at
the sponsor’s side.

Monitoring and auditing

The trial centre will be monitored according to the
monitoring plan. The objectives of the monitoring are to
ensure that the trial participant’s safety and rights are
respected, that accurate, valid and complete data are
collected and that the trial is conducted in accordance
with the trial protocol, the principles of GCP and
national legislation. The investigator agrees that the
monitor will regularly visit the trial centre and will be
given appropriate support (e.g. the access to all
necessary documents including patient’s medical
records). A report on the progress, findings and
resolution of any discrepancies will be prepared from
each monitoring visit. The investigator undertakes to
read the monitoring report and to ensure that any
possible discrepancies are corrected. The sponsor,
regulatory authority and ethics committees have the
right to inspect/audit the trial site. The investigator
undertakes to co-operate will be the inspectors/auditors.

Deviations and violations
The following issues are considered as violations to the
trial protocol:

e Other corticosteroid than dexamethasone
administered (from day 1 to day 10)

e Discrepancy in the informed consent procedure

e Assessment of inclusion/exclusion criteria ex post

The following issues are considered as deviations to
the trial protocol:

o Different single dose of dexamethasone administered
(from day 1 to day 10)
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e Administration of dexamethasone shorter than 10
days (this does not apply for discharging the subject
from hospital due to clinical improvement)

e Prolongation of dexamethasone treatment (i.e.
number of days on treatment in both arms)

e Administration of other corticosteroids than study
medication (from day 11 to day 28)

Steering committee

The steering committee is constituted by all study
investigators of the REMED trial. It is responsible for the
development of the study protocol, continuous and final
result interpretations and manuscript preparation. The
steering ~ committee  closely  collaborates  with
independent data monitoring committee and the
Sponsor.

Data monitoring committee

Members of the data monitoring committee (DMC) are
experts in intensive care medicine which are not
involved in the REMED trial and an independent
statistician. DMC is responsible for performing the
interim analysis and for providing recommendations to
the steering committee and the sponsor regarding the
safety and continuation of the trial based on evidence of
possible significant differences between intervention and
control group. Members of DMC are listed in a separate
document.

All the documents and additional information
regarding data management procedures can be found on
the official website of the REMED trial (https://czecrin.
cz/projekty/kh-remed/) or can be requested on the
following mail: ctc.czecrin@med.muni.cz

Ethical aspects

This trial will be conducted following the applicable
legislation and requirements for good clinical practice
according to the ICH E6(R2). Compliance with this
standard provides public assurance that the rights, safety
and well-being of trial participants are protected and
that the clinical trial data are credible. All essential trial
documents and their potential amendments will be sub-
mitted to the relevant ethics committee and regulatory
authority for approval.

Informed consent procedure

The investigator assesses the patient’s ability to decide
and extent of potential consciousness impairment based
on GCS and other appropriate clinical measures (at
discretion of the trial centre).

Fully conscious and oriented patients (GCS 15)
Patient with decision-making capacity will go through
the standard procedure (informative interview with the
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investigator, written information for the patients, the
possibility to ask questions and adequate time to discuss
with family and decide). If the patient wishes to partici-
pate, he/she will provide written prospective informed
consent.

Patients with limited ability to decide (GCS 14 or 13)

Some patients may be limited in their decisional capacity due
to their acute health status, or medication. Generally, if a
patient understands simplified information and can
communicate verbally, the simplified procedure of obtaining
informed consent will be applied. The shortened (one-page)
information sheet and consent form for signature will be
used.

As soon as the patient regains full decisional capacity,
he/she will be approached to provide consent with the
continuation of his/her participation in the trial. Patients
will be informed about the option to withdraw from the
trial. Patients who decide to terminate their involvement
can permit the sponsor to use the data collected, or they
can ask for deleting all data collected. Both options will
be presented to them.

If the patient does not regain a decisional capacity, the
initial consent will remain valid.

Patients lacking the capacity to decide (GCS 12 or less)

It is expected that a significant proportion of screened
patients will lack the capacity to provide informed
consent due to severely altered consciousness, severe
respiratory distress or sedation necessary to facilitate
mechanical ventilation. In this situation, the deferred
consent policy will be applied. Such a patient will be
enrolled after independent physician witnesses (in
writing) that the patient cannot give his/her consent and
fulfils eligibility criteria.

