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I. Uvod a epidemiologie mimonemocni¢nich zastav obéhu

Problematika mimonemocni¢nich zastav ob&hu pfedstavuje zavazny medicinsky
a socio-ekonomicky problém soucasné doby. Ptes veskeré nové poznatky a postupy jsou
nadale vysledky pfezivani mimonemocni¢nich zastav obehu a zejména piezivani s dobrym
neurologickym vysledkem velmi neuspokojivé. Mortalita jak v pfednemocni¢ni fazi, tak
za hospitalizace zlstava nadale velmi vysoka a ptezivsi pacienti se potykaji ve velké mite
se zavaznym neurologickym postizenim, které vyznamné snizuje kvalitu jejich Zivota,
zatézuje jejich ptibuzné, zdravotni a socialni systém, a to Casto po zbytek jejich zivota.

Pfesto je vyvoj poznatki v této oblasti dynamicky a postupy se dale vyvijeji
a upravuji. V pfednemocni¢ni fazi doslo k posileni vyznamu laické resuscitace, zejména
konceptu nepiimé masaze bez dychani (topless koncept) a dispecerem asistované laické
resuscitace. Bylo vytvofeno né¢kolik alternativnich postupti v zajiSténi dychacich cest
dostupnych 1 pro nelékaisky persondl. Stale je posilovana uloha Casné defibrilace za uziti
automatickych externich defibrildtort a v tomto kontextu bylo vytvofeno n¢kolik
zajimavych systému, které proskolily laiky (first responder) za uziti mobilnich aplikaci
a GPS. Velmi kontroverzni je souc¢asné pozice rutinniho uzivani adrenalinu pfi resuscitaci,
zejména v kontextu vysledkt studie PARAMEDIC 2. Soucasné guidelines pfi respektovani
observacnich dat doporucuji vytvofeni sité specializovanych center pro nemocni¢ni
zastavy, prevazné kopirujici sit’ kardiocenter. Analogicky k logistice a ¢asné strategii 1éCby
STEMI ¢i polytraumat maji byt pacienti primarné pfevaZeni do sice vzdalengjSich, ale
vybavengjSich a zkuSeng&jSich pracovist.

V nemocni¢ni fazi v poslednich letech dominovaly diskuze nad Ctyfmi okruhy
problémi. Je to jednak jiZ vySe zminovana tvorba center pro mimonemocni¢ni zastavu,
dale pak problematika mirné terapeutické hypotermie a problematika casného
diagnostického managementu, zejména strategie Casné koronarografie u pacientli bez
infarktu s ST elevacemi a v neposledni fad€¢ neuroprognostifikace za uziti klinickych
parametri, zobrazovacich metod a laboratornich testii. Centra pro mimonemocni¢ni
zastavu by méla byt ,high-volume* centra s dostateCnym poctem pacientd k zajisténi
udrzeni kvality péce, dostupnosti koronarografického vySetfeni, echokardiografie,
zobrazovacich metod, mirné terapeutické hypotermie a eventudlné i1 extrakorporalni
resuscitace (eCPR). Mirna terapeuticka hypotermie prodélala v poslednich letech
dynamicky vyvoj a je jednou z nejintenzivnéji zkoumanych problematik (to se netykd jen

resuscitaci, ale i kraniotraumat ¢i mozkovych ptihod). Vysledky i randomizovanych studii



si do jisté miry protifeci, nicméné koncept kontroly télesné teploty zpochybiiovan neni.
Optimalni hodnota udrzované télesné teploty zatim neni na zdklad¢ studii jasna a v tomto
ohledu se ¢eka na vysledky randomizované studie TTM2. V diagnostickém algoritmu se
dlouhodob¢ tesi otazka Casné koronarografie u pacientii, ktefi nemaji jasny infarkt s ST
elevacemi. Ve svétle pomérné recentnich dat lze ocekavat konzervativnéjsi pfistup
u stabilnich pacienti do zjiSténi neurologického statusu. I kdyz v oblasti
neuroprognostifikace byly v poslednich letech etablovany metody jako kontinualni EEG,
prognosticky vyznam vysledki klinickych vySetfeni podle casového algoritmu,
zobrazovaci metody a nové téz biomarkery postizeni mozku jako zejména neuron
specifické enolazy (NSE), lze fici, ze stdle neexistuji spolehlivé diagnostické postupy s
dostate¢nou senzitivitou a specificitou ke stanoveni miry poskozeni mozku a nemala ¢ést
pacientll ziistava po n&jakou dobu v diagnosticky Sedé zoné.

Existuje pomémé hojna evidence zabyvajici se Cetnosti  vyskytu
mimonemocni¢nich zastav ob¢hu, jejich etiologii a prognézou. Data jsou vSak znaéné
heterogenni a vysledky ipfes pokrok v 1écbé zlstavaji neuspokojivé. Je vSak tieba
z hlediska epidemiologickych dat, etiologie a prognézy diisledné rozliSovat mezi zdstavami
mimonemocni¢nimi (OHCA) a nemocni¢nimi (IHCA), které se v téchto parametrech
vyznamné li§i. V Evropé patii nadhlé zastavé obéhu tfeti misto v priciné umrti. Stanovit
incidenci OHCA je pomérné nelehké, nebot’ se uplatiuji odliSné zdravotnické systémy
vcetné pfednemocni¢ni péce, vlivy kulturni a ndbozenské a téz dostupnost a spolehlivost
informac¢nich zdravotnich systémut. Evropsky projekt v 29 evropskych zemich The
European Registry of Cardiac Arrest (EuReCa) shrnuje zékladni poznatky o incidenci,
etiologii a prognéze mimonemocni¢nich zastav obcéhu v kontextu jednotlivych
zucastnénych zemi. Ve studii EureCa 2 (prifezova studie v 28 zemich za 3mésicni
sledovani fijen az prosinec 2017) byla ro¢ni incidence mimonemocni¢nich zastav 89 na
100 000 obyvatel (53 az 166/100 000 podle jednotlivych zemi) s tim, Ze resuscitace byla
posadkou zachranné sluzby zahéjena u 56/100 000 obyvatel (rozpéti 27 az 91/100 000).
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Graf 1. Flow diagram zatazenych pacientdl studie EuReCa 2: Grésner JT, Wnent J, Herlitz J et al.
Survival after out-of-hospital cardiac arrest in Europe — Results of the EuReCa TWO study.
Resuscitation. 2020 Mar 1;148:218-226. doi: 10.1016/j.resuscitation.2019.12.042. Epub 2020 Feb
3. PMID: 32027980.

Jak vyplyva z vySe uvedeného grafu 1, obnovy spontanni cirkulace (ROSC) je
dosazeno u 32,7 % pacientl a k propusténi z nemocnice dojde u 26,4 % hospitalizovanych
neboli celkové piezivani pfi propusténi z nemocnice je 8 % (0-18 % podle jednotlivych
zemi). Primérny v&k pacientt s OHCA byl 67,6 let (£ 17,5 let) a 65 % bylo muzi
(variabilita podle zemi 63—73 %). Telefonicky asistovana neodkladnd resuscitace (TANR)
probihala u 53,2 % a laicka resuscitace byla provadéna u 58 %. Zastava piede svédky byla
zaznamenana u 66,6 % a inicidlni defibrilovatelny rytmus u 20,2 %. Podrobnosti jsou

uvedeny v tabulce 1.



Tabulka 1. Zakladni charakteristika souboru ze studie EuReCA 2: Gréasner JT, Wnent J, Herlitz J
et al. Survival after out-of-hospital cardiac arrest in Europe — Results of the EuReCa TWO study.
Resuscitation. 2020 Mar 1;148:218-226. doi: 10.1016/j.resuscitation.2019.12.042. Epub 2020 Feb
3. PMID: 32027980.

Table 1 - Patient and system factors: variation across countries.

No. of No. of Overall Median of country Range of country

countries cases average values values
Cases with CPR attempted (if CA was 28 25,171 899 440 223842
confirmed)
Mean age (years) o8 24,687 676 67.3 55.8-75.4
Male gender (%) 28 25,078 654 659 53.4-73.3
Medical/cardiac cause (%) 28 22,927 911 911 70.0-100
Traumatic cause (%) 28 957 3.9 34 0-8.0
Location: residence (%) 28 15,638 702 68.9 51.0-81.3
Telephone CPR (%) 24 11,238 532 373 32-878
Collapse witnessed (%) 28 15,824 66.6 66.5 50.8-91.8
Bystander CPR (%) 28 12,445 58.0 576 13.0-82.6
Bhockable rhythm (%) 28 4,792 202 192 11.4-36.8
ROSC (%) 28 25,077 327 297 6.9-43.3

Pokud jsou pacienti resuscitovani svédky, je ROSC dosazen u 32,2 %
a hospitalizacni prezivani u 9,1 % proti 28,2 %, respektive 4,3 %, pokud laicka resuscitace
neprobéhla. U 72 % probihala pouze komprese hrudniku a u ostatnich komprese hrudniku
a ventilace, pfezivani bylo vyznamné¢ vyssi u kombinované resuscitace (14 % vs. 8 %,
p < 0,001). To by svédé¢ilo proti konceptu resuscitace bez ventilace, nicméné
kombinovanou resuscitaci lze prakticky vzdy pfisoudit az profesiondlnim zachranditm,
o laické kombinované resuscitaci studie nehovofi.

Jak je jiz uvedeno vySe, inicialni defibrilovatelny rytmus ma 20,2 % pacientt,
unich je dosazeno ROSC u 58 % a propuSténi z nemocnice u 24 9% proti
nedefibrilovatelnému, kde je ROSC dosaZeno u 26 % a propusténi u 3 %. Medidn prvniho
defibrila¢niho pokusu je 11 min (IQR 7-16 min).

Pokud se tyka porovnani ceskych dat z této studie s ostatnimi zemémi, dosahuje
spolu s Francii nejvys$S§iho poméru KPR zahdjenych zachrannou sluzbou (91/100 000
obyvatel) proti celoevropskému priméru 56/100 000 obyvatel), coz ovSem nijak
nevypovidd o kvalit¢ systému a KPR, nebot’ je u nds pouzivan pfednemocni¢ni systém
s lékaftem v terénu a nijak nehodnoti spravnost indikace zahdjeni KPR. Graf 2 ukazuje
pomér dosazenych ROSC pted piijezdem ZS, ktery je piekvapivych 82 % proti

evropskému priméru 59 % a silné tim podporuje koncept laické resuscitace a TANR.
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Graf 2. ROSC pred piijezdem zachranné sluzby, studie EureCa 2: Gréasner JT, Wnent J, Herlitz J et
al. Survival after out-of-hospital cardiac arrest in Europe — Results of the EuReCa TWO study.
Resuscitation. 2020 Mar 1;148:218-226. doi: 10.1016/j.resuscitation.2019.12.042. Epub 2020 Feb
3. PMID: 32027980.

Pieziti pii propusténi z nemocnice je dosazeno u 10 % Ceskych pacientu, coz je
b

lehky nadprimér proti evropskym 8 %, jak ukazuje graf 3.
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Graf 3. Procento piezivSich pfi propusténi z nemocnice, studie EureCa 2: Grisner JT, Wnent J,
Herlitz J et al. Survival after out-of-hospital cardiac arrest in Europe — Results of the EuReCa TWO
study. Resuscitation. 2020 Mar 1;148:218-226. doi: 10.1016/j.resuscitation.2019.12.042. Epub
2020 Feb 3. PMID: 32027980.
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Pokud provedeme subanalyzu pomoci Utstein comparator group (pacienti se
spatfenou zastavou a defibrilovatelym rytmem), je preziti pti propusténi z nemocnice 45 %

proti evropskému priméru 28 %, jak ukazuje graf 4.
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Graf 4. Procento propusténych z nemocnice podle Utsteinskych kritérii, studie EureCA 2: Gréasner
JT, Wnent J, Herlitz J et al. Survival after out-of-hospital cardiac arrest in Europe — Results of the
EuReCa TWO study. Resuscitation. 2020 Mar 1;148:218-226. doi: 10.1016/j.resuscitation.
2019.12.042. Epub 2020 Feb 3. PMID: 32027980.

V roce 2020 byla publikovana metaanalyza 141 klinickych studii na OHCA od
roku 1976, citajici pfes 4,5 milionu pacientii s mimonemocni¢ni zastavou obéhu. ROSC
byl ve studii dosazen u 29,7 % (95% CI 27,6-31,7) pacientdi, spatfena zastava byla
reportovana u 36,4 % piipadi a laickd resuscitace u 26,3 %. Preziti pii propusténi
z nemocnice vykazovalo 8,8 % pacientl (95% CI 7,7-9,5), pficemz ve studiich v letech
1976-1999 to bylo 8,6 % a v letech 2010-2019 — 9,9 %. Jednoro¢ni pieZivani bylo
zaznamenano u 7,7 % (95% CI 5,8-9,5) pacientl, pficemzZ vys$si pfezivani je popsano
u pacientt s laickou KPR (12,3 %).

Pokud si poloZzime dilezitou otazku, jak se méni piezivani po OHCA v prub¢hu let,
respektive jak se odrazi nové postupy a opatieni v prognoze pacientll, pak velmi zajimava
data poskytuje dansky registr mimonemocni¢nich zéstav Citajici vice nez 41 tisic pacientd
v letech 2001 az 2013. ROSC se zlepsil v prib¢ehu let z 10 % v roce 2001 na 29 % v roce
2013. 30denni piezivani se zvysilo z 5 % v roce 2001 na 12 % v roce 2013 (graf 5A). Na
tomto vysledku se jisté podilel vyrazny narast laické KPR z 18 % v roce 2001 na 60 %
v roce 2013 a laicka KPR byla v mutlivariantni analyze nezavislym prediktivnim faktorem
snizené mortality. K lepSimu 30dennimu piezivani doSlo ale i v podskupiné bez laické

KPR (z 3 % v roce 2001 na 10 % v roce 2013), kde je vzestup vyraznéjsi (graf 5B). Velmi
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zajimavé je, jak se lisil osud pacientli piijatych do lokalni nemocnice a centra s moznosti
invazivni kardiologie (graf 5C). Zde dochazi prakticky ke kontinudlnimu naristu
30denniho ptezivani v prabéhu let, pokud je pacient piijat do invazivniho centra, a rovnéz
piijeti do invazivniho centra je v multivariantni analyze nezavisly prediktivni faktor nizsi
mortality aHR = 0,91 (95% CI: 0,89-0,93, p < 0,0001). To lze mimo jiné vysvétlit vysSim
podilem provedenych koronarografii/angioplastik v invazivnich centrech, kde jsou
nezavislym prediktivnim faktorem nizsi mortality v multivariantni analyze (tabulka 2), ale
1 efektem ,learning curve“ ve vysokoobjemovych centrech. V této praci se navic
vzdalenost invazivniho centra od mista udalosti nejevi jako podstatnd, a to ani v
multivariantni analyze.

Tabulka 2. Pomér rizik u proménnych ve vztahu k mortalit¢ v univariantni a multivariantni
analyze: Tranberg T, Lippert FK, Christensen EF et al. Distance to invasive heart centre,
performance of acute coronary angiography, and angioplasty and associated outcome in out-of-

hospital cardiac arrest: anationwide study. Eur Heart J. 2017 Jun 1;38(21):1645-1652. doi:
10.1093/eurheartj/ehx104. PMID: 28369362; PMCID: PMC5451896.

Covariates included in the analyses No. Univariable analysis P-value Multivariable analysis P-value
HR (95% CI) HR (95% CI)

Male gender 41186 052 (091-0.%4) <0.001 0.99 (0.97-1.01) 046
Age, per 10 year increase 41186 1.06 (1.05-1.06) <0.001 1.04 (1.03-1.05) <0.001
Bysander CPR 3703 087 (085-0.89) <0.001 0.97 (0.95-0.99) 0.005
Non-shockable heart rhythm 37517 168 (163-1.72) <0.001 148 (1.43-1.52) <0.001
Witnessed OHCA 37312 0.79(078-0.81) <0.001 0.87 (0.85-0.89) <0.001
Comorbidity index =1 (0 reference) 41186 114 (112-1.16) <0.001 1.08 (1.06-1.11) <0.001
Admission to invasive centre (reference: local hospital) 25364 0.78 (0.76-0.81) <0.001 0.51(0.89-093) <0.001
Acute CAG/PCl per region and year (index) 41186 033(025-042) <0.001 0.33(0.25-045) <0.001

12
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Jak jiz bylo uvedeno vyse, ve studii EuReCa 2 bylo hospitaliza¢ni prezivani 8 %
(018 %), to je podobné studii EuReCA 1 z roku 2014 (10 %), ackoliv se podil laické
resuscitace zvysil ze 48 % na 58 %. Metaanalyza 56 studii z Evropy reportuje preZiti do
propusténi z nemocnice u 11,7 % pacientt (95 % CI 10,5-13,0 %). Z t&€chto nelichotivych
¢isel vybocuji vysledky studie PARAMEDIC 2 primarné zamétené na randomizaci uziti
adrenalinu pfi resuscitaci, zde dosahovalo 30denni pteziti pouhych 3,2 % ve skupiné
s adrenalinem proti 2,4 % ve skupiné s placebem. Vyznamné rozdily mezi jednotlivymi
zemémi jsou nejspiSe  dasledkem odliSnych  socioekonomickych  podminek,
demografického stavu populace, hustoty zalidnéni a sit¢ prednemocnicni péce, rovnéz
dasledkem faktorti ovliviiujicich preziti jako inicidlni rytmus, pohlavi, etnikum apod.

Je logické, ze se na zdklad¢ té€chto faktorii muize liSit pfezivani v jedné zemi
s jednim pfednemocni¢nim systémem napii¢ regiony. Jednim z kritickych prvka, které
vyznamné¢ ovliviiuji Sanci na obnovu ob¢hu, je konstituce systému prednemocnicni péce,
jeji organizace (v Evropé se uplatituji dva modely: systém s Iékafem v terénu a systém
paramedicky s prvnim kontaktem s Iékafem aZ na urgentnim piijmu), systém vedeni prace
dispecinku a implementace telefonicky asistované resuscitace (TANR), struktura
pfednemocnicni péce a jeji podiizenost autoritdm vlady ¢i regiondlni samospravy a systém
vzdélavani posadek audrzovani kvality znalosti a dovednosti. Nemén¢ vyznamnou roli
hraje ob¢anska pfipravenost: vyuka prvni pomoci na Skolach a pracovistich se zaméfenim
na ¢asné rozpoznani srde¢ni zastavy a neodkladnou laickou resuscitaci a implementace sité
automatickych externich defibrilatori (AED) do vetejnych budov a prostranstvi. Jiz v roce
2012 pftijal Evropsky parlament deklaraci doporucujici proskoleni laické populace
a umisténi AED do vefejnych prostor s implementaci piislusné legislativy a organizace
sbéru dat se sledovanim kvality. Ve studii EuReCA 2 bylo uziti AED u 28,1 % zastav
s podanim vyboje v 16,5 % ptipad.

Tato disertacni prace je souhrnem 4 puvodnich publikovanych praci, jejichz
spoleCnym jmenovatelem je pravé problematika mimonemocni¢ni zastavy ob&hu. Prvni
prace (LUCAS II Device for Cardiopulmonary Resuscitation in a Nonselective Out-of-
Hospital Cardiac Arrest Population Leads to Worse 30-Day Survival Rate Than Manual
Chest Compressions) se vénuje problematice mechanizované srde¢ni masaze
v podminkach pfednemocni¢ni neodkladné péce (pouziti systému LUCAS 2) a porovnava
jeji ucinnost s konvenéni manualni masdzi na obnovu ob¢hu, 30denni a 180denni piezivani
pacienta. Druhd prace (The comparison of cardiopulmonary resuscitation-related trauma:

Mechanical versus manual chest compressions) na ni pfimo navazuje a zabyva se
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porovnanim cetnosti a rozsahu poranéni vzniklych v souvislosti s mechanizovanou
a manualni srde¢ni maséazi. Treti prace (Bypassing out of hospital cardiac arrest to a
regional center: impact on hemodynamics paramethers and outcome) se tyka centralizace
péce o mimonemocni¢ni zastavy a zabyva se bezpecCnosti prolongovaného transportu
pacientli po obnové ob&hu, kdy jsou pacienti misto spadové nemocnice transportovani do
vzdalendj$i nemocnice centrové. Ctvrtd prace (EKG u pacienti po mimonemocniéni
zastavé obchu) se pak soustfedi na problematiku EKG po obnové obéhu jako dulezitého
diagnostického prvku v algorytmu rozhodovani o dal§im postupu. Tato prace se zabyva
Cetnosti rliznych patologii na EKG bezprostiedné po obnové obéhu a po piijmu do

nemocnice a urcuje jejich senzitivitu a specificitu pro akutni koronarni syndromy.
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II. Cile prace a hypotézy

1.

V této disertacni praci bylo stanoveno n¢kolik cilt a hypotéz:

Nejprve jsme si stanovili za cil na ziklad¢ observacnich prospektivnich dat
porovnat ucinnost mechanické srde¢ni masdze pomoci piistroje (LUCAS 2) a
konven¢ni manualni srde¢ni masaze v priabéhu kardiopulmonalni resuscitace (KPR)
u pacientll s mimonemocnicni zastavou obéhu. Primarnim endpointem byla obnova
ob¢hu (ROSC) a sekundéarni 30denni a 180denni piezivani. Pfedpokladali jsme na
zaklad¢ v té¢ dob¢ dostupnych jen preklinickych a velmi malych observacnich dat,
ze mechanickd srdeéni masaz bude efektivngj§i v porovnani s manualni v
zakladnich endpointech.

Na zaklad¢ vysledk prace vyse uvedené jsme pii analyze vysledkd dospéli k
zavéru, ze moznym divodem selhdni mechanické masaze jako efektivnéjSiho
prostiedku k dosaZeni obnovy ob&hu miiZe byt trauma zplisobené resuscitaci. Cilem
studie bylo porovnat rozsah a zdvaznost poranéni v souvislosti s resuscitaci u
pacientli resuscitovanych mechanicky a manudlné na zakladé retrospektivnich
observacnich dat. Pfedpokladali jsme, Ze pacienti resuscitovani mechanicky
(LUCAS 2 a AutoPulse) budou mit signifikantné vice poranéni spojenych s
resuscitaci co do ¢etnosti a co do zavaznosti.

