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ABSTRAKT

Sepse je nejcastejSim divodem umrti hospitalizovanych pacientl. Jedna se o velmi komplexni
a heterogenni snahu organismu porazit mikrobialni agens. Celosvétovou snahou zlstava tento
dé¢j vice pochopit a zaroven vyvinout ucinné 1éCebné strategie umoznujici zlepSit preziti
septickych nemocnych. Tato prace se vénuje pouze malé vyse€i problematiky septického
stavu — kardiomyopatii vzniklé¢ béhem sepse. Tato dosud malo probadana oblast je nadale
obtizné uchopitelna a piinasi vice otazek nez odpovédi. M4 prace se snazi nékteré z téchto
otazek zodpoveédéEt. Zaroven ma za cil nastinit nejen patofyziologické skutecnosti, které této
klinické jednotce vedou, ale také blize rozebrat diagnostiku a mozné terapeutické intervence.
Cést vénovana vlastnimu vyzkumu je zaméfena na konkrétni moznosti ¢asné diagnostiky a

ovlivnéni mortality béhem sepse, predevs§im ve spojitosti s poddnim betablokatort.

KLICOVA SLOVA
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ABSTRACT

Sepsis is the most common cause of death in hospitalized patients. It is a very complex and
heterogeneous effort of the body to defeat microbial agents. A worldwide effort remains to
understand this process more and develop effective treatment strategies to improve the
survival of septic patients. This paper focuses on only a tiny slice of the septic condition -
cardiomyopathy occurring during sepsis. This still needs to be explored area to comprehend
and raises more questions than answers. My work seeks to answer some of these questions.
At the same time, it aims to outline the pathophysiological facts that lead to this clinical entity
and discuss in more detail the diagnosis and possible therapeutic interventions. The section
dedicated to the actual research focuses on specific options for early diagnosis and influencing

mortality during sepsis, especially concerning the administration of beta-blockers.
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1. PREHLED POUZITYCH ZKRATEK

CI cardiac index

DAMPs Damage-associated molecular patterns
EBM evidence based medicine

EF ejekeni frakce

EKG elektrokardiogram

GLS global longitudinal strain

hFABP heart-Type fatty acid-binding protein
ICU jednotka intenzivni péce

LK levé komora

LVOT left ventricle outflow tract

MK mastné kyseliny

NT-proBNP N-terminalni fragment natriuretického peptidu B
PAMPs Pathogen-associated molecular patterns
PK prava komora

SIC/SICM  sepsis-induced cardiomyopathy

SICD sepsis-induced cardiac dysfunction

SMD sepsis-induced myocardial dysfunction

SV stroke volume

Tn troponin

TNFa Tumor necrosis factor alfa

IL-1B Interleukin 1 beta

SERCA2 Sarco/endoplasmic reticulum Ca2+-ATPase 2
TTS TakoTsubo kardiomyopatie

VTI velocity time integral
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3. Uvop

Sepse je fenomén. Fenomén schopny kazdoro¢né€ hospitalizovat a nasledné usmrtit
milidny lidi, schopny od¢erpat z prostiedkii vefejného zdravotnictvi miliardy korun. Sepse neni
hyperzanétliva reakce nasledovana pozdéjsi protizanétlivou odpovédi, ale vysledek neuspésné
snahy infekci ohranicit a potlacit. Do boje s patogenem jsou zavzaty nejen vykonné sily
imunitniho systému schopné s patogenem bojovat, prakticky téméf vSechny regulaéni déje se
podfizuji snaze dosahnout celkového vitézstvi. Boj je natolik komplikovany, Ze snaha odlisit
jednotlivé bojujici strany a zhodnotit, zda bojuji, jak maji, je nemozné. Valka sebou nese také
skody. Skody zptisobené nejen nepiitelem, ale také obranci. Skody, které mohou vyustit
v destrukci celého bojisté. Odlisit jednotlivou izolovanou bitvu od zacatku valky, obzvlasté
v situaci, kdy bojova viava teprve zacina, je velmi obtizné. Hranice je umélad a nase snaha
vystavit bariéru tam, kde z principu byt nemiize, nardzi na své limity. Stejné tak komplikované
je odliSeni septického stavu od prosté infekce. Soucasna definice sepse oznaCovana jako
SEPSIS-3 vychazi z recentnich poznatki patofyziologickych mechanismi, jez vytvareji
komplexni obraz zivot ohrozujiciho syndromu organové dysfunkce vznikajiciho na podkladé
deregulované odpovédi hostitelského organismu na ptitomnost infekce (1). Snazi se zachytit
onu naléhavost a ohroZeni organismu, kdy dochazi k poskozeni tkdni a zvySuje se riziko imrti.
Diagnostika septického stavu se dle této definice opira o dva zakladni pilife — pfitomnost
infekce a noveé vzniklou poruchu funkce jednoho ¢i vice organti nebo progresi jejich chronické
dysfunkce. Mortalita septickych nemocnych strmé nartistd s po¢tem postizenych organovych

systémt (2).

Tato dizertacni prace predklada komentovany vystup k diive publikovanym vysledktim,
jez vychazeji ze studia problematiky vyvoje organovych dysfunkci s diirazem na postizeni

srdecniho svalu v rdmci septického stavu a snaze o jeho ovlivnéni.

Prvni ¢ast v ptehledu zpracovava aktudlni stav poznani tykajici se septické
kardiomyopatie. Dalsi Cast je v€novdna metodologii vyzkumu, popisu a protokolu praci
tykajicich se efektu premorbidné uzivanych betablokatort na pieziti v ramci sepse/septického

Soku a moznosti vyuziti urey jako jednoduchého stratifikacniho néstroje pro septické nemocné.
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5. SRDCE V SEPSI

Sepse je jako deregulovany inflamatorni stav provazena celou fadou organovych
dysfunkci. Jednim z postizenych organti byva velmi ¢asto i srdce. V poloving 80. let byla
poprvé popsdna pomoci radionuklidovych metod kardidlni dysfunkce u nemocnych
v septickém Soku (3). Uplynulych témét 40 let nam bohuzel mnoho jistoty do bliz§iho
pochopeni této organové dysfunkce nepiineslo. Jistotu nemame ani v nazvu. Literdrné se
nejcastéji hovoifi o Sepsi indukované kardiomyopatii (sepsis-induced cardiomyopathy —
SIC/SICM), nékdy je vsSak také oznacovana jako Septickd kardiomyopatie (septic
cardiomyopathy) nebo téZ Sepsi indukovand myokardialni dysfunkce (sepsis-induced
myocardial dysfunction — SIMD, sepsis-induced cardiac dysfunction - SICD). Na recentnim
sympoziu intenzivni péce v Bruselu byla navrZzena nova nomenklatura vychézejici z klinické a
patrné i patofyziologické podobnosti s TakoTsubo kardiomyopatii (TTS) (4). Nova jednotka by
nesla nazev sekundéarni septicka TTS (TTS-s). Tato novd nomenklatura vSak zatim neni

akceptovana a $irsi diskuze na toto téma mezi intezivisty aktualné neprobiha.

6.1.Definice

Rovnéz definice této diagnostické jednotky neni jednozna¢na. Martin (5) a kolektiv ji
definuje jako “sepsi podminény akutni syndrom srde¢ni dysfunkce nesouvisejici s ischémii
s jednou nebo vice hlavnimi charakteristikami: dilatace levé komory s norméalnim nebo nizkym
plnicim tlakem, snizend kontraktilita komor a dysfunkce pravé komory nebo dysfunkce levé
komory (systolick4 nebo diastolickd) se snizenou odpovédi na objemovou infuzi". Navrhovana
jsou i uzsi kritéria s drazem na ¢asnou reverzibilitu kardialni dysfunkce (6), ve studiich jsou
uzivana kritéria vychézejici z poklesu ejekéni frakce levé komory (EF LK) pod 50% a >10%
pokles od pacientovy chronické hodnoty EF LK (7).

6.2.Prevalence
Z téchto ditvodl je témet nemozné urcit prevalenci SIC. Literarné je udavana ptiblizné
v rozmezi 10 — 70% (8). Historicky vychazi riznorodost dat i z rozdilnych technik pouzitich
k hodnoceni vykonnosti myokardu. Prvni priace obvykle vychazely zdat invazivniho
hemodynamického monitorovani, které umoznily vyuzit métfeni plnicich tlaki, srde¢niho
vydeje ¢i saturace smisené zilni krve jako ukazatel adekvatnosti srde¢niho vydeje. Notn¢ tak

byla data omezena pouze na nemocné, kteii byli monitorovani invazivné. S rozvojem
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neinvazivnich echokardiografickych metod se hodnoceni kardialni funkce stalo vyznamné
dostupnéj$im, nicméné byva ¢asto omezeno predevsim na zhodnoceni systolické funkce levé
komory (LK), coZ nepiinasi dostate¢nou informaci o adekvatnosti srde¢niho vydeje a tkanové
perfuze. MiiZze byt také zatizeno jistou interindividudlni variabilitou. Pfi primémém véku
septickych nemocnych na jednotkach intenzivni péce (ICU) (60-75 let) Ize predpokladat, ze
vstupni EF LK jiz miize byt alterovdna 1 diky napft. ischemické chorobé srdecni (ICHS).
V retrospektivnich epidemiologickych studiich byvaji jako rizikové faktory uvadény vyskyt
diabetu mellitu, muzské pohlavi, ¢i zdvaznost onemocnéni (7, 9). To vSak mohou byt faktory

asociované s kardidlni dysfunkci nezéavisle na incidenci SIC.

6.3.Patofyziologie

Béhem septického stavu dochdzi v lidském organismu myriddam zmén téméft na vSech
urovnich, které souvisi jak s patogenem samotnym, tak i s adaptacni reakci ve snaze se
s patogenem vypoiadat a eliminovat jim zptisobené poskozeni. Dochézi k naruseni endotelu,
zménam exprese cytokinll, slozek komplementové kaskady, molekularnich vzori souvisejicich
s patogeny (PAMPs) i endogennim poskozenim (DAMPs), narGstu oxidacniho stresu,
vegetativni dysregulaci a fadé dalsich d&ji. Stejné mechanismy davaji vznik také SIC. Rada
zmén a poskozeni je zplsobena také nasi 1écbou (inicidlni tekutinové 1écba, vazopresoricka
podpora atd.). Jednotlivé mechanismy jsou tzce spjaté, vzajemné se regulujici, diagnosticky
témer neodlisitelné s mnohdy s heterogennim klinickym projevem danym genetickou vybavou.
Pivodni predstava vychazejici z in vitro testi predpokladala, ze ke vzniku SIC dochazi diky
cirkulujici substanci zpiisobujici depresi funkce myokardu. Podéni endotoxinu zdravym
dobrovolnikiim totiz skute¢né vede ke snizeni EF LK a sniZeni enddiastolického objemu LK.
Pti bliz§im zkoumani byl tento efekt zjistén u TNFa IL-13 (10, 11). MiiZe se vSak jednat o

mnoho dalSich cirkulujicich mediatori, napt. rizné DAMPs ¢i S-nitroso-albumin a jiné.

6.3.1. Metabolismus
Vzhledem k nutnosti nepfetrzité prace spotiebovava srdce az 8 % celkového energetického
vydeje. Jednou z charakteristik septického srdce je zména metabolismu mastnych kyselin
(MK). V klinickych studiich sepse bylo prokazano, ze SIC je doprovdzena snizenym
vychytavanim MK srdcem, kumulaci lipidi a glykogenu v kardiomyocytech spolu s
kompenzacnim zvySenim utilizace glukézy (12, 13). Tato pozorovani naznacuji snizeni podilu
MK na produkci energie vyuzitelné myokardem b&hem septického stavu. V duasledku

inzulinové rezistence a inhibice metabolismu glukdzy se ale oxidace glukozy v septickém srdci
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nezvySuje tak, aby adekvétn€¢ nahradila poruchu oxidace MK (13, 14). Na rozdil od
hemoragického Soku studie s vyuzitim mikrodialyzy prokazali na septickém animalnim
modelem pokles gluk6zy v myokardu, zvySeni koncentraci pyruvatu a laktatu (15). Zajimavym
jevem v srdci pacientl se sepsi je Cista extrakce laktatu mezi arteridlnim zdsobenim a sinusovou
krvi pfi souCasném snizeném piijmu ostatnich energetickych substrati (MK, glukoza,
ketolatky) (13, 15).

Snizeni role glukdézy jako energetického substratu se zda byt pro SIC specifické.
Zajimavé vysledky prezentovali Zheng et al (16), ktefi ve studii na modelu experimentalni sepse
prokazali, ze béhem septického stavu dochazi k akcentaci glykolyzy. Zjistili také, Ze modulace
glykolytického metabolismu poddvanim 2-deoxy-D-gluko6zy (2-DGQ), inhibitoru hexokinazy-2,
ktera je vychozi kindzou pro glykolyzu, zlepSuje EF LK a vysledky pfeziti u mysiho modelu
sepse. Cileni na ovlivnéni glykolyzy v ¢asné fazi septického stavu by mohl byt zajimavy

budouci terapeuticky cil pro zlepsSeni vysledki pacientt se SIC.

6.3.2. Mitochondrie

Mitochondrialni funkce je béhem sepse podstatné narusena a jeji deficit pfimo koreluje se
Spatnym outcomem (17). Vzhledem k tomu, ze mitochondrialni DNA je vyznamné¢ zranitelnéjsi
viéi endotoxinem zprostiedkovanému poskozeni nez jadernd DNA (18), dochazi b&hem
kritickému stavu k strukturalnim (napf. cytoplazmatickd akumulace proteinti a poskozeni
lysozomtl i membran) i funkénim zménam. Dochazi k ptetizeni antioxida¢ni kapacity, naruSeni
signalnich drah, inhibici elektronového transportniho fetézce, nahromadéni vapniku a lipida
(19-21).

Ackoli je studium mitochondridlni dysfunkce obtizné a jsme odkdzani téméf vyhradné na
animalni modely, kdy jsou hodnoceny zmény na kardiomyocytech ¢asto bez sledovani klinické
situace ¢i diagnostiky ptitomnosti SIC, vime, ze hlavnimi strijci mitochondrialni dysfunkce
jsou reaktivni formy kysliku (ROS) a oxid dusnaty (NO), k jejichz nadprodukci dochézi fadou
mechanismi.

Je mozZné, Ze porucha mitochondrialni funkce béhem septického stavu je do jisté miry adaptivni
zménou reagujici na snizeni tvorby ATP, podkladem hibernace myokardu vedouci k SIC i
vysvétlenim reverzibility kardialni dysfunkce. Tuto teorii potvrzuje paradox hojné
downregulace transkripénich procesit mitochondridlnich genti v biopsiich ze srde¢nich svalti u

septickych pacienti (22).
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6.3.3. Adrenergni dysfunkce
I pti nadmérné aktivaci sympatoadrenergniho systému béhem sepse, je reaktivita na exogenné
podané katecholaminy snizena (23). K downregulaci B-adrenergnich receptortt dochazi nejen
v myokardu, ale také systémové (24). I toto je nejspiSe adaptivni zménou, protoze nadmérna
aktivace sympatiku muze mit fadu negativnich duasledkti pro vykonnost a kontraktilitu
myokardu. Trvald aktivace sympatiku zpisobuje dysfunkci na Urovni funkéni aktivity G
proteint, coZ je jeden z mechanismi popsanych u TakoTsubo kardiomyopatie(25), vyznamna

tachykardie pak omezuje diastolické plnéni.

6.3.4. Vapnik
Mitochondrialni dysfunkce muze byt zprostiedkovana dysregulaci toku kalcia v myokardu.
Z animalnich modela jiz od 70. let vime, ze béhem endotoxémie je inhibovano zpctné
vychytavani Ca®* (26). To je zptsobeno inhibici SERCA2, Ca** ATP4zou regulujici obsah a
vychytavani kalcia do sarkoplazmatického retikula. To vede k sniZeni citlivosti myofilament
po stimulaci B- adrenergnim receptorem. Inhibice SERCA je rovnéz spojena s poklesem ejekcni

frakce. Takto zprostiedkovana dysfunkce by mohla byt jednim z divodi reverzibility SIC.

6.4.Klinicky obraz

Septickd kardiomyopatie se ziidkakdy projevuje tézkou fulminantni dysfunkci LK a
obecné je vnimana jako reverzibilni. Vzhledem k neexistenci jasnych diagnostickych kritérii je
klinicky obraz obtizné popsatelny, velmi nespecificky a zcela jist€ heterogenni. Klinicky
fenotyp naznacujici pfitomnost SIC zahrnuje zndmky nizkého srdecniho vydeje (LCOS) u
septickych nemocnych — chladné koncetiny, prodlouzeny kapilarni navrat s hemodynamickou
nestabilitou navzdory vazopresorické podpote, srdecni arytmie, nizkou saturaci ve smiSené krvi

a zvysenou hladinu srde¢nich troponint.

6.5.Diagnostika

6.5.1. Elektrokardiogram

Neexistuje zadny specificky obraz SIC na elektrokardiografickému zaznamu (EKQG).
Mnozi nemocni mohou mit na EKG fadu nespecifickych zmén, nékdy imitujicich az znamky
akutni koronarni 1éze (27). Castym rytmem b&hem sepse/septického oku je fibrilace sini (AF).

Metaanalyza z roku 2019 dospéla k nézoru, ze se fibrilace sini v ramci sepse vyskytuje i u
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pacientli bez tradi¢nich rizikovych faktori pro vznik AF (28). Dalsi z praci (29) ukézala
zavislost nove vzniklé supraventrikularni arytmie nikoli na dysfunkci myokardu (EF LK <45
% Ci 1écba inotropiky k dosazeni EF LK > 45%), ale na pfitomnosti akutniho poskozeni ledvin.
Kauzalita mezi vyskytem AF a SIC dosud neni objasnéna a neumozinuje vyuzit incidenci AF
jako diagnosticky €1 prognosticky nastroj. Problematiku fibrilace sini u kriticky nemocnych

souhrnné¢ pfedklada prehledovy ¢lanek:

I) HARAZIM, Martin, Thomas KARVUNIDIS, Jaroslav RADEJ, Jan HORAK, Ivan
NOVAK a Martin MATEJOVIC. Fibrilace sini u kriticky nemocnych.
Anesteziologie a intenzivni medicina. 2017, 28(4), 248-254. ISSN 1214-2158.

Zajimavosti také je, Ze priblizn€ 2% pacientli s horeckou maji na EKG obraz Brugadova
syndromu typu I, ktery je u febrilnich nemocnych 20x ¢astéjsi nez u pacientti bez horecky (30).
Ikdyz, jak jiz bylo uvedeno, SIC sviij specificky obraz na EKG nema4, jakykoli abnormalni EKG
nalez ¢i jeho zména oproti vychozimu stavu, by méla byt diivodem k bliz§imu kardiologickému

vySetieni.

6.5.2. Echokardiografie
Systolicka vykonnost LK
Systolicka funkce LK je parametr velmi snadno dostupny, ve studiich je velmi Casto vyuzivan
jako zakladni parametr k diagnostice SIC. Jelikoz vSak EF LK zé&visi na podminkach zatéze
(preload a afterload), zcela jisté neni tim nejvhodnéj$im métitkem vykonnosti LK. KdyZ Parker
et al (3) v 80. letech jesté radionuklidovymi metodami zkoumali kardidlni vykonnost, dosli
k zajimavym zjiSténim. Historicky se ptedpoklddalo, Ze systolickd funkce LK neni béhem
septického stavu alterovand, protoZe srde¢ni vydej je zvySeny. Tento piedpoklad Parker se
svymi kolegy zbourali. Dal§im paradoxem, ktery svou studii prokdzali a ktery byl nasledné
ovéten i1 v nékolika dalSich pracech bylo, ze pacienti s reverzibilnim poklesem EF LK méli nizsi
mortalitu nez nemocni bez snizeni EF LK. Tento paradox se da pravdépodobné vysvétlit prave
provazanim afterloadu a EF LK, kdy snizeny afterload béhem septického Soku mize
pseudonormalizovat pfitomnou kardialni dysfunkci. Pacient s tézkou vazoplegii a zjiSténou
Lhormalni EF LK mize byt ve vyznamné horSim stavu nez nemocny s men$im Sokem a
»snizenou EF LK®“. Rovnéz stroke volume (SV) a srde¢ni index (CI) odvozené z diametru
vytokového traktu LK (LVOT) a ¢asového integralu rychlosti (VTI) je u septickych nemocnych

velmi obtizné interpretovat diky velkym zménam v preloadu, kontraktilité a afterloadu, které
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jsou béhem septického Soku rozsifené i u nemocnych bez SIC. Pfiblizné u dvou tfetin

nemocnych je detekovatelna také dysfunkce systolické funkce pravé komory (PK).