Patient’s close person (spouse/partner, close relative,
caregiver) will be informed about the patient’s
enrolment and the nature of the study. If possible and
compliant with the epidemiological restrictions by the
government, patient’s close person will meet the
investigator for an informative interview, to obtain the
information leaflet, and to sign a confirmation that he/
she was informed about the patient’s participation in the
trial.

As soon as the patient regains decisional capacity, he/
she will be approached to provide consent with the
continuation of his/her participation in the trial. Patients
will be informed about the option to withdraw from the
trial. Patients who decide to terminate their involvement
can permit the sponsor to use the data collected, or they
can ask for deleting all data collected. Both options will
be presented to them.
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If the patient does not regain a decisional capacity, the
initial consent by an independent physician will remain
valid.

Supervision of the informed consent procedure

The process of obtaining informed consent from a
patient or an independent physician must always be
appropriately documented by the investigator through
valid forms and the patient’s medical records, as well.
The clinical trial monitor will check the process during
the monitoring visits. Important deviations in the
process will lead to the termination of the patient’s
participation in the trial.

Vulnerable population

Beside patients with diminished decision capacity, other
specifically vulnerable participants (children, pregnant
women, prisoners, refugees, institutionalized patients,
patients with severe mental illnesses, etc.) will not be
enrolled in this clinical trial.

Publication policy

The results of this clinical trial are planned to be
published in the medical literature. Any publications
must be approved by the sponsor and meet the quality
requirements for current clinical research publications
(SPIRIT reporting guidelines [18] and CONSORT
statement). The collected data will be shared with other
ongoing clinical trials on the same topic for individual
patient’s data (IPD) meta-analysis or shared upon rele-
vant requests. Also, de-identified participant-level data-
set will be made available 6 months after the publication
of the results of the study at www.mendeley.com

Financing and insurance

REMED is an investigator-initiated clinical trial. Funding
will be granted from the project research infrastructure
Czech Clinical Research Infrastructure Network CZE-
CRIN (LM 2018128) and University Hospital Brno. Trial
funders have no role in the study design, collection, ana-
lysis and interpretation of the data. Investigators declare
no financial or non-financial competing interests regard-
ing the focus of this trial.

Mandatory insurance of the participants is arranged.
The coverage for damages or harm emerging from the
participation in the clinical trial will be provided
according to the applicable legal requirements and from
the arranged insurance of the participants.
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8. Seznam zkratek (abecedni)

ACCP
ACS

AIM

ALL

AM

AML
APACHE 11
ARDS
ATP

BNP

cHIS

CI

CO
COVID-19
CRC

cTnl

cInT

CSARIM
CSIM
CSFS
DAD

DAMPs

American College of Chest Physicians

Akutni koronarni sydrom

Akutni infarkt myokardu

Akutni lymfoblasticka leukémie

Alveolarni makrofagy

Akutni myeloblastické leukémie

Acute Physiology and Chronic Health Evaluation II skore
Acute Respiratory Distress Syndrome - Syndrom akutni respiracni tisné
Adenosintrifosfat

Brain Natriuretic Peptide — mozkovy natriureticky peptid
COVID-19 Associated Hyperinflammatory Syndrome
Cardiax Index

Cardiac Output

Coronavirus Disease 2019

Colorectal Cancer - kolorektalni karcinom

Cardiac Troponin I

Cardiac Troponin T

Central Venous Pressure — centralni Zilni tlak

Ceska republika

Ceska spole¢nost anesteziologie, resuscitace a intenzivni mediciny
Ceska spole¢nost intenzivni mediciny

Cesko-Slovenské forum pro sepsi

Diffuse Alveolar Damage - difuzni poskozeni alveol

Damage-Associated Molecular Patterns
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DNA

DO,

EBM

EDN

EF

EPICII

EPOSS

ESAIC

ESC

ESICM

FN Brno

FRAP

GC

GCR

GPx3

GRACE

GSH

HMGBI1

HSP

HPA

hTERT

IBA MU

ICAM-1

ICU

Deoxyribonukleova kyselina

Celkova dodéavka kysliku

Evidence Based Medicine — medicina zaloZena na dikazech
Eosinophil-Derived Neurotoxin

Ejekeni frakee

Extended Prevalence of Infection in Intensive Care
Data-based Evaluation and Prediction of Outcome in Severe Sepsis
European Society of Anaesthesiology and Intensive Care
European Society of Cardiology