Dalsi ¢ast disertacni prace se zabyva jednim z aspektti centralizace péce o srde¢ni
zastavy. Cilem prace bylo porovnat, zda centralizaci péfe dojde k prodlouZeni
transportu v limitovanych podminkach pfednemocni¢ni péce a jaky to bude mit vliv
na vstupni hemodynamické parametry a vysledek 1écby. Predpoklédali jsme, Ze
prodlouzeny transport do centrové nemocnice nebude mit vliv na hemodnamické a
fyziologické parametry pfi pfijmu ani na pfeziti pacientl a jejich neurologicky stav.
Posledni ¢ast disertacni prace si klade za cil porovnat EKG kiivky u
resuscitovanych pacientl bezprostiedné po obnové obéhu a pfi piijmu do
nemocnice a jde o observacni studii Cerpajici z dat prospektivniho registru
mimonemocni¢nich zastav. Predpokladali jsme vyznamnou souvislost akutnich
koronarnich syndromil s nalezem ST elevaci, zejména pokud jsou ptfitomny i pii
pfijmu, a malou vypovédni hodnotu ostatnich nalezli pro akutni koronarni

syndromy nicméné s vysokou incidenci signifikantni ischemické choroby srdecni.
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III. Metodologie a statistika

Kovéfeni prvni hypotézy jsme usporddali observacni prospektivni studii
z prospektivniho registru srdeénich zéastav, ktery jsem vedl na Zachranné sluzbé ASCR,
pricemz dvé vyjezdova stanovisté pouzivala pii resuscitaci mechanicky systém LUCAS II
a dv¢ vedla klasickou manualni resuscitaci. Traumatické zastavy ob&hu a vék pod 18 let
byly vylouceny. Primarnim endpointem byla obnova spontdnniho obéhu a sekundérnimi
30denni a 180denni prezivani.

Druhé hypotéza byla ovéfovéana v retrospektivni observacni studii z dvou velkych
nemocnic zahrnujici pitevni nalezy pacientli zemielych v pribéhu resuscitace, piicemz
zastavy, kde mohl byt traumaticky podil, byly vylouc¢eny. Soubor byl rozdélen na dvé ¢asti
— pacienti resuscitovani mechanickym zafizenim a pacienti resuscitovani manualn¢.
Zahrnuta byla vSechna traumata, ktera jevila souvislost s resuscitaci. Byla posuzovana
jejich Cetnost a zdvaznost, kdy jsme k objektivizaci pouzili skorovaci systémy uzivané ke
skérovani traumat Abbreviated Injury Scale (AIS) a New Injury Severity Score (NISS).

Tteti hypotéza byla ovérovana v observacni studii vychazejici z prospektivniho
registru mimonemocni¢nich zastav a pacienti byli po Gspésné resuscitaci rozdéleni do dvou
souborl. Prvni Cital pacienty, ktefi byli z oblasti mimo centrovou nemocnici, a pred
zfizenim Centra pro srdecni zastavy by byli smérovani do nejbliz§i nemocnice. V druhém
souboru pak byli pacienti, pro néz byla centrova nemocnice nejbliz§i a spadova. Mezi
obéma skupinami byl pak porovnan cas transportu. Primarnimi endpointy bylo 30denni
prezivani a lro¢ni dobry neurologicky stav, sekundarnimi pak vstupni hemodynamické
parametry pfi piijmu.

Ctvrta hypotéza je zkoumana ve studii vychazejici ze stejného prospektivniho
registru jako tteti, kde byly analyzovany EKG kiivky bezprostfedné po obnoveni ob&hu a
potom pii piijmu do nemocnice. Byly popsany jednotlivé patologie kiivek a porovnany s
koronarografickymi ndlezy, koronarnimi intervencemi a vyslednou diagnézou. U
vybranych veli€in byla stanovena senzitivita a specificita testu.

Statistické hodnoceni bylo u vSech praci provadéno analogicky, jelikoz se jednalo
o observacni studie. Zaznamenana data byla statisticky vyhodnocena pomoci programu
Prism™ vs. 7 (GraphPad Software Inc., La Jolla, CA, USA). Kategorické promé&nné jsou
uvadény jako absolutni hodnoty a procenta a jsou porovnany pomoci chi- kvadrat testu
nebo Fisherova exaktniho testu. Spojité proménné jsou uvadény jako pramér + smérodatna

odchylka nebo median a mezikvartilovy rozptyl (IQR 25-75 percentil) v piipadé
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nenormalniho rozlozeni dat. Spojit¢é proménné byly porovnany se Studentovym
dvouvybérovym neparovym t-testem. Hodnota p < 0,05 byla povazovana za statisticky
vyznamnou. Deskriptivni statisticka analyza byla provedena k vyhodnoceni vztahi mezi
proménnymi. Logisticka regrese byla pouzita k urceni proménnych, které byly nezavisle
asociovany s definovanou zavislou proménnou. Za statisticky vyznamou byla stanovena
hodnota p < 0,05. Vyhodnoceni dat logistické regrese bylo provedeno za pouziti programu
MedCalc software (Ostend, Belgie).

Na 3 ze 4 praci se podileli studenti 3. LF UK jako soucast studentské védecké
aktivity.
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IV. Prehled dosazenych vysledki

Dosazené vysledky jsou prezentovany formou 4 védeckych publikaci in extenso
uvedenych v nasledujicim textu v potadi:

1. LUCAS II Device for Cardiopulmonary Resuscitation in a Nonselective Out-of-
Hospital Cardiac Arrest Population Leads to Worse 30-Day Survival Rate Than
Manual Chest Compressions

2. The comparison of cardiopulmonary resuscitation-related trauma: Mechanical
versus manual chest compressions

3. Bypassing out of hospital cardiac arrest to a regional center: impact on
hemodynamics paramethers and outcome

4. EKG u pacientll po mimonemocnicni zastavé ob&hu
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IV.1. LUCAS II Device for Cardiopulmonary Resuscitation in a Nonselective Out-of-
Hospital Cardiac Arrest Population Leads to Worse 30-Day Survival Rate Than

Manual Chest Compressions

Prvni prace se vénuje problematice mechanizované srdecni masaze v podminkéch
pfednemocni¢ni neodkladné péce. Jde o prospektivni observacni studii z let 2014-2018,
kde dv¢ stanovisté zachranné sluzby pouzivaji pfi resuscitaci mimonemocnic¢nich zastav
ob¢hu mechanizovanou srde¢ni masaz a dvé konvencni manudlni masaz. Zarazeni byli
vSichni pacienti s mimonemocni¢ni zastavou obc¢hu mimo ty s kontraindikaci pouziti
mechanizované masaze a ti, u nichz zastava ob¢hu vznikla az pted posadkou zachranné
sluZzby. Primdrnim endpointem byla obnova obéhu a sekunddrni 30denni a 180denni
ptezivani. Cilem bylo porovnat G¢innost obou postupt v bézné klinické praxi.

Do studie bylo zatazeno celkem 278 pacientli, 144 ve vétvi mechanické resuscitace
(LUCAS 2) a 134 v manualni vétvi. Pii porovnani obou skupin jsme zjistili, ze ve skupiné
LUCAS je vice spatienych zastav (79,17 % vs. 64,18 %, p = 0.0074) a pacienti ve skupiné
LUCAS jsou signifikantné star§i (median [IQR 25-75] let : 64 [54.5-72.5] vs. 68 [58-77],
p = 0.03. Mezi obéma skupinami nebyl signifikantné¢ vyznamny rozdil v obnoveni ob¢hu
(25 % LUCAS vs. 30,6 % manualni, p = 0.35), ale 30denni pfezivani bylo signifikantné
horsi ve skupiné LUCAS (5,07 % vs. 16,31 %, p = 0.044), coz je zatim v kontextu
publikovanych praci unikéatni vysledek, nebot” vétSina studii nenaléza vyznamny rozdil
mezi obéma postupy. 180denni piezivani se pak mezi obéma skupinami statisticky
vyznamné nelisi.

Vysledky nasi prace nepotvrdily pivodni ocekdvani a mechanizovana srdecni
masaz se nejevi ucinnéjsi v porovnani s konvenéni manualni. V tomto duchu hovoii 1
vysledky jinych praci. V naSi studii naopak byla vyznamné vysSi 30denni mortalita
v mechanizované vétvi, coz v jinych pracich zatim nebylo popisovéano. PfiCiny selhani
ucinnosti mechanizované srde¢ni masaze v klinickém pokusu nejsou jasné. Jako mozZna
vysvétleni se nabizi poranéni vznikajici v souvislosti s mechanizovanou masazi nebo
neefektivni komprese v souvislosti s anatomickymi poméry jednotlivych pacientt.

Daéle je uvedena celé prace v plivodnim anglickém originale, jak byla publikovéna.
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[0 Abstract—Background: The LUCAS (Lund University
Cardiopulmonary Assist System; Physio-Control Inc./Jolife
AB, Lund, Sweden) was developed for automatic chest com-
pressions during cardiopulmonary resuscitation (CPR). Ev-
idence on the use of this device in out-of-hospital cardiac
arrest (OHCA) suggests that it should not be used routinely
because it has no superior effects. Objective: The aim of this
study was to compare the effect of CPR for OHCA with and
without LUCAS via a regional nonurban emergency medi-
cal service (EMS) physician-present prehospital medical
system. Methods: We analyzed a prospective registry of all
consecutive OHCA patients in four EMS stations. Two of
them used a LUCAS device in all CPR, and the EMS crews
in the other two stations used manual CPR. Individuals with
contraindication to LUCAS or with EMS-witnessed arrest
were excluded. Results: Data from 278 patients were
included in the analysis, 144 with LUCAS and 134 with
manual CPR. There were more witnessed arrests in the LU-
CAS group (79.17% vs. 64.18% ; p = 0.0074) and patients in
the LUCAS group were older (p = 0.03). We found no signif-
icant difference in return of spontaneous circulation (30.6 %
in non-LUCAS vs. 25% in LUCAS; p = 0.35). In the LUCAS
group, we observed significantly more conversions from
nonshockable to shockable rhythm (20.7% vs. 10.10%;
p = 0.04). The 30-day survival rate was significantly lower
in the LUCAS group (5.07% vs. 16.31% in the non-
LUCAS group; p = 0.044). At 180-day follow-up, we
observed no significant difference (5.45% in non-LUCAS

vs. 9.42% in LUCAS; p = 0.25). Conclusions: Use of the LU-
CAS system decreased survival rate in OHCA patients.
Significantly higher 30-day mortality was seen in LUCAS-
treated patients.  © 2020 Elsevier Inc. All rights reserved.

0 Keywords—LUCAS 2; CPR; prehospital care

INTRODUCTION

Out-of-hospital cardiac arrest (OHCA) occurs in Europe
at a rate of 55 to 113 per 100,000 people per year. Return
of spontaneous circulation (ROSC) is achieved in 40% to
50% of patients. Only about 15% are discharged in favor-
able  neurological  status  (1-3).  Quality of
cardiopulmonary resuscitation (CPR) is critical to
improving survival rates with favorable neurological
function (4). The main factors of quality of CPR are
chest-compression depth, rate, releasing pressure be-
tween compressions, minimizing interruption in CPR,
and avoiding pauses before defibrillation (5-10).

The LUCAS (Lund University Cardiopulmonary
Assist System: Physio-Control Inc./Jolife AB, Lund,
Sweden) was introduced to clinical practice in 2002.
The first studies focused mainly on experimental and an-
imal models. Pig models suggested that the LUCAS
significantly reduced intrathoracic pressure and improved
coronary and cerebral perfusion pressures; animal studies
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suggested an advantage of LUCAS in terms of physiolog-
ical parameters, but human studies have not yet shown an
advantage in ROSC or survival (11,12). In simulated CPR
during helicopter transport of manikins in randomized tri-
als, LUCAS was more effective in terms of CPR quality
and hands-off time, but had a prolonged interval to first
defibrillation (13). Two randomized trials targeted
ROSC and survival rate. The LINC study found no differ-
ence in 4-h survival and 6-month good neurological
outcome in the mechanical CPR group vs. the manual
CPR group (14). The PARAMEDIC randomized trial
found no difference in 30-day survival and lower favor-
able neurological outcomes (Cerebral Performance Ca-
pacity-CPC 1,2) in the LUCAS group (15).

These results recommend against automated chest
compression systems. However, real-world studies on
the efficacy and safety of these devices in OHCA settings
are limited. Therefore, we compared the use of LUCAS
and manual CPR in real-world settings.

METHODS

This was a prospective observation study of all consecu-
tive patients who experienced an OHCA from May 2014

to June 2018 and were indicated for CPR by EMS staff

(contraindications were terminal phase of incurable dis-
ease and certain signs of death). We excluded patients
with the following contraindications for LUCAS me-
chanical compression: age younger than 18 years and
trauma as the cause of cardiac arrest. Also excluded
from analyses were patients with ROSC <2 min because
of possible insufficient time for proper use of the LUCAS
2 device (Figure 1). In the case of OHCA, a witness acti-
vates the EMS system by emergency call and the
dispatcher is trained to recognize OHCA and lead the wit-

ness on CPR initiation. Dispatcher activates EMS staff of

an emergency priority one- nearest emergency car and
nearest EMS physician car. Advanced life support
(ALS) is subsequently provided by four EMS staff. The
study used four nonurban EMS stations in central
Bohemia. These four stations are resonsible for EMS
covering of one district in central Bohemia with the
same geographical and demographical conditions, and
stall were not fixed to one station, but their duties were
realized at all district stations depends on possibilities.
One device was distributed to the western part and one
to the eastern part of the district. All stations were one
company with the same management, equipment, medi-
cal procedures, staff, and standard of care. Two stations
were equipped with a mechanical chest compression de-
vice and the other two stations used manual CPR only. All
stations used the rendezvous model with a physician on
board. Only patients with ROSC on site were included,
because termination of CPR on site by EMS physician

22

is common competence in the Czech Republic. Only pa-
tients with ROSC were enrolled into this study and re-
arrest on route was managed with restarted CPR in the
standing vehicle (3 patients were transported with
ongoing CPR and were excluded from the analysis, all
were without ROSC in hospital). The mechanical chest
compression device used was the LUCAS 2. The staff
were trained in use of the device and standard CPR
(16). In the LUCAS group, staff initiated manual CPR
and switched the device on and it was interrupted for de-
vice positioning and activation only. After this procedure,
electrocardiography monitoring was established to check
a rhythm with quick pause of compressions. If shockable
thythm was observed, the device was restarted with defi-
brillation during continuous mechanical CPR. The time
to device activation was not monitored, but in training
was the upper limit time of 2 min from start of ALS.
All staff were trained in ALS management, with refresher
courses once per year. Although the EMS physician was
present in the staff, all procedures, including early defi-
brillation, intubation, and drug administration, were pro-
vided by standard ALS protocol according to the

OHCA recognized by
Emergency Medical staff
359
Excluded 22
TRAUMA®
17
OHCA
337
ROSC < 2 min®
59
OHCA to
analyzes®
278
LUCAS group MANUAL group
144 134

Figure 1. Flow chart of the study. (A) Excluded for short time
of CPR. (B) Final file to analyze. (C) Traumatic cardiac arrest.
OHCA = out of hospital cardiac arrest; ROSC = return of
spontaneous circulation.
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guidelines. In the non-LUCAS group, CPR was provided

with algorithm 30:2 compressions/breath with a rate of

100/min with early detection of rhythm and early defibril-
lation, if indicated. We excluded short-duration CPR
(<2 min) because LUCAS 2 was not used in these cases.
Primary endpoint was ROSC and secondary endpoints
were 30-day and 180-day mortality.

The data recorded in electronic case report form were
statistically evaluated with Prism™ software, version 7
(GraphPad Software Inc., La Jolla, CA). Categorical vari-
ables are presented as absolute values and percentages
and were compared using a chi-Quadrat test or Fisher

exact test. Continuous variables are presented
+

as
mean standard deviation or median and interquartile
range (25t 75t percentile [IQR]) for abnormal distribu-
tion. Continuous variables were compared with Student’s
two-choice unpaired z-test. A p value < 0.05 was consid-
ered statistically significant.

Patients or the public were not involved in the study
design, conduct, reporting, or dissemination.

Under local law, as an observational noninterventional
study, the independent ethics committee approval was not
required.

RESULTS

From May 2014 to June 2018, we identified 359 patients
with OHCA; 22 were excluded because of LUCAS
contraindication and 59 patients were excluded because
of ROSC of 2 min. There were 144 patients receiving me-
chanical chest compressions with LUCAS 2 (LUCAS
group) and 134 with manual CPR (non-LUCAS group)
(1). Three patients were transported with ongoing CPR
and were excluded from the analysis, all were without
ROSC in hospital.

Baseline Characteristics

The baseline characteristics of both groups are shown in
Table |. Median age was 64 years (IQR 54.5-72.5 years)
in the non-LUCAS group and 67 years (IQR 58-77 years)
in the LUCAS group (p = 0.03); 69.4% of the non-
LUCAS group were men vs. 64.58% in the LUCAS group
(p=0.44). We observed significantly fewer witnessed ar-
rests (64.18%) in the non-LUCAS group vs. in LUCAS
group (79.17%; p = 0.0074). Median time from cardiac
arrest to start of EMS-provided resuscitation was
15 min (IQR 9.75-20 min) in the non-LUCAS
vs. 13 min (IQR 10-17.25 min) in the LUCAS group
(p=0.07). CPR by witness was provided in 70.15% of pa-
tients in the non-LUCAS group vs. 73.61% patients in the
LUCAS group (p=0.59). We observed shockable rhythm
as the initial rhythm in 26.12% of patients in the non-
LUCAS group vs. 19.44% of patients in the LUCAS

group
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group (p = 0.19). Defibrillation was provided by
33.58% of patients in the non-LUCAS group vs.
36.11% patients in the LUCAS group (p = 0.14).

CPR Characteristics and Results

We observed no difference in ROSC between groups:
30.6% in the non-LUCAS group vs. 25% in the LUCAS
group (p = 0.35) (Table 2). There was no difference in
ROSC between groups il the etiology of cardiac arrest
was presumed to be cardiac: 31.25% in non-LUCAS
group vs. 24.18% in LUCAS group (p = 0.31). In the sub-
group of patients with ventricular fibrillation as the initial
thythm, there was no difference in ROSC between
groups: 51.43% in the non-LUCAS group vs. 46.43%
in the LUCAS group (p = 0.80). The ROSC in nonshock-
able rhythm was 28.57% in the non-LUCAS group vs.
18.97% in the LUCAS group (p = 0.16). The duration
of CPR to ROSC was not different between groups:

1441 %= 959 min in non-LUCAS group vs.
15.81 = 9.6 min in the LUCAS group (p = 0.64). We

observed significantly higher conversion from nonshock-
able to shockable rhythm in the LUCAS group: 20.70%
compared to 10.10% in non-LUCAS group (p = 0.04)
(Table 2).

Long-Term QOutcomes

We report 30- and 180-day follow-up and obtained data
on 85% of patients in both groups after ROSC. The
85% follow-up rate was due to poor patient identification
after hospital admission. The 30-day survival rate was
significantly lower (5.07%) in the LUCAS group vs. in

Table 1. Baseline Characteristics the Non-LUCAS Group
vs. the LUCAS Group

Characteristic Non-LUCAS LUCAS p Value
Age, years, median 64 (54.5-72.5) 67 (58-77) 0.03
(IQR)
Men, n (%) 93/134 (69.40 93/144 (64.58)  0.44
Witnessed arrest, 86/134 (64.18) 114/144 (79.17) 0.0074
n (%)
Time from arrest 15 (9.75-20) 13 (10-17.25) 0.142
to CPR, min,”
median (IQR)
CPR by witness, 94/134 (70.15) 106/144 (73.61) 0.59
n (%)
Initial shockable 35/134 (26.12) 28/144 (19.44)  0.19
rhythm, n (%)
Defibrillation, n (%) 45/134 (33.58) 52/144 (36.11)  0.70

CPR = cardiopulmonary resuscitation; IQR = interquartile range
(25th to 75th percentile); LUCAS = Lund University Cardiopulmo-
nary Assist System; Physio-Control Inc./Jolife AB, Lund, Sweden.
Bold values are significant.

* Time from cardiac arrest to advanced life support resuscitation
by professional staff.
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Table 2. Results Non-LUCAS vs. LUCAS Group: ROSC, Subgroups of Survivors, and 30-Day and 180-Day Outcomes

Variable Non-LUCAS LUCAS p Value
ROSC, n (%) 41/134 (30.60) 36/144 (25) 0.35
Cardiac etiology of arrest, n (%) 80/134 (59.70) 91/144 (63.19) 0.62
Time of CPR, min, mean + SD* 14.41 + 9.6 15.81 + 9.59 0.64
Survivors, cardiac etiology, n (%) 25/80 (31.25) 22/91 (24.18) 0.31
Survivors, nonshockable rhythm, n (%) 22/55 (28.57) 22/94 (18.97) 0.16
Survivors, ventricular fibrillation, n (%) 18/35 (51.43) 13/28 (46.43) 0.8013
Conversion for rhythm for defibrillation, n (%)" 10/99 (10.10) 24/116 (20.70) 0.0396
30-day survival, n (%) 21/128 (16.31) 7/138 (5.07) 0.044
180-day survival, n (%) 13/138 (9.42) 7/128 (5.45) 0.252
30-day survival of cardiac cases, n (%) 15/74 (20.27) 7/85 (8.26) 0.038
180-day survival of cardiac cases, n (%) 10/74 (13.51) 7/85 (8.26) 0.313

CPR = cardiopulmonary resuscitation; LUCAS = Lund University Cardiopulmonary Assist System; Physio-Control Inc./Jolife AB, Lund,

Sweden; ROSC = return of spontaneous circulation.
Bold values are significant.
* Duration of CPR by professional staff.

1 Conversion from nonshockable rhythm to shockable rhythm during CPR.

the non-LUCAS group (16.31%: p = 0.04). The 180-day
survival rate was 5.45% in the LUCAS group vs.9.42% in
the non-LUCAS group (p = 0.25). The Kaplan-Meier
curve is shown in Figure 2. Subgroup analysis of pre-
sumed cardiac etiology of cardiac arrest shows that the
30-day survival rate was 20.27% in the non-LUCAS
group vs. 8.26% in the LUCAS group (p = 0.04). The
180-day survival rate was 13.51% in the non-LUCAS
group vs. 8.26% in the LUCAS group (p = 0.31).
Kaplan-Meier curve is shown in Figure 3.

DISCUSSION

Our study used observation data and CPR procedures
without specific protocols except for mechanical chest
compression. We noted considerably older patients with
a lower rate of witnessed arrest in the non-LUCAS group.
ROSC and presumed cardiac etiology were similar in
both groups. The 30-day survival rate was significantly
worse in the LUCAS group, but the 180-day outcomes

Long-term survival
p=0,0149
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Figure 2. Long-term survival: LUCAS vs. nonLUCAS group.
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were similar in both groups. The LUCAS group has
significantly more conversions to shockable rhythm dur-
ing CPR.

We reached ROSC by 30.6% in the non-LUCAS group
vs. 25% in the LUCAS group without statistical signifi
cance. The LINC trial found that ROSC was reached
34.6% in the manual CPR group vs. 35.4% in the me-
chanical CPR group (14). The PARAMEDIC study found
ROSC in 31% (manual CPR group) vs. 30% (mechanical
CPR group) (15). A meta-analysis found no difference in
ROSC between groups (12). Our results are consistent
with the published evidence: we observed only a nonsig-
nificant trend toward lower ROSC in the LUCAS group.