Diastolicka dysfunkce
Diastolicka dysfunkce LK v rdmci septického Soku je castym fenoménem. Jeji prognosticka
hodnota, jak vyplynulo ze studii i metaanalyzy je dokonce vyssi nez u EF LK. Dilatace LK pfti
systolické dysfunkci mize totiz byt kompenzacnim mechanismem k zachovani adekvatniho
SV, ale klade vé&tsi naroky na zachovani diastolické srdecni funkce. Samotna definice
abnormalni diastolické funkce u septickych pacientl zistava nejistd. Leva komora se
k dosazeni hyperdynamického srdecniho vydeje musi plnit rychleji nez PK a rychlost
mitralniho prstence se tak liSi od pacientii se srdecnim selhanim, odkud jsou data na hodnoceni
diastolické funkce extrapolovany. Jeji sprdvné vyhodnoceni rovnéZz potiebuje vyssi
echokardiografické zkuSenosti (predevsim tkanovéa dopplerovska analyza mitralniho anulu) a
také se nejednd o nikterak specificky ukazatel v ramci diagnostiky SIC. Prevalence diastolické
dysfunkce je pravdépodobné relativné vysoka 1 v bézné populaci nad 60 let. Rovnéz nam zcela
chybi poznatky o moznosti terapeutického ovlivnéni diastolické dysfunkce u kriticky
nemocnych, protoze vétSina studii se soustfedila pouze na ovlivnéni systolické kardialni

vykonnosti.

Speckle tracking
K ur€eni kardidlni dysfunkce lze vyuzit i sofistikovanéjsi echokardiografické metody jako je
napft. speckle tracking. Je to neinvazivni ultrazvukovd metoda vyvinuta v roce 2004 schopna
vyhodnotit globalni a regionalni deformaci a rotaci myokardu nezadvisle na transla¢nich
pohybech srdce a insona¢nim dopplerovském tihlu. Principem této metody je identifikace velmi
specifickych ultrazvukovych artefaktd (speckle — skvrny) vznikajicich v disledku odrazu
ultrazvuku pfi prichodu tkani, interferenci s tkani myokardu a jejich odrazem (31).
Vyhodnoceni probihd automatickym softwarem a mize byt zhodnoceno 1 retrospektivné.
V porovnani s EF LK je speckle tracking podstatné méné citlivy na zmény preloadu, afterloadu
a dokonce i poddajnosti srde¢niho svalu. Je to také metoda schopna rozlisit jiz drobné
abnormity kardidlni funkce pomoci métfeni segmentalni a globalni podélné deformace (GLS).
V¢Etsi randomizované studie zabyvajici se hodnocenim speckle trackingu u SIC zatim
k dispozici nemame, ale soucasna zjisténi plisobi slibnym dojmem. Opakované byla prokazana

rozdilnd GLS u pacientii v sepsi a septickém Soku 1 pfi zachovalé EF LK (32, 33). Je otazné,
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jak se podaii do budoucna speckle trackingu proniknout k 1dzkiim nemocnych v intenzivni péci

a zda budou stanoveny adekvatni diskrimina¢ni parametry pro SIC.

6.5.3. Invazivni méfeni
Invazivni méfeni pomoci Swan-Ganzova katetru patfilo dlouha 1éta k zdkladnim metodam
hemodynamického monitoringu bcéhem kritickych stavii. Méfeni ptinaSelo celou fadu
parametrii hodnoticich srdecni preload, srdecni vydej 1 afterload, které i dnes nejsou
echokardiografickymi metodami plné nahrazeny. Jelikoz nebyl prokdzan mortalitni profit pro
nemocné s invazivnim métenim pomoci plicniho katetru a samotné invazivni méfeni mize byt
spjato s nékterymi komplikacemi, bylo od jeho pouzivani postupné upusténo a dnes je jeho
vyuziti témeét vyhradné pouze v prostiedi kardiochirurgie (34). Je to viici plicnimu katetru
caste¢né nespravedlivé, protoze Cisté diagnosticka metoda sama o sobé nemtize byt zodpoveédna
za terapeuticky vysledek. Obdobné neobviniujeme EKG vySetieni z vlivu na mortalitu na akutni
infarkt myokardu. Je vSak samoziejmé, ze nasi snahou by méla byt preference neinvazivnich
moznosti hemodynamické monitorace z divodu vyS$i bezpeCnosti a komfortu naSich
nemocnych. Soucasné neinvazivné ziskané parametry (respiracni zmény pulsového tlaku —
pulse pressure variation, respiraéni zmény tepového objemu — stroke volume variation, analyza
tvaru arterialni kiivky — pulse contour analysis) v tuto chvili zddnou literarni evidenci ve vztahu

k SIC nemaji.

6.5.4. Biomarkery

V ramci diagnostiky poskozeni myokardu jsou dobfe etablovanymi markery srde¢ni troponiny
(Tn) a N-terminalni fragment natriuretického peptidu B (NT-proBNP). ZvysSené hladiny Tn
v plazmé dané spiSe unikem cytoplazmy z kardiomyocytii pii inflamaci nez apoptdzou ci
ischémii myokardu (35, 36) dobte koreluji s pfitomnosti deprese EF LK i mortalitou (37, 38).
Korelace se zavaznosti stavu vSak potvrzena nebyla (39). Nevyhodou Tn je také nizka
specificita (40) a ptitomnost dalSich komorbidit, jako je selhdni ledvin, mlize hladiny Tn
zvysSovat nezavisle na myokardidlni dysfunkei.

NT-proBNP je vyplavovan myokardem pii objemovém pietizeni myokardu. BNP i NT-
proBNP byly plvodné navrzeny jako ukazatele tekutinové nédloze a ¢asné myokardialni
dysfunkce. Daleko Iépe vSak koreluje se zavaznosti onemocnéni nez s levostrannymi plnicimi
tlaky (41). Vzhledem k rovnéZ potvrzené nizké specificité pro diagnostiku SIC nejsou ani NT-

proBNP nebo Tn akceptovany jako diagnostické markery septické kardiomyopatie.
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Mezi méné prozkoumané molekuly, ktery také muze odrdzet kardialni dysfunkci béhem
septického stavu, patii také srdeni izoformy vazebného proteinu pro mastné kyseliny
(hFABP). Jeho zvyseni u septickych nemocnych na ICU bylo prokdzano u nemocnych bez
preexistujici myokardialni dysfunkce (42). Rovnéz hFABP vSak neni nikterak specificky
ukazatel.

Dysfunkce myokardu béhem septického stavu je spiSe funkénim nez biochemickym

fenoménem, takze pro eventualni biomarker bude velmi obtizni naplnit ocekavani.

Proteomika, Genomika
Ptestoze molekularni metody zazivaji ohromny rozkvét a tési se velké prizni nejen védecké
komunity, ale také o¢ekavani vetejnosti, je témeéf nemozné ocekavat v nasledujicich nékolika
letech néjaky prakticky hmatatelny efekt téchto metod na terapii SIC. V tuto chvili je potfeba
piekonat celou fadu nejen technologickych, ale pfedev§sim koncepcnich problému k otevieni
moznosti regulovat nase télesné pochody na molekularni arovni. Mare§ (43) se domniva, Ze
»Zakonitosti fungovani a fizeni komplexnich samoorganizujicich se systému je mozné studovat
metodou nelinearnich dynamickych siti, ktera modeluje soustavu metabolickych drah jako
sitovy graf (tj. systém uzll a hran resp. vah). Ovladatelnost konkrétni siti 1ze vyjadrit jako
minimalni soubor uzll, jehoz ovladnuti umoziuje prevést systém z jakéhokoli vstupniho stavu
do stavu cilového. Tento parametr zavisi na hierarchii, typologii, hustoté a dalSich vlastnostech
siti, které se vyznamné li$i mezi systémy piirozenymi (genové ¢i metabolické regulace) a
konstruovanymi (napf. internet). Pfekvapivé je, Ze mista nejefektivnéjsiho zasahu neodpovidaji
usttednim uzlim (tj. uzliim s nejveétsim poctem hran) a ze pocet uzld, které je nutno kontrolovat,
dosahuje zejména v biologickych regulacnich sitich az 80 % vSech uzli! Z tohoto zjisténi
vyplyvaji dva zavéry — kontrolu nad fungovanim takové siti lze prevzit az po ovladnuti vétSiny
uzll a nejucinnéjsi je ovladani perifernich, nikoli centrdlnich uzli. Je proto mozné, Ze snaha

zasdhnout na Urovni jedné ustfedni molekuly je z podstaty odsouzena k neuspéchu®.

6.6.Lécba

Terapeutické cile, kterych bychom chtéli béhem SIC dosdhnout, definované doposud nebyly.
Jednoznacéné v tuto chvili neni ani to, zda pokud rozpozname spravné identifikovat abnormity
kardidlni funkce béhem septického stavu, pfinese snaha o jejich ,,normalizaci* nemocnym
mortalitni profit. Lze odGivodnéné piedpokladat, Ze nékteré zmény obdobné jako pfi akutnim

selhani ledvin jsou adaptivni reakci organismu na vyznamnou inflamaci. Castou nevyhodou
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soucasnych RCT je snaha o hledani feSeni/terapie platné pro vétSinu nemocnych, absenci snahy
o rozliSeni klinickych fenotypti sepse ¢i ¢astecnd ignorance ¢asového hlediska. Je takika jisté,
ze septicky stav je kontinuum, kde dochazi k fad¢ naprogramovanych adaptacnich zmén, které
se na zakladn¢ nerovnosti mezi proinflamacnimi a antiinflama¢nimi vlivy a pfedevsim také
diky casovému hledisku stadvaji postupné patologickymi. Stejnad terapeutickd intervence
posunuta v horizontu hodin ¢i dnti mize vést zcela k rozdilnému klinickému vysledku. Pokud
budeme tento Casovy aspekt a heterogenitu klinického projevu sepse opomijet, mize to vést
k vytazeni celé fady slibnych Iéku ¢i lécebnych postupi, které by u spravné identifikované
skupiny nemocnych ve spravny cas vést ke zlepsené terapeutického vysledku.

Soucasna doporuceni Surviving Sepsis Campaign (44) se orientuji pfedevSim na dosazeni
makro-hemodynamickych cilti a septické kardiomyopatii se nevénuji.

Adekvatni 1é¢ba by méla byt zaloZzena na aktualni hemodynamické situaci, prikazu
nedostate¢né perfuze organil s cilem dosdhnout adekvatniho srde¢niho vydeje, nikoli pouze
snahu o normalizaci kontraktilni dysfunkce. Vhodné je si i uvédomit, Ze fada zmén b&hem
septického stavu 1 vCetné mirn¢ho snizeni systolické vykonnosti mize byt do jisté miry

adaptacni a 1éCba vazopresory €i inotropiky ma své nezanedbatelné nezadouci ucinky.

6.6.1. Vazopresory
V soucasné dob¢ je jako vazopresor prvni volby doporu¢ovan noradrenalin. Mohlo by se zdat,
ze 1éky s vysSim B-mimetickym ucinkem (B-mimeticka aktivita: noradrenalin > dopamin >
adrenalin) by mohl pfinaset vyhodu nemocnym s vyssi depresi systolické funkce, ale jejich
nasazeni je spojeno s vysSim rizikem vzniku arytmii. Pfi pouziti adrenalinu dochazi k vyssi
spotfebé O2 myokardem, u dopaminu byla dokonce prokazana vySs$i mortalita u septickych
nemocnych (45) a jeho pouziti v septickém Soku je kontraindikovano. K dispozici mame i jednu
animalni studii tykajici se pouziti fenylefrinu (46) prokazujici zlepSeni kardialni funkce a
inhibici apoptdzy kardiomyocytl. Vzhledem k tomu, Ze izolovana a-mimeticka aktivita bez $1-
adrenergni podpory by mohla zhors$it hemodynamickou situaci, je zapotiebi tuto studii vnimat
pouze jako myslenku generujici a ovéfit ji 1 v humanni medicing. Jako dal§i moZzny vazopresor
vyuzivajici ke svému efektu V1 receptory je bran vazopresin. Jeho pouziti je spojeno se
signifikantnim poklesem tepové frekvence (47) a coz by mohlo znamenat omezeni nezadoucich
uc¢inka katecholamini na srde¢ni sval — princip dekatecholaminizace, protoze uzivani
katecholaminli koreluje s nekrézou a s dal§imi postmortdlnimi histologickymi zménami

kardiomyocytl nemocnych zemielych na septicky Sok.
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6.6.2. Inotropika

Dobutamin
V ramci doporuceni Surviving sepsis campaign je jako inotropikum prvni volby u pacientl
s perzistujici kardidlni dysfunkci navzdory dostate¢né tekutinové 1€cbé doporucen dobutamin.
Toto doporu€eni vychézi s prokazaného zlepSeni hemodynamickych parametrii (predevSim
navyseni srde¢niho vydeje) u nemocnych se systolickou dysfunkci LK (48). Mortalitni vyhoda
této intervence vSak bohuzel prokdzanéd nebyla. I pifi zvySeni CI se mikrocirkulaéni perfuze
nezménila (49) a dokonce je jeho pouziti bylo opakované spojeno s horSimi klinickymi
vysledku (50, 51). To mize byt vysvétlitelné nikoli kauzalitou, ale korelaci pti horsi prognoze
spjaté se SIC. Také to nejspiSe ukazuje nejasnost v ur¢eni adekvatnich hemodynamickych cili,
protoZe cileni na supranormalni hodnoty CI (coZ by mohlo byt v ramci septického Soku

intuitivni) morbiditu ani mortalitu nezlepsuje (52, 53).

Milrinon
V ptipadé milrinonu mnoho EBM znalosti nemame. Jedna z mala prospektivnich studi na
nemocnych v septickém Soku zjistila, Ze podanim kombinace milrinonu a metoprololu zvySuje
CI a SV bez zvyseni arytmickych komplikaci (54). Potencialni vétsi rozsifeni podavani

milrinonu vSak bude branit poSkozeni ledvin, které je pfitomno u mnoha septickych pacientti.

Levosimendan
Levosimendan jako kalciovy senzitizér je teoreticky slibnym inotropikem v ramci 1écby SIC ze
dvou divodu. Jeho efekt je zaméfen na signalizaci a vyuZiti kalcia v kardiomyocytech, kter¢ je
béhem SIC alterovano a jeho efekt je nezavisly na adrenergnich receptorech, ¢imz snizuje
naroky na praci myokardu a jeho spotiebu O2. Obdobné jako u dobutaminu mame u
levosimendanu k dispozici data o jeho efektu na zlepSeni hemodynamickych parametri vc.

CI(55), data o mortalitnim profitu v tuto chvili jednozna¢na nejsou.

Obecné lze tedy u pacientd s poruchou perfuze a depresi funkce myokardu fici, ze zkouska
podanim inotropika je mozna a opodstatnénd. Je vSak nutné sledovat klinickou odpovéd’ a
srdecni vydej a adekvatné vyhodnotit, zda dochazi ke zlepSeni orgénové perfuze. V ramci
terapeutickych intervenci smétujicich ke zlepSeni diastolické dysfunkce evidenci nemdame.
Hodnoceni diastolické funkce v§ak ma svilj vyznam zejména pro monitoraci mozného pretizeni

tekutinovou lé¢bou.
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6.6.3. Betablokatory
Obecné uziti betablokatori u septickych nemocnych je sporné. Navzdory piesvédceni, ze
jakykoli negativni inotropni u¢inek u pacienta v septickém Soku musi byt Skodlivy, podani
betablokatoru mtize byt spojeno i s fadou pozitivnich klinickych dasledkd. Toto poznani mtze
byt vysvétlitelné nékolika diivody. Ackoli n€které zmény v rdmci SIC jsou nejspiSe adaptivni,
zcela jisté brzy dochazi k celé fad¢ maladaptivnich disledkl a deregulacim, které myokard dale
poskozuji. Zarovent vétSina soucasnych terapeutickych intervenci (pfedevSim terapie
vazopresory) muze tyto zmény do jisté miry prohloubit. Nejspise proto mize pouziti beta-
blokatori z diivodu snizeni potteby kysliku v myokardu, zvySenim diastolického plnéni
v konecném dusledku zlepsit septickou kardiomyopatii. NevyfeSenou otdzkou je vhodna
selektivita betablokatorti. V soucasné chvili je nejvétsi pozornost vénovana piedevSim
selektivnim betablokatoriim s kratkym polocasem ucinku. K dispozici mame data o tom, Ze
esmolol snizuje hladinu TNFa a jeho pouziti s cilem dosdhnout TF 80-94/min nejen zvysilo SV
pii poklesu potieby vazopresord, ale také zlepsSilo 28-denni mortalitu (56). Ze studie vSak byli
vyc¢lenéni nemocni s depresi systolické funkce, a tak data na pacienty se SIC extrapolovat
nemuzeme. Vzhledem k vice nez kvadrilionu adrenergnich receptori v téle, které¢ se nachazi
témeét na vSech lidskych bunkach, je mozné, Zze diky pleiotropnimu efektu neselektivnich

betablokatori dosdhnout lepsiho klinického vysledku, coz mlze naznaCovat naSe prace.