European Society of Intensive Care Medicine

Fakultni nemocnice Brno

Ferric Ion Reducing Antioxidant Power

Glukokortikoidy

Glucocorticoid receptor

Glutathion peroxidaza 3

Global Registry of Acute Coronary Events

Glutathion

High Mobility Group Box 1

Heat Shock Protein

hypotalamo-pituitarni-adrenalni

Human Telomerase Reverse Transcriptase — katalytickd podjednotka
enzymu telomerazy

Institut biostatistiky a analyz Masarykovy Univerzity
Intracelularni adhezivni molekula-1

Intensive Care Unit — jednotka intenzivni péce
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IF Impact Faktor — impakt faktor

IL Interleukin

iNOS inducibilni NO syntaza

I/R Ischemicko/reperfiizni (poskozeni)

IS Informovany souhlas

JAMA Journal of American Medical Association
JIP Jednotka intenzivni péce

KH Klinické hodnoceni

KS Kardiogenni Sok

KPR Kardiopulmonalni resuscitace

LK Levé komora

LTL Leukocyte Telomere Length

MAP Mean Arterial Pressure — stfedni arterialni tlak
MDA malondialdehyd

MEK Multicentricka etickd komise

m.j. mimo jiné

MMP Matrix mettaloproteinase

MODS Multiple Organ Dysfunction Sydnrome
MOF Multiple Organ Failure

NADPH Nikotinamidadenindinukleotidfosfat

NE Neutrophil Elastase

NF- B Nuclear Factor kB

NLRs NOD-like receptors

NOD Nucleotide-binding and Oligomerization Domain
MKN-10 Mezinarodni klasifikace nemoci
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NO Nitric Oxide — oxid dusny

NT-proBNP N-terminal pro b-type natriuretic peptide

OGS Oxidised Guanine Species

PAC Pulmonary Artery Catheter

PAMPs Pathogen-Associated Molecullar Patterns

PCI Percutaneous Coronary Intervention — perkutdnni koronarni intervence
PCT Prokalcitonin

PCWP Pulmonary Capillary Wedge Pressure, tlak v zaklinéni

PIRO systém Predisposition, Insult, Response, Organ Dysfunction — klasifika¢ni

systém pro ,,staging® sepse

PPPs Acute Phase Proteins — proteiny akutni faze

PSP Presepsin

PSS Post-sepsis syndrome

ptO2 Parciélni tlaku kysliku ve tkanich

PTX3 Pentraxin 3

8-OHG 8-hydroxyguanosin

8-OHdG 8-hydroxy-2'-deoxyguanosin

QoL Quality of Life — kvalita zivota

RAGE Receptors for Advanced Glycation Endproducts - receptory pro

konecné produkty pokrocilé glykace

RNA Ribonukleova kyselina

RCT Randomized controlled trial — randomizovana, kontrolovana studie
Resp. Respektive

RNS Reactive Nitrogen Species

ROC Receiver Operating Characteristic
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ROS Reactive Oxygen Species

ROSC Return of Spontaneous Circulation - navrat spontanniho ob¢hu
SAPS I Simplified Acute Physiology Score II

SARS-CoV-2 Severe Acute Respiratory Synrome Coronavirus 2

SCCM Society of Critical Care Medicine

SDF Sidestream Dark Field (zobrazovani)

SF-36 Short Form 36 — validovany dotaznik na zhodnoceni kvality Zivota
SIRS Systemic Inflammatory Response Syndrome — Syndrom systémové

zanétlivé odpovedi

SKMP Septické kardiomyopatie

SMD Septickd myokardialni dysfunkce

SOAP Sepsis Occurrence in Acutely 11l Patients Investigators

SOD Superoxid dismutaza

SOFA score Sequential (Sepsis related) Organ Failure Assesment score

SSC Surviving Sepsis Campaign

SS Septicky Sok

ST2 Serum Stimulation 2 protein

sST2 Solubilni ST2

STEMI Akutni infarkt myokardu s elevacemi ST

Y% Stroke Volume — tepovy objem

SVRI Systemic Vascular Rezistence Index - Index systémové vaskularni
rezistence

TAC Total Antioxidant Activity

TEE Transezofagealni echokardiografiie

TIMI Thrombolysis in Myocardial Infarction
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TLRs TOLL-like receptors

TNM Klasifikaéni systém - staging nadorti (T-tumor, N-nodule, M-
metastasis)

TNF Tumor Necrosis Factor

TREM-1 Triggering Receptor Expressed on Myeloid cells-1

TTE Transtorakalni echokardiografiie

UPV Umeéla plicni ventilace

VFDs Ventilator-free Days

VO, Celkova spotteba kysliku

WHO World Health Organisation - Svétova zdravotnické organizace

WOS Web of Science — citacni a bibliograficka databaze
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10. Komentar
Nazev prace: Sepse, obéhové selhani a ARDS — epidemiologie, predikce a moZnosti

terapie.