The PARAMEDIC and LINC studies have very
similar baseline characteristics, but the median time
from EMS call to arrival was 6.5 min (PARAMEDIC)
vs. 13 min in our study. The worse effect might be related
to prolonged arrival in nonurban regions vs. mixed re-
gions. The LINC study also found that shockable rhythm

Survival proportions: Cardiacs
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Figure 3. Long-term survival rate of cardiac etiology of the
cardiac arrest: LUCAS vs. nonLUCAS group.
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was the initial rhythm in 29% vs. 19.4% in our study. In
the mechanical group, a shockable rhythm is related to
better outcomes. The 30-day survival rate was 16.3% in
the non-LUCAS group vs. 5.07% in the LUCAS group
(p=0.044).

The LINC study monitored 30-day survival rate as
8.5% in the manual group vs. 8.6% in the mechanical
group. The PARAMEDIC study’s rates were 7% and
6% for manual and mechanical groups, respectively.
The 180-day survival rate was 9.42% in the non-
LUCAS group vs. 5.45% in the LUCAS group (without
statistical significance). The LINC study was 180 days
of outcomes (8.1% in manual vs. 8.5 in mechanical
group). The PARAMEDIC study was 3 months and

12 months ol outcomes, with similar survival rates of

about 6% in all groups. We observed better 30-day out-
comes in the noninterventional branch. This was not
seen in other studies and has not been confirmed in
180-day outcomes.

We found no differences in baseline characteristics
and CPR markers in the manual non-LUCAS group
compared with the LINC and PARAMEDIC trials,
although our 30-day survival rate was higher (only
bystander CPR was higher in our study, 70.15% vs.
57% 1in LINC trial and 43% in PARAMEDIC trial).
One possible explanation might be that trauma occurred
during CPR. We can speculate that the short-term
outcome suggests more influence on survival rate in
CPR-related trauma; long-term survival is related more
to the neurological conditions of the patients; however,
current data are not sufficient to confirm this hypothesis.
The value of long-term survival rates in the LINC and
PARAMEDIC trials are very similar to outcome with
good neurological outcome (CPC) (1,2).

There is likely more trauma related to mechanical
chest compressions than manual chest compressions.
Trauma can be life-threatening itsell or it can lead to
injury when combined with medical procedures (antith-
rombotic and anticoagulation therapy). This can possibly
lead to fatal injuries. A Swedish study focused on trauma
related to mechanical compression and was a sub-
analysis in the LINC study. According to autopsy reports,
mechanical CPR was related to significantly more CPR-
related mjuries, but CPR-related injury was not consid-
ered the cause of death (17). However, that study was
influenced by limited autopsies in Sweden per law
(only 222 autopsies were included). The cause of death
was subjective based on pathologist opinion without
any objective evaluation. Two small observatory studies
found high evidence of skeletal injuries with low evi-
dence of life-threatening injuries (18.19). In a random-
ized noninferiority study, LUCAS did not
significantly more serious or life-threatening visceral
damage than manual compressions (20). This study

cause

25

included in-hospital and out-of-hospital arrests together
(with different time of CPR) and evaluation of injuries
was provided by autopsies or computed tomography
scan or clinical course by survivors. These different
methods could bring potential confounding factors, and
the number of injuries was extremely low compared to
other data. Classification of seriousness of damage was
not associated with any previous methodology of injuries
and their relationships to clinical course are unclear. All
fatal damages were associated with mechanical compres-
sion (3). In addition, case reports suggest that mechanical
CPR can be inelfective for lelt ventricle compression and
could lead to injury of the right ventricle after transeso-
phageal echocardiography (21). We speculate that
anatomie diflferences in the human thorax in combination
with fixed compression by the device could lead to vari-
ations in compression and injury. It is also supported
also by a relatively recent study (22) in which CPR during
extracorporeal life support was monitored with transeso-
phageal echocardiography. LUCAS 2 was used in 79% of
patients and left ventricular outflow tract (LVOT) opening
during CPR was associated with the probability of suc-
cessful resuscitation. LVOT opening during CPR was pre-
sent in 100% of successfully resuscitated patients and
only in 8% of patients without ROSC (p = 0.0002). It is
expected that LVOT obstruction should be a side effect
of CPR and it could be related to the position of the piston
of LUCAS 2 and anatomic and functional substrates. The
study does not compare influence of manual and mechan-
ical compression on LVOT obstruction, but data suggest
that ineffective mechanical compression could be an
explanation for the nonbeneficial results of mechanical
CPR.

Limitations

Our study has several limitations. First, it was restricted to
one region and therefore the study population size is
smaller than in the large randomized trials. The 85%
follow-up rate was due to poor patient identification after
hospital admission and represents another potential bias.
In addition, this was an observational trial without
randomization, and it was designed to reflect a real-life
situation. The quality of CPR was not monitored in our
study.

CONCLUSIONS

The use of automated chest compressions with LUCAS
was not associated with improvement of survival rate in
OHCA. We also found significantly higher 30-day mor-
tality rates in the LUCAS-treated patients by regional
nonurban EMS and similar 180-day mortality in both
groups. The results were consistent in the presumed
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cardiac cases, as well as in the noncardiac etiology. We
observed a significantly higher conversion to shockable
rhythm in the LUCAS group.

—
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IV.2. The comparison of cardiopulmonary resuscitation-related trauma:

Mechanical versus manual chest compressions

Druhd prace tematicky navazuje na praci prvni a zabyva se otazkou poranéni
vzniklych v souvislosti s resuscitaci, respektive porovnani vlivu mechanizované a
manudlni srde¢ni masdze na vznik poranéni v souvislosti s resuscitaci a na jejich mozné
pusobeni na prezivani pacientii. Cilem prace bylo zjistit, zda mechanizovana srde¢ni masaz

Jednd se o multicentrickou retrospektivni studii, do niz byli zafazeni vSichni
pacienti zemfeli v prubéhu resuscitace pifi mimonemocni¢ni zastavé ob¢hu, vyjma téch,
jejichz zadkladnim mechanismem pii umrti bylo trauma. Vysledky vychdzely z analyzy
pitevnich protokolil a pro objektivizaci dat a stanoveni rozsahu a zavaznosti poranéni jsme
pouzili Abbreviated Injury scale (AIS) a New Injury severity score (NISS).

Celkem bylo v prubéhu let 2016-2018 do studie zatazeno 630 pacientll, z cehoz
559 bylo resuscitovano manudalné a 64 mechanizované. Mezi obéma skupinami nebyl
v zékladni charakteristice rozdil vyjma délky resuscitace (medidn [IQR 25-75] min : 30
[20-33] v manualni skupiné vs. 31 [18.8-56.3] v mechanizované skupin¢, p = 0.0005) a
véku pacienti (medidn [IQR 25-75] let: 67 [56-75] v manudlni vs. 64 [49-70]
v mechanizované, p = 0.0067). Nebyl nalezen vyznamny statisticky rozdil co do Cetnosti a
zavaznosti poranéni mezi obéma skupinami. Mezi jednotlivymi poranénimi bylo pouze
poranéni perikardu vyznamné cetnéjSi v mechanizované skupiné. Jako nezavislé
prediktivni faktory vzniku traumatu pii KPR byly v multivariantni analyze identifikovany
veék a laicka resuscitace.

V nasi praci tedy nebyl prokazan vyssi vyskyt poranéni co do cCetnosti a
vyznamnosti pfi porovnani mechanizované a manualni srdecni masaze. Nelze tedy tvrdit,
ze neuspéch mechanizované masaze v klinickych pokusech je zptisoben poranénimi jim
zpisobené. Nicméné u poranéni parenchymatoznich organt byl zfeymy trend v neprospéch
mechanizované maséaze. Je tedy mozné, ze napiiklad v kombinaci s protidestickovymi 1éky
mohou mit poranéni vaznéj$i nasledky a tim ovlivnit 30denni mortalitu ve skupiné
LUCAS, jak bylo uvedeno v piedchozim ¢lanku, ovSem piimy dikaz pro toto tvrzeni

chybi.
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Introduction: Aim:: To compare injuries after cardiopulmonary resuscitation (CPR) caused by manual or
mechanical chest compressions in resuscitated patients with non-traumatic cardiac arrest.

Merhods: This retrospective, multicenter study was based on autopsy reports of patients who died after
CPR; individuals with a traumatic cause(s) of cardiac arrest were excluded. Patients were divided into two
CPR groups: mechanical and manual. The Abbreviated Injury Scale was used to objectively evaluarte the
most serious injuries and the New Injury Scale Score was used to summarize all injuries.

Keywords:
ReJ;usci[ation Results: Of 704 patients, data from 630 individuals were analyzed after exclusion of those with trauma-
Autopsy related cardiac arrest. Manual CPR was performed in 559 patients and mechanical in 64 subjects. There

were no differences in sex, bystander CPR, or etiology of cardiac arrest between the two groups, however,
mechanical CPR was significantly longer (X vs. Y, p = 0.0005) and patients in this group were younger (X vs.
Y, p = 0.0067). No differences were found in the incidence of CPR-related injuries between the groups. The
median number of the most serious injury (according to Abbreviated Injury Scale) was 3, which was not
statistically different; the median number of injuries according to the New Injury Severity Score was 13 in
both groups (low probability of fatal injury). Type of injuries were also similar with the exception of
pericardial damage that was more prevalent in mechanical CPR group. Only age and bystander CPR were
found to be independently associated with the autopsy-documented trauma.

Conclusion: Our results suggest that mechanical chest compressions do not increase the incidence and
severity of CPR-related injury in comparison with manual methods despite significantly longer CPR dura-
tion.

Mechanical chest device
CPR related trauma

© 2021 Elsevier BV. All rights reserved.

1. Introduction The Lund University Cardiopulmonary Assist System (LUCAS;

Physio-Control Inc.[Jolife AB, Lund, Sweden, a piston system with

In Europe, out-of-hospital cardiac arrest occurs at a rate of
55-113 per 100,000 inhabitants per year. Although return of spon-
taneous circulation (ROSC) is achieved in 40-50% of patients, only
approximately 15% are discharged with a favourable neurological
status [1-3]. The quality of cardiopulmonary resuscitation (CPR) is
critical to improving survival rates with favorable neurological
function [4].

= Correspondence to: Department of Cardiology, Regional Hospital Liberec, Liberec
460 01, Czech Republic.
E-mail address: jiri.karasek@nemlib.cz (]. Karasek).

https://doi.org/10.1016/j forsciint.2021.110812
0379-0738/© 2021 Elsevier B.V. All rights reserved.

antero-posterior chest compression) was introduced to clinical
practice in 2002. Initial studies focused mainly on experimental and
animal models. Results from porcine models suggested that LUCAS
significantly reduced intrathoracic pressure and improved coronary
and cerebral perfusion pressures [5]. However, human studies have
not yet demonstrated an advantage in ROSC or survival [G]. Two
randomised trials compared the effect of mechanical and manual
chest compressions on ROSC and survival rate. The LUCAS in Cardiac
Arrest (LINC) study reported no difference in 4 h survival and
6-month good neurological outcomes in the mechanical CPR versus
the manual CPR groups [7]. The Prehospital Randomised Assessment
of a Mechanical Compression Device in Out-of-hospital Cardiac
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Arrest (PARAMEDIC) trial demonstrated no difference in 30-day
survival and lower favorable neurological outcomes (CPC 1,2) in the
LUCAS group [8]. Randomised trial with AutoPulse (Zoll Medical
Corporation, Chlemsford, MA, circumferential compression band)
referred no difference in 4 h survival, but trend to lower 30-days
survival and lower favorable neurological outcome in AutoPulse
group [22].

Also based on these results, current guidelines for CPR suggest
automated chest compression devices like a reasonable alternative
to high-quality compressions in situations where sustained high-
quality manual chest compressions are impractical or compromise
provider safety [9]. In a previous study, we found significantly higher
30-day mortality rates in LUCAS patients treated by regional, non-
urban emergency medical services and similar 180-day mortality
rates in both groups [10]. One likely explanation for this observation
is the increased trauma rate often associated with mechanical
compared with manual chest compressions. Trauma can be life-
threatening itself andfor can lead to injury when combined with
medical interventions such as antithrombotic and anticoagulation
therapy, which can possibly lead to fatal injuries in survivors.
Traumatic injuries have been investigated in a few previous smaller
studies using different methods and evidence of trauma, and
without objective measures of injury severity [17-19]. The aim of
our study was, therefore, to compare the autopsy-documented
CPR-related injuries in patients with mechanical chest compressions
and manual CPR.

2. Methods

The present retrospective study was perfomed at two forensic
medical centres (Regional Hospital Liberec and University Hospital
Kralovske Vinohardy, Prague, Czech Republic) using data collected
between 2016 and 2018. In total, 704 adult patients (> 18 years of
age), who experienced sudden cardiac death (SCD), unsuccessful
mechanical or manual CPR, and ultimately underwent autopsy, were
included. According to the law, after sudden death, all patients who
are resuscitated are referred for autopsy in the department of for-
ensic medicine, Given the retrospective nature of the study and the
use of anonymized data, requirements for informed consent were
waived by the ethics board. However, the study was registered with
the local ethics board of the regional hospital. Patients nor the public
were not involved in the design, conduct, reporting, or dissemination
of this research.

An electronic case report form (eCRF) was created using catalo-
gued descriptions of unique injuries to individual organs. All injuries
to CPR-relevant areas, except those possibly caused by other trauma,
were included in the analysis.

For objective assessment, the Abbreviated Injury Scale (AIS) score
and New Injury Severity Score (NISS) were used. The AIS is an ana-
tomical-based coding system developed by the Association for the
Advancement of Automotive Medicine to describe and classify the
severity of injury, [11,12] and is one of the most common anatomical
scales used to assess traumatic injuries [13].

(for example- 441411.3 means: 4-thorax, 4-lungs, 4-contusion,
11-bilateral focal, 3-seriousness). The AIS is a measurement tool used
to score single injuries on a scale of 1-6 as follows: 1, minor
(probability of death, 0%); 2, moderate (probability of death, 1-2%);
3, serious (probability of death, 8-10%); 4, severe (probability of
death, 5-50%); 5, critical (probability of death, 5-50%); and 6,
maximum ( probability of death, 100%). The NISS is simply a square of
the three most severe injuries (AIS values), regardless of body region
injured [14] and is more predictive of survival than the older Injury
Severity Score (1SS}, which describes only squares of the highest AIS
score [15,16]. Injury is scored on the NISS as follows: minor {1-3);
moderate (4-8); serious (9-15); severe (16-24); and critical (24-75).
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Data recorded in the eCRFs were analysed using Prism version 7
(GraphPad Software Inc., La Jolla, CA, USA). Categorical variables are
expressed as absolute values and percentages, and were compared
using the chi-quadrat test or Fisher's exact test. Continuous variables
are expressed as mean + standard deviation (SD) or median and
interquartile range (IQR [i.e., 25th-75th percentile]) for data that
were non-normally distributed. Data were tested for normal dis-
tribution using the Shapiro-Wilk test.

Continuous variables were compared using the Student’s two-
choice unpaired t-test. Differences with p<0.05 were considered to
be statistically significant.

Descriptive statistical analysis was performed to assess the re-
lationship between variables. Stepwise logistic regression was used
to identify variables that were independently associated with
trauma. In the regression model, the dependent variable was evi-
dence of patient trauma was the dependent variable. A p < 0.05 was
considered to be statistically significant. As part of the analysis,
variables that were associated with trauma were entered into a
stepwise logistic regression model. These included sex, age, duration
of CPR, bystander CPR, mechanical CPR and LUCAS Il device CPR. The
a priori « level was 0.05. Data management and logistic regression
analysis were performed using MedCalc software (Ostend, Belgium).

3. Results
3.1. Baseline characteristics

A total of 704 adult patients (> 18 years of age) who experienced
SCD and died during CPR at two centers of forensic medicine be-
tween 2016 and 2018 were enrolled. Seventy-four patients with a
traumatic etiology of cardiac arrest were excluded. Autopsy results
from 630 patients were ultimately analysed, with manual CPR per-
formed on 559 (88.7%; manual group), and 64 (10.2%) were re-
suscitated using a mechanical chest compression device {mechanical
group), of whom 44 (7%) were resuscitated using the LUCAS Il device
and 20 (3.2%) with AutoPulse. There were no sex differences be-
tween the groups (405 men [72.5%] versus 44 men [68.8%]; p = 0.56).
However, there were significant differences in age: median 67 years
(IQR 56-75) in the manual group versus 64 years (IQR 49-70) in the
mechanical group (p = 0.0067). Bystander CPR was performed in 354
(63.3%) in the manual group vs. 33 (51.5%) in the mechanical group
(p = 0.08), and median bystander CPR duration in the manual group
was 10 min (IQR 6.25-12 min) versus 10 min (IQR 5-15 min) in the
mechanical group (p = 0.96). The median duration of total CPR was
significantly shorter in the manual group (30 min [IQR 20-33 min])
versus 31 min (IQR 18.8-56.3 min) in the mechanical group
(p = 0.0005). There was no difference in cardiac aetiology of death:
438 (78.4%) in the manual group versus 52 (81.3%) in the mechanical
group (p = 0.75); and no differences in asphyxia-related aetiology of
death (54 [9.7%] in the manual group versus 6 [9.4%] in the me-
chanical group) (p = 0.99). Results are summarized in Table 1.

3.2. Organ injuries

Seventy-six (13.6%) patients in the manual group exhibited no
evidence of trauma versus 8§ (12.5%) in the mechanical group
(p = 0.99). A total of 483 (86.4%) injuries were observed in the
manual group and 56 (87.5%) in the mechanical group (p > 0.99). The
most frequent injuries were skeletal with 478 (85.5%) in the manual
group versus 56 (87.5%) in mechanical group (p = 0.85). Visceral
injuries were sustained by 172 (27.3%) decendents in the manual
group and 25 (39.1%) in the mechanical group (p = 0.2). Heart in-
juries were evident in 25 (4.5%) in the manual group versus 3 (4.7%)
in mechanical group (p = 0.99). Lung injuries were noted in 45 (8.1%)
in the manual group versus 8 (12.5%) in the mechanical group
(p = 0.24). Pericardial injuries were present in 25 (4.5%) patients in
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Table 1 Table 4

Demographic information and event characteristics (n = 630). Fractures of skeletal parts.
Characteristic CPR group Fracture CPR group

Manual Mechanical P Manual Mechanical P
Patients 559 (88.7) 64 (10.2) NS Ribs, n (%) 478 (85.5)  56(87.5) 0.85
Male sex 405 (72.5) 44 (68.8) 0.56 Number of fractured Ribs, median (IQR) 10 (5-12) 10 (5.5-13) 0.61
Age, years median (IQR) 67 (56-75) 64 (49-70) 0.0067 Sternum, n (%) 346 (619) 46 (71.9) 0.13
Bystander CPR 354 (63.3) 33 (51.5) 0.08 Thoracic vertebrae, n (%) 3(0.5) 0(0) 0.99
gystar.lder C?R" 10(6.25-12) 10(5-15) 099 CPR, cardiopulmonary resuscitation; IQR, interquartile range (ie., 25th-75th per-
uration, min, tile)

Median (IQR) centile).
CPR duration, min, median (IQR) 30 (20-33) 31(18.8-56.3)  0.0005
Cardiac etiology 438 (78.4) 52 (81.3) 075 (IQR 3-3) in the manual group versus 3 (IQR 3-3) in the mechanical
Asphyxia-related etiology 54 (9.7) 6(9.4) 0.99 group (p = 0.7) and 3 (IQR 3-3). These results are summarized in
Other etiology 64 (12) 6(9.4) 0.83

Data presented as n (%) unless otherwise indicated. CPR, cardiopulmonary re-
suscitation; IQR, interquartile range (i.e., 25th-75th percentile) NS, not statistically
significant.

Table 2

Frequency of injury in individual organs.
Organ CPR group P

Manual Mechanical

Total 483 (86.4) 56 (87.5) 0.99
Visceral 172 (27.3) 25(39.1) 0.2
Heart 25(4.5) 3(47) 0.99
Lung 45(8.1) 8(12.5) 0.24
Pericardium 25(4.5) 6(94) 0.12
Pleura 53 (5.9) 5(7.8) 0.82
Skeletal 478 (85.5) 56 (87.5) 0.85
Liver 15 (2.7) 1(16) 0.99
Spleen 9(1.6) 2(31) 0.31
NISS, median (IQR) 13 (9-13) 13 (9-13) 0.28
AlS, median (IQR) 3(3-3) 3(3-3) 0.7

Data presented as n (%) unless otherwise indicated. AIS, Abbreviated injury score; CPR,
cardiopulmenary resuscitation; IQR, interquartile range (i.e., 25th-75th percentile);
NISS, New Injury Severity Score.

Table 3

Lesions of individual organs.
Organ CPR group P

Manual Mechanical

Heart laceration 8(14) 2(30) 0.27
Heart contusion 7(13) 3(47) 0.07
Pericardium laceration 8(14) 2(30) 0.27
Pericardium contusion 15(27) 1(16) 0.99
Hemopericardium 14(25) 2(31) 0.68
Lung contusion 37 (6.6) 6(94) 043
Haemothorax 10(1.8) 3(47) 014
Large vessels damage 2(04) 0(0) 0.99
Haemoperitoneum 3(0.5) 0(0) 0.99
Liver laceration 9 (1.6) 0(0) 0.61
Liver contusion 5(0.9) 1(1.6) 0.48
Spleen laceration 1(0.18) 0(0) 0.99
Spleen contusion 5(0.9) 2(31) 016

Data presented as n (%) unless otherwise indicated.

the manual group versus 6 (9.4%) in the mechanical group (p = 0.12),
and a significantly higher proportion if they were resuscitated with
LUCAS (4 [9.1%]) (p = 0.02). Pleural injuries were observed in 53
(5.9%) in the manual group versus 5 (7.8%) in the mechanical group
(p=0.82). Liver injury was observed in 15 (2.7%) in the manual group
versus 1 (1.6%) in the mechanical group (p = 0.31). Injury to the
spleen was evident in 9 (1.6%) in the manual group versus 2 (3.1%) in
the mechanical group (p = 0.31). Median NISS scores were similar in
all groups: 13 (IQR 9-13) in the manual group versus 13 (IQR 9-13)
in the mechanical group (p = 0.28) and 13 (9-17). Furthermore,
there were no differences in median AIS scores among all groups: 3

Table 2. There were no differences in lesions in individual organs,
only heart contusions were marginally more frequent in the me-
chanical group. Lesions are summarized in Table 3.