6.7.Budoucnost

Budoucnost ndm muize pfinést v problematice SIC fadu zmén. Pro posun vpied je nutné blizsi
pochopeni zmén déjici se v myokardu béhem septického stavu a to nejen na molekuldrni trovni.
Zajimavou moznosti pro budouci diagnostiku a monitorovani pritbé¢hu SIC by mohla byt mikro
RNA (miRNA). Jiz dnes je popsdno nckolik sekvenci miRNA exprimovanych
v kardiomyocytech béhem septického stavu (57, 58), které by k tomu ucelu mohly slouzit.
Terapeutické ovlivnéni SIC na molekularni Grovni je sice velmi lakavé, blizké klinické praxi
vsak je v tuto chvili velmi vzdalené. Realnéjsi moznosti pro dalsi pokrok by bylo zamé&feni se
na klinické fenotypy SIC (napft. jak je definuje Wang a kol.(59)) a na nich pak otestovat dalsi
terapeutické intervence a nastroje hemodynamické optimalizace. Pro diagnostiku a monitoraci
by bylo nejspiSe také vhodné spojit hemodynamické parametry s echokardiografickymi (napf.
spotiebu katecholaminti k dosazeni cilového stfedniho arteridlniho tlaku + parametry systolické

dysfunkce ¢i poruchy kontraktility zjisténé speckle trackingem). Protoze snahou
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kompenzacnich reakci béhem septického Soku je dosahnout ,,adekvatniho* srde¢niho vydeje,
coz neni pouze echokardiograficky hodnotitelné. Ke slovu se nejspiSe dostanou jesté vice
betablokatory. Pro jejich vétsi rozsifeni, ale bude nutné definovat vhodné nacasovani jejich
podani a také hemodynamické cile, které se budeme snazit dosdhnout. Opét je potieba
pfipomenout, Ze nesmi vychdzet pouze zkonkrétni tepové frekvence, ale predevSim
z parametrii organové perfuze pii dobré znalosti kardidlni vykonnosti. Mirné snizeni srde¢ni
vykonnosti je zcela jist¢ jednou z adaptacnich zmén a nikoli pouze patologii a snahy o
diislednou normalizaci v§ech abnormit nemusi vést k lep$im terapeutickym vysledkiim. NaSim
cilem tak zlstdvd pochopeni dusledkii septické kardiomyopatie, tak abychom mohli

optimalizovat své poc¢indni a zachovali/zlepsili funk¢ni stav srdci naSich pacienti.
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6. CILE PUVODNICH VEDECKYCH PRACI

1) Analyza literarni evidence premorbidni aplikace betablokatorii na pieziti

nemocnych v sepsi/septickém Soku

2) Zhodnotit i¢innost premorbidni aplikace betablokatorti na preziti
nemocnych v sepsi/septickém Soku na vlastnich datech

3) Zhodnotit efektivitu urey jako jednoduchého a nezavislého prediktoru

mortality u septickych pacientt.
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6.1.The association between premorbid beta blocker exposure and

mortality in sepsis—a systematic review. Critical Care 2019

Dosud neexistoval zadny publikovany systematicky ptehled o vlivu premorbidni expozice [3-
blokatoriim na mortalitu béhem sepse, proto jsme se rozhodli tuto skutecnost zménit. Snazili
jsme se systematicky prozkoumat diikazy ze vSech humannich studii o premorbidni expozici -

blokatortim a sepsi.
Metodika

Tato studie byla provedena dle pokynii pro tvorbu metaanalyz observacnich studii v
epidemiologii (MOOSE) a byla zaregistrovina v mezinarodnim registru prospektivnich
systematickych pfehledi PROSPERO. K 30. lednu 2019 byly prohledany 3 databaze (EMBase,
MEDLINE a Cochrane) z nich byly exportovany studie dle hledanych parametri.

Vybér studii

Do tohoto piehledu byli zahrnuti pacienti, ktefi byli vystaveni pasobeni B-blokatorti pied
epizodou sepse nebo septického Soku a byli oSetfovani na oddéleni urgentniho ptijmu (OUP)
nebo na jednotce intenzivni péce (JIP). Vylouceny byly ptipadové studie/malé série (celkem <
20 pacientli) a piehledové ¢lanky. Abstrakty posuzovali nezavisle na sobé dva hodnotitelé a

piipadné neshody fesil tieti hodnotitel.
Vysledky

Prvotni reSerSe piinesla 2128 abstraktl, vSechny v angli¢tin€, odstranéno bylo 64 duplicitnich
zdznaml. Po screeningu bylo k extrakci dat piivodné vybrano 16 studii. Sedm studii bylo
nakonec rovnéz vytazeno, protoze nespliiovaly vSechna kritéria pro zatazeni. Celkové bylo
shleddno jako zpusobilych celkem devét studii, které zahrnovaly 56 414 pacientl se sepsi,

vcetn€ 6576 pacientl s predlécenych B-blokatory.
Charakteristika a typ studii

Vsechny studie byly retrospektivni kohortové studie a tidaje byly ziskany v letech 1999-2017.
Studie popisovaly pacienty se sepsi, t€zkou sepsi nebo septickym Sokem v prostiedi OUP nebo
JIP. Definice sepse, tézké sepse, septického Soku a premorbidni expozice B-blokatortim se v

jednotlivych studiich mirné lisily, byly vSak pfiméfené a srovnatelné se soucasnou definici.
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Souhrnna analyza studii ukazala statisticky signifikantni vliv B-blokatort na pfeziti nemocnych
(aOR = 0,79; 95% CI (0,67, 0,92), p = 0,004), avSak se znacnou heterogenitou, coz snizuje
vypovédni hodnotu tohoto zavéru. Nase systematicka reSerSe zahrnovala také Sedou literaturu
ve formé& abstraktii z konferenci. Udaje o mortalitd ze tii studii, které byly hlaseny jako
konferencni abstrakty, ukdzaly trend ke snizeni mortality pfi premorbidni expozici B-

blokatoriim. Vysledky vSak nebyly statisticky vyznamné.

Udaje o klinickych parametrech poskytly pouze &tyii studie: Contenti et al, de Roquetaillade et
al, Sharma et al a Fuchs et al. Uvadéni parametrt v§ak nebylo konzistentni. Nebyl zjistén zadny
vyznamny rozdil v davkach vazopresorti ve vSech ctyfech studiich. Contenti et al. a de
Roquetaillade et al. zjistili, ze premorbidni expozice B-blokatoriim byla spojena se snizenou
srdecni frekvenci; Sharma et al. idaje o srdecni frekvenci neuvedli. Contenti et al. zjistili, ze
premorbidni uzivani B-blokatort je spojeno s nizsi poc¢atecni hladinou laktatu v plazmé, ale de
Roquetaillade et al. nikoli. PokraCovani v uzivani B-blokator béhem sepse bylo spojeno s

niz$imi hladinami plazmatického laktatu v prvnich 24 h.

Ve vSech ostatnich relevantnich parametrech véetné sttedniho arteridlniho tlaku, skore SOFA
(Sequential Organ Failure Assessment), skore APACHE (Acute Physiology and Chronic Health
Evaluation) -II nebo III a vyskytu umélé plicni ventilace nebyly zjistény zadné vyznamné

rozdily.
Diskuse

Jedna se o prvni systematicky piehled zkoumajici roli premorbidni expozice B-blokatoriim na
vysledky mortality u pacientl se sepsi. Pfestoze nebyl k dispozici dostatek udaji k provedeni
metaanalyzy, souhrnny upraveny pomér Sanci ze tfi studii naznacil potencidlni snizeni

morbidity v souvislosti s premorbidnim uzivanim f-blokatort, i kdyz se zna¢nou heterogenitou.

Srdec¢ni dysfunkce u sepse je bézna a ma jak systolickou, tak diastolickou slozku. Zda se vsak,
7ze pouze diastolickd dysfunkce je spojena s mortalitou. Zatimco premorbidni uZzivani B-
blokatorti miZe snizit systolickou funkci, sniZzeni adrenergni odpovédi v sepsi (sniZeni srde¢ni
frekvence, prodlouzeni diastolického Casu a zlepSeni korondrni perfuze) mize vést ke zmirnéni
diastolické dysfunkce. Dale muze dojit ke snizeni rizika ischemie myokardu v dusledku snizeni

spotieby kysliku v myokardu.

Pacienti se septickym Sokem jsou ¢asto 1é¢eni velkymi davkami exogennich katecholamini za

ucelem hemodynamické stabilizace. Zvysena davka a délka podavani noradrenalinu je spojena
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s vys$im vyskytem noveé vzniklé fibrilace sini a nadmérna hladina katecholamini mtze hrat
dilezitou roli i v srdecni dysfunkci souvisejici se sepsi, protoze zplisobuje kardiomyopatii a
nekrozu kardiomyocyt. Blokadda [-adrenergnich receptori by mohla snizit mnozstvi
exogennich katecholamint tim, Ze obnovi sepsi vyvolanou downregulaci B-adrenergnich

receptord.

Zajimavé je, ze Singer et al. uvadéji, ze pacienti s premorbidni expozici neselektivnim [3-
blokatorim méli niz8i mortalitu ve srovnani s pacienty s premorbidni expozici
kardioselektivnim B-blokatorim. To naznacuje, ze modulace nekardidlnich adrenergnich reakci
na sepsi B-blokatory miZze mit také dalezitou roli. Kromé toho mohou B-blokatory potencialné

pozitivné¢ modulovat narusenou autonomni (sympatiko- parasympatickou) rovnovahu pti sepsi.

B-adrenergni systém reguluje apoptézu, mitochondridlni funkci a produkci zénétlivych
cytokinti. Blokatory B receptorti ovliviiuji vzorec syntézy cytokind, pficemz blokatory 1
receptorti snizuji prozanétlivou odpovéd’, zatimco B2-antagonizace ma ziejme opacny ucinek,

alespoii u chronického srde¢niho selhani.

U sepse P2-adrenergni stimulace selektivné inhibuje Thl funkci CD4+ lymfocytl a
uptednostiiuje Th2 mediovanou odpovéd’, ktera inhibuji aktivaci makrofagi, proliferaci T
bunék a produkcei prozanétlivych cytokinl. Funkce CD8+ lymfocytli mize byt f2-adrenergni
stimulaci rovnéz potla¢ena. Dosavadni diikazy o jakémkoli pfiznivém vyuziti B-adrenergni

blokady na imunitni funkce u sepse jsou vSak rozporuplné.

Presto zlistdva tada otazek tykajicich se role B-adrenergni blokady u sepse nezodpovézena.
Kromé obav o bezpe¢nost a i€innost je tfeba jesté objasnit délku trvani a davkovani, pii kterém
by méla byt B-blokdda provadéna. Kromé toho je kontroverzni i nafasovani zahdjeni
terapeutické PB-adrenergni blokady. Vysledky naseho systematického piehledu naznacuji, Ze
bychom neméli upoustét od podavani B-blokatorti béhem sepse. Misto toho mizeme zvazit
pokracovani v podavani chronickych pB-blokatori a mozna zavést B-blokatory na pocatku 1écCby

sepse, zejména ty kardio neselektivni.
Zavér

Tento systematicky prehled naznacil, ze expozice B-blokatoriim pied piihodou sepse by mohla

mit vyznam pro sniZzeni umrtnosti.
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6.2.Association between premorbid beta-blocker exposure and sepsis
outcomes—the Beta-Blockers in European and Australian/American

Septic Patients (BEAST) Study." Critical Care Medicine 2021

Studie BEAST (The Beta-blockers in European and Australian/ American Septic paTients
study) je retrospektivni kohortova studie a byla provedena za ti¢elem dalSiho zkoumani vlivu
premorbidni expozice betablokatortiim na vysledky sepse, pfi¢emz jsme se znovu zaméfili na
podtiidy betablokatora, organové dysfunkce a glykemickou kontrolu. Cilem bylo ovéftit diive

zkoumanou hypotézu také na vlastnich datech nasich nemocnych.
Metodika

Tato multicentrickd studie zahrnovala pacienty z Nepean Hospital (Kingswood, Novy Jizni
Wales, Australie), metabolické JIP Fakultni nemocnice Plzen (Plzen, Ceska republika) a
vetejné dostupné udaje z databaze eICU Collaborative Research Database. Do analyzy byli
zahrnuti dospéli pacienti pifijati na JIP pro sepsi v obdobi od ledna 2014 do prosince 2018.
Zahrnuta byla pouze prvni epizoda sepse, aby se zohlednila zvySend umrtnost spojend s

opakovanou sepsi.

Primarnim vysledkem této studie byla mortalita méfena ve dvou ¢asovych bodech: Umrtnost
na jednotce intenzivni péfe a nemocni¢ni imrtnost. Sekundarni vysledky zahrnovaly ¢etnost
epizod hypoglykémie (< 40 mg/dl) nebo hyperglykémie (> 198 mg/dl), vrcholové hladiny
laktatu beéhem prvnich 24 hodin, organovou dysfunkci (skore Sequential Organ Failure
Assessment [SOFA]) méfenou 1. a 3. den, Cetnost Soku, potfebu umélé plicni ventilace, Cetnost

ptistrojové nahrady funkce ledvin v pribéhu sepse a délku pobytu na JIP.
Vysledky

Ze vsech tii kohort jsme identifikovali celkem 12 975 pacientli se sepsi, z nichz bylo do studie
zafazeno 4 086 pacientl. Mezi nimi bylo 391 pacientli z kohorty Nepean, 745 pacientl z
kohorty Plzen a 2 950 pacientti z kohorty eICU. 8877 nemocnych se sepsi z kohorty eI[CU bylo
vylou€eno z diivodu nedostatku tidajii o premorbidni medikaci. DalSich 12 pacientii (11 z eICU
a 1 z Plzn€) bylo ze studie vylouceno z diivodu soucasného predepisovani dvou nebo vice beta-

blokatoru.

Septicky Sok byl diagnostikovan u 502 pacienti (12,2 %). Celkem bylo identifikovano 1 556
pacientil (38 %) s premorbidni expozici betablokatorim. Z nich bylo 1 153 (74 %) vystaveno
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kardioselektivnim betablokatoriim, pficemz nejéastéji se jednalo o metoprolol, a 403 (26 %)

nekardioselektivnim betablokatorim, ptfi¢emz nejcastéji se jednalo o karvedilol.

Multivariantni logistickd regresni analyza ukazala, Ze premorbidni expozice beta-blokatorim
byla spojena se snizenou mortalitou na JIP (adjustované OR [aOR], 0,80; 95% CI, 0,66-0,97; p
= 0,025) 1 v nemocnici (aOR, 0,84; 95% CI, 0,71-0,99; p = 0,033). Analyza podskupin
porovnavajici kardioselektivni beta-blokatory a kardio neselektivni beta-blokatory rovnéz
prokazala, ze expozice kardioselektivnim beta-blokdtorim nebyla spojena se sniZenou
mortalitou na jednotce intenzivni péce (aOR, 0,88; 95% CI, 0,72-1,08; p = 0,23) ani v
nemocnici (aOR, 0,89; 95% CI, 0,75-1,07; p = 0,22). Expozice kardio neselektivnim BB byla
naopak spojena se snizenou mortalitou na jednotce intenzivni péce (aOR, 0,59; 95% CI, 0,41-
0,85; p=10,005) i v nemocnici (aOR, 0,68; 95% CI, 0,51-0,92; p=0,013). Zejména premorbidni
expozice karvedilolu byla spojena se snizenou umrtnosti na jednotce intenzivni péce (aOR,

0,46; 95% CI, 0,29-0,73; p = 0,001) 1 v nemocnici (aOR, 0,64; 95% CI, 0,46-0,91; p = 0,013).

Coxova regresni analyza rizika ukazala, Ze premorbidni expozice beta-blokatoriim byla spojena
s 16% snizenim rizika imrti na JIP (pomér rizika 0,84; 95% CI 0,71-0,99; p = 0,037) ve vSech
ttech kohortach. Premorbidni expozice beta-blokatorim byla spojena s vySSim pomérem
Pao2/Fio2 1. den (204,5 vs 170 mm Hg; p = 0,004), vy$§imi hladinami kreatininu 1. den (179
vs 150,1 umol/l; p = 0,004) a niZ§i potiebou noradrenalinu 3. den (0,11 vs 0,17 pg/kg/min; p =
0,001). Jak v den 1, tak v den 3 byly Glasgow Coma Scale (GCS) a stfedni arteridlni tlaky
zjistény zadné vyznamné rozdily. Nebyly rovnéz zjistény zadné vyznamné rozdily ve vyvoji

organové dysfunkce mezi 1. a 3. dnem (ASOFA).

Sekundarni klinické vysledky zahrnovaly délku pobytu na jednotce intenzivni péce, Cetnost
hypoglykémie nebo hyperglykémie, maximdlni hladiny laktatu béhem prvnich 24 hodin, vyskyt

Soku a mechanické ventilace a miru néhrady ledvin. Cetnost mechanické ventilace (23,7 % vs

beta-blokatorim v piedchorobi, cCetnost pfistrojové nahrady funkce ledvin ¢i

hyper/hypoglykémie se mezi skupinami neodliSovala.
Diskuze

Vysledky nasi studie jsou v souladu s rostoucim poctem vyzkumd, které zdiraziuji moznost
vyuziti beta-blokatorti v 16¢bé sepse. Zaroven se o prvni studii, ktera zkouma vliv premorbidni

expozice betablokatorim na organovou dysfunkci, glykémii a laktatémii u sepse.
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Vysledky nasi studie ukazaly, ze premorbidni expozice beta-blokatorim, zejména kardio
neselektivnim beta-blokatorim, mutize byt spojena se snizenou morbiditou u sepse. Ackoli
piesné mechanismy nejsou dobie znamy, preklinické studie prokazaly potencialni ptiznivé
ucinky kardio neselektivnich beta-blokatorti na expresi cytokinii v kostni dieni, indukci

autofagie a také renoprotektivni u¢inky na mysich modelech.

Krom¢ kardioprotektivnich €inkti maji beta-blokatory Siroky rozsah ucinkii na metabolické a
hemostatické funkce. Pfedpoklada se, Ze imunomodulacni G¢inek beta-blokatort je neptimy, a
to prostfednictvim blokady aktivace beta-adrenergni receptorové drahy zprostfedkované
katecholaminy. To také poskytuje mechanistickou oporu pro koncept "dekatecholaminizace".
Zda beta-blokada podporuje protizanétlivou nebo prozanétlivou odpovéd béhem sepse, vSak

zustava predmétem diskusi a pravdépodobné to zavisi na na¢asovani podani.

Sirokou $kalu fyziologickych uginki beta-blokatoris by bylo mozné dale zkoumat pomoci
dysfunkce jednotlivych orgdnovych systémt béhem sepse. Nase studie poukdzala na mozny
pfinos na respiracni a neurologické funkce, nikoli v§ak na funkce rendlni. Zajimavé je, ze
stfedni arterialni tlak byl vyznamné vyssi pfi premorbidni expozici betablokatorim a ze doslo
ke snizeni potteby vazopresora 3. den pfijeti, coz naznacuje rychlejsi odeznéni Soku. V souladu

s pfedchozim vyzkumem jsme nezaznamenali ve vstupnich hodnotach laktatu.

Stejné jako u vSech studii zavislych na administrativnich udajich pro retrospektivni analyzu ma
1 naSe studie nékterd omezeni, kterd je tieba vzit v uvahu. NasSe studie je diky retrospektivnimu
pojeti zavisla na integrité dat, vcetné piesnosti vypocti skore GCS a SOFA, které mohou
vykazovat urcitou miru variability. K Gplnému prozkoumani vlivu premorbidni expozice beta-
blokatoriim na organovou dysfunkci v pribéhu sepse by byly zapotiebi dalsi prospektivni

studie.
Zavér

V této multicentrické kohortové studii jsme zjistili, ze expozice beta-blokdtorim pied
hospitalizaci miiZze byt spojena se snizenim upravené imrtnosti na JIP a v nemocnici. Zajimavé
je, Ze tato asociace se zdala byt vyjadiena predevsim u kardio neselektivnim beta-blokatort.
Tato studie pfispiva k rostoucimu poctu ditkaza pro dalsi prospektivni klinické studie, které by

zkoumaly potencialni pouziti beta-blokatorti v 1é¢bé sepse.
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6.3.Blood urea nitrogen-independent marker of mortality in sepsis.

Biomedical Papers 2022

Hladina urey je dlouhodobé€ zndmaé jako snadno dostupny nezavisly rizikovy faktor prognozy
pacientl pfedevsim v oblasti kardiologie (zejména u. chronického srde¢niho selhani, akutniho
infarktu myokardu, disekce aorty). Patofyziologickd podstata této skute¢nosti by mohla byt
dana tim, ze sérova hladina urey odrézi neurohormonalni aktivaci nad ramec jakéhokoli
poklesu filtracnich funkci ledvin. Cilem nasi prace bylo ovéfit tuto skute¢nost 1 v pripadé
septického stavu. Studie byla provedena na zadklad¢ retrospektivniho zkoumani dat jak
vlastnich, tak dat z velké databaze kriticky nemocnych americkych pacienti. Jedna se o prvni
studii, kterd hodnoti prognostickou hodnotu urey pfi ptijeti u kriticky nemocnych pacientti se

sepsi.
Metodika

Studie byla koncipovana jako multicentricka retrospektivni analyza dat pacienti z
Metabolické JIP Fakultni nemocnice Plzen a vefejné¢ dostupnych dat z databdze eICU
Collaborative Research Database. eICU-CRD pod =zastitou Massachusettského
technologického institutu zahrnuje 200 859 piijeti 139 367 pacientt na JIP v letech 2014 a
2015 ve 208 americkych nemocnicich. Do hodnoceni byli zahrnuti pouze nemocni s prvni
atakou sepse, vyloucili jsme opakované pobyty na JIP a pacienty mladsi 18 let. Zatazovacimi
kritérii byly kéd ICD A41.9 v propoustéci zpraveé a dokumentovana sérova hodnota urey pfi
piijjeti. Do studie bylo zatazeno celkem 760 pacientl z ¢eské kohorty a 8366 pacientl z

kohorty eICU pacientd. Sledovanym cilem sledovani byla 28denni mortalita.
Statisticka analyza

Rozdily mezi nezavislymi skupinami byly vypocteny pomoci jednocestné ANOVA. K
porovnani kontinudlnich parametri byl pouzit nezavisly Student t-test a Mann-Whitney U

test. Pearson 2 byl pouzit k vyhodnoceni kategorickych proménnych.