Habilita¢ni préace je ptedkladana jako komentovany soubor vybranych publikaci.

Prvnim tematickym okruhem této habilitacni prace je epidemiologie sepse, tj. incidence a
mortalita pacientl se sepsi a septicky Sokem v Ceské republice, véetné deskripce realného
managementu. S cilem ziskani dat vznikla v roce 2011 vyzkumna iniciativa EPOSS a tato
unikatni data jsou prezentovana, véetné popisu technického zajisténi a metodologie ziskani
dat.

Ve druhém tematickém okruhu vénuji pozornost dlouhodobym komplikacim pacientt, ktefi
pteziji ataku sepse nebo septického Soku. Specidln€ se vénuji zrychleni vaskularni senescence
a endotelialniho starnuti se zamefenim na hypotézu tykajici se zkraceni telomer. Zaméiuji se
zejména na metodologické aspekty vyzkumu telomer a telomerazy s pouzitim nami
publikovanych praci se souborem détskych pacientl s leukemii a dospélych pacientt

s kolorektalnim karcinomem.

Tteti tematicky okruh habilitani prace je vénovan obéhovému selhani u septického a
kardiogenniho Soku. Myokardiadlni dysfunkce v sepsi do urcité miry z hemodynamického
pohledu spojuje septicky a kardiogenni Sok. Druhy spole¢ny rys a spojeni je pfitomnost
syndromu systémov¢ inflamatorni odpovédi u ¢asti pacientli v kardiogennim Soku. Na
nékolika pracich je postupné ptedstavena role interleukinu-6, proinflamatornich cytokint a
markert oxidativniho stresu v patofyziologii a diskriminaci prognozy pacientli

v kardiogennim a septickém Soku.

Ctvrtym a poslednim tematickym okruhem habilitaéni prace je velice aktualni téma, které

navazuje na vyzkumné zaméteni role inflamace u obehového selhdni, a to hyperinflamatorni
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syndrom (cHIS, COVID-19 Associated Hyperinflammatory Syndrome) u onemocnéni
COVID-19 (Coronavirus Disease 2019), konkrétné ve form¢e organového postizeni pod
obrazem syndromu akutni respira¢ni tisn¢ (ARDS). Jsou zde pfedstaveny a komentovany data
a patofyziologické ptedpoklady pouziti kortikosteroidu u pacienti s COVID-19 a

rozvojem ARDS. V situaci nedostupnych dat stran podavani vyssich davek kortikosteroid je
v této indikaci pfedstaven protokol multicentrické, prospektivni, randomizované studie

REMED, ktera zkouma efektivitu podavani dvou riznych davek dexamethasonu.
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11. Habilitation Thesis Abstract
Title: Sepsis, circulatory failure and ARDS — epidemiology, prediction and treatment

options.

This habilitation thesis is a synthesis of previously published scholarly works and was divided
into four separate parts.

The first part of habilitation thesis is dedicated to epidemiology of sepsis, e.g. to incidence
and mortality of patients with sepsis and septic shock in Czech Republic including description
of their real management. The research group EPOSS aiming to collect this data was initiated
in 2011 and this unique data are presented including summary of technical and
methodological issues.

The second part of the habilitation thesis is dedicated to long-term sequelae of patients
surviving sepsis or septic shock with focus to the hypothesis of accelerated endothelial ageing
and vascular senescence with special focus to the methodological issues regarding telomere
and telomerase biology. The laboratory approaches are presented using our research data
regarding telomere and telomerase research in the field of paediatric patients with leukaemia
and adult patients with colorectal cancer.

The third part is devoted to circulatory failure in septic and cardiogenic shock. There is partial
overlap of septic and cardiogenic shock through septic myocardial dysfunction. The second
interconnection between septic and cardiogenic shock is development of systemic
inflammatory response syndrome. The pathophysiological and prognostic roles of interleukin
6, proinflammatory cytokines and markers of oxidative stress in septic and cardiogenic shock
are consecutively presented by using our published results.