3.3. Skeletal injuries

Injuries to the bones comprising the thorax were observed in
85.5% of bodies in the manual group versus 87.5% in the mechanical
group, all of which were any type of rib fractures. The median
number of rib fractures was 10 per decedent (IQR 5-12) in the
manual group versus 10 (IQR 5.5-13) in the mechanical group
(p = 0.61). Sternal fractures were observed in 346 (61.9%) of dece-
dents in the manual group (probably extensive compression power
used by survivors on slight bodies) versus 46 (71.9%) in the me-
chanical group (p = 0.13). Thoracic vertebra fractures were evident in
3 (0.5%) patients in the manual group versus 0 (0%) in the me-
chanical group (p = 0.99). These results are summarized in Table 4.

34. LUCAS 2 versus AutoPulse

Forty-four (7%) patients were resuscitated using LUCAS; there
were no differences in any characteristics between the manual group
and mechanical/LUCAS groups. However, the number of pericardial
injuries was significantly higher in the LUCAS compared with the
manual group (paragraph organ injuries). Twenty (3.2%) patients
were resuscitated using AutoPulse (Zoll Medical, Chelmsford, MA,
USA); there were no differences in any characteristics between the
manual and mechanical/AutoPulse groups. There were no differ-
ences in any characteristics between the LUCAS and AutoPulse
groups, although the median duration of CPR was significantly
shorter in the AutoPulse group (15 min [IQR 15-48 min) versus
40 min (IQR 30-69 min) in the LUCAS group (p = 0.0006). There were
no liver or spleen injuries observed in the AutoPulse group. These
results are summarized in Table 5.

Table 5
Frequency of injury in individual organs with mechanical chest devices compressions
(Lucas vs. AutoPulse).

Organ CPR group p
LUCAS AutoPulse

Heart 2(45) 1(5) 0.99
Lung 6(13.6) 2(10) 0.99
Pericardium 4(9.1) 2(10) 0.99
Pleura 5(11.4) 1(5) 0.66
Ribs 40 (91) 17 (85) 0.67
Sternum 32(727) 14 (70) 0.99
Vertebrae 0(0) 0(0) 0.99
Liver 1(2.3) 0(0) 0.99
Spleen 2 (4.6) 0(0) 0.99
NISS, median (IQR) 13 (9-17) 13 (9-13) 0.52
AIS, median (IQR) 3(3-3) 3(3-3) 0.77

Data presented as n (%) unless otherwise indicated. AlS, Abbreviated injury score;
NISS, New Injury Severity Score.
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Table 6

Multivariate analysis: variables independently associated with trauma.
Demographic or event Trauma evidence Odds ratio p
characteristic (95% CI)
Age, years 1.04 (1.03-1.06) <0.0001
Bystander CPR 2.07 (1.11-3.85) 0.022

CPR, cardiopulmonary resuscitation.
3.5. Multivariate analysis

CPR-related trauma was evident in 447 (80%) in the manual
group vs. 56 (87.5%) in the mechanical group (p = 0.18). The adjusted
odds ratio (aOR) for factors associated with trauma was estimated
using stepwise logistic regression. Only age and bystander CPR were
found to be independently associated with trauma evidenced at
autopsy (Table 6). Logistic regression analysis revealed no relation-
ship between mechanical CPR and trauma in the study group: aOR
0.7008 (95% confidence interval [CI] 0.2249-2.1834; p = 0.54) for the
mechanical group.

4. Discussion

The major observation of our study is the similar incidence and
severity of CPR-related injuries between manual and mechanical
chest compressions. Moreover, only age and bystander CPR have
been found to be independently associated with autopsy-docu-
mented CPR-related trauma.

Subanalysis of the LINC study [17] focused on trauma associated
with mechanical compression: mechanical CPR was associated with
significantly more CPR-related injuries; however, CPR-related injury
was not considered to be the cause of death. It was related with
significant higher incidence of ribs fractures in mechanical group.
Our data suggest no differences in total injuries (manual/mechanical,
80%/87.5% in our study versus 75.9%/91.4% in a LINC substudy) or rib
(s) fractures (manual/mechanical, 85.5%/87.5% in our study versus
64.6%/78.8% in the Swedish study); however, the median incidence
of fractures and median number of fractured ribs was higher in our
study (manual/mechanical, 10/10 ribs in our study versus 7/6 ribs in
the Swedish study).

Additionally, the incidence of sternal fracture(s) was higher in
our study (manual/mechanical: 61.9%/71.9% in our study vs. 54.2%/
58.3% in the Swedish study). The number of other injuries was very
low in both studies. Demographic comparison of both studies, in-
cluding CPR duration and bystander CPR, yielded similar results. We
speculate that the Swedish study was influenced by a limited
number of autopsies according to law (only 222 autopsies were in-
cluded). The cause of death was subjectively based on pathologist
opinion in the absence of objective evaluation; however, the
Swedish study was prospectively designed, while our investigation
was designed as a retrospective observational study. Our study po-
pulation was resuscitated according to the guidelines published in
2015, while those in the Swedish study were resuscitated according
to those in 2005; therefore, different approaches in CPR may also
partly explain a higher incidence of rib and sternal fractures in our
study. Furthermore, two small observational studies reported high
evidence of skeletal injuries with significantly higher occurrence in
mechanical resuscitation and low evidence of life-threatening in-
juries [18,19]. In a randomized non-inferiority study, the LUCAS and
AutoPulse systems did not cause significantly more serious or life-
threatening visceral damage than manual compression. However, for
the AutoPulse system, the possibility of significantly more serious or
life-threatening visceral damage than manual compression cannot
be excluded [20]. This study included both in- and out-of-hospital
arrests, and evaluation of injuries was performed using data from
autopsies, CT, or the clinical course of survivors.
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These different methods could introduce potential confounding
factors; moreover, the number of injuries was extremely low com-
pared to other data. More than one-half of the patients experienced
in-hospital cardiac arrest with significantly shorter time to start
device after manual initiation compared to those after out-of-
hospital cardiac arrest. Serious damage is not comparable with
previous studies; however, evidence of skeletal damage is surpris-
ingly low (only 50-60% of patients), sternal fractures even only ap-
proximately 3-6%. This could be explained by the different methods
of trauma evaluation and different times in the use of mechanical
devices for in- or out-of-hospital arrests. In our study, only deceased
subjects were included and it can be assumed in this group the in-
cidence of CPR-related injuries can be higher in comparison with the
unselected population of resuscitated subjects period. Moreover,
classification of the severity of damage was not associated with any
previous methodology of injuries and their relationship with clinical
course are unclear. AutoPulse-related injuries were examined in the
above-mentioned randomised study and in one retrospective cohort
study. In the randomised trial, AutoPulse resulted in serious/life
threatening damage in 11.7% of cases, compared with 7.4% in the
LUCAS group and 6.3% in the manual group. Rate differences be-
tween AutoPulse-manual (+5.3% [95% Cl -2.2% to 12.8%]) and in
non-inferiority study serious/life-threatening damage cannot be
overlooked. The incidence of rib and sternal fractures was similar in
all groups. If we use a similar methodology, we would observe 15%
serious/life threatening damages in the AutoPulse group compared
with 11.7% in that study. In our study, skeletal injury in the AutoPulse
group was observed in 85% of patients (sternal fractures in 60%;
mean number of fractured ribs, 9.7 + 5.8) compared with 55% in a
randomized trial (sternal fractures in 2.9%; mean number of frac-
tured ribs, 8 + 4). Differences in skeletal damage and sternal frac-
tures could be explained by the different methodologies (mainly CT
in the randomized trial vs. autopsy in our study). Intrahospital car-
diac arrest accounted for approximately 50% of cases in the rando-
mised trial (shorter and professionally administered manual CPR);
our study only included patients who died during CPR and had only
20 patients resuscitated using AutoPulse. In a retrospective study,
post-mortem CT was performed for patients who experienced out-
of-hospital cardiac arrest [23]. The number of fractured ribs was
similar to our data, and the percentage of sternal fractures was lower
(9% versus 60% in our study). Posterior rib fractures (not evaluated in
our study) and abdominal injuries in the AutoPulse group were
significantly more frequent compared with the manual group. We
observed no abdominal injuries in the AutoPulse group; however, in
our study, we evaluated hemoperitoneum and retroperitoneal he-
morrhage using CT. Differences could also be explained by the age
and ethnicity of the patients (older than in our study and Asians
with typical lower body mass index), smaller number of bystander
CPR and longer CPR duration in this study. Additionally, manual CPR
was administered according to two CPR guidelines (2010 and 2015),
and the evaluation method was post-mortem CT versus autopsy in
our study. In addition, previous case reports suggest that mechanical
CPR can be ineffective for left ventricle compression and could lead
to injury of the right ventricle after transesophageal echocardio-
graphy [21]. We speculate that anatomical differences in the human
thorax, in combination with fixed compression by the device, could
lead to variations in compression and injury.

The median AIS was 3 in both groups. In a recent study ex-
amining 3033 blunt chest wall injuries, [24] the median AIS was
3 and hospital mortality in those with an AIS of 3 was 7.6%; 3.3% of
patients exhibited an AIS of 4 (3% in our study), with 18.7% mortality.
In this study, the median number of rib fractures was 4% and 23.2%
of patients experienced sternal fractures compared to the median of
fractured ribs 10% and 61.9% of sternal fractures in our study. Re-
suscitation was required in only 50 (1.6%) patients who experienced
chest wall trauma. We expect, therefore, that in the group with an
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AIS of 3, that the influence of resuscitation trauma on mortality was
no greater than 7.6% and very low incidence of resuscitation {1.6%)
for trauma, which may have led to potential bias in our study.

5. Limitations

Our study had several limitations. We included only deceased
patients, and not survivors or those who died later during hospita-
lisation; autopsy report was the only method of investigation. The
study was a retrospective analysis, and the number of patients in the
mechanical group was smaller than that in the manual group.
Moreover, patients in this group were significantly younger and the
duration of mechanical resuscitations were significantly longer. We
speculate that this was associated with physician decisions because
these devices are used for perspective patients and, therefore, used
on younger individuals and CPR duration is longer. Finally, the AIS
and NISS scoring systems were generally created for trauma and are
not specific for CPR-related trauma.

6. Conclusions

The incidence of severe CPR-related injuries according to autopsy
reports was similar in comparison of manual versus mechanical CPR.
The duration of mechanical CPR (i.e., LUCAS) was significantly longer
and resulted in significantly more pericardial injuries but did not
influence total injury severity. Our hypothesis—that there is likely
more trauma associated with mechanical chest compression than
manual chest compression—was not confirmed in this study.
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IV.3. Bypassing out of hospital cardiac arrest to a regional center: impact on

hemodynamics paramethers and outcome

Treti prace se zabyva problematikou transportu pacienti po mimonemocni¢ni
zastaveé ob¢hu. Je zalozena na prospektivnim registru mimonemocnic¢nich zastav (OHCA)
vedeného v Cardiac arrest centru (CAC), které¢ funguje od kvétna 2016, ale data o OHCA
jsou sledovana prospektivné jiz od roku 2013. Prace se zabyva otazkou, zda transport do
vzdalenéjsiho CAC, ktery je jist€¢ delsi nez do nejbliz§i nemocnice, neni v limitovanych
podminkach pfednemocni¢ni péce potencidlné pro pacienta nebezpecny, a zda tedy
transport do CAC neptedstavuje pro pacienty riziko.

Registr OHCA o 214 pacientech byl rozdélen do 2 skupin. Prvni €itd pacienty, pro
které je CAC nemocnice nejbliz§i spadovou (111), a druhd pacienty, ktefi jsou sice
prevezeni do CAC nemocnice, ale ta neni jejich nemocnici nejblizsi (lokalni). Oba soubory
byly porovnavany v zakladni charakteristice a délce trvani transportu. Primdrnimi
endpointy byly 30denni mortalita a lro¢ni dobry neurologicky stav a sekudnarnimi
hemodynamické a fyziologické parametry pfi piijmu.

Oba soubory se v zakladnich charakteristikdch (v€k, pohlavi, defibrilovatelny
rytmus, zastava pied svédky, délka resuscitace, nutnost podani vasopresorti a akutnich
koronarnich syndromil jako etiologie zastavy neliSi). Délka transportu je vSak v CAC
skupiné proti skupiné lokdlni vyznamé delsi — je dvojnasobna (median [IQR 25—75] min :
20 [13-34] vs. 45 [28.3-55], p < 0.0001) a rovnéz tak doba od obnoveni obéhu do piijeti
v nemocnici (prumer+SD min : 52.6£19.8 vs. 76+24.9, p < 0.0001). V multivariantni
analyze byly jako nezavislé prediktivni faktory 30denniho pteziti identifikovany délka
resuscitace a inicialné defibrilovatelny rytmus a pro 1ro¢ni dobry neurologicky vysledek
doba resuscitace. Ackoliv je délka tranportu pacienta z nespadové oblasti do CAC
signifikantné delSi, neni mezi obéma soubory signifikantni rozdil v Zd&dném z primarnich
ani sekundarnich endpointd.

Lze tedy fici, Zze prodlouzeny transport do CAC je pro pacienty bezpecny a v tomto

aspektu i centralizace péce o mimonemocni¢ni zéstavy ob&hu.
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Introduction: Current guidelines recommend systematic care for patients who experience out-of-hospital cardiac
arrest (OHCA) and the development of cardiac arrest centers (CACs). However, data regarding prolonged trans-
port time of these often hemodynamically unstable patients are limited.
Methods: Data from a prospective OHCA registry of a regional CAC collected between 2013 and 2017, when all
OHCA patients from the district were required to be transferred directly to the CAC, were analyzed. Patients
were divided into two subgroups: CAC, when the CAC was the nearest hospital; and bypass, when OHCA occurred
ina region of another local hospital but the subject was transferred directly to the CAC (7 hospitals in the district).
Data included transport time, baseline characteristics, hemodynamic and laboratory parameters on admission
(systolic blood pressure, lactate, pH, oxygen saturation, body temperature, and initial doses of vasopressors
and inotropes), and final outcomes (30-day in-hospital mortality, intensive care unit stay, days on artificial ven-
tilation, and cerebral performance capacity at 1 year).
Results: A total of 258 subjects experienced OHCA in the study period; however, 27 were excluded due to insuf-
ficient data and 17 for secondary transfer to CAC, As such, 214 patients were analyzed, 111 in the CAC group and
103 in the bypass group. The median transport time was significantly longer for the bypass group than the CAC
group (40.5 min [IQR 28.3-55.0 min| versus 20.0 min [IQR 13.0-34.0}, respectively; p < 0.0001). There were no
differences in 30-day in-hospital mortality, 1-year neurological outcome, or median length of mechanical venti-
lation. There were no differences in baseline characteristics, initial hemodynamic parameters on admission, cat-
echolamine dosage(s).
Conclusion: Individuals who experienced OHCA and taken to a CAC incurred significantly prolonged transport
times; however, hemodynamic parameters and/or outcomes were not affected. These findings shows the safety
of bypassing local hospitals for a CAC.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

heart, lung, and kidney function, as well as to prevent bacteremia and
the metabolic and hemodynamic disturbances associated with post-

The incidence of out-of-hospital cardiac arrest (OHCA) in Europe is
approximately 55-113 per 100,000 population per year, and return of
spontaneous circulation (ROSC) is achieved in 40-50% of patients.
Only approximately 15%, however, are discharged with favorable neu-
rological status [1-3]. The quality of cardiopulmonary resuscitation
(CPR) is critical to improve survival rates with favorable neurological
function [4]. Post-resuscitation care has now been included as the fourth
circle in the chain-of-survival, and the primary focus is to support brain,

= Corresponding author at: Department of Cardiology, Regional Hospital Liberec,
Liberec 460 01, Czech Republic.
E-mail address: jirikarry@gmail.com (J. Karasek).

https://doi.org/10.1016/j.ajem.2021.01.080
0735-6757/© 2021 Elsevier Inc. All rights reserved.

cardiac arrest syndrome [5-7]. Post-resuscitation care has been reported
to be an important factor contributing to mortality rates in these pa-
tients [8,9].

Currently available evidence supports the creation of a network of
cardiac arrest centers (CACs), which yield an increasing survival benefit
in high-volume CACs compared with local hospitals [10,11]. Current
guidelines for the management of patients with ventricular arrhythmias
and the prevention of sudden cardiac death, therefore, recommend
post-resuscitation care in high-volume, expert centers and the creation
of networks for the treatment of individuals who experience cardiac ar-
rest [12]. This requires patients to be transferred to tertiary centers
rather than to the nearest hospital; however, the impact of such
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transport has not been fully investigated. There are insufficient data to
suggest that prolonged transport times with limited pre-hospital emer-
gency care influences the condition and outcomes of these patients are
insufficient. Accordingly, the present study aimed to determine
whether prolonged primary transport of OHCA patients to a regional
CAC—thus bypassing the nearest hospital—negatively impacted initial
hemodynamic parameters on admission, mortality, and/or neurological
outcomes.

2. Methods

Data were collected from a prospective registry of all consecutive pa-
tients who experienced OHCA and underwent ROSC and admitted to a
tertiary center (CAC; Liberec Central Hospital, North Bohemia, Czech
Republic) between January 2013 and March 2017. All adult patients
(> 18 years of age) who underwent ROSC were incduded, while those
who experienced traumatic etiology of arrest, had insufficient data, or
with secondary transport to a CAC were excluded.

The Liberec Region in North Bohemia has a population of approxi-
mately 450,000. One hospital center in Liberec (with a cardiovascular
center, percutaneous coronary intervention [PCl], echocardiography
and transvenous pacing available 24 h/day, 7 days/week, targeted tem-
perature management, intensive care unit [ICU] and extracorporeal
membrane oxygenation capability) and 7 local hospitals serve in the
area. Before 2013, individuals who experienced OHCA were transferred
to the central hospital or to the nearest local hospital according to the
decision of the emergency medical service (EMS) physician. If neces-
sary, secondary transport to the central hospital was organized, espe-
cially when myocardial infarction was the primary suspected cause of
cardiac arrest. In the case of OHCA, witnesses activate the EMS system
by emergency call, and the EMS dispatcher is trained to recognize
OHCA and lead the witness in initiating CPR. Simultaneously, dis-
patchers activate EMS staff in emergency priority in the nearest emer-
gency and EM physician vehicles. Advanced life support is
subsequently provided by four members of EMS. All stations use the
“Rendez-vous” model with a physician on board. Only patients undergo-
ing ROSC at the event site were included because termination of CPR at
the event site by an EMS physician is a common competence in the
Czech Republic. Only patients who underwent ROSC were enrolled in
this study and re-arrest en route was managed with repeat CPR in a
standing car because mechanical chest devices were not available
until the end of the study. In 2013, a CAC was established in the Liberec
Central Hospital and, since then, all OHCA patients have been trans-
ferred primarily to the CAC according to the joint protocol for CAC hos-
pitals and EMS. All of these patients have their own OHCA checklist and
data are recorded in the CAC registry. In the present study, patients were
divided into two subgroups: CAC (patients with OHCA in the region of
the CAC hospital); and bypass (patients with OHCA in the region of
any other local hospital). The region is divided into 8 areas, and when
local hospital served for area is the nearest hospital with ICU in the me-
thodic plan of EMS, with the CAC hospital being one of them.

The aim of the present study was to determine whether prolonged
primary transport of patients after OHCA to a regional CAC influenced
initial hemodynamic parameters after admission, mortality, or neuro-
logical outcome(s). The collected data included duration of transport,
baseline characteristics (age, sex, bystander-CPR, ROSC, shockable
rhythm, acute coronary syndromes [ ACS], vasopressors at transfer), he-
modynamic and laboratory parameters on admission (systolic blood
pressure [BP], lactate, pH, oxygen saturation [SpO-], body temperature,
and initial dose of vasopressors and inotropic[s]}, and final outcomes
(30-day in-hospital mortality, days in the ICU, days on artificial ventila-
tion [AV], and 1-year neurological outcome). Duration of the transport
was difference between time when EMS car leave place of the event
and time when EMS car arrive in the hospital (this times are recorded
automatically from statuses of each case protocol). Duration of ROSC
was recorded from EMS protocol (time of starting of CPR and time of
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ROSC). Hemodynamic parameters were measured in the emergency
room, ICU, or catheter laboratory immediately after admission, and pH
and lactate levels were measured using the arterial Astrup technique
at the same time. Primary outcomes included 30-days in-hospital mor-
tality and 1-year neurological outcome (cerebral performance capacity
[CPC] 1,2 defined as good neurological status), secondary outcomes in-
cluded hemodynamic parameters and laboratory results.

Data recorded in the electronic case report form were analyzed using
Prism version 7 (GraphPad Software Inc., La Jolla, CA, USA). Categorical
variables are expressed as absolute values and percentages, and were
compared using the chi-quadrat test or Fisher's exact test. Continuous
variables are expressed as mean + standard deviation (SD) or median
and interquartile range (IQR [i.e., 25th-75th percentile]) for data that
were non-normally distributed. Continuous variables were compared
using the Student's two-choice unpaired t-test. Differences with
p < 005 were considered to be statistically significant.

Descriptive statistical analysis was performed to assess the relation-
ship between variables. Stepwise logistic regression was used to iden-
tify variables that were independently associated with the primary
outcomes (ie., 30-day survival and 1-year good neurological outcome).
In the regression model, patient outcome (30-day survival and 1-year
good neurological outcome) was the dependent variable. An o« < 0.05
was considered to be statistically significant. As part of the analysis, var-
iables that were associated with survival were entered into a stepwise
logistic regression model. These included age, bystander CPR, shockable
rhythm as initial rhythm, time to ROSC, transport time, systolic BP on
admission a lactate level by admission and ACS as cause of cardiac arrest
and care center volume per year. In addition, transport interval was
added to the model to identify whether it was independently associated
with survival. An o < 0.05 was considered to be statistically significant.
Data management and logistic regression analysis was performed using
MedCalc (Ostend, Belgium). Given the retrospective nature of the study
and the use of anonymized data, requirements for informed consent
were waived by the ethics board. However, the study was registered
with the local ethics board of the regional hospital. Patients or public
were not involved in the design, or conduct, or reporting, or dissemina-
tion plans of our research.

3. Results

A total of 258 patients, who experienced OHCA with ROSC in the
Liberec region and admitted to the regional cardiac center between Jan-
uary 2013 and March 2017, were enrolled. Twenty-seven patients with
incomplete data and 17 that were transported from local hospitals were
excluded from analysis. Therefore, data from 214 patients were ulti-
mately analyzed, with 111 and 103 patients comprising the CAC and by-
pass groups, respectively.