Mortalita po 28 dnech byla hodnocena pomoci jednorozmérné i vicerozmérné logistické
regrese. K vyhodnoceni a upravé faktort spoluurcujicich dlouhodobou mortalitu byla pouzita
univaria¢ni a multivariaéni Coxova regresni analyza. Mortalita mezi jednotlivymi skupinami

byla sledovana pomoci Kaplan-Meierovych kiivek.
Vysledky

Pacienti v kohorté¢ eICU s BUN nad 40 mg/dl méli vyznamné vyssi 28denni mortalitu ve
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srovnani se skupinou 10-20 mg/dl (HR 2,764; 95%CI 2,37-3,20; P<0,001) i se skupinou 20-
40 mg/dl (HR 1,932 95%CI 1,64-2,23; P<0,001). Hladina BUN pfi pfijeti byla v univaria¢ni
analyze spojena s neptiznivou 28denni mortalitou (HR 1,013; 95%CI 1,012+1,014; P<0,001).

Optimalni vstupni hranice BUN pro kohortu eICU byla vypoctena na 23 mg/dl. Tato cut-off
hodnota byla spojena s 28denni mortalitou (HR 2,318; 95%CI 2,033-2,643; P<0,001)

nezavisle na dalSich parametrech. Tato zjiSténi jsou v souladu s analyzou dat ¢eského souboru.
Diskuse

Nasi studii se podafilo potvrdit, Ze vstupni hladina urey je nezavislym prognostickym
prediktorem 28denni celkové mortality kriticky nemocnych pacientl se sepsi a zda se, ze také
nezavislym na rendlni funkci. Cut-off hodnota BUN 23 mg/ dL odpovidd dosud
publikovanym zjisténim. Ackoli souvislost mezi zvySenou hladinou urey a neurohormonalni
reakci byla témét vyhradné odvozena z populace pacienti s kardio-renalnimi problémy,
domnivame se, Ze zvySena urea nezavisle na GFR miuze citlivé odraZet komplexni zakladni
patologické procesy, které se ptimo podileji na patofyziologii sepse. Kritické onemocnéni, a
zejména sepse, se navic vyznacuje hlubokym a Casto pietrvavajicim katabolickym stavem,
ktery v konecném disledku vede ke ztraté svalové hmoty a nervosvalové slabosti. V této
souvislosti miiZze zvySend hodnota BUN slouZit také jako ukazatel zavazného katabolismu pfi

sepsi.

Design této prace ma sva omezeni vyplyvajici z retrospektivni povahy analyzy. Rovnéz
nebyla vzata v tivahu fada faktord, které nemaji vztah k ledvindm a ovliviiuji plazmatickou
hladinu urey, jako je stav tekutin a vyZivy, jaterni syntéza mocoviny. Septicky stav je
dynamicky proces a analyza z jediného ¢asového bodu v dob¢ pfijeti na JIP poskytuje pouze
omezeny pohled, takZe prognostickd hodnota dynamickych zmén hladin urey zlstava

oteviena spekulacim.

Zavér

Nasi studii se podatilo potvrdit hypotézu, Ze inicidlni hladina urey mize byt jednoduchy a
uzitecnym markerem 28denniho neptiznivého vysledku u septickych nemocnych. K
vymezeni ulohy urey jako ukazatele neurohumoralniho a metabolického charakteru

kritického onemocnéni a k pochopeni mechanismu, které jsou podstatou pozorovanych

asociaci, a jejich klinického vyznamu jsou zapotiebi prospektivni studie.
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Abstract

risk of bias and quality of evidence.

Background: The effect of premorbid B-blocker exposure on clinical outcomes in patients with sepsis is not well
characterized. We aimed to examine the association between premorbid B-blocker exposure and mortality in sepsis.
Methods: EMBase, MEDLINE, and Cochrane databases were searched for all studies of premorbid B-blocker and
sepsis. The search was last updated on 22 June 2019. Two reviewers independently assessed, selected, and
abstracted data from studies reporting chronic B-blocker use prior to sepsis and mortality. Main data extracted were
premorbid B-blocker exposure, mortality, study design, and patient data. Two reviewers independently assessed the

Results: In total, nine studies comprising 56,414 patients with sepsis including 6576 patients with premorbid
exposure to B-blockers were eligible. For the primary outcome of mortality, two retrospective studies reported
adjusted odds ratios showing a reduction in mortality with premorbid B-blocker exposure. One study showed that
premorbid B-blocker exposure decreases mortality in patients with septic shock. Another study showed that
continued B-blockade during sepsis is associated with decreased mortality.

Conclusion: This systematic review suggests that B-blocker exposure prior to sepsis is associated with reduced
mortality. There was insufficient data to conduct a bona fide meta-analysis. Whether the apparent reduction in
mortality may be attributed to the mitigation of catecholamine excess is unclear.

Trial registration: PROSPERO, CRD42019130558 registered June 12, 2019,

Keywords: Sepsis, Mortality, Beta blockers, Systematic review

Introduction

The Sepsis-3 consensus defines sepsis as a life-threaten-
ing organ dysfunction caused by a dysregulated host re-
sponse to infection [1]. While our understanding of
sepsis pathophysiology is increasing, controversies in
haemodynamic management persist [2, 3]. The most re-
cent surviving sepsis guidelines recommend noradren-
aline as the first-choice vasopressor because of its
vasopressor and positive inotropic properties [strong
recommendation, moderate quality of evidence [4]]. In
contrast, the concept of ‘decatecholamisation’ emerged
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B BMC

in the last decade stemming from the recognized nega-
tive effects of catecholamines in sepsis [3, 5, 6]. Interest-
ingly, the P-adrenergic blockade has emerged as a
possible treatment option for blunting the adrenergic re-
sponse in early sepsis with potential effects on the
modulation of cardiogenic, metabolic, immunologic, and
coagulopathic derangements in sepsis [7].

Early administration of the short-acting p-blocker
esmolol in a recent trial showed a reduction in 28-day
sepsis mortality [8, 9]. Furthermore, some studies have
suggested a benefit of premorbid p-blocker exposure on
sepsis outcomes [10, 11]. Multiple systematic reviews
have since concluded that there is limited preliminary
evidence for the use of B-blockers during sepsis [12—14],
while others are skeptical [15]. However, to date, no
published systematic review exists on the effects of

© The Author(s). 2019, corrected publication 2019. Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 Intemational License (httpy/creativecommons.org/licenses/by/40/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source,

provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http/creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
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premorbid B-blocker exposure on sepsis outcomes, in-
cluding mortality. Therefore, we set out to systematically
examine the evidence from all human studies on pre-
morbid B-blocker exposure and sepsis.

Materials and methods

This study follows the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) guidelines [16] and
was registered with the international prospective register
of systematic reviews (PROSPERO; CRD 42019130558).
The MOOSE checklist is appended as Additional file 1:
Table S1.

Data sources and searches

Three databases, EMBase, MEDLINE, and Cochrane
were searched on 30 January 2019 for records dating
from database conception to the date of search that was
last updated on 22 June 2019. The search was only lim-
ited to human research. Duplicates were removed using
the Ovid platform and checked for any incorrect re-
moval. Hand searching from reference lists was also per-
formed. The full search strategy is appended as
Additional file 4: Figure S1.

Study selection

Inclusion criteria for this review were guided by the ‘Pa-
tient, Population, or Problem, Intervention, Comparison,
Outcome, Study Design or Setting’ (PICOS) framework
[17] (Table 1). Patients exposed to B-blockers prior to an
episode of sepsis or septic shock and were cared for in
the emergency department (ED) or intensive care unit
(ICU) were included in this review. Observational stud-
ies were eligible. Excluded were case studies/small series
(<20 patients overall) and review articles. The abstracts
were assessed by two investigators (KT, MH) independ-
ently, and disagreements were resolved with a third in-
vestigator (MN).

Data extraction and quality assessment

Data from eligible studies were independently extracted
by two investigators (KT, MH). Where required, study
authors were contacted directly to kindly provide

Table 1 'PICOS’ approach for selecting clinical studies in the
systematic search. PICOS Patient, Population, or Problem,

Intervention, Comparison, Outcome, Study Design or Setting
PICOS

Study characteristics

1. Participants Patients with sepsis and/or septic shock

2. Intervention Premorbid exposure to beta blockers

3. Comparison No premorbid exposure to beta blockers

4. Outcomes Mortality

5. Study design Prospective observatienal or retrospective

cohort studies

39

Page 2 of 12

missing research data. The Risk Of Bias In Non-random-
ized Studies - of Interventions (ROBINS-I) tool [18] was
used to independently assess (KQ, MH) the quality of
studies.

Data synthesis and analysis

Adjusted outcome data were combined using the inverse
variance method [19]. Heterogeneity between studies
was measured by Higgin’s and Thomson’s /> [20]. Statis-
tical analyses were performed using Review Manager
version 5.3 (Copenhagen: The Cochrane Collaboration,
2014)

Results

Study selection

The initial search returned 2128 abstracts, all in English.
Two thousand sixty-four abstracts were manually
screened after removal of 64 duplicates. After screening,
16 studies were initially selected for data extraction.
Where required, the corresponding authors were con-
tacted to obtain necessary data for statistical analysis.
Seven studies were excluded for not meeting all inclu-
sion criteria. The list of studies excluded is appended
(Additional file 2: Table S2). Overall, a total of nine
studies were found to be eligible, comprising 56,414 pa-
tients with sepsis, including 6576 patients with premor-
bid exposure to B-blockers (Fig. 1).

Characteristics and type of studies
All studies were retrospective cohort studies, and the
data were collected between 1999 and 2017.

The study populations described patients with sepsis,
severe sepsis, or septic shock in an ED [21] or ICU [10,
11, 21-26] setting. The definitions of sepsis, severe sep-
sis, septic shock, and premorbid p-blocker exposure var-
ied slightly across the studies, but were reasonable and
comparable to current definitions [1]. Two studies [10,
27] included patients with sepsis, severe sepsis, and sep-
tic shock, while seven studies [11, 21-26] included pa-
tients with severe sepsis and/or septic shock. One study
(Alsolamy et al) included patients > 14 years of age; all
other studies included adult (18years and above)
patients. Four studies by Sharma et al., de Roquetaillade
et al., Alsolamy et al., and Al-Qadi et al. were reported
as conference abstracts [22-25]. The characteristics of
the studies are appended (Table 2).

Risk of bias assessment

All observational studies of premorbid medication use
are at risk of bias because of confounding. Five studies
included in this review [10, 11, 24, 26, 27] were judged
to be of moderate risk of bias for the primary outcome
of mortality as they reported adjustment of confounding
variables via statistical analysis. Four studies [21-23, 25]
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2126 abstracts from literature search
2 abstract from hand searching

|

|64 duplicates removed |

|

|

| 16 full texts analysed

|2064 abstracts manually screened |—> 2048 abstracts excluded

|—

7 studies excluded for
not meeting inclusion criteria

9 studies included in final analysis
56414 patients with sepsis

including 6576 with premorbid beta blocker exposure

Fig. 1 Flow diagram of the study selection process

were judged as having serious risk of bias due to con-
founding as the authors did not perform statistical ana-
lysis to correct for confounders. The risk of bias
assessment using ROBINS-1 tool for each trial is
appended (Additional file 5: Figure S2) with reasonings
attached (Additional file 3: Table S3).

Primary outcome: mortality

The smallest study by Contenti et al. included 260 sepsis
patients. Results from that study showed a non-signifi-
cant decrease in 28-day mortality (35% vs 49%, p = 0.08;
Table 3). Using multivariate logistic regression, three
studies by Singer et al,, Macchia et al, and Hsieh et al.
reported mortality data as adjusted odds ratios [10, 11,
27]. Singer et al. reported a decrease in hospital mortal-
ity in patients with severe sepsis and septic shock (aOR =
0.69; 95% CI [0.62, 0.77]; Table 3). Subgroup analysis
between cardioselective B-blockers and non-selective p-
blockers showed that non-selective B-blockers were as-
sociated with lower hospital mortality, adjusted OR for
non-selective B-blockers (aOR =0.59; 95% CI [0.49,
0.71]) compared to cardioselective B-blockers (aOR =
0.73; 95% CI [0.65, 0.82]). Overall mortality rate for car-
dioselective p-blocker users was higher, cardioselective
B-blocker users vs. non-selective -blocker users (aOR =
1.23; 95% CI [1.11-1.36]). Hospital mortality was also

reduced across all age groups: between ages 65 and 74
(aOR = 0.64; 95% CI [0.52, 0.80]), between ages 75 and
84 (aOR=0.69; 95% CI [0.58, 0.83]), and above 85
(aOR = 0.73; 95% CI [0.60, 0.90]).

Macchia et al. reported a significant decrease in 28-
day mortality in patients with sepsis (aOR = 0.81; 95% CI
[0.68-0.97]; p = 0.025; Table 3). Subgroup analysis inves-
tigating the effect of age, gender, organ dysfunction, and
previous comorbidities did not alter the results. Adjust-
ment for previous medication used including calcium
channel blockers, amiodarone, angiotensin-converting-
enzyme inhibitors, diuretics, or any nonsteroidal anti-in-
flammatory drugs also did not alter the results. The au-
thors also conducted a propensity matching analysis,
which led to similar results (OR=0.72; 95% CI [0.57—
0.91]; p =0.04).

The study by Hsieh et al. showed that premorbid (-
blocker exposure was not associated with a significant
decrease in hospital mortality in patients with sepsis
and septic shock (aOR=0.89; 95% CI [0.76, 1.04]; p=
0.1484; Table 3). However, subgroup analysis of pa-
tients with septic shock showed that premorbid pB-
blocker exposure was significantly associated with de-
creased hospital mortality (aOR =0.68; 05% CI [0.56,
0.82]; p=0.0001). In patients without septic shock,
premorbid B-blocker exposure was associated with
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significantly higher mortality (aOR=1.16; 95% CI
[1.11, 1.21]; p<0.0001).

We compared the mortality data from the three stud-
ies that adjusted for potential confounders. Pooled ana-
lysis of the three studies showed an average odds ratio,
aOR=0.79 95% CI (0.67, 0.92), p =0.004; Fig. 2. How-
ever, there was substantial heterogeneity (i* = 74%) be-
tween the studies, indicating that a meta-analysis is
premature and that further studies and subgroup ana-
lyses are needed to validate the results.

Our systematic search also included grey literature in
the form of conference abstracts. Mortality data from
three studies reported as conference abstracts showed a
trend towards a decrease in mortality with premorbid B-
blocker exposure. However, the results were not statisti-
cally significant: de Roquetaillade et al. (ICU mortality;
35.7% vs. 37%, p=0.75), Alsolamy et al. (ICU mortality;
RR=0.94 (CL: 0.82-1.08), p=0.39), and Al-Qadi et al.
(21.3% vs 27.2%, p = 0.09) (Table 3). Of note, the study by
Alsolamy et al. included patients > 14 years old, while all
other studies only included adults. Another retrospective
study, reported as a conference abstract, involving 123
sepsis patients showed a non-significant increase in
mortality with premorbid -blocker exposure: Sharma et al.
(hospital mortality; 35.4% vs 32%, p = 0.70; Table 3).

One interesting study by Fuchs et al. investigated the
effect of continuing premorbid B-blocker use in patients
with severe sepsis and septic shock. This study included
296 patients on chronic B-blockers, in which B-blockade
was continued in 176 patients. Results showed that con-
tinuation of B-blockade during sepsis was associated
with decreased 28-day (28.7% vs. 41.1%, p = 0.04), 90-day
(40.7% vs. 52.7%, p=0.046), and hospital mortality
(35.3% vs. 48.1%, p=0.03) (Table 3). Survival analysis
also indicated that continuation of B-blockade during
sepsis is significantly associated with decreased mortality
(HR = 0.67; 95% CI [0.48, 0.95]; p = 0.03; Table 3).

Clinical parameters

Only four studies by Contenti et al. [21], de Roquetaillade
et al. [23], Sharma et al. [25], and Fuchs et al. [26]
provided clinical parameter data. However, reporting of
parameters was inconsistent. There was no significant

Page 8 of 12

difference in the requirements for vasopressor infusion
across all four studies. Contenti et al. and de Roquetaillade
et al. found that premorbid pB-blocker exposure was
associated with decreased heart rate; Sharma et al., did not
report heart rate data. Continuation of $-blockade during
sepsis was not associated with a decrease in heart rate in
the first 24 h [26]. Premorbid B-blocker use was found to
be associated with lower initial plasma lactate levels by
Contenti et al, but not by de Roquetaillade et al..
The continuation of -blockade during sepsis was associated
with lower plasma lactate levels in the first 24 h [26].

There were no significant differences in all other rele-
vant parameters including mean arterial pressure, Se-
quential Organ Failure Assessment (SOFA) score, Acute
Physiology and Chronic Health Evaluation (APACHE)-II
or III score, and incidence of mechanical ventilation.
The clinical parameter data are presented in Table 4.

Discussion

This is the first systematic review examining the role of
premorbid p-blocker exposure on mortality outcomes in
patients with sepsis. While there was not enough data to
conduct a meta-analysis, pooled adjusted odds ratio
from three studies indicated a potential decrease in mor-
tality associated with premorbid B-blocker use, albeit
with substantial heterogeneity. Our results provide pre-
liminary evidence of a potential association between pre-
morbid B-blocker use and mortality in sepsis and add to
the emerging evidence suggesting harmful effects of ad-
renergic stress on mortality in sepsis. We discuss the ef-
fects of premorbid B-blocker exposure on the adrenergic
response in early sepsis.

Cardiac dysfunction in sepsis is common and has
both systolic and diastolic components [5]. However,
only diastolic dysfunction seems to be associated with
mortality [28, 29]. While being on premorbid f-
blockers may reduce systolic function, the reduction
of adrenergic response in sepsis (decreasing heart
rate, prolongation of diastolic time, and improved
coronary perfusion) can lead to mitigation of diastolic
dysfunction [28, 29]. Further, the risks of myocardial
ischemia may be decreased due to reduced myocardial
oxygen consumption [14].