The fourth and last part of this thesis is dedicated to very actual topic of hyperinflammatory

syndrome (cHIS, COVID-19 Associated Hyperinflammatory Syndrome) in COVID-19
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(Coronavirus Disease 2019). This syndrome is partially analogous to the inflammation within
circulatory failure. Our research is now focused to the local organ inflammation of lungs, e.g.
acute respiratory distress syndrome (ARDS). The data and pathophysiological premises for
using of corticosteroids for COVID-19 patients with ARDS are discussed. The protocol for
multicentre, prospective, randomized trial REMED that compares two different doses of
dexamethasone is presented within the context of lacking data in the point of view of
evidence-based medicine.

In total, 11 publications including research articles and reviews are listed. The applicant
contribution to these publications is summarized in the following tables with special attention
to the conceptualization of the study, project administration, data curation and manuscript
preparation.

Please note: (-) means “not applicable” and concerns review articles.

[1]' UVIZL, Radovan, Milan ADAMUS, Vladimir CERNY, Ladislav DUSEK, Jiri
JARKOVSKY, Vladimir SRAMEK, Martin MATEJOVIC, Petr STOURAC, Roman KULA,
Jan MALASKA *(corresponding author)* a Pavel SEVCIK. Patient survival, predictive
factors and disease course of severe sepsis in Czech intensive care units: A multicentre,
retrospective, observational study. Biomedical Papers-Olomouc [online]. 2016, 160(2), 287—
297. ISSN 1213-8118. Dostupné z: doi:10.5507/bp.2015.052

Document Type: Article, IF = 0,894; JCR Category + Category Quartile: MEDICINE,
RESEARCH & EXPERIMENTAL Q4; AIS = 0,256

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
70 70 50 30

[2] SCHWARZ, D., M. ADAMUS, V. CERNY, L. DUSEK, J. MALASKA, M.
MATEJOVIC, M. SLEZAK, P. SEVCIK a V. SRAMEK. EPOSS & sepsis-Q: Design and
description of projects focused on monitoring of treatment, morbidity and mortality of
patients with severe sepsis in the Czech Republic. Anesteziologie a Intenzivni Medicina. 2013,

24(4), 240-249.

Document Type: Article; SJR = 0,122; Category: ANESTHESIOLOGY Q4 +

CRITICAL CARE Q4

! Bibliographic record of a published scientific result, which is part of the habilitation thesis.
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Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
30 60 50 30

1381 MALASKA, J., M. SKLENICKOVA, K. KREJCI, L. FAJKUSOVA, M. BAJER, H.
HRSTKOVA aJ. FAJKUS. Telomerase activity and expression and telomere analysis in situ
in the course of treatment of childhood leukemias. Blood Cells Molecules and Diseases

[online]. 2000, 26(5), 534—-539. ISSN 1079-9796. Dostupné z: doi:10.1006/bcmd.2000.0332
Document Type: Article, IF = 2,897; JCR Category + Category Quartile: HEMATOLOGY

Ql,AIS=0
Experimental work | Project administration Data curation (%) Manuscript
(%) (%) preparation (%)
80 20 50 60

[4] MALASKA, J., Z. KUNICKA, M. BORSKY, M. SKLENICKOVA, M. NOVOTNA, L.
FAJKUSOVA, J. ZALOUDIK a J. FAJKUS. Telomerase as a diagnostic and predictive marker in
colorectal carcinoma. Neoplasma. 2004, 51(2), 90-96. ISSN 0028-2685.
Document Type: Article, IF = 0,822; JCR Category + Category Quartile: ONCOLOGY Q4; AIS

=0
Experimental work | Project administration Data curation (%) Manuscript
(%) (%) preparation (%)
50 40 50 50

[5] MALASKA, J., M. SLEZAK, K. MURIOVA, J. STASEK a P. SEVCIK. Myocardial
dysfunction in sepsis - Diagnostics and therapy. Vnitrni Lekarstvi. 2010, 56(3), 226—232.
Document Type: Review, SJR = 0,135; Category: MEDICINE Q3

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
- - - 90

[6] PARENICA, J., J. MALASKA *(corresponding author)*, J. JARKOVSKY, K.
HELANOVA, P. JABANDZIEV, J. MICHALEK, Z. VESELKOVA, S. LITTNEROVA, L.

KUBKOVA, R. GAL, P. SEVCIK, M.P. GOLDBERGOVA, J. LITZMAN, Z.