3.1. Baseline characteristics

There were no significant differences between the CAC and bypass
groups in terms of male sex (73.9% versus [vs.] 79.6%, respectively;
p = 0.34) and age (64.13 £ 12.9 vs. 61.52 & 14.3 years, respectively;
p = 0.16). Comparable proportions of shockable initial rhythm in the
CAC and bypass groups were observed (65.8% vs. 74.8%, respectively;
p = 0.3). Comparing the CAC and bypass groups, there were no signifi-
cant differences in the proportion who received CPR before the arrival of
EMS staff (67.5% vs. 68.9%, respectively; p = 0.88). There was no signif-
icant difference between the groups in the median duration of CPR until
ROSC by EMS staff (EMS on event-ROSC): 16 min (IQR 10-27 min) vs.
20 (15-27) min (p = 0.39). ACS—as the principal cause of cardiac ar-
rest—was diagnosed in 44.0% in the CAC vs. 48.5% in the bypass group
(p = 0.58).No differences were observed between the groups in the ad-
ministration of catecholamine by EMS staff, which was required to treat
significant hypotension during transport to hospital (80.2% vs. 69.9%;
p = 0.73). Based on EMS documentation, it was possible to calculate
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Table 1

Demographic and event characteristics
Group (n) CAC (111) Bypassing (103) P-value
Man, n(%) 82(739) 82 (79.6) 034
Age, mean + SD 64,13 + 129 61.52 + 14.3 0.16
Shockable rythm n(%) 73(65.8) 75(72.8) 03
Bystander- CPR n(%) 75 (67.6) 71 (68.9) 0.88
ROSC median(IQR) 16 (10-27) 20 (15-27) 039
ACS n(%) 49 (44) 50 (48.5) 0.58
Vasopressors n(%) 89(80.2) 72 (69.9) 0.73
Lenght of transport (min) 20(13-34) 40.5 (28.3-55) p < 0.0001
Median (IQR)
ROSC-Admission (min}), 526 + 198 76.0 + 24.9 p < 0.0001

mean + SD

Bystander CPR-CPR provided by witness before EMS team arrive.
ROSC- Restitution of spontaneous circulation.

ACS- Acute coronary syndrome.

Vasopressors- use of norepinephrine during transport
ROSC-Admission- time from ROSC to Hospital Admission.

the exact transport time for the patients, which was defined as the
time from departing the area of collapse to hospital ad mission. Median
transport time was significantly longer for the bypass group than
the CAC group (40.5 min [IQR 28.3-55.0 min] vs. 20.0 min [IQR
13.0-34.0 min], respectively; p < 0.0001). Time from ROSC to hospital
admission was also significantly longer in the CAC compared with the
bypass group (76.0 & 24.9 min vs. 52.6 + 19.8 min, respectively,
p < 0.0001).Baseline characteristics of the two groups are summarized
in Table 1.

32. Outcomes and follow-up

Data regarding ICU stay, days on AV, and 30-day mortality were
available for all (i.e., 100%) patients, while data regarding CPC at 1-
year follow up were available for 92%. There was no difference in good
neurological capacity (i.e., CPC1 or 2) in the CAC group 50.9%. vs. bypass
group 54.9% (p = 0.717). There were no differences in the median
length of ICU stay between the CAC and bypass groups (9 days [IQR
4-18 days] vs. 8 days [IQR 4-15 days], respectively; p = 0.3), median
days on AV (CAC, 4 days [IQR 1-9] vs. bypass, 4 days [IQR 1-8 days];
p = 0.31], 30-day mortality [60 (57.1%) in the CAC group vs. 53
(56.4%) in the Bypassing group, p = 0.99]. Good neurological outcome
(CPC 1 or 2) at one-year follow-up was observed in 52 (50.9%) patients
in the CAC group vs. 52 (54.9%) in the bypass group (p = 0.717). PClwas
performed in 42 (37.8%) patients in the CAC group vs. 41 (39.8%) in the
bypass group (p = 0.78). All results are summarized in Table 2.

The adjusted odds ratio (aOR) for factors associated with 30-day sur-
vival and 1-year good neurological outcome was estimated using step-
wise logistic regression. Only shockable initial rhythm and time to
ROSC were found to be independently associated with 30-day survival,
and time to ROSC was independently associated with 1-year good neu-
rological outcome (Table 3). Logistic regression analysis revealed no

Table 2
Length of stay and follow up
LOCAL (111) Bypassing (103) p value
ICU stay median (IQR) 9 (4-18) days 8 (4-15)days 03
AV days median (IQR) 4 (1-9) days 4(1-8) days 041
30 days mortality 60 (57.1) 53 (56.4) 0.9999
n (%)
1 year follow up 52 (509) 52 (54.9) 0.717
CPC1,2n (%)
Revascularisation, n (%) 42 (37.8) 41(39.8) 0.78
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Table 3
Multivariate analysis: variables independently associated with 30 days survival and one
year good neurological outcome (CPC1,2)

Demographic and event 30-days One year good neurological
characteristics survival outcome
0dds ratio Odds ratio (95%Cl)
(95%C1)
Time to ROSC (minutes)® 0,96 (0,93 to 0,96 (0,92 to 0,98)
0,99)
Shockable rythm® 0,32(0,14 10 N/A
0,72)

# Time to ROSC (from EMS car arrival to ROSC), ROSC (Restituton of Spontaneous
Circulation).
b Shockable rythm as initial rythm.

relationship between transport time and 30-day survival in the study
group (aOR 1.0041 [95% confidence interval (CI) 0.99-1.02]), and no re-
lationship between transport time and 1-year good neurological out-
come (aOR 1.01 [95% C1 0.99-1.04).

3.3. Hemodynamic physiological parameters

After admission, all patients underwent basic hemodynamic and
physiological tests including blood gas analysis. No differences were ob-
served in systolic BP after admission (CAC, 104 + 28 mmHg vs. bypass,
108 + 31 mmHg; p = 033). Additionally, no differences were detected
in median lactate level between the two groups (CAC, 4.5 mmol/l
[IQR 2.3-8.8 mmuol/1] vs. bypass, 4.0 mmol/I [IQR 2.0-6.0 mmol/1];
p = 0.07) or median pH level (CAC, 7.12 [IQR 7.0-7.27] vs. bypass,
7.0 [IQR 7.0-7.27]; p = 0.62). Median body temperature (in-ear) was
measured after admission, with no difference between the groups
(CAC, 36,0 °C[IQR 35.0-36.5 °C] vs. bypass, 36.0 °C [IQR 35.6-36.7 °C];
p = 0.15). Oxygen saturation was measured using a finger or ear sensor,
with no difference in median values between the groups (CAC, 95.5%
[IQR 91-100%] vs. bypass, 98% [IQR 94-100%]; p = 0.14]. Initial doses
of catecholamines required to maintain systolic BP = 100 mmHg were
analyzed, median norepinephrine doses after admission were not dif-
ferent between groups (CAC, 10 pg/min [IQR 4-20 pg/min] vs. bypass,
8 pg/min [IQR 7-17 pg/min]; p = 0.94). There was no difference in the
mean dobutamine dose between the groups (CAC, 464 + 244 pg/min
vs. bypass, 518 & 279 pg/min; p = 0.69). The results are summarized
in Table 4.

3.4. Subgroup analysis
We provided analysis of the subgroups of patients with initial shock-

able rhythm and subjects with acute coronary syndrom (ACS), because
these subgroups are the most relevant for CAC with catheterization

Table 4
Admission characteristics

roup (n) CAC(111) Bypassing (103) P-value

sBP (mm Hg) 104 + 28 108 + 31 0.33

mean,SD

Lactate mmol/] 45 (2.3-8.8) 4(2-6) 0.07

Median (IQR)

pH median (IQR) 712 (7-727) 7(7-7.27) 0.62

TT median (IQR) 36 (35-36.5) 36 (35.6-36.7) 0.15

Sp02 median(IQR) 95.5 (91-100) 98 (94-100) 0.14

Norepinephrine meg/min 10 (4-20) 8 (7-17) 094
median (IQR)

Dobutamin mecg/min 464 + 244 518 £ 279 0.69

mean, SD

AV days-days on arteficial ventlation.
CPC 1,2—cerebral performance capacity with good outcome (good cerebral performance,
moderate cerebral disability ).

SPB-systolic blood pressure.
TT-body temperature.
SpO2-oxygen saturation.
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Table 5

Shockable Rythm subgroup
Group CAC(N =7) LOCAL(N =7) P-value
1CU stay median (IQR) 13 (6-21) days 10 (6-15)days 0.04
AV days median (IQR) 4 (1-9) days 4 (1-8) days 0.82
30 days mortality 21(31.3) 22(35.5) 0.7
n (%)
1 year follow up 24 (58.5) 28(583) 0.99
CPC1,2n(%)
PCIn (%) 35 (48.6) 35(47.3) 099

AV days-days on arteficial ventilation.
CPC 1,.2cerebral performance capacity with good outcome (good cerebral performance,
moderate cerebral disability).

Table 6

Acute Coronary Syndrom (ACS) subgroup
Group CAC(N =7) LOCAL (N =7) P-value
ICU stay median (IQR) 8 (4-17) days 9 (4-15)days 0.57
AV days median (IQR) 5(1—10) days 4 (1-8) days 0.85
30 days mortality 15(33.3) 15(35.7) 0.83
n (%)
1 year follow up 14 (60.9) 20 (60.6) 0.99
CPC1,2n(%)
PCIn (%) 36 (80) 37(78.7) 099

AV days-days on arteficial ventilation.
CPC 1,2<cerebral performance capacity with good outcome (good cerebral performance,
moderate cerebral disability).

laboratories and their outcomes could be different from common OHCA
patients. We have observed no differences between both groups in AV
days, 30-days mortality, 1 year good neurological follow up (CPC 1,2)
and provided PCL Only ICU stay was significantly longer in CAC
(13 days [IQR 6-21 days] vs. 10 days [IQR 6-15 days], respectively;
p = 0.04) in subgroup with shockable rhythm. All results are summa-
rized in Tables 5 and 6.

4, Discussion

The major finding of our study was that prolonged transport time of
OHCA patients to a CAC, bypassing the nearest hospital, did not influ-
ence baseline characteristics on admission nor clinical outcomes, in-
cluding mortality and neurological status. Although transport time
was significantly longer in the bypass compared with the CAC group,
patients in two groups exhibited similar baseline characteristics and he-
modynamic and physiological parameters on admission, including
doses of catecholamine(s). Moreover, we observed no differences in
30-day and 1-year mortality rates, and length of ICU stays and AV.
Transport time was not associated with 30-day survival or 1-year neu-
rological outcomes. In subgroup analyses only ICU days were signifi-
cantly longer in CAC in the subgroup with shockable rhythm.

Several previous studies have reported that OHCA survivors may
benefit from admission to a tertiary CAC, especially cardiovascular cen-
ters, compared with hospitalization at the nearest local hospital [10,11].
This effect was explained by the availability of early invasive strategies
(e.g, coronarography, mild therapeutic hypothermia) and faster learn-
ing curves in high-volume centers. A meta-analysis of previous observa-
tional studies, in which the CAC was defined as a site equipped to
perform PCI—24 h/day, 7 days/week—and targeted temperature man-
agement, reported a significantly improved survival rate and good neu-
rological outcome compared with local hospitals [13]. These benefits
were linked to the effects of PCI because the majority of OHCA cases
are associated with coronary artery disease [14-16] and the availability
of multidisciplinary teams with experienced professionals in CACs [17-
19]. The impact of prolonged transport time to a CAC, nevertheless,
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remains incompletely understood. Multiple studies have concluded
that prolonged transport time is not harmful to OHCA patients [10,20-
22]; however, delays >30 min may be associated with a poorer survival
rate [20]. Cudnik et al [22] reported that transport distance did not in-
fluence the survival-to-discharge rate, and that transport to the nearest
hospital was associated with a lower survival-to-discharge rate than
transport to a tertiary center (12.1% vs. 16.5%, respectively; p < 0.001)
because tertiary centers were more likely to have cardiac catheteriza-
tion laboratories, electrophysiology laboratories, higher patient vol-
umes, and were teaching institutions. For the location of cardiac arrest
were used population-weighted centroid of the census tract, and calcu-
lated distance formula to each hospital. However, the median transport
distance was only 3.9 km and took 6.3 min, and the mean difference
in transport distance for patients taken to further hospitals compared
with the closest hospital was only 2.74 km. Our differences in transport
time were higher (20.0 min for the CAC group vs. 40.5 min for the by-
pass group) than in the study by Cudnik et al. (difference, 6.3 min);
however our findings in survival-to-discharge were similar and not
associated with transport distance. The study by Cudnik et al. preferred
to use distance over transport time. In contrast, we elected to use trans-
port time as a major variable because it better reflects real-world
situations, in which distance can be influenced by many other factors
(e.g., vehicular traffic, agglomeration, terrain); as such, the influence
on the patient's condition is determined predominantly by time, not
transport distance. Davis et al. [23] reported that the mean transport
time was not significantly different for patients with pre-hospital
ROSC, who were declared deceased at the emergency department
(8.3 min), died following hospital admission (7.8 min), or survived to
hospital discharge (8.5 min). Furthermore, the outcomes of patients
who had shorter (<7 min) or longer transport times were similar. The
mean interval between the EMS dispatch and emergency department
arrival was 40 min. These data are also similar in outcomes, but based
on a shorter transport time compared with our results. A study involv-
ing a cohort in Arizona (United States) [24] had a similar sample size
as our study (ROSC, n = 253), but with a worse survival rate (17%).
This could be explained by a higher rate of shockable rhythm and by-
stander CPR in our study. The mean transport interval was shorter
than in our study (6.9 min), and there was no significant association be-
tween transport interval and outcome (OR 0.94 [95% C10.51-1.8), sim-
ilar to our findings. In a meta-analysis including four retrospective
studies investigating transport time, Geri et al. [21] reported no signifi-
cant difference in transport time between survivors and non-survivors
(mean time, 4 to 14.9 min across the studies), with mean differences
of —0.05 (95% C1-2.2 to 0.8).

Our study had several limitations, the first of which was its single-
center, non-randomized design, and limited sample size investigating
changes in transport strategy following the constitution of a CAC fora
specific region, and was based on an analysis of a prospective registry
covering 4 years including 214 patients with ROSC performed at the
place of the event. Furthermore, constitution of the EMS team in differ-
ent areas may have influenced the outcomes and, as such, introduced
potential bias. We used transport time as the principal variable because
we expected that complications may be associated with prolonged
transport time; however, we cannot rule out the possibility that the
use of distance—rather than transport time—may have led to different
results. We also compared time from ROSC to admission, which was
also significantly longer in CAC group (by approximately 20 min),
which was also the difference in median time for transport to admission
between the CAC and the bypass groups. Quality of the care during EMS
transport which can also influence outcome of the patients was not re-
corded in our study. Monitoring of vital parameters and their maintain-
ing are limited in pre-hospital conditions. We can predict it only from
initial parameters after admission which are mentioned in the study.

In conclusion, our results revealed that the strategy of bypassing the
nearest hospital and primary transport of patients with ROSC after
OHCA directly to the CAC significantly prolonged transport time, but
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did not affect hemodynamic parameters on admission or patient out-
comes, These findings suggest the transport to more distant CAC is
safe for the patients.
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IV.4. EKG u pacientii po mimonemocni¢ni zastavé obéhu

Ctvrta prace se zabyva jednim z dilezitych prvka diagnostického algorytmu po
obnoveni obéhu a sice EKG kiivkou. Cerpa rovnéZ z registru mimonemocni¢nich zastav
a EKG kiivky u pacienti bezprostfedné po obnoveni obéhu a po pfijmu do nemocnice.
Predpokladali jsme vyznamnou souvislost akutnich koronarnich syndromt s nalezem ST
elevaci na EKG, zejména pokud jsou piitomny i po pfijmu, a malou vypoveédni hodnotu
ostatnich patologickych nalezli, nicméné se stile vysokou incidenci signifikantni
ischemické choroby srde¢ni (ICHS).

Prace analyzovala a porovnévala cetnost jednotlivych patologii na EKG
bezprostiedné¢ po obnové obchu a po pifijmu do nemocnice. Nalezy dala do souvislosti
s koronarografickymi ndlezy a findlni diagnézou a u vybranych skupin stanovila jejich
senzitivitu a specificitu pro akutni koronarni syndrom.

Celkem jsme v nasi praci analyzovali 146 EKG ktivek u pacientl po zastavé obéhu
bezprostfedné po obnové obéhu a po piijeti do nemocnice. ST elevace maji pro diagnézu
infarktu s ST elevacemi (STEMI) u OHCA nesignifikantn¢ vys$i senzitivitu, pokud
pretrvavaji po ptijmu, nicméné u obou skupin ST elevaci je vysoké incidence signifikantni
ICHS a koronarni angioplastiky (PCI). ST elevace po ROSC maji vysokou specificitu.
Senzitivita/specificita ST elevaci po ROSC pro STEMI je 78,6 % / 90 %, respektive 75 % /
89 % po piijmu do nemocnice. Normalni EKG po ROSC ma nizkou vypovédni hodnotu
s prekvapivé vysokym vyskytem AKS, normalni kiivka, pokud je pfitomna po piijmu
vylucuje AKS se 100% senzitivitou. Blok levého Tawarova raménka (LBBB) ma nizkou
souvislost se STEMI a AKS, totéz plati pro ST deprese, nicméné obé skupiny vykazuji
vysokou incidenci signifikantnich koronéarnich sten6z (75 % pro LBBB, respektive 86 %
pro ST deprese).

ST elevace maji pro diagnézu STEMI u mimonemocni¢ni zistavy obé&hu
nesignifikantné vyssi senzitivitu, pokud pietrvavaji po pfijmu, nicméné¢ u obou skupin ST
elevaci (po obnové obéhu a pii piijmu) je vysoka incidence signifikantni ICHS a PCI a ST
elevace po obnové obéhu maji vysokou specificitu. Normalni EKG bezprostfedné po
obnové obéhu ma nizkou vypovédni hodnotu s piekvapivé vysokym vyskytem AKS.
Pokud je natoCena normalni kiivka po pfijmu do nemocnice, je AKS vylouceno se 100%

senzitivitou.
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Uvod: EKG je jednoducha metoda dostupna i v pfednemocniéni péi a je rutinné pouzivana v diagnostice akutnich koronarnich syn-
drom (AKS) a arytmil. Jejl vyznam v managementu mimonemocni¢nich zastav obéhu (OHCA) zatim nenl kromé AKS s ST elevacemi
detailn&ji popsan. Na vypovédn( hodnotu kfivky maze mit viiv hemodynamicka nestabilita, zmény ABR a hypoxemie po resuscitaci.
Cil: Stanovit incidenci rGznych patologii EKG po OHCA a urcit jejich senzitivitu a specificitu pro akutni koronarni syndromy (AKS)
a porovnat jejich vypovédn( hodnotu bezprostfedné po zastavé a pfi pfijetl do nemocnice.

Metoda: Observacni retrospektivni studie z dat prospektivniho OHCA registru. Byly popséany jednotlivé patologie a jejich cetnost
bezprostfedné po obnoveni obéhu (ROSC) a pak po pfijeti do nemocnice a jejich souvislost s koronarografickymi nalezy, vyslednou
diagndézou, a stanovena senzitivita a specificita testu.

Vysledky: Celkem bylo zafazeno 146 pacient( po OHCA s EKG bezprostfedn& po ROSC a po pfjmu do nemocnice. Elevace ST je u 52%
pacientd po ROSC a diagndza STEMI je potvrzena u 65,8 % téchto pacienti (senzitivita 66 %, specificita 96% pro STEMI), AKS je potvrzen
u 68,4 % téchto pacientd, signifikantnf ICHS u 91,7 % koronarografovanych a PCl je provedena u 73,3 % koronarografovanych. V nemocnici
pretrvavajl ST elevace u 36% pacient(, diagnéza STEMI je potvrzena u 75,5 % (senzitivita 75 %, specificita 89 % pro STEMI), AKS je potvr-
Zen u 75,5 %, signifikantni ICHS u 93,2 % koronarografovanych a PCl provedena u 77,3 %. Mezi obéma skupinami je signifikantni rozdil
v celkové incidenci STEMI (p=0,009) a fce QRS komplexu (p=0,003). LBBB se vyskytuje u 9,6% po OHCA, resp. 11,6% v nemocnici a ma
nizkou senzitivitu a specificitu pro STEMI a AKS. ST deprese jsou u 24,8 % po OHCA a u 27,8 % v nemocnici, jejich senzitivita a specificita
pro AKS je nizka. AKS mad 36,1 %, resp. 45,7 %, signifikantni ICHS 79,2%, resp. 80,6 % a PCl provedeno u 52,4 %, resp. 51,6 %. Normdinl EKG
ma pouze 5,5% po ROSC a 6,85 % v nemacnici. AKS md 50% po ROSC, resp. 0% pfi pfjmu (senzitivita vylouceni AKS pfi pijmu 100%,
specificita 56%). Signifikantni SKG u 100% koronarografovanych, resp. 12,5%. PCl provedeno u 100 %, resp. 20%.

Zaver: ST elevace majl pro diagndzu STEMI u OHCA nesignifikantné vy33i senzitivitu, pokud pretrvavajl po pfjmu, nicméné u obou
skupin ST elevacl je vysokd incidence signifikantnf ICHS a PCIL. ST elevace po ROSC maji vysokou specificitu. Normalni EKG po ROSC
ma nizkou vypovédni hodnotu s pfekvapivé vysokym vyskytem AKS, normalnf kiivka po pFijmu vyluéuje AKS se 100% senzitivitou

Klicova slova: EKG, mimonemocni¢ni zastava ob&hu, akutni koronarn( syndrom.

ECG in patients after out-of-hospital cardiac arrest

Introduction: ECG is a simple method accessible in prehospital care and is commonly used in the management of out-of-hos-
pital cardiac arrest (QHCA). Previous studies were focused mainly on 5T elevation. The informative value of ECG after restitution
of spontaneous circulation (ROSC) may be influenced by hemodynamic instability, acid-base changes, and hyposaturation after
resuscitation.

Aim: To establish the incidence of different pathologies on ECG after ROSC, to determine its sensitivity and specificity for acute
coronary syndromes (ACS), and to compare their validity immediately after ROSC and after hospital admission.

Methods: An observational retrospective study from a prospective OHCA registry of a cardiac arrest center (CAC). Different pa-
thologies and their frequencies were described immediately after ROSC and after hospital admission, and their relation to coronary
angiography findings and the definitive diagnosis. The sensitivity and specificity of the tests were established.

Results: A total of 146 patients after OHCA with (ROSC) were included. Their ECG was obtained both after OHCA and after admis-
sion to hospital. ST elevation was prasent in 52 % of patients after ROSC, and STEMI diagnosis was confirmed in 65.8 % of patients
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(sensitivity 669, specificity 96 % for STEMI). ACS was confirmed in 68.4 % of patients and significant coronary artery disease (CAD)
in 91.7 %. Percutaneous coronary intervention (PCl) was performed in 73.3 % of the patients who underwent coronary angiography.
ST elevation was present in 36 % of patients after admission, the diagnosis of STEMI was confirmed in 75.5% (sensitivity 75%,
specificity 89 % for STEMI), ACS was confirmed in 75.5%, significant CAD in 93.2%, and PCl was performed in 77.3 % of patients.
Between ROSC and admission ECGs, there was a significant difference in the incidence of ST elevation (p =0.009) and QRS latitude
(p = 0.003). We observed no significant differences between both groups in the incidence of ACS or significant CAD, PCl, and
systolic blood pressure. The median interval between both curves was 60 mins (IQR 25-75), 45-90 mins. A change in ST elevation
between ROSC and admission was present in 30.3% of patients; compared to the group without differences, we observed no
significant changes in systolic blood pressure, QRS latitude, and shockable rhythm.