Premorbid BE No Premorbid BB

Study or Subgroup  log[Odds Ratio] SE Total Total Weight
Singer et al -0.3711 0.0546 2838 4001 38.1%
Hsieh et al -0.1165 0.0795 1040 32173 32.1%
Macchia et al -0.2107 0.0893 1061 8404  29.8%
Total (95% CI) 4939 44578 100.0%

Heterogeneity: Tau® = 0.02; Chi® = 7.59, df = 2 (P = 0.02); " = 74%
Test for overall effect: Z = 2.92 (P = 0.004)

Odds Ratio 0dds Ratio
1V, Randorm, 95% CI IV, Randorn, 95% CI
0.69 [0.62,0.77) ——®@—
0.89[0.76, 1.04]
0.81 [0.68, 0.96] —
0.79 [0.67, 0.92] e
0.7 0.8 ) i

i 5 1 1.2 1.5
Premorbid Beta Blocker No Premorbid Beta Blocker

Fig. 2 Adjusted odds ratio analysis via forest plot of sepsis mortality rates in studies comparing populations with premorbid 3-blocker (BB)
exposure to populations without premorbid B-blocker exposure. Horizontal bars represent 95% confidence intervals
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Patients with septic shock are often treated with large
doses of exogenous catecholamines for haemodynamic
stabilization. The most recent Surviving Sepsis Campaign
guidelines recommend using noradrenaline as the first-
line agent for vasopressor therapy, with adrenaline or low-
dose vasopressin as second-line agents [4]. Increased dos-
age and duration of noradrenaline administration has been
associated with higher incidence of new onset atrial fibril-
lation [3]. Excessive catecholamine levels may also play an
important role in sepsis-related cardiac dysfunction by
causing cardiomyopathy and cardiomyocyte necrosis [5,
7]. B-adrenergic blockade could reduce the amount of ex-
ogenous catecholamines used by restoring sepsis-induced
downregulation of B-adrenergic receptors [12, 30]. Four of
the included studies in this systematic review, however,
found that premorbid B-blocker exposure was not associ-
ated with a significant difference in vasopressor require-
ments during sepsis. Similarly, Fuchs et al. found that
continuing chronic beta blockers during acute phase of
sepsis is not associated with increased use of
catecholamines.

Interestingly, Singer et al. reported that patients with
premorbid exposure to non-selective [B-blockers had
lower mortality rates compared to patients with premor-
bid cardioselective B-blocker exposure [11]. This sug-
gests that B-blocker modulation of non-cardiac
adrenergic responses to sepsis may also have an import-
ant role. Furthermore, B-blockers may potentially posi-
tively modulate the disturbed autonomic (sympathetic-
parasympathetic) balance in sepsis [31].

Adrenergic response to sepsis induces a hypermeta-
bolic state characterized by increased energy expend-
iture,  hyperglycaemia, lipolysis proteolysis,
supressed ketogenesis, and negative nitrogen balance
resulting in eventual loss of lean body mass [32]. $2-ad-
renergic blockade appears to have the potential to re-
verse hyperglycaemia and reduce proteolysis [7]. For
example, the use of propranolol in children with severe
burns appears to attenuate hypermetabolism and reverse
muscle catabolism [33].

The immune system is also modulated by the adrener-
gic responses to sepsis [34]. The B-adrenergic system
regulates apoptosis, mitochondrial function, and inflam-
matory cytokine production. B-blockers influence the
pattern of cytokine synthesis with B1 blockers downreg-
ulating a proinflammatory response, whereas p2-antago-
nization seems to have an opposite effect, at least in
chronic heart failure [35].

In sepsis, f2-adrenergic stimulation selectively inhibits
CD4" lymphocyte Thl function and favours the Th2 re-
sponses that inhibit macrophage activation, T cell prolif-
eration, and proinflammatory cytokine production [7].
CD8" lymphocyte function may also be suppressed by

and

B2-adrenergic stimulation [36]. The derangement in
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lymphocytic function induced by catecholamines is thus
reminiscent of sepsis-induced immune suppression and
could even be considered as one of the mechanisms.
However, to date, the evidence for any beneficial use of
B-adrenergic blockade on immune function in sepsis has
been conflicting [7].

Sepsis results in a pro-thrombotic state with increases
in plasma tissue factor and von Willebrand factor levels
[37]. Platelets also express adrenergic receptors on their
surface [38]. However, there are conflicting effects of 1
and B2 pathways on platelet function [7]. The use of B-
adrenergic blockade led to decreased endothelial cell
damage in a murine model of shock coagulopathy [39].
This suggests that premorbid B-blocker therapy might
mitigate shock-induced endotheliopathy (SHINE), at-
tenuating sepsis-associated coagulopathy [40].

Nonetheless, multiple questions on the role of p-ad-
renergic blockade in sepsis remain unanswered. On top
of safety and efficacy concerns, the duration and dosage
at which B-blockade should be performed remain to be
elucidated. Furthermore, the timing of therapeutic p-ad-
renergic blockade initiation is also controversial. The re-
sults of our systematic review suggest that we should
not discount p-blockers during sepsis. Instead, we may
consider continuing chronic p-blockers and perhaps
introduce B-blocking drugs early in the sepsis manage-
ment, especially the non-cardioselective ones.

Strengths and limitations
This study analysed data from nine observational studies,
four of which were reported as conference abstracts.
There was not enough data to conduct a meta-analysis. By
nature of observational studies, systematic confounding
and risk of bias cannot be ruled out. The risk of bias can
be reduced by adjusted analysis. Analysis of pooled ad-
justed odds ratio revealed a significant decrease in sepsis
mortality with premorbid p-blocker exposure, but ad-
justed data were available only from three studies. Despite
the three studies providing data on the majority of pa-
tients included in this review, substantial heterogeneity is
present and residual confounding is likely. Potential
sources of confounding include the variable definitions of
premorbid B-blocker exposure used by the included stud-
ies, the appropriate prescription of B-blockers to all in-
cluded patients, and patient compliance to treatment.

The conclusions that can be drawn from this study are
also hampered by the lack of clinical parameter data, limit-
ing our ability to decipher the likely mechanism/s by which

premorbid B-blocker exposure may lower sepsis mortality.

Conclusion

This systematic review suggests that p-blocker exposure
prior to an episode of sepsis could have a role in redu-
cing sepsis mortality. More evidence, however, is needed
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to elucidate whether premorbid B-blocker treatment is
able to mitigate, and by what mechanism, the potentially
detrimental effects of endogenous or exogenous cate-
cholamines in early sepsis. Further appropriately pow-
ered and ideally prospective observational studies on
premorbid B-blocker exposure will be necessary to gen-
erate the required evidence.
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Association Between Premorbid Beta-Blocker
Exposure and Sepsis Outcomes—The
Beta-Blockers in European and Australian/
American Septic Patients (BEAST) Study

OBIJECTIVES: To examine the effect of premorbid p-blocker exposure on
mortality and organ dysfunction in sepsis.

DESIGN: Retrospective observational study.
SETTING: ICUs in Australia, the Czech Republic, and the United States.

PATIENTS: Total of 4,086 critical care patients above 18 years old with
sepsis between January 2014 and December 2018.

INTERVENTION: Premorbid beta-blocker exposure.

MEASUREMENTS AND MAIN RESULTS: One thousand five hun-
dred fifty-six patients (38%) with premorbid p-blocker exposure were
identified. Overall ICU mortality rate was 15.1%. In adjusted models, pre-
morbid fi-blocker exposure was associated with decreased ICU (adjusted
odds ratio, 0.80; 95% Cl, 0.66-0.97; p = 0.025) and hospital (adjusted
odds ratio, 0.83; 85% Cl, 0.71-0.99; p = 0.033) mortality. The risk re-
duction in ICU mortality of 160 was significant (hazard ratio, 0.B4, 954
Cl, 0.71-0.99; p = 0.037). In particular, exposure to noncardioselective
p-blocker before septic episode was associated with decreased mor-
tality. Sequential Organ Failure Assessment score analysis showed that
premorbid B-blocker exposure had potential benefits in reducing respira-
tory and neurologic dysfunction.

CONCLUSIONS: This study suggests that p-blocker exposure prior to
sepsis, especially to noncardioselective f§ blockers, may be associated with
better outcome. The findings suggest prospective evaluation of p-blocker
use in the management of sepsis.

KEY WORDS: beta-blockers; mortality; organ dysfunction; sepsis;
Sequential Organ Failure Assessment score

response to infection remains a major public health issue (1). Several

advancements in diagnostics, antimicrobial treatment, and supportive
care have led to declining mortality, but therapies preventing organ dysfunc-
tions are limited (2-4).

Catecholamines, in particular, norepinephrine, remain the mainstay of therapy
for circulatory dysfunction despite concerns regarding several negative effects
associated with their use, including association with hyperglycemia, hyperlac-
tatemia, and immunosuppressive dysfunction (5). Excessive vasopressor use
has also been associated with increased sepsis mortality due to beta-adrenergic

S epsis, a life-threatening organ dysfunction caused by a dysregulated host

Critical Care Medicine

Kaiquan Tan, MD'

Martin Harazim, MD?

Andrew Simpson, MB BS*

Yi Chern Tan, BSc*

Gunawan Gunawan, MD®
Kristy P. Robledo, PhD®
Christina Whitehead, RN?
Benjamin Tang, MB BS, PhD'"
Anthony Mclean, MD, PhD?2
Marek Nales, MD, PhD'=

Copyright € 2021 by the Society of
Critical Care Medicine and Wolters
Kluwer Health, Inc. Al Rights
Reserved,

DOz 10.1087/CCM. 0000000000005 034

www.comjournal.org 1493

Copyright @ 2021 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

50



Tan at al

receptor mediated cardiotoxicity (6-8). Recently, the
concept of “decatecholaminization” via beta-blockade
has emerged, proposing to limit the endogenous ad-
renergic response and the administration of exogenous
catecholamines to improve sepsis outcomes (9-11). In
a study by Morelli et al (12, 13), the administration of
esmolol during sepsis resulted in a reduction in 28-day
mortality in a single-center randomized control trial,
providing support for such concept.

Dysglycemia during sepsis has also been linked to
poor outcomes in sepsis, with both stress hyperglycemia
and hypoglycemic episodes associated with increased
mortality (14). Theoretically, beta-blockers can con-
tribute not only to hypoglycemia by inhibiting hepatic
gluconeogenesisand glycogenolysisbutalsoto hypergly-
cemia by inhibiting pancreatic release of insulin (15, 16).
Preclinical studies have shown that beta-blockade
improves glycemic control in sepsis (17). Data on how
beta-blockers affect glycemic control during sepsis in
humans, however, remain scarce.

Support for beta-blocker therapy during sepsis has
been presented in multiple systematic reviews (18-20),
but some arguments against remain (21). In a system-
atic review by our research group, we showed that pre-
morbid beta-blocker exposure was associated with
decreased mortality (22). This retrospective cohort
study (the Beta-blockers in European and Australian/
American Septic paTients study) was undertaken to
further examine the effect of premorbid beta-blocker
exposure on sepsis outcomes, with renewed focus on
beta-blocker subclasses, organ dysfunction, and gly-
cemic control.

MATERIALS AND METHODS

This retrospective cohort study follows the Strengthening
the Reporting of Observational Studies in Epidemiology
Statement guidelines (23) (Table S1, hitp://links.lww.
com/CCM/G372). The study was registered by the ethics
committee at Nepean Hospital (LNRI8/NEPEAN/90).
Informed consent was not required for retrospective
analysis of clinical data.

Study Population

This multicenter study included patients from Nepean
Hospital {Kingswood, NSW, Australia), the medical ICU
at University Hospital Plzen (Pilsen, Czech Republic),
and publicly available data from the eICU Collaborative

1494
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Research Database (24). The eICU database details
139,367 unique admissions across 335 ICUs in 208 hos-
pitals throughout the United States (24). Adult patients
admitted to ICU for sepsis between January 2014 and
December 2018 were included in this study. Only the first
episode of sepsis was included to account for increased
mortality associated with recurrent sepsis (25, 26). For
the Nepean and Pilsen cohorts, patients with sepsis were
selected according to the Sepsis-3 consensus definition
(1). For the eICU cohort, patients were selected accord-
ing to their Infernational Classification of Diseases, 9th
Edition (ICD-9) diagnosis codes (038.9, 995.91, and
995.92 for sepsis or 785.52 for septic shock). Premorbid
drug exposure data were collected from patients’ elec-
tronic medical records. We excluded patients who had
been prescribed more than one beta-blocker concur-
rently for nonstandard therapy.

Quicomes

The primary outcome for this study was mortality;
measured at two timepoints: ICU mortality and
hospital mortality. Secondary outcomes included
the frequency of hypoglycemia (< 40 mg/dL) or hy-
perglycemia (> 198 mg/dL) episodes, peak lactate
levels during the first 24 hours, organ dysfunction
(Sequential Organ Failure Assessment [SOFA] score)
measured at day 1 and day 3, the frequency of shock,
overall mechanical ventilation, renal replacement
therapy rates over the course of the sepsis episode,
and ICU length of stay (14).

Statistical Analysis

Raw Acute Physiology and Chronic Health Evaluation
(APACHE) IV (Nepean and eICU cohorts) and
APACHE II (Pilsen cohort) scores were converted to
z scores for each cohort separately. This allowed for di-
rect comparison and to account for variations between
study cohorts. Multivariate logistic regression was per-
formed to analyze the association between premorbid
beta-blocker exposure and mortality. Confounders in-
cluded as covariates in the model included age, gender,
APACHE z score, ICU type (mixed vs nonmixed), and
admission weight. The covariates were selected based
on relevance to the research question and scientific
plausibility (27-30). Using the same methods, analysis
was performed on cardioselective beta-blockers, non-
cardioselective beta-blockers, and selected individual
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beta-blockers. Cardioselective beta-blockers in this
study include acebutolol, atenoclol, bisoprolol, betax-
alol, metoprolol, and nebivolol. Noncardioselective
beta-blockers in this study include carvedilol, labet-
alol, nadolol, propranolol, and sotalol.

Model validation was performed by calculation
of C-index (area under the receiver operator curve),
Hosmer-Lemeshow goodness of fit test, Akaike infor-
mation criterion (AIC), and Nagelkerke pseudo-R.
Calibration plots were obtained using the givitiR pack-
age for R (31).

Further sensitivity analysis was performed via propen-
sity score matching. Using the Matchlt package (v3.0.2)
(cran.r-project.org) a 1:1 match using the aforementioned
covariates was generated via the nearest neighbor match-
ing algorithm, without replacement, and a calliper size
of 0.25 of the sD of the propensity score (32). Balance in
the covariates after matching was analyzed by standard-
ized mean difference (SMD; imbalance = SMD > 0.10),
jitter plot, and love plot analysis (33). Survival analyses
was also conducted via Cox hazard regression modeling
and Kaplan-Meier analysis. Statistical analyses were per-
formed using R v3.6.1 (The R Foundation, http://R-proj-
ect.org) and SPSS v26 (IBM, New York, NY).

RESULTS

Baseline Characteristics

From all three cohorts, we identified a total of 12,975
patients with sepsis, out of which 4,086 patients were in-
cluded in the study. These included 391 patients from the
Nepean cohort, 745 patients from the Pilsen cohort, and
2,950 patients from the eICU cohort. Eight-thousand
eight-hundred seventy-seven patients with sepsis from
the eICU cohort were excluded due to lack of premorbid
medication data. A further 12 patients (11 from eICU
and 1 from Pilsen) were excluded from the study due to
concurrent prescription of two or more beta-blockers.

Septic shock was diagnosed in 502 patients (12.2%).
Altogether, 1,556 patients (38%) with premorbid beta-
blockers exposure were identified. Out of these, 1,153
(74%) were exposed to cardioselective beta-blockers,
with metoprolol being the most common and 403 (26%)
to noncardioselective beta-blockers, with carvedilol the
most common. Demographic and clinical characteristics
of the study population are appended in Table 1. Patient
comorbidity data are presented in Table S2 (http://links.
Iww.com/CCM/G372).

Critical Care Medicine

Primary Outcome: Mortality

Unadjusted analysis showed that premorbid beta-
blocker exposure was not associated with a signifi-
cant decrease in ICU (odds ratio [OR], 0.88; 95% CI,
0.73-1.05; p = 0.145) and hospital (OR, 0.94; 95% CI,
0.80-1.09; p = 0.42) mortality. After adjusting for con-
founders, multivariable logistic regression analysis
suggested that premorbid beta-blocker exposure was
associated with decreased ICU (adjusted OR [aOR],
0.80; 95% CI, 0.66-0.97; p = 0.025) and hospital (aOR,
0.84; 95% CI, 0.71-0.99; p = 0.033) mortality (Table 2).

Sensitivity Analysis

Subgroup analysis was performed comparing cardi-
oselective beta-blockers and noncardioselective beta-
blockers. Multivariable regression analysis showed
that cardioselective beta-blocker exposure was not
associated with decreased ICU (aOR, 0.88; 95% CI,
0.72-1.08; p = 0.23) and hospital (aOR, 0.89; 95% CI,
0.75-1.07; p = 0.22) mortality. Noncardioselective BB
exposure was associated with decreased ICU (aOR,
0.59; 95% CI, 0.41-0.85; p = 0.005) and hospital (aOR,
0.68; 95% CI, 0.51-0.92; p = 0.013) mortality (Table 2).
In particular, premorbid exposure to carvedilol was
associated with decreased ICU (aOR, 0.46; 95% CI,
0.29-0.73; p = 0.001) and hospital (aOR, 0.64; 95% CI,
0.46-0.91; p = 0.013) mortality (Table 2). Full results
for all covariates are available (Tables S3-514, http://
links.lww.com/CCM/G372). The model fit for all mul-
tivariate regression models was good as examined via
C-index, Hosmer-Lemeshow test, AIC, and Nagelkerke
pseudo-R? (Table §15, hitp://links.lww.com/CCM/
G372). Examination of the calibration plots showed
acceptable model fitting across all fitted models except
an underestimation of ICU mortality with premorbid
exposure to cardioselective beta-blockers (Fig. S1,
http://links.Iww.com/CCM/G372).

Further subgroup analysis was conducted for each
of the three patient cohorts separately and for each
sepsis definition (ICD-9 and Sepsis-3). We did not
observe significant reductions in mortality with pre-
morbid beta-blocker exposure in either of the indi-
vidual cohorts or cohorts based on sepsis definition
(Tables 516-523, http://links.Iww.com/CCM/G372).
Patients with and without septic shock were also ana-
lyzed as separate subgroups. In patients without septic
shock, premorbid exposure to beta-blockers was
1495
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TABLE 1.

Baseline Characteristics and Clinical Outcomes of the Beta-Blockers in European and
Australian/American Septic paTients Cohort

Premorbid No Premorbid
Beta-Blocker Beta-Blocker
Exposure Exposure
Variables (n = 1,556; 38.1%) (n=2,530; 61.9%)
Age, yr, mean (sp) 66.4 (15.7) 70.2 (12.5) 63.9 (16.4) < 0.001
Gender, male, n (34) 2,229 (55.4) 854 (54.9) 1,368 (54.1) 0.61
Admission weight (kg), mean (so) 82.7 (20.9) 84.1 (26.8) 81.8 (31.8) 0.01
Septic shock, n (%) 501 (12.3) 152 (9.8) 349 (13.8) < 0.001
ICU type (mixed) n () 2,361 (57.8) 877 (56.4) 1,484 (58.7) 0.15
Acute Physiology and Chronic -0.13 -0.06 =0.17 0.001
Health Evaluation z score, (-0.69 to 0.56) (—0.68 to 0.56) (—0.79 to 0.58)

median (interquartile range)®
Beta-blockers, n (%)

Cardioselective® 1,168 (74.1) 1,153 (74.1) = =
Moncardioselective® 403 (25.9) 403 (25.9) = =
Atenolol 151 (9.7} 151 (9.7) - -
Acebutolol 2 (0.1) 2 (0.1) - -
Bisoprolol 82(5.3) 82 (5.3) = =
Betaxalol 20 (1.3} 20 (1.3) = =
Carvedilol 309 (19.9) 300 (19.9) - -
Labetalol 20 (1.3) 20 (1.3) - -
Metoprolol 866 (565.7) 866 (55.7) - -
Madolol 16 (1.0) 16 (1.0) - -
Nebivolol 21(1.8) 21 {1.3) = =
Propranolol 35 (2.2) 35 (2.2) = =
Sotalol 34 (2.2) 34 (2.2) - -

*Acute Physiology and Chronic Health Evaluation (APACHE) z scores derived from APACHE IV scores for Mepean and elCU Collabora-
tive Reszearch Database cohorts and APACHE |l scores for Pilsen cohort.