CERMAKOVA a J. SPINAR. Dynamics of interleukin 6 levels in the patients with

cardiogenic and septic shock and in a control group of patients with uncomplicated AMI.
Vnitrni Lekarstvi. 2014, 60(2), 114—122.
Document Type: Article; SJR = 0,138; Category: MEDICINE Q4

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
40 30 30 30

[71_ PARENICA, Jiri, Jiri JARKOVSKY, Jan MALASKA, Alexandre MEBAZAA, Jana
GOTTWALDOVA, Katerina HELANOVA, Jiri LITZMAN, Milan DASTYCH, Josef
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TOMANDL, Jindrich SPINAR, Ludmila DOSTALOVA, Petr LOKAJ, Mariec
TOMANDLOVA, Monika Goldergova PAVKOVA, Pavel SEVCIK a Matthieu LEGRAND.
Infectious Complications and Immune/Inflammatory Response in Cardiogenic Shock Patients:
A Prospective Observational Study. Shock [online]. 2017, 47(2), 165—174. ISSN 1073-2322.
Dostupné z: doi:10.1097/SHK.0000000000000756

Document Type: Article, IF = 3,005; JCR Category + Category Quartile: CRITICAL CARE
MEDICINE Q2 + HEMATOLOGY Q2 + PERIPHERAL VASCULAR DISEASE Q2 +
SURGERY QI; AIS =0,968

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
30 30 30 20

[8] PARENICA, lJiri, Jan MALASKA, Jiri JARKOVSKY, Jolana LIPKOVA, Milan
DASTYCH, Katerina HELANOVA, Jiri LITZMAN, Josef TOMANDL, Simona
LITTNEROVA, Jana SEVCIKOVA, Roman GAL, Pavel SEVCIK, Jindrich SPINAR a
Monika Pavkova GOLDBERGOVA. Soluble ST2 levels in patients with cardiogenic and septic
shock are not predictors of mortality. Experimental & Clinical Cardiology. 2012, 17(4), 205—

209.

Document Type: Article, IF = 1,100; JCR Category + Category Quartile: CARDIAC &
CARDIOVASCULAR SYSTEMS Q4; AIS=0

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
40 30 30 20

[91 TOMANDLOVA, Marie, Jiri PARENICA, Petr LOKAJ, Tomas ONDRUS, Petr KALA,
Marie MIKLIKOVA, Katerina HELANOVA, Martin HELAN, Jan MALASKA, Klara
BENESOVA, Jiri JARKOVSKY, Monika Pavkova GOLDBERGOVA a Josef TOMANDL.
Prognostic value of oxidative stress in patients with acute myocardial infarction complicated
by cardiogenic shock: A prospective cohort study. Free Radical Biology and Medicine [online].
2021, 174, 66—72. ISSN 0891-5849. Dostupné z: doi:10.1016/j.freeradbiomed.2021.07.040
Document Type: Article, IF = 7,376; JCR Category + Category Quartile: BIOCHEMISTRY
& MOLECULAR BIOLOGY Q1 + ENDOCRINOLOGY & METABOLISM Q1; AIS =
1,566 (data from 2020)

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
10 10 20 10

[10] KELLER, F., V. KOCI, K. RIHAKOVA, J. MALASKA a J. STASEK. Systemic
corticosteroids in the management of covid-19 ARDS. Anesteziologie a Intenzivni Medicina.
2021, 32(3), 150—155. ISSN 1214-2158.

Document Type: Article, (data from 2020)

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
- - - 30
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[11] MALASKA, Jan, Jan STASEK, Frantisesk DUSKA, Martin BALIK, Jan MACA, Jan HRUDA,
Tomas VYMAZAL, Olga KLEMENTOVA, Jan ZATLOUKAL, Tomas GABRHELIK, Pavel
NOVOTNY, Regina DEMLOVA, Jana KUBATOVA, Jana VINKLEROVA, Adam SVOBODNIK,
Milan KRATOCHVIL, Jozef KLUCKA, Roman GAL a Mervyn SINGER. Effect of dexamethasone in
patients with ARDS and COVID-19 (REMED trial)-study protocol for a prospective, multi-centre,
open-label, parallel-group, randomized controlled trial. Trials [online]. 2022, 23(1), 35. Dostupné
7: doi:10.1186/s13063-021-05963-6

Document Type: Article, IF = 2,279; Quartile by IF = MEDICINE, RESEARCH &
EXPERIMENTAL Q4; Quartile by AIS = Q2 (data from 2020)

Conceptualization of | Project administration Data curation (%) Manuscript
the study (%) (%) preparation (%)
70 80 - 90
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