Left bundle branch block (LBBB) was present in 9.6% of patients after ROSC and in 11.6% after admission, and had a low sensitivity
and specificity for STEMI and ACS. The incidence of STEMIwas 7.14% after ROSC and 11.8% after admission. ACS was presentin 21.4%
after ROSC and in 17.6% after admission; significant CAD occurred in 62.5% and 75%, respectively.

ST depression was prasent in 24.8% of patients after ROSC and 27.8 % after admission, and had a low sensitivity and specificity for
ACS (ACS in 36.1 % after ROSC and 45.7% after admission, significant CAD in 79,2 % after ROSC and 80.6 % after admission, and PCl
was performed in 52.4% and 51.6%, respectively).

A normal ECG was seen in 5.5% after ROSC and 6.85% after admission. ACS was confirmed in 50% of patients after ROSC and 0%
after admission (sensitivity for ACS exclusion 100%, specificity 56% after admission). Significant CAD was present in 100% after
ROSC (if coronary angiography was performed) and in 12.5% after admission. PCl was performed in 100% and 20%, respectively.
Conclusions: ST elevations have a non-significantly higher sensitivity for the diagnosis of STEMI if they persist after admission,
and both ST elevation groups have a high incidence of significant CAD and PCL. ST elevations after ROSC have a high specificity for
STEMI. A normal ECG after ROSC is rare and not suitable for ACS exclusion; normal ECG after admission has a very high sensitivity

for ACS exclusion. LBBB and ST depression have a low sensitivity and specificity for AC5 and CAD.

Key words: ECG, out-of-hospital cardiac arrest, acute coronary syndrome.

Uvod

Ceska republika patii mezi zemé s nejvyzsi
incidenci mimonernocnicnich srde¢nich zdstav
[OHCA) v Evropé. Podle dat je v terénu zahdjeno
pfiblizné 100 resuscitaci na 100000 obyvatel roéné
(1, 2). Prednemocnicni pece, realizovana slozkami
zachranného systému, dosahuje velmi dobrych
wysledki, srovnatelnych s daliimi evropskymi ze-
mémi. Je systematicky vedena v souladu s pravi-
delné aktualizovanymi doporucenimi Evropské
resuscitacni rady (ERC) (3, 4). Fies nezpochybnitelny
pokrok patfi OHCA ve vyspélych zemich mezi nej-
EastafEi piiciny Umrti dospélé populace. Obnoveni
spontanniho obéhu a transportu do nemocnice je
dosafeno u pfiblizné 30 % pacientl. 7 neselekto-
vang populace resuscitovanych pacientd preziva
v dobrém neurclogickém stavu stile méné nez
15%, na druhou stranu v piipadé spatfené zastavy
obéhu s primdmé defibrilovatelnym rytmem pied-
wva v dobrém stavu a7 47 % padientd (2, 5). 1 s ohle-
dem na to, Ze kardidini eticlogie je identifikovana
u vice nez 75 % pacientd s OHCA (5) a vice neZ po-
lowina pacient s ICHS umird nahlou srdedni smirti
{1, 5), je casna diferencialni diagnostika eticlogie
zasadni pro osud pacienta. Velkym krokem vpied
je vydani mezioborového Odbomého stanoviska
Ceské asociace akutni kardiologie CKS a fady dal-
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gich adbormych spoleénosti, které v podobném
rozsahu wibec poprvé wytyCuje podminky pro
vznik center pro diagnostiku a leEbu pacientd po
srdecni zastavé. Podle tohoto doporudeni se pred-
poklada postupny vanik thchto center na pldornysu
jiZ fungujici sité kardiocenter (6).

Pro zékladni stratifikaci pacienta a spravné
stanoveny diagnostiko-terapeuticky postup po
OHCA ma Kigovy wyznam EKG, ma nezastupitel-
nou Ulohu jako#to jednoducha vyietfovac me-
toda dostupnd i v plednernocniéni pédi, kde je
zeela rutinné poufivana v managementu akutnich
koronarnich syndromd, ale | mimenemocnicnich
zastaw. Na vypovédni hodnotu kfivky mohou mit
wiiv techinické aspekty, hemodynamicka nestabilita,
zmény ABR a hypowemie po resuscitadi. Zatimni
prace se v kontextu OHCA zabyvaly pfedeviim
problematikou 5T elevaci a koincidenci STEMI jako
piiciny zastavy obéhu. Nasim cilem bylo popsat
vyskyt jednotlivych patologii na EKG po obnove
obéhu, porovnat, jak se méni v ase od obnovy
rytmu po piijeti v nemocnici, a popsat souvislosti
mezi EKG ndlezy a vyslednou diagndzou. Pokud
je to Oéelné, stanovit senzitivitu a specificitu jed-
natlivyich nalezd, aby lo zhodnodnotit wyznam
a piinos jednotlivych EKG zmén pro dali postup
adiagndzu.
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Metodika

Jedna se o observacni retrospektivni studii
zdat prospektivniho registru mimonermaocnicnich
zastav. Byla analyzovana EKG bezprostfedné po
ROSCa pii pfijmu do nemoanice. Byly popsany jed-
notlivé patologie a jejich éetnost ve smyslu zmén
5T segmentu, blokddy levého raménka Tawarova,
ale i normalni EKG zaznamy a porovnany s koro-
narografickymi ndlezy, korondrnimi intervencemi
awyslednou diagnézou. U vybranych velicin byla
stanovena senzitivita a specificita testu. Byla ana-
lyzovana souvishost mezi patologickymizménami
v ase a také vazba na viivy ve smyshu hypoxemie,
zmény ABR a hernodynamicke stability. Do stu-
die byli zafazeni viichni pacienti z registru OHCA,
u kterych Slo dehledat obé EKG kiivky (EKG nato-
&ené zachrannou slufbou bezprostiedné po ROSC
u pacientd predanych nasledné do nemocnice
s vitalnimi funkcemni a prni EKG kivka natodena
v nemocnici pii prijmu jesté pied plipadnouinter-
wvenci). Registr obsahuje viechny pacienty starsi 18
let pfijaté po obnowé obéhu pro mimonemaocniéni
zastavu obéhu v letech 2013-2018, jde o pacienty
s kardialni eticlogii z&stavy & suspekd na kardidlni
etiologi, ostatni typy zastav (zjevné asfykticka i
traumatickd apod. nejsou soudasti registru). Data
byla statisticky zpracovana pomoci programu
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- Sirmes STEMI AKS S Pl
— 52% 65.8% 68,4% 917% 733%
(76/146) (50/76) (52/76) (55/60) 44/60)
Priicti 36% 755% 75.5% 93,1% 773%
et (53/146) (0/53) 40/53) @/a3) (34/44)
Tab. 2. Normdini EKG kfivky
—JL—M Normalni EKG AKS Sign. stendza PCl
55% 50% 100% 100%
ROSC (8/146) (4/8) @) @)
Priiemn 6,85% 0% 125% 20%
! (10/146) @10) /e 01/5)
Tab. 3. LBBE po ROSC a po piijmu
LBBB STEMI AKS Sign. stenéza
96% T14% 214% 625%
fosc (14/146) 1/14) @na (5/8)
- 1,6% 11,8% 176% 75%
Pijem (7/146) 217) @7 &/3)

PrismTM vs. 7 (GraphPad Software Inc,, La Jolla,
CA, USA). Kategorické proménné jsou vyjadfeny
jako absolutni hodnoty a procenta a porovnany
pomod Chi-guadrate testu nebo Fischerova exakt-
niho testu. Spojitd proménné jsou vyjadieny jako
primeér se standartni odchylkou nebo median
s interkvartilovym rozptylem v pfipadé nenomnalni
distribuce. Spojité proménné byly porovnavany
Studentovym dvouvybérovym neparovym tes-
tem. Hodnota p<0,05 je brana jako statisticky
VYZNamna.

Vysledky

Celkern byla analyzovana data u 146 paci-
entd po mimonemocnicni zastavé s obnovou
obéhu, kde byla k dispozici kfivka po ROSC
a3 kfivka bezprostfedné po pfijmu do nemocni-
ce. Vregistru OHCA bylo celkemn 231 pacientd
a 85 pacientd bylo wyfazeno pro nemoznost
dohledat erigindlni kiivky po ROSC (byl k dis-
pozici pouze popis).

ST elevace

Na vstupnim EKG po obnové obéhu byly ST
elevace pfitominy u 76 (52%) pacientd. Primérny
krevni tlak byl 1188+ 286 mm Hg, inicidiné defi-
brilovatelny rytrmus u 78,9% a itka QRS komplexu
byla 130+ 30 ms. Urgentni koronarografii z nich
podstoupilo 60 (789%) pacientd (ostatni padienti
bud zemnfeli v pribéhu SKG nebo byla stanovena
jind diagndza a SKG nebyla indikovana) a korona-
rograficky nalez se signifikantni stendzou mélo 55
(91,7 %) z koronarografovanych. Diagndza STEMI
byla potvrzena u 50(65,8%) a PCl byla provedena
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u 44 (73,3%) pacientd s ST elevacemi na prvni
kitvce. Senzitivita prvni kitvky pro STEMI byla sta-
novena na 78,6% a specificita na 90%. Casovy
interval mezi prvni a druhou kfivkou byl v medi-
dnu (IQR) 60 (45-90) min. 5T elevace pletrvavaly
po piijmu u 53 (3656) pacientd. Pramérmy krewvni
tlak byl 1133+ 284 mmHg, inicidini defibrilova-
telry rytmus u 45 (84,9%) pacientd a iifka QRS
komplexu byla v medidnu (IQR) 1176+ 24, obé
skupiny se statisticky nelidily v systolickém krev-
nim tlaku a defibrilovatelném rytrmu, 5T elevace
po piijmu mély signifikantné w2si QRS komplex
(130+30ms po ROSC vs. 1176 + 24 ms pii piijmu,
p=0,003). Koronarografie byla provedena urgent-
néu 40 (75,5%) pacientd (ostatni z 53 bud zemieli
v pribéhu SKG nebo byla stanovena jind diagndza
3 SKG nebylo indikovano) 2 koronarograficky nélez
se signifikantni stendzou byl u 41 (93,2%) padientd,
PCl bylo ndsledné provedeno u 34 (773 %) pacien-
1. Diagnoza STEMI byla potvrzena u 40 (75,5%)
pacientd s 5T elevacerni pfetrvavajicimi pfi pfij-
mu. Senzitivita piijmove kiivky pro STEMI je 759,
specificita 89%. Vysledky jsou shrnuty v tabulce 1.

Normalni EKG

Normalni EKG nalez po ROSC mélo pouze 8
(5,5 %) pacientd, primémy systolicky krevni tlak
Jje 1193+ 26,8 mmHag, inididiné defibrilovatelny
rytrmus je piitomen u 6 (75%) pacientl a Sitka QRS
komplexu jev priméru 106,6+ 173 ms. Celkern byli
koronarografovani 3 (375 %) pacienti, vichni se sig-
nifikanitni koronarografickou stendzou a provede-
nou PCI, diagndza AKS byla findlné potvrzena u 4
(509) — (u 3 koronarograficky) a STEMI u 2 (25%),
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senzitivita a specificita vylouceni AKS je velmi niz-
ka. Cas mezi prvni a druhiou kiivkou je v priiméru
102+ 52,7 min a normalni kiivka se vyskytuje u 10
(6,85 %) pacientd po prijmu. Primérmy systolicky
tlak je N8,6+11,6 mmHg, primamé defibrilova-
telny rytmus mélo 5 (50%) pacientd a priméma
gifka QRS komplexu byla 108, £194 ms, v Z3d-
ném z téchto parametrd se signifikantné kiivky po
ROSC a po pfijmu neliéi. Urgentni koronarografie
byla indikovana u 2 (20%) pacient( a signifikantni
stendza nalezena u 1 (12,5 %). Ani jeden pacient ne-
mél akutni koronarni syndrom & STEMI. Senzitivita
normalni kiiviky peo piijmu k vylouZeni AKS je 100%,
specificita 56%. Vysledky jsou shrmuty v tabulce 2.

Blok levého raménka
Tawarova (LBBB)

Po ROSC se LBBB vyskytuje u 14 (9,6%)
pacientd, systolicky krevni tlak byl v priméru
125,8 +40,3 mmHg, defibrilovatelny rytmus byl
7 (5096) a Sitka QRS byla v prdméru 131 £205
ms. Urgentni koronarografie byla indikovana u 2
(13,3 %), celkem bylo koronarografovano 8 (571 %)
AKS bylo findlné prokdzano u 3 (21,49 a signi-
fikantni koronarografické postizeni u 5 (52,5%)
7 koronarografovanych a POl provedeno w4
(50%) koronarografovanych pacientd. Senzitivita
pro STEMI je jen 7%, specificita 43%, pro AKS je
senzitivita 21 % a specificita 50%. Casovy rozdil
mezi obéma kiivkama byl v priméru 88,2 + 56,2
min. LBBB bylo po pfijeti u 17 (11,6%) pacientd,
pramérny systol. krevni tlak byl 111,3 £34 mmHg,
defibrilovatelny rytmus u 8 (471 %) a primérna
gitka QRS 1307 £308 ms, v téchto parametrech
nebyl mezi skupinou ROSC a EKG 2adny statisticky
rozdil. Urgentni SKG byla indikovana u 4 (23,6 %),
celkem bylo koronarografovanc 8 (47 %) pacienti.
Signifikantni koronarograficky nalez byl pfitormen
u 6(75% z koronarografovanych), AKS potvrzena
u 3(176%) a STEMIu 2(11,8%), POl bylo provede-
no u 6 {75 % koronarografovanych). Senzitivita pro
STEMI je 40%, specificita 65%, pro AKS 18%, resp.
48%. Vysledky jsou shrmuty v tabulce 3.

Deprese ST segmentu

Deprase ST segmentu jsou piftomny u 36
(27.896) pacientd po ROSC, prdmérny systolicky
krevni tlak byl 124,4 + 284 mmHg, defibrilovatel-
ny rytmus u 25 (69,4%) a Sirka QRS v priméru
18,5+ 26,7 ms. Urgentni SKG byla indikovana
u 11 (30,6 %), celkem bylo koronarografovano 24
(67%) pacientd. Signifikantni koronarograficky
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Tab. 4. 5T deprese po ROSC a po pijmu

ST deprese AKS Signif. stenéza PCl
ROSC 247% 361% 79,2% 524%
(36/148) 13/36) (12/24) 12/23)
Pijem 31,5% 457% 85% 516%
(46/146) (21/46) (25/31) (16/31)

ndlez byl u 19 (79,2% z koronarografovanych)
a diagndza AKS potvrzena u 13 (36,1%), z to-
ho nonSTEMI u 10 (27,8 %), POl bylo provedenco
u 11 {52,4%) z koronarografovanych pacientd.
Senzitivita pro AKS je 36%, specificita 43 %.
Rozdil mezi prvni a druhou kfivkou je v medi-
anu (IQR) 60 (50-97,5) min. 5T deprese jsou po
pifijeti pfitomny u 46 (31,5%), systolicky krev-
ni tlak je v priméru 116,5+ 24,4 mmHg, defi-
brilovatelny rytmus u 36 (78,3 %) a Sitka QRS
v primeéru 1124 +£32 3 ms, mezi prvni a druhou
kiivkou v téchto parametrech neni statisticky
rozdil. Urgentni koronarografie byla indikovana
18 (39,1 %), celkem bylo koronarografovéno 31
(67 %) pacientd. Signifikantni koronarograficky
nalez byl pfitomen u 25 (80,6%) koronarogra-
fovanych) diagndza ASK byla potvrzena u 21
(45,6%) z koronarografovanych, nonSTEMI by-
lo diagnostikovano u 13 (30,4 %), PCl bylo pro-
vedeno u 16 (51,6 % z koronarografovanych).
Senzitivita pro AKS je 46%, specificita 45 %.
Wysledky jsou shrnuty v tabulce 4.

Diskuze

Celkern jsme v naéi praci analyzovali 146 pard
EKi5 u pacientd po zastavé obéhu bezprostfedné
po obnové obéhu a po pfijleti do nemocnice. 5T
elevace maji pro diagndzu STEMI u OHCA nesig-
nifikantné vy3ii senzitivitu, pokud pietrvavaji po
pifijmu, nicméné u obou skupin 5T elevad je vy-
sokd incidence signifikantni ICHS a PCLST elevace
po ROSC maji vysokou spedificitu. Mormalni EKG
po ROSCmé nizkou vypovédni hodnotu s piekva-
pivé vysokym vyskytern AKS, normalni kiivka po
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piijmuwyluéuje AKS se 100% senzitivitou. LBBE ma
nizkou souvislost se STEMIa AKS, totéz plati pro ST
deprese, nicméné obé skupiny vykazuji vysokou
incidenci signifikantnich koronamich stendez.

V pomérné recentni praci — retrospektivni
analyza z Swedeheart registru — byly popsany
koronarografické nalezy 1133 pacientd a inter-
vence v korelaci s EKG po piijeti (7). U 5T elevaci
po pfijeti méli signifikantni SKG nalez 92,2% vs.
93,19 v nasi studii, podobné to bylo s provede-
nou PCI 80,8% vs. 773 % v nadi praci, u LBEB byl
signiffikantni ndlez u 60% vs. 75% v nadi praci, u 5T
depresi 71% vs. 86%, u normalni kiivky 67 % vs.
20% v nadi praci. Tato prace posuzovala jen kiivky
pii pfijeti a zafazeni byli jen pacienti, ktefi méli
provedenou SKG, co? patrné vysvétiuje narlstajid
rozdil v ndlezech signifikantnich stendz mimo ST
elevaci, u normalni kfiviy je nas soubor pifliE maly
na relevantni porovnani. V némecke pradi (8), kte-
ra hodnaotila 77 pacientl po ROSC s ST elevacemi,
byla senzitivita EKG po ROSC 88% a specificita
69%, v nasi praci 79%, resp. 90%, defibrilovatelny
rytrnus mélo v némecke praci 61%, v nasi pak
79%. Rozdil mezi kfivkou po ROSC a pii pfijmu
byl v medidnu 40 min u némecké prace a 60 min
v nasi Senzitivita a specificita pro STEMI byla po
piijmu v némecké praci 93%, resp. 70%, v nasi
759, resp. 89%. V némecke praci byli zahmuti
pouze pacienti s 5T elevacemi na inicidlni kivce,
v nasiviichni i s moZnosti zmény tvaru kiivky za
transportu (po ROSC mélo 5T elevace 52%, po
pifjmu jen 36%). V podobné velké pradi z roku
2011 (9) maji ST elevace 88% senzitivitu a 84%
specificitu pro AIM. Pokud jsou soucasné hod-
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noceny 5T elevace a deprese, pak je senzitivita
a specificita pro AIM 95%, resp. 62%. KdyZ kST
elevacim a depresim piifadili jedt& nespecifické
zmeény QRS a raménkové blokady, byla senzitivita
a negativni prediktivni validita pro AIM 100%,
specificita 46 % a pozitivni prediktivni validita
52%. To je velmi podobné 100% senzitivité vy-
lougeni AKS u pfijmove kiivky v nadi praci. V této
studii je hodnocena prvni interpretovatelng kfiv-
ka. V tomito kontextu se jevi ST elevace a normalni
kiivka jako nejvytéinéjsi ndlez po OHCA, samomé
5T deprese & LBBE maji jen malou vypovidajici
hodnotu, nicméné v kombinovaném hodnoceni
s 5T elevacerni vyznamné zvyiuji diagnostickou
wytdZnost smérem k AKS.

Limitaci nadi prace jsou mald velikost sou-
boru z jednoho centra, data byla analyzovana
retrospektivné. Cast dat nebylo mozno hodno-
tit pro nedohledatelnost EKG kiivek. Zejména
u normélnich EKG se miZe jednat o chybu
malych &isel a z vysledkd lze validné vyvodit
pouze nizkou incidenci normalni EKG kiivky po
resuscitaci.

Mase nilezy jsou ve shodé se soucasnymi
doporucenimi, j. u pacientd s 5T elevacemi pro-
wést koronarografii necdklané (vysoka senzitivi-
ta i specificita), u ostatnich patologii wytéznost
kiivek neni vysokd, co? koreluje s recentnimi
doporugenimi, kde pacient bez 5T elevadi, ktery
Jje po resuscitaci hemodynamicky stabilni, mdze
byt inicidlné léZen konzervativné.

Zavérem lze z vysledkd fidi, Ze 5T elevace
maji pro diagnozu STEMIu OHCA nesignifikant-
né vysil senzitivitu, pokud pletrvavaji po pfijmu,
nicméné u obou skupin 5T elevaci je vysoka
incidence signifikantni ICHS a PCI 5T elevace po
ROSC maji vysokou specificitu. Normalni EKG po
ROSC ma nizkou wypovédni hodnotu s piekva-
pivé vysokym vyskytern AKS, normaini kfivka
po prjmu vyluéuje AKS se 100% senzitivitou.
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V. Diskuze

Problematika mechanizované srde¢ni masaze zaCala byt podrobnéji studovana po
roce 2000. Konkrétné v roce 2002 byl do klinické praxe uveden systém LUCAS vyvinuty
na univerzit¢ v Lundu (Lund University Cardiopulmonary Assist System). Pozdéji se
objevily 1 jiné komercné vyrabéné systémy, napiiklad AutoPulse firmy Zoll ¢i CorPulse
a podobn¢. Snaha o vyvinuti mechanickych prostiedk ke kardiopulmondlni resuscitaci
byla vedena né¢kolika faktory.

Slo zejména o neuspokojivé vysledky resuscitace mimonemocni¢nich
inemocni¢nich zastav ob&hu a velmi problematickou dlouhodobou neurologickou
prognoézu téchto pacientll. V dalsi fade pak to byly technicka obtiznost transportu pacientd
za kontinudlni resuscitace, zejména v podminkach pfednemocni¢ni neodkladné péce,
atechnickd neschidnost provadéni resuscitace pii invazivnich vykonech, naptiklad
korondrni intervence nebo zavadéni mechanické podpory obéhu (ECMO). Soucasné hrala
roli také snaha o standardizaci resuscitace v mechanickém slova smyslu, nebot’ ze zndmych
dat vyplyva, Ze uspésnost resuscitace zavisi mimo jiné na hloubce komprese, jeji frekvenci,
uvoliiovacim tlaku mezi dvéma kompresemi a minimalizaci pferuSeni masaze b&hem
resuscitace, a to véetné podani defibrilacniho vyboje.