"Cardioselective beta-blockers include acebutolal, atenclol, biscprolol, betaxalal, metoprolal, and nebivalel,

*Noncardioselective beta-blockers include carvedilol, labetalol, nadelol, propranclol, and sotalol,

Dashes indicate no significance.

associated with a decrease in hospital mortality (aOR, reduction in mortality, but the results did not achieve
0.82; 95% CI, 0.68-0.98; p = 0.03) but not ICU mor-  significance (Tables $26 and 27, http://links.lww.com/
tality (aOR, 0.82; 95% CI, 0.67-1.02; p = 0.07) (Tables CCM/G372).

524 and 25, http://linksIww.com/CCM/G372). In Further sensitivity analysis was performed via pro-
patients with septic shock, we observed a trend toward  pensity score matching. One-thousand five-hundred
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TABLE 2.

Mortality Outcomes Comparing Premorbid Exposure With No Premorbid Exposure to
Beta-Blockers

ICU Mortality Hospital Mortality
Variables a0oR (95% CI) P aoR (95% Cl) P
Beta-blocker 0.8 (0.66-0.97) 0.03 0.84 (0.71-0.99) 0.03
Cardioselective beta-blocker 0.88 (0.72-1.08) 0.23 0.89 (0.75-1.07) 0.22
Noncardioselective beta-blocker 0.59 (0.41-0.856) 0.005 0.68 (0.51-0.92) 0.01
Atenolol 0.84 (0.51-1.38) 0.49 0.96 (0.63-1.45) 0.84
Carvedilol 0.46 (0.29-0.73) 0.001 0.64 (0.46-0.91) 0.01
Metoprolol 0.81 (0.64-1.02) 0.08 0.83 (0.68-1.02) 0.08

a0R = adjusted odds ratio.
Covariates adjusted for include age, gender, admission weight, ICU type (mixed vs nonmixed), Acute Physiclogy and Chronic Health
Evaluation z score,

fifty-five unique pairs were created after matching. across all three cohorts. Premorbid beta-blocker expo-
Baseline characteristics of the matched cohort were sure was associated with higher day 1 Pao /Fio, ratio
not significantly different (Table S28, http://links. (204.5 vs 170mm Hg; p = 0.004), higher day 1 creatinine
Iww.com/CCM/G372). Love plot and jitter plot anal-  levels (179 vs 150.1 wmol/L; p = 0.004), and lower day 3
ysis were performed for balance diagnostics (Fig. §2, norepinephrine requirements (0.11 vs 0.17 pg/kg/min,
http://links.lww.com/CCM/G372). Results for pre- p=0.001) (Table 3). At both day 1 and day 3, Glasgow
morbid beta-blocker exposure and mortality outcomes ~ Coma Scale (GCS) and mean arterial pressures were con-
were similar to the whole cohort; ICU mortality (aOR,  sistently higher with premorbid beta-blocker exposure
0.78; 95% CI, 0.64-0.96; p = 0.02) and hospital mor-  (Table 3). There were no significant differences in overall

tality (aOR, 0.83; 95% CI, 0.70-0.99; p = 0.036). SOFA scores. There were also no significant differences in
the evolution of organ dysfunction between day 1 and 3,
Survival Analysis as represented by mean ASOFA (beta-blocker exposure

vs no beta-blocker exposure: mean [sD], -0.84 (3.38) vs
We performed survival analysis using the Kaplan- 53 [375]; p = 0.37) or median ASOEA (beta-blocker
Meier method. In the unmatched cohort, there were exposure vs no beta-blocker exposure: median [inter-
no significant differences in ICU discharge mortality quartile range], -1 [-3 to 1] vs -1 [-3 to 2]; p = 0.22).
(beta-blocker exposure vs no beta-blocker exposure:
14.0% vs 15.7%; p = 0.191) (Fig. 1A4). After propensity
score matching, ICU discharge mortality was signifi-
cantly decreased with premorbid beta-blocker expo- Secondary clinical outcomes included ICU length of
sure (14.0% vs 17.1%: log-rank p = 0.018) (Fig. 14). stay, frequency of hypoglycemia or hyperglycemia epi-
Cox hazard regression analysis showed that premorbid ~ sodes, peak lactate levels during the first 24 hours, in-
beta-blocker exposure was associated with a 16% risk  cidence of shock and mechanical ventilation, and renal
reduction in ICU mortality (hazard ratio, 0.84; 95% CI,  replacement therapy rates. Mechanical ventilation rates
0.71-0.99, p = 0.037) (Fig. 1B). (23.7% vs 28.8%; p < 0.001) and the frequency of septic
shock (9.8% vs 13.8%; p < 0.001) were lower with pre-
morbid beta-blocker exposure (Table4). Renal replace-
ment therapy rates were not significantly higher with
The number of patients with valid SOFA scores forday 1  premorbid beta-blocker exposure (9.1% vs 7.4%; p =
and day 3 of ICU admission was 940 and 564, respectively,  0.053). First 24-hour serum blood glucose levels were

Secondary Outcomes: Clinical Variables

Secondary Outcomes: Organ Dysfunction
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Figure 1. Sunival analyses (A) Kaplan-Meier curve for ICU discharge martality, before and after propensity score matching (B) Cox
hazard regression analysis for |CU discharge mortality, before and after propensity score matching, AIC = Akalke information criterion,

available for 1,674 patients (41.1%). There were no sig-
nificant differences in incidence of hypoglycemia or hy-
perglycemia in the first 24 hours of admission (Table 4).
Premorbid beta-blocker exposure was not significantly
associated with serum lactate levels or ICU length of
stay (Table 4).

DISCUSSION

This retrospective cohort study using data from three
countries suggests that premorbid beta-blocker expo-
sure may be associated with decreased mortality in
sepsis. Our results are in line with a growing body of
research highlighting the potential use of beta-blockers
in the management of sepsis (13, 27, 28, 34-41). To the
best of our knowledge, this is the first study to investi-
gate the effect of premorbid beta-blocker exposure on
organ dysfunction, glycemia, and lactatemia in sepsis.
Our study results showed that premorbid expo-
sure to beta-blockers, in particular noncardioselective

1498
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beta-blockers, may be associated with decreased mor-
tality in sepsis. This is in line with a previous study by
Singer et al (27), which also showed that premorbid
exposure to noncardioselective beta-blockers had a
greater mortality benefit over cardioselective beta-
blockers in sepsis. Although the exact mechanisms
are not well understood, preclinical studies have
demonstrated potential beneficial effects of noncar-
dioselective beta-blockers on bone marrow cytokine
expression, autophagy induction, and also renoprotec-
tive effects in murine models (42-44). Interestingly,
the use of short acting and cardioselective beta-blocker
esmolol after the onset of sepsis was associated with
decreased mortality (12, 13). Although it is possible
that the negative chronotropic effects of esmolol pro-
tected myocardium from catecholamine excess and
improved mortality, premorbid beta-blocker exposure
may have other effects.

Beyond their cardioprotective effects, beta-block-
ers have wide ranging effects on metabolic and
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TABLE 3.

Sequential Organ Failure Assessment Score and Clinical Variables

Day 1 of ICU Admission

No Premorbid

Day 3 of ICU Admission

Mo Premorbid

Premorbid Premorbid
Beta-Blocker Beta-Blocker Beta-Blocker Beta-Blocker
Exposure Exposure Exposure Exposure
Variables (n =298) (m = 642) (n=181) (n=383)
Respiratory system
Pao /Fio, {mm Hg), median 2045 170 0.004 214 226 0.37
{interquartile range) (121.3-300.6) (95.3-286) (154.3-285) (136.7-293)
Respiratory SOFA, 2.12 (1.09) 2.33 (1.20) 0.008 2.08 (0.88) 2.12 (0.89) 0.65
mean (S0}
Coagulation
Platelets (1 x 107), median 176.5 176.5 0.99 153 (80-224) 140 (56-223) 0.44
{interquartile range) (109.5-246.3)  (100.8-266.0)
Coagulation SOFA, 0.72 (1.12) 0.84 (1.23) 0.15 0.97 (1.2) 1.21 {1.36) 0.03*
mean (50)
Nervous system
Glasgow Coma 13 (3-15) 9 (3-15) 0.004 14 (6-15) 9 (3-14) 0.002
Scale, median
(interquartile range)
MNeurologic SOFA, 1.86 (1.7) 216 (1.71) 0.01 1.75 (1.63) 2.27 {1.81) <0.001
mean (s0)
Kidneys
Creatinine (pmol/L), median 179 15041 0.004 137 124 (76-223) 0.28
(interquartile range) (100.8-323.5) (90.8-272.3) (86.5-280.5)
Renal SOFA, mean (sD) 1.74 (1.43) 1.43(1.34) 0.001 1.4 (1.4) 1.12(1.2) 0.02
Liver
Bilirubin (pmel/L), median 12 (8-23.2) 14 (B-25) 0.071 11 (7-22) 12 (8-29) 0.33
(interquartile range)
Hepatic SOFA, mean (50}  0.46 (0.83) 054 (0.91) 0.21 051 (0.94) 0.6 (0.94) 0.32
Cardiovascular system
Mean Arterial Pressure 65 (68-72) 63.0 (67-72) 0.031 70 (65-75) 68 (62-74) 0.03
{mm Hg), median
(interquartile range)
Morepinephrine 0.2 0.24 015 0.11 0.17 (0.08-0.4) 0.001
equivalents total® (0.1-0.44) {0.12-0.56) {0.06-0.26)
{ng/kg/min), median
(interquartile range)
Cardiovascular SOFA, 3.35 (1.12) 3.35(1.18) 1.00 3.04 (1.22) 3.07 (1.33) 0.8
mean (50)
SOFA score, mean (so) 10.47 (3.64) 10.82 (3.8) 0.18 10.27 (4.19) 10.79 (4.54) 0.19
S0FA = Sequential Organ Fallure Assessment
"Wasopressin and epinephrine doses were converted fo their norepinephrine equivalents.
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TABLE 4.
Clinical Outcomes

Total

Variables (n=4,0886)
First 24 hr peak lactate level 1.6 (1.04-2.6)

(mmal/L), madian

(interquartile range)
Hypoglycemia, n (%) 29 (1.7)
Euglycemia, n (3t} 1,294 (77.3)
Hyperglycemia, n (%) 356 (21.3)
Mechanical ventilation, n (%) 1,091 (26.8)
Renal replacement therapy, n (%) 321 (8)

ICU length of stay (d), median 2.90 (1.59-5.96)

(interquartile range)
ICU mortality, n (36) 615 (15.1)
Hospital length of stay (d), 8.4 (4.6-15.9)
median (interquartile range)
Hospital mortality, n (36) 886 (21.7)

Premorbid No Premorbid
Beta-Blocker Beta-Blocker
~ Exposure ~ Exposure
(n =15586; 38.1%) (n =2,530; 61.9%)
1.5 (1-2.4) 1.6 (1.1-2.7) 0.20
7(1) 22 (2.2) 0.08
505 (75.5) 789 (78.5) 0.16
157 (23.5) 199 (19.8) 0.07
367 (23.7) 724 (28.8) < 0.001
139 (9.1) 182 (7.4) 0.05
3.31 (1.80-6.74) 3.36 (1.78-6.98) 0.49
218 (14) 397 (15.7) 0.14
8.42 (4.75-15.37) 8.4 (4.45-186) 0.99
327 (21) 559 (22.1) 0.42

haemostatic functions (8). The immune modulatory
effect of beta-blockers is thought to be indirect, via the
blockade of catecholamine mediated beta-adrenergic
receptor pathway activation (8). This provides mech-
anistic backing for the concept of “"decatecholamiza-
tion” However, whether catecholamines exert, and
hence whether beta-blockade confers an anti-inflam-
matory or proinflammatory response during sepsis
remain debated and likely depend on timing of admin-
istration (45, 46). Nonetheless, in our study, the lower
incidence of shock, respiratory, and neurologic failure
observed in our patients may represent such modula-
tory effects on sepsis driven inflammation, immune
response, and organ dysfunction (45, 47, 48). On the
other hand, given the worse baseline renal function in
our study population, beta-blockers prescription may
be more common in patients with the recently sug-
gested P phenotype of sepsis, who tend to have lower
mortality (49).

The wide gamut of physiologic effects of beta-
blockers could be further examined by the dysfunc-
tion of individual organ systems during sepsis. Our
study highlighted possible benefits on respiratory
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and neurologic function, but not on renal function.
Interestingly, mean arterial pressure was significantly
higher with premorbid beta-blocker exposure, and
there was a reduction in vasopressor requirements on
day 3 of admission, suggesting faster shock resolution.
In line with previous research, we did not notice a re-
lationship between premorbid beta-blocker exposure
and initial serum lactate levels (50). We were unable
to access further hemodynamic parameters across all
three cohorts. Theoretically, beta-blockers have the
potential to contribute to both hypoglycemia and hy-
perglycemia. We did not observe, however, any associ-
ation between beta-blocker exposure and episodes of
hypoglycemia or hyperglycemia. In summary, our data
suggest that although there may be some cardiopro-
tective effects of beta-blockers during sepsis (21), the
modulation of other organ functions might play a role
in reducing sepsis mortality.

As with all studies dependent on administrative
data for retrospective analysis, our study has some
limitations to be considered. Our study is dependent
on data integrity, including the accuracy of GCS and
SOFA score calculations which can exhibit a degree
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of interoperator variability (51). Due to the lack of re-
corded variables, SOFA scores on day 3 of admission
were not available for all patients, in particular in the
elCU database. Further prospective studies would be
needed to fully examine the effect of premorbid beta-
blocker exposure on organ dystunction throughout the
course of sepsis. Beyond identification of beta-blocker
prescriptions prior to sepsis, we were not able to ascer-
tain the duration of the prescription or compliance to
treatment. Nonetheless, poor compliance would exert
a bias toward the null and blunt the mortality benefits
observed in this study. The lack of preadmission medi-
cation data also greatly reduced the number of patients
with sepsis that could be included in this study.

Given that this study only looks at premorbid beta-
blocker exposure, we are unable to account for the po-
tential variations in treatments received by patients that
could have affected mortality outcomes, in particular a
potential for “referral bias,” where frail patients on beta-
blockers may be referred to ICU earlier. Furthermore, we
were unable to obtain a complete medication list for all
patients in the study, precluding analysis of drugs com-
monly prescribed alongside beta-blockers. Although
not standard practice, we did not have data on whether
beta-blocker treatment was continued any of our patient
population during the episode of sepsis. Nonetheless, a
previous study by Fuchs et al (38) showed that contin-
uation of beta-blockade during sepsis was associated
with decreased 28-day and hospital mortality. Last, we
were unable to account for any potential socioeconomic
factors that may be associated with premorbid beta-
blocker prescription and sepsis outcomes such as bet-
ter access to healthcare, improved living standards, and
closer monitoring of diet and exercise.

CONCLUSIONS

In this multicenter cohort study, we found that pre-
morbid beta-blocker exposure may be associated
with decreased adjusted ICU and hospital mortality.
Interestingly, the association seemed mainly attribut-
able to noncardioselective beta-blockers. Whether the
observed lower incidence of shock, respiratory, and
neurologic failure represent reduced inflammation in
septic patients on premorbid beta-blockers requires
further study. There was no evidence of an association
between premorbid beta-blocker exposure and gly-
cemic control during the first 24 hours of sepsis. This

Critical Care Medicine

study adds to growing evidence for further prospective
clinical trials to investigate the potential use of beta-
blockers in the management of sepsis.
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Blood urea nitrogen - independent marker of mortality in sepsis

Martin Harazim®®¢, Kaiquan Tan®, Marek Nalos*<, Martin Matejovic*

Background. This retrospective study examines the relationship between admission Blood Urea Nitrogen (BUN) levels
and clinical outcomes in patients with sepsis from two separate cohorts in the Czech Republic and the United States.
Methods. The study included 9126 patients with sepsis between January 2014 and December 2018. Kaplan-Meier
survival curves and Cox regression were used to analyse the data. An optimal cut-off was calculated by means of the
Youden-Index.

Results. BUN at ICU admission was categorized as 10-20, 20-40 and >40 mg/dL. Comparing the group with the high-
est BUN levels to the one with lowest levels, we found HR for 28 days mortality 2.764 (Cl 95% 2.37-3.20; P<0.001). We
derived an optimal cut-off for prediction of 28 days mortality of 23 mg/dL. The association between BUN and 28 days
mortality remained significant after adjusting for potential confounders - for APACHE IV (HR 1.374; 95%Cl 1.20-1.58;
P<0.001), SAPS2 (HR 1.545; 95%Cl 1.35-1.77; P<0.001), eGFR (HR 1.851; 95%Cl 1.59-2.16; P<0.001) and several other
variables in an integrative model.

Conclusions. Our findings support the BUN level as an independent and easily available predictor of 28 days mortality
in septic critically ill patients admitted to an ICU.
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BACKGROUND METHODS

BUN is a readily available biomarker that has been  Study subjects

demonstrated to be an independent risk factor for the The multi-centre study included patients from the med-
prognosis across a broad spectrum of patient populations  ical ICU at Teaching Hospital Pilsen (Czech Republic),
including decompensated heart failure, acute myocardial  and publicly available data from the eICU Collaborative
infarction, aortic dissection, acute pancreatitis and gen-  Research Database". We collected data from elCU-CRD
eral critical illness'®. Of note, several studies documented ~ v2.0 in accordance with the ethical standards of the in-
that BUN levels are associated with adverse outcome  stitutional review board of the Massachusetts Institute of
independently of renal function”™''. Although the exact Technology (no. 0403000206) and with the 1964 Helsinki
pathophysiological mechanism underlying this association  declaration and its later amendments. eICU-CRD covers
is unclear, biologically plausible hypotheses have been 200,859 ICU admissions in 2014 and 2015 of 139,367
postulated and BUN has been labelled as a sensitive index  patients at 208 U.S. hospitals. The database is maintained
of neurohormonal activation over and above any decline by the Laboratory for Computational Physiology at the
in renal filtration functions'?. Thus, the value of BUN  Massachusetts Institute of Technology. For the Czech co-
as a strong indicator of prognosis and its role as a surro-  hort, adult patients admitted to ICU for sepsis between
gate marker of key pathogenetic factors are emerging but ~ January 2014 and December 2018 were included. Data
more experimental, epidemiological and clinical data are ~ were extracted from computerized medical database
required”. In this context, this retrospective study is the  (Medicalc, version 5.86, Plzen, Czech Republic). Only
first by a large clinical database to evaluate the prognostic  the first episode of sepsis was included to account for in-
value of BUN on admission in critically ill patients with  creased mortality associated with recurrent sepsis'®. 8366
sepsis. patients were enrolled in this study. Inclusion criteria were

ICD code A41.9 and a documented BUN at admission.

The primary endpoint of the study was 28 days mortal-

ity. We excluded repeat ICU stays and patients under 18.
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Statistical analysis

Values reported are means * standard deviations.
Differences between independent groups were calculated
using one-way ANOVA. Independent Student's t-test and
the Mann-Whitney U test were used to compare con-
tinuous parameters. Pearson's x> was used to evaluate
categorical variables. Correlation coefficients represent
Spearman's rho.

28 days mortality was assessed by both univariate and
multivariate logistic regression. Univariate and multivari-

ate Cox regression analysis was used to evaluate and to
adjust for cofounding factors for long-term mortality.
Candidate covariates for multivariable modelling were
obtained by screening all baseline variables with miss-
ing data <5% and a univariate association with mortality
(P<0.001). Elimination criterion was a £ of more than
0.20. Two-tailed P<0.05 were considered significant.
Kaplan-Meier curves for death from any cause were plot-
ted for the 3 combinations of BUN groups and signifi-
cance was tested using the log-rank statistic.