Prvotni prace se soustfedily na pritkaz efektu u zvifecich modeld a nasledné na
bezpecnost a proveditelnost mechanizované masaze za transportu. Byl pouzit prase¢imodel
jako v tomto ohledu fyziologicky podobné zvife pfi arteficidln€ indukované komorové
fibrilaci. Data prokézala signifikantni redukci intrathorakalniho tlaku, signifikantné lepsi
korondrni a cerebralni perfuzni tlaky pfi uZiti mechanizované masdze na prase¢im modelu.
Prvotni ptistroj (LUCAS I) byl konstruovan jako pistole, kde tlak pohdnéni kompresniho
mechanismu zajistoval ptfivod kysliku ¢i vzduchu, coz limitovalo jeho pouziti, a bylo
rovnéZ nutné ovéfit bezpecnost pouziti. Koncentrace kysliku ve voze nikdy neptekrocila
bezpecnou koncentraci a crash testy prokazaly stabilitu systému piinarazu za pouZiti
fantomu. Potud se vyvoj mechanizované srdecni masaze vyvijel slibné a bylo nutné ovéfit
jeho ucinnost v porovnani s konvencni manudlni masazi v klinické praxi. Mechanicka
ucinnost a efektivita masaze v porovndni s manudlni byla testovana v klinickém scénafi za
pouziti resuscitacniho fantomu.

V randomizovaném pokusu mechanické proti manuélni resuscitaci byla u LUCASE

prokazana vyssi kvalita resuscitace co do spravné frekvence, hloubky masaze a délky

prerusovani KPR, ale del§i ¢as do prvni defibrilace. Prvni data z klinické praxe byla
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observacniho charakteru a na kohort¢ 100 pacienti s mimonemocni¢ni zastavou bylo
pouziti LUCASE k mechanizované masazi bez zjevného efektu na 30denni piezivani jak
u primarn¢ defibrilovatelnych, ¢i nedefibrilovatelnych rytmii a zéastavy pied svédky nebo
beze svédkl, pokud byla srovnana se znamymi daty 30denniho pfezivani pii konvencni
resuscitaci.

S ohledem na potencidln¢ nad¢jnéa experimentalni a preklinické data a nejasny efekt
uziti mechanické srdecni masaze na piezivani pacienti a dlouhodobou neurologickou
progndzu vyvstala nutnost provedeni randomizovanych studii. Svédska studie LINC byla
multicentrickd randomizovana, bylo do ni v prubéhu let 2008-2012 v 6 regionalnich
zachrannych sluzbach zatazeno celkem 2 593 pacientli po mimonemocnic¢ni zastavé ob¢éhu,
vylucovacimi kritérii byly: traumatické zastava ob¢hu, v€k pod 18 let, t€hotenstvi a télesné
proporce neodpovidajici moznosti uziti mechanizované srde¢ni masaze. Pacienti byli
randomizovani 1:1 do skupin, kde jedna provade¢la konvenéni manuélni resuscitaci a druha
pouzila v nejkrat§im intervalu mechanizovanou masaz pomoci systému LUCAS. Pro obé
skupiny byly vypracovany terapeutické algoritmy v souladu s platnymi guidelines
a implementace Casné defibrilace. Jako primarni cil bylo stanoveno 4hodinové ptezivani
po obnové obéhu a sekundarni obnova spontanniho obéhu a dobry neurologicky status
(Cerebral performance capacity 1,2) pfi propusténi z JIP, nemocnice a po 1. a 6. mésici.
Primérny vék pacientii byl 69,1 let, 67 % muzi. Déle 66 % pacienti prodé€lalo zastavu
pred svédky, 56 % svédkl provadélo laickou resuscitaci, inicialné defibrilovatelny rytmus
mélo 29 % pacientl. Priméarniho cile (4hodinové piezivani po obnoveé obchu) bylo
dosazeno u 23,6 % ve skupiné s mechanickou resuscitaci proti 23,7 % ve skuping s
manudlni, rovnéz ani v jednom ze sekundarnich cilti se obé skupiny statisticky vyznamné
neliSily. Vysledky této studie tedy neprokézaly rozdil mezi mechanickou a manudlni
resuscitaci v podminkéch ptrednemocni¢ni zédstavy obcéhu. Druhd velka multicentricka
randomizovana studie PARAMEDIC probihala v letech 2010-2013 ve Velké Britanii. Do
této multicentrické randomizované studie bylo zatfazeno celkem 4 471 pacientll v poméru 1
: 2, 1652 ve skupiné s uzitim LUCAS 2 a 2 819 v kontrolni skuping, vylu¢ovacimi kritérii
byl vék pod 18 let, trauma jako pfi¢ina zéastavy a tchotenstvi. Randomizace byla
pragmatickd formou clustert, kdy o formé resuscitace rozhodoval prvni viiz zachranné
sluZzby na misté (bud’ vybaven LUCASEM 2, nebo ne). Jako primarni cil bylo stanoveno
30denni ptezivani po obnove ob¢hu a sekundarnim cilem byla obnova spontanni cirkulace
pretrvavajici do piijmu, 3mési¢ni a 12mésicni piezivani a 3mésicni prezivani s dobrym

neurologickym vysledkem (Cerebral Performance Capacity 1,2). Ve skupindch LUCAS
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2/manuélni KPR byl vékovy pramér 71/71,6 let, v obou skupinich u 63 % muzi byla
predpokladana kardialni etiologie zastavy 86/87 %. Zastava pred svédky byla u 43 % v
obou skupinach, laicka resuscitace byla provadéna u 43 % / 44 %, median Casu piijezdu
zachranné sluzby byl 6,5/6,3 minut a primarni defibrilovatelny rytmus byl pfitomen u 23 %
/ 22 % pacientd. Nebyl pozorovan rozdil v primérnim cili, 30denni pfezivani bylo
ptitomno u 6 % ve skupin¢ LUCAS 2 a 7 % v kontrolni skupin€¢. Rovnéz nebyl pozorovan
vyznamny rozdil mezi skupinami ve vSech sekundérnich cilech, 32 % / 31 % v obnové
spontanni cirkulace, 6 % / 6 % v 3mési¢nim piezivani, 5 % / 6 % v 12mé&si¢nim piezivani a
5% / 6 % v 3mési¢nim prezivani s dobrym neurologickym vysledkem. Ob¢ studie tedy
neprokéazaly benefit uziti mechanizované srdecni masaze v podminkach prednemocnicni
zastavy obchu ani co do uspéSnosti v obnové obéhu, ani v dlouhodobém piezivani a
dlouhodobém piezivani v dobrém neurologickém stavu. V roce 2015 byla publikovana
metaanalyza zahrnujici ob€ randomizované studie a dalsi tfi mensi randomizované studie
(celkem vic nez 10 000 pacientil), kdy ve tfech byl k mechanické resuscitaci pouzit systém
LUCAS a ve dvou systém AutoPulse. V metaanalyze nebyl prokdzan vyss§i vyskyt obnovy
obéhu ve skupiné s mechanizovanou masazi, navic u systému AutoPulse bylo dokonce
pozorovano nizsi dosazeni obnovy ob&hu v porovnani s kontrolni skupinou. Pokud bylo
analyzovéano 30denni pfezivani, pak mechanicka resuscitace jen hrani¢né piekrocila Odds
ratio nad 1 anebyla hodnocena jako Skodliva. Dobry neurologicky vysledek (CPC 1,2)
rovné&Z neprokazal lepsi efekt mechanické masaze.

V na$i praci jsme se zaméfili na uziti mechanizované srdecni masdze v bézné
klinické praxi. Slo o prospektivni observaéni studii respektujici realnou klinickou praxi
s jejimi limitacemi a béhem vice nez 4 let bylo zatfazeno 278 pacientll s mimonemocni¢ni
zastavou ob¢hu. Primarnim endpointem byla obnova spontanni cirkulace a sekundarnimi
30denni a 180denni.

Dosahli jsme ROSC u 30,6 % v non-LUCAS vs. u 25 % v LUCAS skupiné bez
statistické vyznamnosti. Studie LINC ukazala, Ze ROSC bylo dosazeno u 34,6 % ve
skupiné¢ manudlni KPR vs. u 35,4 % pti mechanické KPR . Studie PARAMEDIC ukazala,
ze ROSC bylo dosazeno u 31 % ve skupiné manudlni KPR vs. u 30 % pii mechanické
KPR. Metaanalyza poukézala na to, ze nejsou rozdily v obou skupinach. Tim padem nase
vysledky jsou konzistentni s publikovanou evidenci; pozorovali jsme pouze nesignifikantni
trend k niz8i obnovée spontdnniho obéhu v LUCAS skupiné.

Studie PARAMEDIC a LINC maji velmi podobné zdkladni charakteristiky, ale
median od zavolani ZZS do jejiho pfijezdu byl 6,5 minuty (PARAMEDIC) vs. 13 minut
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vnas$i studii. Tim padem horsi efekt mlize byt spjat s prolongovanym piijezdem
v mimomeéstskych regionech proti méstskym aglomeracim. Studie LINC téz poukazala na
to, ze defibrilovatelny rytmus jakozto inicidlni srde¢ni rytmus byl u 29 % pacientil
vs. u 19,4 % v nasi studii. V LUCAS skuping je defibribrilovatelny rytmus spjat s lepSim
outcome. Mira 30denniho pteziti byla 16,3 % v non-LUCAS skuping vs. 5,07 % v LUCAS
skupiné (p = 0,044).Tento vysledek je v kontextu znamych dat unikétni. Nase prace uvadi
observacni data z realné praxe, Cili proti randomizovanym studiim mize byt zatizena vice
bias, nicméné reflektuje standardni klinicky postup v terénu. Studie LINC monitorovala
miru 30denniho preziti: 8,5 % ve skupiné manualni KPR vs. 8,6 % ve skupiné¢ mechanické
KPR a studie PARAMEDIC 7 % vs. 6 %. Tim padem jsme pozorovali hor$i 30denni
outcome v intervenéni vétvi, coZ nebylo pozorovano v dalSich studiich a nebylo potvrzeno
180dennim outcomem.

Nepozorovali jsme zadné rozdily v zakladnich charakteristikach a markerech KPR
v manualni non-LUCAS skupin¢ v porovnani se studiemi LINC a PARAMEDIC, ackoliv
mira 30denniho pieZiti byla vyssi (pouze laickd KPR byla vy$si v na$i studii 70,15 %
vs. 57 % ve studii LINC a 43 % ve studii PARAMEDIC). Jednim z moZnych vysvétleni
muze byt trauma, k némuz doSlo béhem KPR. Muzeme spekulovat, ze kratkodoby
outcome naznacuje vétsi vliv traumatu spjatého s KPR na miru pteziti; dlouhodobé preziti
je vice spjato s neurologickym stavem pacientli; nicméné soucasnd data nejsou dostate¢na
k potvrzeni této hypotézy. Dlouhodobé pieziti ve studii LINC a PARAMEDIC jsou velmi
podobnad outcomu s dobrym neurologickym outcomem (CPC-cerebral perfomacne
category 1, 2).

Jak je wuvedeno v predchozim textu, plvodné nadé€né predpoklady
z experimentalnich modelt a klinickych simulaci se v klinickych studiich nepotvrdily.
Randomizované studie ani metaanalyza neprokéazala benefit mechanické masédze proti
manualni. V nékterych parametrech se dokonce v na$i studii a metaanalyze jevi jako
Skodliva. Guidlines pro kardiopulmondlni resuscitace z roku 2015 ve svétle téchto dat
nedoporucuji rutinni uziti mechanické srdecni masaze pfi kardiopulmonalni resuscitaci.
Jejich misto tak podle soucasnych doporuceni zlstavd pii transportu pacientl
za kontinudlni resuscitace a provadéni invazivnich vykonl pii zastavé ob¢hu, napiiklad
zavadéni ECMO pii extrakorpordlni resuscitaci. Otazkou vSak zistavaji faktory, které
se mohou podilet na selhdni mechanické srde€ni masaZe proti manualni v klinickych
studiich. Jednim z moznych vysvétleni, jak uz uvadi pfedchozi text, je trauma vznikajici

v souvislosti s resuscitaci a potencialni moznost jejich podilu na vysledné mortalité. Jak je
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patrné z nasi pfedchozi studie, bylo 30denni pfezivani signifikantné nizsi ve skupiné
resuscitované LUCASEM proti manualni a 180denni mortalita se jiz neliSila. Moznym
vysvétlenim je vliv poranéni v souvislosti s resuscitaci na kratkodobou mortalitu, piicemz
dlouhodob4 je definovéna zejména neurologickym postizenim. Jiz dfive zmiflovana studie
LINC obsahovala subanalyzu zamétenou na poranéni v souvislosti s resuscitaci na zaklade¢
pitevnich nélez. Celkem bylo analyzovdno 222 pitevnich nalezti ze studie LINC (pocet
byl limitovan legislativou pro provadéni pitev) a poranéni byla ve skupin€ resuscitované
LUCASEM signifikantn¢ vysSi, ovSem tato poranéni nebyla subjektivné patology
hodnocena jako zivot ohrozujici. Rozdil byl definovan zejména vyssi incidenci poranéni
zeber ve skupiné s mechanickou masazi. V roce 2017 byla provedena randomizovana
studie zamétfend na bezpecnost uziti mechanické srdecni masaze (hodnoceny byly systémy
LUCAS 2 a AutoPulse) u mimonemocni¢nich 1 nemocni¢nich zastav, kdy nebyl prokézan
rozdil v Zivot ohrozujicich visceralnich poranénich v porovnani s manudlni kompresi.
Ke srovnani byly pouzity heterogenni metody (pitva, CT vySetieni, klinicky obraz), rovnéz
incidence traumat byla napadné nizka v porovnani s jinymi studiemi. Rozhodli jsme se
tedy ptikroCit k analyze dostupnych dat a provést retrospektivni observaéni studii
vychazejici z pitevnich nalezii pacientli zemielych v prubéhu kardiopulmonalni resuscitace
a nasledné pitvanych na ustavech soudniho lékafstvi dvou velkych nemocnic, jedné
prazské a jedné regionalni. Z let 2016-2018 bylo analyzovano na 630 pitevnich protokold,
z nichZ 64 pacientii bylo resuscitovano pomoci mechanické maséaze. Jednotlivé pitevni
nalezy byly kategorizovany podle poranéni jednotlivych organd a organovych systémd.
Podrobnéji jsme se zaméfili na poranéni skeletu, které je nejcastéjSi. Vyvstal problém,
jakym zptsobem objektivizovat pitevni nalezy, resp. jak posoudit rozsah poranéni a jejich
mozny podil na smrti pacienta bez ohledu na zakladni pfiinu zéastavy obéhu. Rozhodli
jsme se pouzit skorovaci systém Asociace amerického automobilového primyslu (the
Association for the Advancement of Automotive Medicine), ktery jiZ mnoho let vytvari
a aktualizuje hodnotici Skaly zéavaznosti poranéni ve vztahu k rozsahu poranéni
jednotlivych organti a na zaklad¢ piifazené bodové hodnoty lze usuzovat na miru
pravdépodobnosti umrti na dané poranéni. Konkrétné jsme pouzili Abbreviated Injury
Scale (AIS) score a New Injury Severity Score (NISS).

V na$i studii nebyly z4dné rozdily mezi pohlavim, laickou KPR nebo etiologii
srdeCni zastavy mezi jednotlivymi skupinami (napi. mechanickd vs. manudlni), ale
mechanickd KPR byla signifikantné delsi (p = 0,0005) a pacienti byli mladsi (p = 0,0067).

Obe¢ skupiny mély stejnou incidenci poranéni hrudnich cév, plic, srdce, perikardu, pleury,
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jater a sleziny. Zranéni byla pozorovana u 80 % pacientli, ktefi byli resuscitovani
manualné, a u 87,5 % pacienti s mechanickou KPR. Nej¢astéjsi zranéni byla poranéni
skeletu hrudniku v 85,5 % ve skupiné¢ manudlni vs. 87,5 % ve skupin€¢ mechanické.
rozdilné, median celkovych poranéni (NISS) byl 13 v obou skupinach (nizké riziko
fatalniho poranéni). Kdyz byla KPR data analyzovana u LUCAS 2 v porovnéani s manudlni
KPR, vysledky byly podobné, jen s vys$§im poctem poranéni perikardu ve skupiné LUCAS
2. Pouze vék a laickd KPR byly shledany jako nezavisle asociované faktory s nalezem
poranéni pii pitve. Ve skupiné s mechanickou masazi byl patrny trend k vy$simu vyskytu
poranéni vnitinich organt (27 % poranéni po manualni masazi vs. 39 % po mechanické),
ale rozdil nedosahl statistické vyznamnosti. Tento trend vSak byl patrny pfi samostatné
analyze poranéni témeét vSech konkrétnich organt. Je tedy mozZné, Ze se vnitini poranéni
organti podilela na hor$im 30dennim ptezivani. K prokazani této hypotézy by byla nutna
multicentrickd randomizovana studie.

Byla provedena subanalyza studie LINC, kterd se zaméfovala na zranéni
asociovanad s mechanickou kompresi hrudniku. Mechanickd KPR byla asociovana se
signifikantné¢ vys$§im poctem KPR indukovanych poranéni, jez ale poranéni nebyla
povazovana za pfi¢inu umrti. Tento rozdil byl zptisoben diky signifikantné vyssi incidenci
fraktur Zeber ve skupiné mechanické KPR. ZjiSténd data neukazuji zadné rozdily v
celkovém poctu poranéni (manualni/mechanicka: 80 % / 87,5 % v nasi studii vs. 75,9 % /
91,4 % v substudii Linc), naSe studie také neukazala zadné rozdily ve frakturach Zeber
(manualni/mechanicka: 85,5 % / 87,5 % v na$i studii vs. 64,6 % / 78,8 % ve studii
Svédske); ale incidence fraktur zeber byla vysSi v nasi studii a stejné hodnota medidnu
zlomenin zeber (median: manudlni/mechanicka 10/10 Zeber v nasi studii vs. 7/6 Zeber ve
studii  Svédské). Navic incidence fraktur sterna byla vys§i v nas$i studii
(manualni/mechanicka: 61,9 % / 71,9 % v na$i studii vs. 54,2 % / 58,3 % ve studii
Svédske). Pocet jinych druhli zranéni byl velice nizky v obou studiich. Demografické
porovnani obou studii, véetn¢ délky doby trvani KPR a laick¢é KPR, ukdzalo podobné
vysledky. Domnivame se, Ze Svédska studie byla ovlivnéna nizkym poctem provedenych
pitev ze zakona (zahrnuto jen 222 pitev). Pfi¢ina umrti byla subjektivni na zdkladé ndzoru
patologa bez jakékoliv objektivni metody hodnoceni; kazdopadné Svédska studie byla
prospektivné designovana spolu s randomizovanym pokusem, kdy nasSe analyzy byly
designovany jako retrospektivni observativni studie. Pacienti v nasi studii byli

resuscitovani dle guidelines ERC 2015, ovSem pacienti ve studii §védské byli resuscitovani
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dle guidelines z roku 2005.Rozdilné pfistupy v KPR mohly tedy vést k vyssi incidenci
zlomenin zeber nebo sterna v nasi studii. Dvé malé observacni studie navic prokazaly
vysokou incidenci a pritkaznost poranéni skeletu nebo kosti pii pouziti mechanické KPR
a nizkou prukaznost zivot ohrozujicich poranéni. V randomizované non-inferiorni studii
LUCAS nebo AutoPulse zatizeni (Zoll Medical, Chelmsford, MA, USA) nezptsobily
vyznamné vysS$i pocet zdvaznych nebo Zzivot ohrozujicich visceralnich poranéni v
porovnani s manualni kompresi hrudniku, pacienti zde byli randomizovani do skupin
LUCAS, AutoPulse nebo manualni KPR. Tato studie také zahrnula nemocni¢ni i
mimonemocni¢ni srde¢ni zastavy dohromady a vyhodnoceni poranéni bylo provedeno za
pomoci pitev, CT nebo klinického dotazniku piezivsich. Tyto odlisSné metody mohly
zpisobit zavadéjici faktory; navic po€et poranéni byl vyznamné nizsi v porovnani s jinymi
daty. Vice nez polovina pacientl méla srdecni zdstavu uvnitf nemocnice, kdy byl
signifikantn¢ krat$i ¢as zapnout a prilozit zafizeni po manudlni KPR v porovnani s
mimonemocni¢nimi srdeénimi zdstavami. Zavazna poranéni nejsou porovnatelnd s
pfedchozimi studiemi; ale pfitomnost poskozeni skeletu je piekvapivé velmi nizkéd (pouze
50-60 % pacientt), fraktury sterna jen ve velmi nizkém poctu 3—6 %. Tento fakt miize byt
vysvétlen rozdilnou metodikou evaluace poranéni a rozdilnym nacasovanim pouziti
mechanickych masaznich zafizeni u nemocni¢nich a mimonemocni¢nich srde¢nich zéstav.
Navic klasifikace zdvaznosti poranéni nebyla zaloZena na Zadné ptredchozi metodologii
hodnoceni poranéni a jeji vztah s klinickym ndlezem je nejasny.

Jak uz je uvedeno v tivodu, soucasna doporuceni European Society of Cardiology
(ESC) a recentné téZ European Resuscitation Council (ERC) doporucuji vznik center pro
srdecni zastavu — Cardiac Arrest Center (CAC). Vychdzi se z observacnich dat a jejich
metaanalyzy, kdy lécba v terciarnich centrech (zejména kardiovaskularnich) vede ke
zlepSeni prezivani a neurologického stavu. Tento efekt je pfisuzovan moZnosti rychlé
intervence ve smyslu koronarografie a angioplastiky, kontroly télesné teploty, ale rovnéz
efektu velkoobjemového centra. Otazka bezpeCnosti pravdépodobné vyrazné delSiho
transportu kriticky nemocného pacienta v limitovanych podminkach pfednemocni¢ni péce
vSak zatim nebyla uspokojivé zodpovézena. V nas$i praci jsme prokdzali, Ze smérovani
pacienta do centra pro srde¢ni zastavu prodlouzi signifikantné délku transportu na
dvojnasobek. Presto nedochézi k rozdilu v inicidlnich hemodynamickych a fyziologickych
parametrech (krevni tlak, saturace kysliku, pH, sérovy laktat, télesna teplota), indikacich
a davkach katecholaminii v priibéhu transportu a zejména neni rozdil v 30dennim prezivani

a ro¢nim prezivani s dobrym neurologickym vysledkem. Délka transportu neni asociovana
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s 30dennim piezivanim. Existuje nékolik madlo studii, které dospély k zavéru, ze
prodlouzeny transport pacienta po obnoveé obéhu neni nebezpecny, nicméné nékterd data
sved¢i pro rizikovost transportu nad 30 minut. Jedna studie prokazala horsi prezivani pti
pievozu do nejbliz§i nemocnice v porovnani s terciarnim centrem, jako kritérium vsak byla
uzita vzdalenost v kilometrech na zakladé post hoc vypoctenych geografickych parametrd,
pfi¢emz rozdil mezi jednotlivymi nemocnicemi byl velmi maly (median 3,9 km). Pouzili
jsme jako 1épe vypovidajici hodnotu realny Cas transportu, ktery zohlediiuje geografické
a technické podminky a Clenitost komunikaci. Podobné velka prace z Arizony dospéla
k obdobnym zavéram, ze délka transportu neni asociovana s prezivanim, nicmén¢ median
transportu byl pouhych 6,9 minuty.