Table 1. Demographics of elCU patients.

elCU BUN 0-20 BUN 20-40 BUN > 40 all P

n 2718 std 3099 std 2489 std 8366 std

Age (year) 58.6 17.3 68.2 14.9 69.4 14.1 65.4 16.2 <0.001
Weight (kg) 80.0 26.9 83.5 31.7 84.9 28.4 82.8 29.3 <0.001
APACHE IV (pts) 55.2 220 72.17 24.6 86.0 26.1 70.8 274 <0.001
SAPS II (pts) 44.7 20.4 58.2 239 71.1 25.6 57.6 256  <0.001
MAP (mmHg) 79.6 40.5 76.1 42.5 757 44.8 71.1 426  <0.001
HR (/min) 114.0 27.6 1115 292 109.6 2986 111.8 28.8 <0.001
WBC (x10°/L) 13.6 8.5 15.1 10.6 16.9 13.5 15.1 11.0 <0.001
BUN (mg/dL) 12.8 4.2 28.9 6.0 64.7 25.0 34.2 25.4 <0.001
Creatinine (mg/dL) 759 43.7 1459 103.1 305.4 211.6 170.1 162.8  <0.001
BUN/creatinine (mmol/mmol) 91.2 46.7 123.1 724 133.8 87.9 115.7 721 <0.001
Male gender 1267 1640 1422 4329 <0.001
eGFR MDRD (mL/min/1.73m?)  102.1 62.7 54.8 45.9 25.1 20.3 61.7 56.0 <0.001

Significant P values (<0.001) are highlighted in bold text.

SAPS 11, Simplified Acute Physiology Score; MAP, mean arterial pressure; eGFR, estimated glomerular filtration rate; MDRD, Modification of

Diet in Renal Disease

Table 2. Demographics of Czech patients.

mICU BUN 0-20 BUN 20-40 BUN > 40 All P

n 147 std 279 std 334 std 760 std

Age (year) 59.0 16.9 65.4 14.3 67.4 13.9 a5l 14.9 <0.001
Weight (kg) 80.9 22.6 83.0 20.5 87.3 222 84.5 219 <0.001
APACHE II (pts) 21.8 7.9 242 8.8 27.4 8.6 281 8.8 <0.001
admission SOFA (pts) 8.2 4.1 9.0 4.3 10.3 4.1 9.4 4.3 <0.001
MAP (mmHg) 80.5 21.3 71.3 21:2 76.2 1955 77.4 20.5 0.103
HR (/min) 100.3 271 104.8 26.9 104.9 28.9 103.9 27.7 0.204
WBC (x10°/L) 15.0 329 14.6 13.7 18.8 26.2 16.5 23.8 0.0728
CRP (mg/mL) 138.0 114.0 173.7 117.1 192.4 124.6 175.1 121.4  <0.001
Lactate (mmol/L) 2.7 30 3.5 37 34 3.8 33 3.6 0.063
BUN (mg/dL) 14.1 35 29.1 6.0 751 335 46.4 343 <0.001
Creatinine (pmol/L) 104.8 98.1 177.% 114.5 358.8 2171 241.0 195.3  <0.001
BUN/creatinine (mmol/mmol) 61.1 27.8 71.7 64.7 88.9 49.6 79.4 53.6 <0.001
Male gender 90 162 193 445 0.764
eGFR MDRD (mL/min/1.73m?) 81.62 41.7 43.9 40.7 19.5 14.7 42.4 474 <0.001

Significant 2 values (<0.001) are highlighted in bold text.

SAPS 11, Simplified Acute Physiology Score; MAP, mean arterial pressure; eGFR, estimated glomerular filtration rate; MDRD, Modification of

Diet in Renal Disease
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All computation was conducted in Python version 3.7
and IBM SPSS Statistics v23. For data cleaning and pre-
processing, NumPy and Pandas were used.

RESULTS

Study population

The baseline characteristics for both cohorts are pre-
sented in Table 1-2. A total of 9126 patients diagnosed
with sepsis were included in the study. These included 760
patients from the Czech cohort, and 8366 patients from
the eICU cohort. Patients with elevated BUN were older,
had greater severity of acute illness, higher prevalence of
cardiovascular comorbidities.

Survival data

Patients in elICU cohort with BUN above 40 mg/dL
had significantly higher 28 days mortality compared to

Table 3. Univariate analysis elCU patients.

Factor HR 95% CI P

Male gender 0.99 0.89 0.858
age 1.028 1.024 <0.001
BUN 1.010 1.008 <0.001
SAPS 11 1.024 1.022 <0.001
APACHE 1V 1.026 1.025 <0.001
HR 1.005 1.003 <0.001
MAP 0.998 0.996 <0.001
Creatinine 1.077 1.053 <0.001
eGFR (MDRD) 0.992 0.991 <0.001

the 10-20 mg/dL group (HR 2.764; 95%CI 2.37-3.20;
P<0.001) and to the 20-40 mg/dL group (HR 1.932 95%CI
1.64-2.23; P<0.001; Table 5, Fig 1). Admission BUN level
was associated with adverse 28 days mortality (HR 1.013;
95%CI 1.012+£1.014; P<0.001) in univariate analysis (Table
3,

An optimal admission BUN cut-off for elCU cohort
was calculated at 23 mg/dL. This cut-off was associated
with 28 days mortality (HR 2.318; 95%CI 2.033-2.643;
P<0.001).

The association of admission BUN >23 mg/dL
with 28 days mortality remained even after correc-
tion for APACHE TV (HR 1.374; 95%CI 1.20-1.58;
P<0.001), SAPS2 (HR 1.545; 95%CI 1.35-1.77; P<0.001),
eGFR(MDRD) (HR 1.851; 95%CI 1.59-2.16; P<0.001)
and several parameters (creatinine, age, gender, chronic
heart failure class IV, CKD 5) in an integrative model
(HR 2.103; 95%CI 1.79-2.48; P<0.001:Table 7). These
findings are consistent with the data analysis of Czech
cohort (Table 4,6).

DISCUSSION

Although the prognostic value of admission BUN
has been well established in different patient population,
this is the first study to report that BUN is an indepen-
dent prognostic predictor of 28 day overall mortality for

Table 7. Multivariate Analysis elCU patients.

Multivariate model 1

Table 4. Univariate analysis Czech patients.

Factor HR 95% CI P
gender 0.92 0.80 0.196
age 1.007 0.997 0.156
BUN 1.005 1.002 0.002
APACHE II 1.071 1.056 <0.001
HR 1.005 1.000 0.036
MAP 0.981 0.973 <0.001
Creatinine 1.001 1.000 0.002
e¢GFR (MDRD) 0.995 0.991 0.010
Table 5. Hazard ratios for eICU patients.
BUN HR 95% CI P
<20 1.0
20-40 1.932 1.651 <0.001
>40 2.764 2.372 <0.001
23 2.318 2.033 <0.001
Table 6. Hazard ratios for Czech patients.
BUN HR 95% CI P
<20 1.0
20-40 1.697 1.098 0.017
>40 2.009 1.324 <0.001

Factor HR 95% CI P
BUN> 23 1.374 1.197 <0.001
APACHE IV 1.025 1.023 <0.001
Multivariate model 2

BUN> 23 1.545 1.348 <0.001
SAPS I 1.022 1.020 <0.001
Multivariate model 3

BUN> 23 1.850 1.603 <0.001
Creatinine 1.040 1.011 0.0059
Age 1.025 1.021 <0.001
Gender 0.950 0.853 0.3507
Multivariate model 4

BUN> 23 1.844 1.598 <0.001
Creatinine 1.039 1.021 0.0072
Age 1.039 1.010 <0.001
Multivariate model 5

BUN > 23 2.103 1.786 <0.001
Age 1.023 1.019 <0.001
Gender 0.978 0.858 0.7374
CHF IV 1.222 0.305 0.7775
CKD 5 0.961 0.240 0.9553
Multivariate model 6

BUN > 23 1.970 1.724 <0.001
Age 1.024 1.020 <0.001
Multivariate model 7

BUN > 23 1.851 1.589 <0.001
¢GFR (MDRD) 0.996 0.994 <0.001
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critically patients with sepsis and BUN seems to have a
prognostic value beyond kidney function also in this popu-
lation. Even mild elevation in BUN is associated with
increased risk for death. Indeed, BUN cut-off of 23 mg/
dL differentiated between survivors and non-survivors, a
finding supporting existing literature in general medical
ICU population®.

The mechanistic implications of elevated BUN in pa-
tients with sepsis are potentially important. Although the
link between elevated BUN and neurohormonal response
has almost exclusively been derived from population of
patients with cardio-renal problems'?, we believe that el-
evated BUN independent of GFR may sensitively reflect

complex underlying pathological processes directly im-
plicated in the pathophysiology of sepsis. First, in sepsis
an arterial underfilling due to systemic inflammation-
induced arterial vasodilatation is a potent stimulus for
the activation of the sympathetic nervous system (SNS),
the renin-angiotensin-aldosterone axis (RAAS), and the
nonosmotic release of vasopressin (AVP) (ref.'*""). Such
an endocrine overdrive contributes to the disproportion-
ate renal reabsorption of urea by modulating three major
mechanisms of urea reabsorption: (1) concentration-
dependent in proximal tubules (RAAS); (2) flow-depen-
dent in distal tubules (SNS) and (3) up-regulation of urea
transporters in inner medullary and collecting duct (VP)
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Fig. 1. Kaplan-Meier curves for 28 days all cause mortality of
elCU patients according admission BUN level.
group comparison by log-rank test, P<0.001

timeline

Fig. 2. Kaplan-Meier curves for 28 days all cause mortality of
elCU patients according admission estimated GFR (MDRD).
group comparison by log-rank test, £<0.001
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Fig. 3. Kaplan-Meier curves for 28 days all cause mortality of
Czech patients according admission BUN level.
group comparison by log-rank test, P<0.01

timeline

Fig. 4. Kaplan-Meier curves for 28 days all cause mortality of
Czech patients according admission estimated GFR (MDRD).
group comparison by log-rank test, P<0.001
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(ref.’>®). Although both SNS, RAAS and AVP represent
key adaptive responses to stress, it is tempting to specu-
late that excessive and prolonged activation during sepsis
may become maladaptive and exert adverse effects!'®?!,
Furthermore, critical illness, and sepsis in particular, is
characterized by profound and often persistent catabolic
state, ultimately leading to loss of muscle mass and neuro-
muscular weakness®?, In this context, elevated BUN may
also serve as an index of severe catabolism in sepsis. In
support of this notion, Haines et al. recently identified
the urea over creatinine ratio as a promising biomarker
of critical illness-associated catabolism?.

This study has several limitations. Given the retro-
spective nature of our analysis, it is possible that the
findings may have been affected by both known and
unknown confounders despite the attempts to control for
these variables through stratified and multivariable analy
ses. In addition, a number of non-renal factors that affect
plasma BUN such as fluid and nutritional status, hepatic
urea synthesis have not been taken into consideration.
The design of the present study neither allows one to es-
tablish a causative link between observed BUN elevation
and outcome nor provide mechanistic insights into the
factors that determine BUN levels. Furthermore, the ret-
rospective identification of septic patients is a complicat-
ed task; our selection was based on ICD-9 coding, which
may not be entirely reliable. Finally, sepsis is a dynamic
process and analyses from a single time-point at the time
of ICU admission only provide a limited perspective, thus
leaving the prognostic value of dynamic changes in BUN
levels open to speculation.

On the other hand, our study has several strengths. 28
days all-cause mortality is considered an unbiased and clin-
ically relevant outcome in observational studies in critically
ill patients®. We analysed sufficient numbers of patients to
ensure the adequate reliability of our mortality estimates
(n = 9126). Finally, we believe the analysis of 2 different
cohorts using ICU big data provide external validity to the
hypothesis that admission BUN may be a useful marker of
28-day adverse outcome in this group of patients.

CONCLUSION

In conclusion, these data support the concept that
the BUN concentrations are independently associated
with a poor prognosis in critically patients with sepsis.
Prospective studies are needed to delineate the role of
BUN as a surrogate of neurohormonal and metabolic sig-
nature of critical illness and understand the mechanisms
underlying the observed associations and their clinical
relevance.
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PREHLEDOVY CLANEK

Fibrilace sini u kriticky nemocnych
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', internf klinika, Fakultni nemocnice Plzen, Lékafskd fakulta v Plzni, Univerzita Karlova
’Biomedicinské centrum, Lékafskd fakulta v Plzni, Univerzita Karlova

Anest intenziv Med. 2017,28:248-254

S arytmiemi se u kriticky nemocnych setkavame velmi ¢asto a jejich vyskyt mize mit vyznamny dopad na jejich
klinicky stav. Obvykle vyZzaduji komplexni [é¢ebnou rozvahu a mnohdy i rychly terapeuticky zasah. Tento ¢lanek
se snazi poskytnout nahled na nej¢astéjsi tachyarytmii v prostied! intenzivni péce a nastinit terapeutické strategie

a moznosti jejiho oviivnéni.

KLICOVA SLOVA
tachyarytmie - fibrilace sini - intenzivni péce

ABSTRACT

Harazim M., Karvunidis T., Radéj J., Horak J., Novak I., MatéjoviE M.: Atrial fibrillation in critically ill patients
Arrhythmias are a common problem in the critically ill and they can have significant effects on patient outcome. Their
management requires a structured approach, rapid diagnosis and correct treatment. We present a framework for the
appropriate management of the most frequently encountered tachyarrhythmia in critical care.

KEYWORDS
tachyarrhythmias - atrial fibrillation = critical care

uvop

Arytmie jsou v prostiedi intenzivni péce ¢astym
problémem, ktery miiZze mnohdy nepfznivé ovlivnit
morbiditu a mortalitu kriticky nemocnych a prodlou-
Zit pobyt na intenzivnim liZku. Samotny patofyziolo-
gicky disledek arytmii zavisi pfedevéim na frekvenci
komorové odpovédi, dobé trvani arytmie a myokar-
didlni vykonnosti daného jedince. Symptomatické
arytmie se béhem pobytu na JIP vyskytnou piibliz-
né u 20 % nemocnych, pfiemz pfevazna vétsina je
supraventrikuldrnich, nejvice zastoupena fibrilaci
sini (30-60 %) [1, 2]. Tato prace se vénuje problematice
1écebnych strategii fibrilace sini u kriticky nemoc-
nych v prostfedi intenzivni péce (IP).

FIBRILACE SiNi
Fibrilace sini (FiSi) je nejcastéjsi izkokom-
plexovou arytmii nejen v prostfedi intenzivni
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péce. Jeji prevalence v obecné populaci exponen-
cidlné stoupa s vékem, od 0,9 % ve véku 40 let po
téméf 6% vyskyt u osob nad 65 let [3]. Incidence
vIP je vyrazné vyssi; v raimci nechirurgickych kri-
ticky nemocnych se dle dostupnych dat pohybuje
mezi 5-20 % a v piipadé septického Soku az 46 %
[4]. RovnéZ etiologie nové vzniklé FiSi u kriticky
nemocnych se od béZné populace odli$uje, Podili
se na ni vlastni onemocnéni, 1écba, imunitni
odpovéd organismu a celd fada dalsich faktori
(tab. 1). Ve vétsiné piipadii je moZné tyto faktory
a okolnosti lé¢ebné ovlivnit &i jim zcela zabranit.
Studie opakované prokazuji, Ze vyskyt FiSi ovliv-
niuje morbiditu i mortalitu kriticky nemocnych
[5, 6]. U pacienti s FiSi byla zaznamenana vétsi
frekvence pfijeti do prostfedi IP, del$i pobyt v IP
i v nemocnici a vy$8i spotfeba katecholaminii
[7, 8]. Zcela viak chybi diitkazy o kauzalité této
zavislosti. Fibrilace sini mizZe byt tedy vnimana



jako ukazatel zavaznosti klinického stavu ne-
mocného.

V pfipadé zachytu FiSi je vhodné védét, zda se
jedna o prvni zachyt arytmie, ¢i zda jiz byla dfi-
ve u pacienta diagnostikovana. V klinické praxi
je praktické rozdéleni vlastnich epizod arytmie,
které reflektuje délku jejich trvani a do jisté miry
i ispéch terapeutickych pokusii o ndvrat k sinu-
sovému rytmu (SR): a) paroxysmdlni fibrilace sini
- opakujici se arytmické piihody, které spontanné
terminujido7dni od vzniku, b) perzistujici fibri-
lace sini - arytmie, kterd trvd vice nez 7 dni, nebo
arytmie trvajici kratsi dobu, byla-li terminovina
pomoci elektrické nebo farmakologické kardiover-
ze, ¢) permanentni fibrilace sini - arytmie, kde se
verze arytmie na SR nezdafila nebo nebyl pokus
o verzi iniciovan a FiSi je ponechdna jako zdkladni
rytmus. Tento ¢lanek se dominantné soustfedi
pfedeviim na nové vzniklé ataky FiSi.

Nas terapeuticky piistup ke kriticky nemocné-
mu s nové vzniklou atakou FiSi vyZaduje komplex-
ni rozvahu (tab. 2). Kli¢ové je zejména pojmeno-
vani 4 hlavnich komponent 1é¢ebné strategie: 1.
rozhodnuti o kontrole rytmu vs. kontrole frekven-
ce, 2. management modifikovatelnych spousté-
cich mechanismii, 3. rozhodnuti o antikoagula¢ni
16¢bé, 4, navrzeni strategie dlouhodobé 1é¢by pii
propuiténi z IP,

1. KONTROLA RYTMU VERSUS
KONTROLA FREKVENCE

U nechirurgickych kriticky nemocnych nema-
me k dispozici prakticky zadné randomizované
studie pro 1é¢bu FiSi a mnohdy spoléhdme na starsi
data nejcastéji z kardiologického prostfedi, ktera
jsou do prostfedi intenzivni péfe problematicky
pienosna.

Samotné klinické rozhodnuti o vhodném tera-
peutickém piistupu by mélo zaviset na aktualni
hemodynamické situaci, symptomech pacienta
a posouzeni, do jaké miry se sama arytmie podili
na eventualni hemodynamické nestabilité (tachy-
kardie pfi FiSi mize byt rovnéz kompenzatornim
mechanismem). Cilem terapeutickych intervenci
je omezit & zcela zabranit arytmii zplisobené he-
modynamické alteraci.

V piipadé nemocnych s FiSi manifestujicich
se vyraznou ob&hovou nestabilitou je zdkladnim
managementem provedeni synchronizované elek-
trické kardioverze. Tento zpflisob 1é¢by je vysoce
efektivni u obecné populace (90 %), v populaci
kriticky nemocnych tispé$nost klesd k 30 % [9,
10]. Vyssi efektivity 1ze dosahnout pfedlééenim
magneziem, pfipadné amiodaronem [11]. Casty
je rovnéz vyskyt asnych relapsil. I tém mazeme
castecné pfedejit pfedchozim podanim intrave-
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nézniho antiarytmika [12, 13]. Uspésnost vyboje
na restituci sinusového rytmu je pfimo Gmérna
zvolené energii, proto je v praxi doporucovan
prvotni vyboj o energii 200 J. Nékteré prace uva-
déji jako efektivnéjsi méné praktické predozadni
naloZeni defibrilaénich elektrod (dalsi studie tuto
teorii nepotvrzuji) a uZiti bifazickych vyboijt [14,
15, 16]. Efektivita elektrické kardioverze zdvisi
déle na impedanci hrudni stény, rozméru levé
siné a nepfimo umeémé na dobé trvani FiSi [17, 18].
Vektor elektrického proudu musi prochdzet myo-
kardem sini, nikoli jen po povrchu téla. DileZitym
faktorem je také funkéni stav myokardu. U ne-
mocnych bez strukturdlniho postiZeni srdce je
vy$si pravdépodobnost restituce sinusového rytmu
ijeho udrZeni, na rozdil od pacienti se sniZenou
ejekéni frakci ¢i jinym strukturdlnim onemoc-
nénim myokardu. V pfipadé klinické nejistoty,
Ze probihajici arytmie je dominantni pfi¢inou
alterace obéhu, je vhodné provedeni piipadné kar-
dioverze aZ po dosaZeni zdkladni hemodynamické
resuscitace a ovlivnéni dalsich, snadno modifiko-
vatelnych faktorii (viz niZe).

U kriticky nemocnych bez vyznamné alterace
hemodynamiky se rozhodujeme mezi farmakolo-
gickou kontrolou frekvence & rytmu. Rada tera-
peutickych doporuéeni odkazuje na dvé provedené
studie prokazujici srovnatelnou roéni mortalitu
kardiologickych pacienti v zavislosti na zvoleném
rezimu (kontrola rytmu vs. kontrola frekvence).
Tato data jsou viak velmi omezené pouZitelni
v piipadé akutnich situaci. Vzhledem k sifiovému
prispévku na zvySeni tepového objemu, ktery ¢ini
v zavislosti na tepové frekvenci 10-40 %, je oCe-
kavatelné, Ze pro hemodynamickou optimalizaci
nékterych kriticky nemocnych bude kontrola ryt-
mu vyhodnd, zatimco kontrola frekvence s cilovou
frekvenci pod 100/min je vhodna spiSe pro oligo-
symptomatické nemocné. Podil samotné arytmie
v8ak miiZe byt u fady napf. septickych nemocnych
vyzadujicich katecholaminovou podporu velmi
obtizné hodnotitelny. Klinickych dat je vSak v této
oblasti absolutni nedostatek.

Kontrolu rytmu lze zvazit nejen u vyznamné
hemodynamické nestability, ale i u situaci, kde
jsou po korekci modifikovatelnych faktori vhod-
né podminky pro nastoleni a udrZeni sinusového
rytmu. To se miiZe tykat pfedevéim mladSich ne-
mocnych (< 65 let) bez piitomnosti strukturdlniho
postiZeni srdce a pfipadil, kde je dosaZeni piijatelné
kontroly frekvence obtiZné. Z diivodu sniZenirizika
kardioembolickych komplikaci je vhodné farmako-
logickou verzirealizovat do 48 hodin od vzniku FiSi.

Kontrola frekvence miZe byt vhodnym postu-
pem u fady nemocnych s nové vzniklou atakou FiSi,
protoZe vétSina pacientdi s touto formou arytmie
spontanné konvertuje do SR [19]. Pfinejmensim
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u skupiny pacienti s FiSi po kardiochirurgickém
vykonu se snaha o kontrolu rytmu nepromitla do
lepsich vysledki ve srovnani se strategii zaméfe-
nou na kontrolu frekvence [20]. Dalsi podstatnou
otazkou je, kdy ke kontrole frekvence sihnouta ja-
ké cile si stanovit. Nepfiméfena frekvence komor
pfi FiSi a s tim spojené zvySeni enddiastolického
tlaku komor zvy$uji naroky myokardu na kyslik.
Nekontrolovana, nékolik dni trvajici tachykardie
je navic spojena s rizikem rozvoje tachykardii in-
dukované kardiomyopatie s vyznamnou redukci
systolické funkce srde¢niho svalu. PiestoZe opti-
malni cilova frekvence je veli¢inou neznamou, do-
porucuji autofi dosihnout frekvence do 100/min.

Ve farmakoterapii FiSi mame k dispozici Siroké
portfolio 16k, aviak jen uzkd skupina 1ékl je
pouzitelnd v prostiedi intenzivni péce. Samotny
vybér prepardtu pak zdvisi na konkrétni klinické
situaci, naSem lécebném cili, pfipadném struk-
turdlnim postiZzeni myokardu a zejména také na
potencialnich nezadoucich uéincich jednotlivych
1€kt

Propafenon, fadici se dle starsi klasifikace dle
Vaughana-Williamse (tab. 3) do skupiny antia-
rytmik Ic, patfi mezi 1éky s malym mnozstvim
nezadoucich G¢inkd a relativné dobrou uspés-
nosti opétovného nastoleni sinusového rytmu
[21]. PfibliZné 80 % obnoveni sinusového rytmu
je dosazeno v prvni hodiné od podani léku [22].
Davkovani propafenonu nebylo podobné jako
u jinych antiarytmik u kriticky nemocnych rigo-
16Zné testovano, Obvyklym schématem je podani
2 mg/kg i. v. béhem 10-20 min, pfipadné lze
opakovat 1-2 mg/kg v intervalu 6-8 h. Vyrazné
omezené pouziti propafenonu je u pacienti se
zndmou téZkou dysfunkei levé komory srdeéni
¢&i akutni koronarni 1ézi, coZ je dino absolutnim
nedostatkem klinickych dat a Spatnymi vysled-
ky pouziti jinych zastupci skupiny Ic v téchto
indikacich [23]. Proarytmogenni i¢inek propafe-
nonu nepfevysuje konkurenty ve skupinéla vét-
$ina nezadoucich u¢inkl akutniho podani souvisi
predevsim s betalytickou aktivitou.

Betablokatory jsou zakladnimi léky pro kontro-
1u frekvence, NeZddouci iéinky jejich pouZiti vy-
plyvaji pfedeviim z negativné inotropniho efektu
vedouciho obvykle ke zhorSeni hemodynamiky.
Proto je v intenzivni péci vhodné pouziti prepa-
rath s kratkym biologickym polo¢asem umoznu-
jicich titraci podané davky dle klinického efektu,
coZ v klinické praxi splfiuje pouze esmolol, betal-
-selektivni blokdtor s velmi rychlym nastupem
ucinku, jehoZ biologicky polocas je diky elimi-
naci nespecifickymi esterdzami a hydroldzami
7-10 min [24]. V mnoha klinickych situacich lze
uspésné vyuZzit i viznamné levnéjsi metoprolol
s del§im poloéasem tiéinku.
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Kalciové blokatory tiidy IV (v praxi uzivany ve-
rapamil) dosahuji srovnatelné efektivity v kontrole
frekvence jako betablokdtory, vyraznéji se viak
projevuje jejich tc¢inek na pokles krevniho tlaku,
coz vyznamné omezuje jejich pouZiti u kriticky
nemocnych.

Amiodaron je komplexni antiarytmikum
plsobici prostfednictvim udinku na Na*, K,
Ca? kandl s alfa- i betalytickymi dcinky, které
se v prostiedi intenzivni péce tési znacné oblibé.
Duvodem je pfedeviim iroké spektrum pouZiti
zahrnujici celou fadu supraventrikuldrnich a pfe-
devsim i ventrikularnich arytmii. V pfipadé FiSi je
mozZné jeho pouZiti jak v kontrole rytmu tak frek-
vence, a to i pacient s dokumentovanou vyznam-
nou dysfunkei levé komory srdecni. Uvodni diavka
amiodaronu je v zavislosti na hemodynamické
toleranci 150-300 mg podana béhem 10-120 minut
s naslednym kontinudlnim podavanim v davce
50-100 mg/h. Alternativni davkovaci schéma pro
udrzovaci infuzi je 1,0 mg/min po dobu prvnich
6 hodin s dalsi redukci davky na 0,5 mg/min,
Nevyhodou je del3i interval od podani k obnoveni
sinusového rytmu ve srovnani s jinymi tfidami an-
tiarytmik (pfedev$im skupinou Ic[25]) a cela fada
potencidlnich nezadoucich u¢inka (tab. 4) a pro-
jevii organové toxicity, Nejvyznamnéjsi nezadouci
efekt souvisi pfedeviim s vysokym obsahem jédu
v molekule amiodaronu (37 %), ktery vede k jeho
hromadéni ve §titné Zlaze a vzniku tyreopatii [26].

Digoxin je i po mnoha letech uZivini obestfen
jistou davkou kontroverze a svou roli v klinické
praxi stdle hleda. Jeho moznosti v intenzivni péci
jsou nadale velmi omezené. Nevyhodou je velmi
pomaly nastup u¢inku na kontrolu frekvence komor
(pfibliZné za 30 min od podani) a vyrazné sniZzeny
téinek u kriticky nemocnych [27]. U kriticky nemoc-
nych podavame digoxin vivodni davce 0,5mgi. v.
Jeho podani lze po 30 minutich opakovat v davce
0,25 mg (kumulativni ddvka v prvnich 24 hodinach
miiZe byt aZ 1 mg). Standardni udrZovaci divka je
0,25 mg jednou denné. U nemocnych s renalni
dysfunkci je nutna pfislusna redukce davky a pro-
dlouZeni davkovaciho intervalu. Hladiny je vhodné
méfit nejdfive 6 hodin po podani posledni davky.

Vernakalant (selektivni sifiovy blokator drasli-
kovych kanald) patii mezi novéjsi léky ke kontrole
rytmu fibrilace sini. V klinickych studiich dosa-
huje tispé$nosti kolem 50 %, coZ nikterak vyrazné
nepfevysuje daldi uzivana antiarytmika z této
oblasti. Vzhledem k velké ekonomické naroénosti
1é¢by, kontraindikaci jeho pouZiti u pacientli
s hypotenzi ¢i pokrocilym srdec¢nim selhdnim
(NYHA II1 a vy8e) je jeho vyznam v klinické praxi
zatim omezeny [28].

Magnezium neni klasifikovano jako antiaryt-
mikum, pfesto jsou jeho antiarytmogenni aéinky



nezanedbatelné. Vyrazna hypomagnezémie je
asociovana s vy$§im rizikem incidence srde¢nich
arytmif (izko- i Sirokokomplexovych), sympto-
my srdecniho selhdni i rizikem nahlého dmrti.
Jeho poddvani v intenzivni péci je dlouhodobé
spojeno s lécbou eklampsie a polymorfni komo-
rové tachykardie charakteru torsade de pointes.
Existuji v8ak prace, které naznacuji niZi inci-
denci fibrilace sini pii profylaktickém podavani
magnezia zejména u kardiochirurgickych pacien-
th [29]. Velmi zajimava je dokumentovana vy$si
efektivita magnezia v kontrole srde¢ni frekvence
v porovnani s amiodaronem [30]. Magnezium je
levny, efektivni a bezpeény 1ék, ktery je na jed-
notkach intenzivni péci dobie dostupny (cil Mg
>1mmol/l).

Raciondlni 1é¢ebny protokol by tedy dle autorii
mél obsahovat nékolik zdkladnich krokii. Snahu
o identifikaci a naslednou korekci potencialné
reverzibilniho faktoru predisponujiciho pro vznik
fibrilace sini (tab. 1). Dale dle parametrii hemody-
namiky zvaZit potfebu akutni elektrické kardio-
verze ¢i rozhodnout o ovlivnéni arytmie farmako-
logicky. U vétsiny nemocnych je akceptovatelna
jak kontrola rytmu, tak kontrola frekvence. Pro
blizsi urceni konkrétniho terapeutického cile nam
mohou pomoci znalosti morfologické a funkéni
charakteristiky myokardu, dobé trvani FiSi atd.
(tab. 2). Pfisnaze o provedeni casné farmakologic-
ké kardioverze je mozné vyuzit propafenon, i kdyz
jeho postaveni v IP neni stile zcela jednoznaéné,
Alternativni variantu, vhodnou i ke kontrole frek-
vence, pfedstavuje amiodaron. Pouziti jinych an-
tiarytmik pro ovlivnéni FiSi je v prostfedi IP nadale
velmi omezené.

2. MANAGEMENT MODIFIKOVATELNYCH
SPOUSTECICH MECHANISMU

Soucasné s piipadnou specifickou terapii ta-
chyarytmie je nezbytné zahdjit 1é¢bu zdkladniho
onemocnéni a dalSich potenciilné vyvolavajicich
faktorii a okolnosti. Nasim cilem by méla byt ¢asna
uprava piipadné iontové dysbalance (zejména nor-
malizace hladin drasliku, hoif¢iku), optimalizace
volemie, korekce poruch acidobazické rovnovahy
a ventilacnich poruch, které signifikantné zvysuji
riziko a pfipadnou perzistenci FiSi [31, 32]. Ataka
FiSi u nemocnych predeviim ve vy$§im véku mize
byt prvni manifestaci hypertyredzy. Kauzalné lze
postihnout i pfipady FiSi vzniklé v diisledku akutni
koronarni léze, infekéniho i neinfekéniho onemoc-
néni. Ve specifickych piipadech miiZe byt vznik
arytmie vazan na nékterou z interven¢nich procedur
na ICU (kanylace centralniho Zilniho feisté, zave-
deni Swanova-Ganzova katétru, bronchoskopicka
vysetfeniaj.).
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3. ROZHODNUTI O ANTIKOAGULAENI LECBE

Fibrilace sini miiZe byt komplikovdna tvor-
bou trombii, pfipadné embolizace. Toto riziko je
v populaci kriticky nemocnych vyssi (inflamace,
prokoagulaéni stav), proto je vhodné u pacientit
s atakou fibrilace sini provést rozhodnuti o zaha-
jeni antikoagulacni 1é¢by. Pro uréeni miry rizi-
ka tromboembolické komplikace a také piipadné
krvacivé komplikace je moZné vyuZit skérovaci
systémy CHA2DS2-VASc score a HAS-BLED score
(tab. 5, 6) [33, 34]. Ackoli Zadny z téchto skérova-
cich reZimii nebyl dosud validovin v prostfedi IP,
mohou byt alespori malou oporou pro samotnou
klinickou rozvahu.

Nelehkou otazku piedstavuje i modalita a dav-
kovani adekvatni antikoagulacni terapie. Zlatym
standardem antikoagulaéni 1é¢by u akutnich sta-
vil zstava pouZiti nefrakcionovaného heparinu
¢i nizkomolekuldrnich heparint, které z diivodii
predikovatelného uc¢inku, snadné monitorace
(aPTT ¢i hladina anti-Xa) a mozZné reverzibility
efektu pfedstavuji v intenzivni pééi nejvhod-
néjsi variantu 1écby, PouZiti kumarinového an-
tikoagulancia nebo nasazeni 1é¢by nékterého
z novych antikoagulancii (NOAC - dabigatran,
rivaroxaban, apixaban), kde je farmakodyna-
mika, monitorace (v pfipadé NOAC) i pfipadna
reverzibilita iéinku nepomérné slozitéjsi a které
jsou omezené pouzitelné u nemocnych s akutnim
poskozenim ledvin, nelze v prostfedi kriticky
nemocnych doporuéit,

4. NAVRZENI STRATEGIE DLOUHODOBE
LECBY PRI PROPUSTENI Z INTENZIVNI PECE

Vice neZ dvé tfetiny nemocnych, u nichz je
v prostiedi intenzivni péce zachycena prvni ataka
FiSi do 24 hodin, spontanné obnovi SR [35] a nevy-
zaduji dalsi antiarytmickou lécbu. Presto jsou tito
nemocni zatiZeni vy§§im kratkodobym i dlouho-
dobym rizikem vzniku ischemické cévni mozkové
piihody [36, 37| a pfed propusténim z nemocnice
by toto riziko mélo byt vyhodnoceno s eventudlni
indikaci k trvalé antikoagulacni terapii. Je proto
diileZité, aby propoustéci zpravy z intenzivni péce
obsahovaly informace o probéhlych atakach FiSi
v pribéhu kritického stavu s doporucenim dalsi
rozvahy. K ni patfiidvaha o holterovském moni-
torovani k zichytu némych paroxysmi FiSi u ri-
zikové populace. U selektovanych pacientd s per-
zistujici formou FiSi lze zvazit provedeni elektivni
elektrické kardioverze po tfech tydnech Géinné
antikoagulacnilécby (v praxi INR v terapeutickém
intervalu alesponi 3x v poZzadovaném casovém roz-
mezi), alternativné diive po vylouceni piitomnosti
nitrosrdec¢niho trombu jicnovym echokardiogra-
fickym vyS§etfenim (TEE).
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ZAVER

Uspésna léc¢ba aryumii u kriticky nemocnych
v intenzivni pé¢i zlistdva i naddle velkou vyzvou,
cozZ je ddno vyznamnym nedostatkem klinicky
relevantnich dat u této velmi specifické skupiny
pacientli. Spravny postup v klinické praxi by mél
byt sméfovan pfedeviim k pferuSeni vyvoldvajici
pfic¢iny arytmie nebo alespofi omezeni jejiho
plsobeni. Samotné poddni antiarytmika je pak
jistym kompromisem vychdazejicim ze spravného
rozpoznani arytmie, zvolené léfebné strategie,
osobnich zku$enosti a pfedeviim také z potencidl-
nich nezidoucich iéinkil daného farmaka. Nikdy
viak neléime samotnou tachykardii, ale vzdy
konkrétniho pacienta.

Tab.1 Rizikové faktory pro vznik fibrilace sini

Pfetizeni tekutinami

Hypovolemie

Akutni mitréIni regurgitace ¢i stendza

Ischemie myokardu

Hypoxie/hyperkapnie

Hypokalemie/hyperkalemie

Hypomagnezémie

Sepse

Inotropni podpora/katecholaminy

Plicni embolie

Myokarditida

Feochromocytom

Tyreopatie

Pyrexie

Hypotermie

Tenzni pneumnothorax

Poruchy acidobazické rovnovahy obecné

Stres (bolest, anxieta)

Tab.3 Klasifikace antiarytmik dle Vaughana-Williamse
Tiida | blokatory Na kanalu
la - chinidin, prokainamid, disopyramid, ajmalin
Ib - trimekain, mexiletin
Ic - propafenon, flekainid
Trida Il betablokatory
Trida Il blokatory K kanalu
amiodaron, sotalol, bretylium, ibutilid, dofetilid
Tida IV blokatory Ca kanalu
wverapamil, diltiazem
Trida V digoxin, adenosin, MgSO,
Tab.4 Frekvence nezadouci i€inkd amiodaronu ve srovnani
s placebem dle ATMA 1997
NeZadouci efekt Amiodaron Placebo
hypotyredza 7.0 % 11%
tyreotoxikoza 14 % 05%
neuropatie 05% 02%
periferni plicnf infiltraty 1.6 % 03%
jaterni porucha 10% 04%
bradykardie 24 % 0.8 %

Pocet pacientl 6553

Tab.5 Stanoveni rizika CMP pfi FiSi - CHA2D52-VASc score

CHA2DS2-VASc score

C - kardiaini selhani (EF < 40 %)

H - hypertenze

A-véka75

D - diabetes mellitus

§2 - predchozi TIA/iICMP

V - vaskulam( onemocnéni (ICHS/IM, ICHDKK, AS
aorty/karotid)

A - vék 65-74 let 1

Sc (sex category) - Zenské pohlavi 1

sl e ) e PR

Tab.6& Stanoveni rizika krvaceni pfi FiSi - HAS-BLED score
Syndrom z odnéti h i hypertenze 1
Hypotenze/hypertenze (TKs = 160 mmHg)
Medikace (betablokatory, Ca-blokatory, teofyliny) b 1 abnormalni jaterni/ =z

Invazivni procedury

rendini funkce*

stroke predchozi CMP 1

bleeding krvécivé projevy 1

Tab.2 Faktory ovliviiujici Ié€ebnou strategii u pacienta s nové labile INR kolisajici INR 1

zjisténou fibrilaci sini elderly vék = 65 let 1
Je pfitomna reverzibilni pficina arytmie? drugs léky a alkohol** -2

Délka trvani epizody fibrilace sini?

Jsou pacientovy symptomy zpUsobené bézici arytmii?

Terapeuticky cil: kontrola frekvence ¢&i rytmu?

Je pfitomno strukturalni postizeni srdce?

Biologicky vék a fragilita nemocného?

Jaké je u nemocného riziko potencidlnich nezddoucich uéinkd
farmakoterapie?
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* abnormaini hepatalni funkce - ALT/AST > 3x norma, bili > 2x norma
abnormini ledvinné funkce - hemodialyza neba Cr > 200 umol/!
** antiagregace, NSAF
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