Opatteni v ramci postresuscita¢ni péce maji dva zékladni tkoly: objasnéni pfic¢iny
srdeCni zastavy a jeji specifickou 1é€bu a opatfeni sméfujici k prevenci rozvoje
a minimalizaci disledkd postresuscitacniho syndromu. Jde o komplexni syndrom
poskozeni organizmu v dasledku samotné zastavy ob¢hu a z patofyziologického hlediska
téz d&ji spusténych v postresuscitacni fazi a v principu jiz nezavislych na vyvoléavajici
pfi¢in€. Jednd se zejména o poSkozeni mozku, kardialni dysfunkci v dasledku zéstavy
ob¢hu, ischemicko-reperfuzni poskozeni organti a tkani a dekompenzace premorbidnich
onemocnéni. V rozvinuté form¢e pak dochazi k aktivaci imunitnich a koagula¢nich kaskad
av jejich disledku ke klinickému stavu imitujicimu sepsi (volumdeplece, vasodilatace,
endotelidlni dysfunkce a poruchy mikrocirkulace). Zakladem kvalitni postresuscitacni péce
je zejména komplexni monitorace k casné identifikaci komplikaci, udrzovani obé&hu,
ventilace a vnitiniho prostfedi, aby se minimalizovalo riziko progrese postresuscita¢niho
syndromu. Jednim z dilezitych aspektli diagnosticko-terapeutického algorytmu je
vylouceni a piipadné ¢asnd 1écba akutnich koronarnich syndromt.

Ackoliv nejsou k dispozici data z randomizovanych studii, na zdklad& Cetnych
observacnich dat je zfejmé, Zze Casna perkutanni korondrni intervence (PCI) infarktové
tepny zlepSuje piezivani a dobry neurologicky stav u pacientii po OHCA. Rovnéz je zndmo
z observacnich studii, ze signifikantni koronarni nemoc mé vice nez 70 % pacientl
s OHCA. Panuje obecny konsenzus stran postupu u pacientil, kteti po mimonemocnic¢ni
zastavé obchu maji na EKG znamky elevaci ST segmentu ¢i blokady levého raménka
Tawarova (LBBB), nebot' komorova fibrilace v Casné fazi akutniho infarktu s ST
elevacemi je Castou pfi¢inou mimonemocni¢ni zdstavy obchu jako prvni manifestace
akutniho koronarniho syndromu. U pacientt s podezienim na akutni koronarni syndrom je

v takovém pfipad¢€ indikovana urgentni koronarografie a v pfipad¢ indikace bezprostiedni
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koronarni angioplastika (PCI). Stejny pfistup je volen i u pacientli po OHCA se stejnym
EKG nalezem. Data vychazeji z 15 observacnich studii prokazujicich mortalitni benefit
u takovychto pacientii pfi Casné invazivni strategii. Takovi pacienti by tedy méli byt
urgentné transportovani z mista zastavy piimo do kardiocentra k urgentni koronarografii,
v tomto duchu hovofi i Guidelines ESC.

O poznani komplikovangjsi je rozhodovani o provedeni koronarografie u pacienti
bez ST elevaci na EKG. Vyse citovana Guidlines ESC z roku 2017 doporucuji zvazeni
provedeni koronarografie u pacienti po resuscitaci, pokud je vysoké podezieni na
probihajici ischemii myokardu ve tfidé IIA (mélo by byt zvazeno), ovSem na zaklad¢
nejnizsi urovné znalosti C. Jde zejména o véEtsi observacni studie, kde nalez na EKG
bez ST elevaci nevylu€uje koronarni okluzi. Napiiklad retrospektivni observacni studie
s 240 pacienty, kterd porovndvala Casnou invazivni (mén¢ 6 hodin) a pozdné invazivni
(vice nez 6 hodin) strategii, prokazala lepsi pomér prezitych k propusténi (72 % vs. 49 %,
p = 0,001). Pacient po pfijeti na urgentni pfijem ¢i jednotku intenzivni péce (JIP) by mél
projit zakladnim diagnostickym managementem, a pokud je pfitomna hemodynamicka
¢i elektricka nestabilita nebo podezieni na probihajici ischemii (suspektni anamnéza,
ptiznaky ischemie pfed zastavou, defibrilovatelny inicidlni rytmus, EKG zmény
a echokardiograficky nalez), méli bychom zvazit provedeni ¢asné koronarografie (do
2 hodin) po inicidlnim diagnostickém zhodnoceni. Pacienti s nizkym rizikem by méli
absolvovat inicidlni 1é¢bu na JIP (komplexni resuscitaéni péfe a mirnad terapeuticka
hypotermie) a v horizontu dni, zejména pak s ohledem na neurologickou prognozu
(koronarni intervence bez dobrého neurologického stavu neddva smysl) znovu zvazit
provedeni koronarografie. Ta by méla byt zvazena, pokud se u pacienta objevi zndmky
elektrické ¢i hemodynamické nestability. Multicentricka randomizovana studie COACT se
jako prvni zabyvala otdzkou pfimého porovnani obou téchto strategii a testovala hypotézu,
Ze okamzitd koronarografie a eventudlné PCI je superiorni pfed odloZenou koronarografii
a PCI. Celkem bylo randomizovano 552 pacientli s obnovou obéhu po mimonemocni¢ni
zastav€ na podkladé defibrilovatelného rytmu a bez zndmek STEMI na EKG. Podstoupili
bud’ okamzitou koronarografii, nebo odloZenou po zlepSeni neurologického stavu (vétSinou
po propusténi z JIP). Primarni outcome bylo 90denni pifezivani a sekundarni 90denni
pfezivani s dobrym neurologickym vysledkem, lehkym nebo stfednim postiZenim. Dale
myokardialni 1éze na zéklad¢ biochemickych parametrd, akutni renalni poSkozeni a nutnost
hemodialyzy, neurologicky status pii propusténi z JIP, markery Soku, rekurence arytmie

s nutnosti defibrilace ¢i kardioverze, trvani umélé plicni ventilace, zdvazna krvaceni a doba
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do zahgjeni mirné terapeutické hypotermie. Mezi obéma randomiza¢nimi skupinami nebyl
signifikantni rozdil v zaddném ze sledovanych primarnich a sekundéarnich endpointii. Jedno
z moznych vysvétleni rozdilu ve vysledcich proti observacnim datim (napt. observacni
studie z roku 2012 vykazuje 26 % culprit 1ézi) je jen 5% incidence nalezu trombotické
okluze a prevazné nalez stabilnich 1ézi, jejichZ intervence nema na prognézu vliv, jak je jiz
které¢ korondrni intervence jist¢ neovlivni. Je tedy zjevné, ze zdvazné neurologické
postizeni exkluduje pacienta k urgentni koronarografii, bohuzel tento pacientiiv status neni
mozné v inicidlni fazi hospitalizace zjistit u naprosté vétSiny z nich. Podrobné se algoritmu
Casné invazivni strategie vénuje dokument na zéklad¢ expertniho konsenzu Evropské
asociace pro perkutanni kardiovaskularni intervence z roku 2014. U pacienti pii védomi se
postupuje podle standardnich doporuceni pro revasklularizaci. Podle tohoto doporuceni
maji byt pacienti bez ST elevaci na postresuscitacnim EKG observovani na urgentnim
ptijmu ¢i JIP, doplnény jsou anamnéza, laboratorni hodnoty, echokardiografie a eventualné
CT hlavy a hrudniku, a pokud neni zjevnd nekoronarni pfiina zastavy ob&hu a nelze
progndézu pacienta oznaCit za nepfiznivou, ma byt provedena koronarografie, a to
optimaln¢ do 2 hodin od pfijetia to zejména u pacientii bez ST elevaci s vysokym rizikem
(elektrickd ¢i hemodynamicka nestabilita, dynamické zmény EKG, srde¢ni selhavani). Ve
svych doporucenich vychazi skupina expertil z observac¢nich studii a jejich metaanalyz, kde
1 pfes heterogenitu dat je asna invazivni strategie nezavisle spojena s lepSim prezivanim 1
neurologickym outcomem. Recentni guidelines pro resuscitaci ERC 2021 doporucuji
podobny postup s tim, Ze na zaklad¢ vysledki studie COACT je mozno u stabilnich
pacienti bez ST elevaci na EKG zvazit konzervativni postup a koronarografii provadét
odloZené a po ozfejmeni neurologického stavu.

Jak vyplyva z vySe uvedeného textu, jedno z prvnich a zékladnich kritérii
k posouzeni dals$iho postupu, zejména Casovani provedeni koronarografie, je EKG kiivka.
Jde o jednoduchou metodu aplikovatelnou 1 v pfednemocnicni péci. Nicméné je pomérné
prekvapivé, ze existuje jen nékolik nevelkych praci, které se vénuji problematice EKG
po zastaveé obéhu, a to jesté téméf vzdy zizené na problematiku ST elevaci, ackoliv jinak
jde o jednu z nejvice zkoumanych diagnostickych metod vibec. Ze zndmych dat
nevyplyva, zda je ucelnéjsi vychazet z kiivky natoCené na misté zastavy ¢i az po piijeti
do nemocnice, nebot’ kiivka bezprostiedné po obnové ob¢hu miize byt ovlivnéna napiiklad

hemodynamickymi zménami zplsobenymi hypoperfuzi pii zastavé obéhu. V posledni
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préci jsme se vénovali této problematice podrobnéji a provedli jsme retrospektivni analyzu
EKG kiivek z vlastniho OHCA registru.

Porovnavali jsme kiivky bezprostiedné po obnove obéhu a po pfijeti do nemocnice,
popsali jsme cetnost jednotlivych nalezti a jejich korelaci s koronarografickymi nalezy
a zavérecnou diagnézou. Rovnéz jsme stanovili senzitivitu a specificitu jednotlivych
ktivek.

Celkem jsme v nasi praci analyzovali 146 EKG ktivek u pacientl po zastavé ob¢hu
bezprostfedné po jeho obnové a po pfijeti do nemocnice. ST elevace maji pro diagnozu
STEMI u OHCA nesignifikantné vys$si senzitivitu, pokud pfetrvavaji po pfijmu, nicméné
u obou skupin ST elevaci je vysoka incidence signifikantni ICHS a PCI. ST elevace po
ROSC maji vysokou specificitu. Normalni EKG po ROSC ma nizkou vypovédni hodnotu
s prekvapivé vysokym vyskytem AKS, normalni kiivka po piijmu vylucuje AKS se 100%
senzitivitou. LBBB ma nizkou souvislost se STEMI a AKS, totéz plati pro ST deprese,
nicméné ob¢ skupiny vykazuji vysokou incidenci signifikantnich koronarnich stendz.

V pomérné recentni praci — retrospektivni analyza z Swedeheart registru — byly
popsany koronarografické nalezy 1 133 pacientl a intervence v korelaci s EKG po piijeti.
U ST elevaci po pfijeti méli pacienti signifikantni SKG nalez 92,2 % vs. 93,1 % v nasi
studii, podobné to bylo s provedenou PCI 80,8 % vs. 77,3 % v nasi praci, u LBBB byl
signifikantni nalez u 60 % vs. 75 % v nasi praci, u ST depresi 71 % vs. 86 %, u normalni
kiivky 67 % vs. 20 % v nasi praci. Tato prace posuzovala jen kiivky pfi pfijeti a zatazeni
byli jen pacienti, ktefi méli provedenou SKG, coz patrné vysvétluje nardstajici rozdil
v nalezech signifikantnich sten6z mimo ST elevace, u normalni kiivky je nas soubor pftilis
maly na relevantni porovnani. V némecké praci, kterd hodnotila 77 pacientti po ROSC s ST
elevacemi, byla senzitivita EKG po ROSC 88 % a specificita 69 %, v nasi praci 79 %,
resp. 90 %, defibrilovatelny rytmus mélo v némecké praci 61 %, v nasi pak 79 % pacienti.
Rozdil mezi kiivkou po ROSC a pfi pfijmu byl v medidnu 40 min u némecké prace
a 60 min v nasi. Senzitivita a specificita pro STEMI byly po ptfijmu v némecké praci 93 %,
resp. 70 %, v nasi 75 %, resp. 89 %. V némecké praci byli zahrnuti pouze pacienti s ST
elevacemi na inicidlni kiivce, v nasi vSichni i s moZnosti zmény tvaru kfivky za transportu
(po ROSC m¢lo ST elevace 52 %, po ptijmu jen 36 %). V podobné velké praci z roku 2011
maji ST elevace 88 % senzitivitu a 84 % specificitu pro AIM. Pokud jsou soucasné
hodnoceny ST elevace a deprese, pak je senzitivita a specificita pro AIM 95 %, resp. 62 %.
Kdyz k ST elevacim adepresim pfifadili jest€¢ nespecifické zmény QRS komplexu

araménkové blokady, byly senzitivita a negativni prediktivni validita pro AIM 100 %,
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specificita 46 % a pozitivni prediktivni validita 52 %. To je velmi podobné 100%
senzitivit¢ vylouceni AKS u pfijmové kiivky v nasi praci. V této studii je hodnocena prvni
interpretovatelna kiivka.

V tomto kontextu se jevi ST elevace a normalni kiivka jako nejvytéznéjsi nalez po
OHCA, samotné ST deprese ¢i LBBB maji jen malou vypovidajici hodnotu, nicméné
v kombinovaném hodnoceni s ST elevacemi vyznamné zvySuji diagnostickou vytéznost

smérem k AKS.

55



VI. Zavér

Nase prvni prace doSla k zavéru, ze pouziti automatické hrudni komprese se
systtmem LUCAS nebylo asociovano se zlepSenim miry pfeziti po mimonemocni¢ni
zastaveé. V nasi praci je signifikantné vyssi 30denni mortalita pacientii, u nichz byl pouzit
LUCAS, pficemz 180denni mortalita se v obou skupinach nelisi. Vysledek vyssi 30denni
mortality je vramci znamych dat unikdtni. Vysledky byly konzistentni u kardidlni
inekardidlni etiologii zéastav. Pozorovali jsme signifikantn¢ vyS$8i konverzi na
defibrilovatelny rytmus ve skupiné LUCAS.

Druhd prace navazuje bezprostiedné na praci prvni. Incidence zavaznych poranéni
sdruzenych s KPR byly dle pitevnich nalezii bez rozdilu ve skupindch manualni versus
mechanické KPR. Délka trvani mechanické KPR (naptf. s LUCAS) byla vyznamné delsi
a vyustila ve vyznamné vys$i pocet poranéni perikardu, ale neovlivnila celkovou zavaznost
poranéni dle skorovacich systémil. Nase hypotéza — vyssi po€et poranéni asociovanych
s mechanickou srdecni masazi v porovnani s masdzi manudlni — nebyla v této studii
potvrzena.

Pokud tedy shrneme soucasné poznatky o mechanizované srdecni maséazi, lze
na zékladé znamych poznatki dospét k nasledujicim faktiim. Pfistroje byly konstruovany
s predpokladem efektivnéj§i a standardizované komprese hrudniku, kterd by byla ve
vysledku u€innéj§i nez konvencni manualni nepfimd masaz srdce. Tyto piedpoklady
potvrzovaly inicidlni studie na zvifecich modelech a data simulovanych klinickych situaci
za pouziti resuscitacnich fantomul. Nasledné observa¢ni a randomizované studie vSak
neprokazaly vyS$si Gi€innost mechanizované masédze proti manualni co do obnovy ob&hu,
sttedné¢ a dlouhodobého ptezivani a prezivani s dobrym neurologickym vysledkem.
Podrobné byla analyzovana traumata, kterd jsou zpisobena resuscitaci. Celkovy vyskyt
traumat ani jejich zdvaznost a mozny podil na timrti pacienta bez ohledu na pfi¢inu zastavy
se vSak mezi manudlni a mechanizovanou srde¢ni masazi signifikantné nelisi. Stale tedy
neni ziejmé, existuji-li faktory, které nepfiznivé ovliviiuji efekt mechanizované maséze.
Neéktera data z poslednich let naznaCuji na zakladé echokardiografickych ndlezli za
probihajici resuscitace mozny vliv anatomickych pomérti, respektive obstrukce
vytokového traktu levé komory na neefektivni masdzi. Identifikace vhodnych
anatomickych pomért, pokud je vliibec mozna, vSak zatim nebyla v literatufe popsana.
O piipadné lepsi efektivit¢ mechanizované masaze pii urcité anatomické konformaci lze

tedy jen spekulovat. Soucasnd odbornd doporuceni pro kardiopulmonalni resuscitaci
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nedoporucuji rutinni uZziti mechanizované srde¢ni masaze na zékladé soucasnych poznatki,
jejich misto je v tuto chvili vyclenéno pro specifické situace, kde neni relevantni
alternativa. Jedna se zejména o transport za kontinudlni masaze a provadéni intervencnich
vykont, napiiklad korondrni angioplastiky ¢i zavadéni ECMO podpory za kontinualni
resuscitace.

Tteti prace prokazala, ze pokud jsou pacienti po mimonemocni¢ni zastavé ob¢hu
transportovani do centra pro srdecni zastavu misto nejblizsi regiondlni nemocnici, je Cas
transportu signifikantné delsi. Nedochdzi vSak k rozdilu v inicialnich hemodynamickych
parametrech pfi pfijeti a ani neni rozdil v pfezivani pacientli ¢i pfezivani v dobrém
neurologickém stavu. Proto se prolongovany transport do regionalniho centra jevi jako
bezpecny.

ZaveéreCna prace vsouhrnu fikd, Ze ST elevace maji pro diagnozu STEMI
u mimonemocni¢ni zastavy ob&hu nesignifikantné¢ vyssi senzitivitu, pokud pretrvavaji po
pfijmu, nicméné u obou skupin ST elevaci (po obnové obéhu a pfi pfijmu) je vysoka
incidence signifikantni ICHS a PCI a ST elevace po obnové ob¢hu maji vysokou
specificitu. Normalni EKG bezprostfedné po obnové obéhu ma nizkou vypoveédni hodnotu
s prekvapivé vysokym vyskytem AKS. Pokud je nato¢ena normalni kiivka po ptijmu do
nemocnice, je AKS vylouceno se 100% senzitivitou.

V této praci jsem se pokusil shrnout n€které vyznamné aspekty péce o pacienta
s mimonemocnicni zastavou ob&hu ve vztahu k prevenci poskozeni orgdnovych systémi
jak pfi samotné resuscitaci, tak pii nasledné postresuscitacni péci. V praci jsou zahrnuty
4 pivodni prace autora, které se k tomuto tématu vztahuji v kontextu zndmé evidence
a doporuceni.

Jsou zde shrnuty soucasné poznatky o epidemiologii mimonemocnic¢nich zastav,
kdy jsou dlouhodobé vysledky stdle velmi neuspokojivé. Od implementace novych
guidlines pro resuscitaci v roce 2015 doslo k vyraznému nartstu poctu laickych resuscitaci,
telefonicky asistovanych resuscitaci a resuscitaci pouze kompresemi hrudniku, coz vedlo
k jistému narlGstu pfezivani, na druhou stranu optimismus ponc¢kud kazi dlouhodobé
vysledky ze studie PARAMEDIC 2. V tomto ohledu se jako moZznd perspektiva jevi
prokazany narust pfezivani pfi centralizaci péce v koncepci budovani cardiac arrest center,
byt jde zatim jen o data observacni a retrospektivni bez ovéfeni v randomizovanych
studiich. CAC je definovano jako high-volume pracovisté, které ma k dispozici
katetriza¢ni laboratof s moznosti PCI 24/7, moznost nonstop echokardiografie a

zobrazovacich metod (CT, NMR), disponuje dostatecnym poctem intenzivnich 1tzek a je
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schopno kdykoliv provadét perikardiocentézu, docasnou stimulaci a kontrolu télesné
teploty, eventudlné moznost zavedeni mechanické podpory ob&hu.

V ptfednemocni¢ni pé¢i jsme se zaméiili na efekt uziti mechanizované srde¢ni
masaze, kterd se jevila perspektivné z hlediska experimentdlnich dat a testl
proveditelnosti. V randomizovanych studiich ovSem jejich efekt proti konvencni masazi
nebyl prokdzan. Nase prace potvrdila tyto zavéry z hlediska observa¢nich dat z bézné
praxe, a dokonce oteviela otazku mozné Skodlivosti z hlediska horSiho 30denniho
piezivani. Proto jsme se nasledné¢ soustiedili na mozné pfiCiny selhani a prevenci
organového postizeni pii mechanizované masazi. Predpoklad, ze selhani souvisi s vyssi
incidenci resuscita¢nich poranéni, se v naSich datech neprokazal. V soucasné dob¢ se jevi
jako mozné pficina na zaklad¢ nevelké studie moznost vlivu anatomickych poméri téla
na efekt masaze, nicméné hlubsi poznatky a ptipadné identifikace skupin pacient, ktefi
by mohli z mechanické maséze profitovat, zatim chybi.

V nemocni¢ni fazi se prace vénuje problematice Casné rizikové stratifikace
a diagnostického algoritmu k efektivni diagnostice pfi€iny zdstavy. Zejména jde o Casovani
a cCasnou indikaci koronarografie jako metody intervence sméfujici k odvraceni
pokracovani ischemie myokardu jako nejcastéjsi pri¢iny mimonemocni¢nich zastav obéhu
a prevence dal$iho rozvoje kardiogenniho Soku a multiorgdnového selhani. V tomto ohledu
je situace jednoduchd, pokud EKG vykazuje zndmky transmuralni ischemie a postup je
analogicky jako u STEMI infarkti bez zastavy obéhu. U ostatnich nélezl je ¢asné indikace
vhodna u pacienti hemodynamicky ¢i elektricky nestabilnich a pacienti se znamkami
pokracujici ischemie. Rutinni ¢asnd koronarografie nejspiSe na zékladé wvysledki
randomizované studie nebude pausalné doporucovana. V této souvislosti je uvedena nase
observacni studie EKG nélezu bezprostfedné po resuscitaci a po piijmu do nemocnice a
jejich vztah ke koronarografickym néalezlim a vysledné diagndze. Kromé nalezii ST elevaci
vykazuji jiné patologie kiivky nizkou senzitivitu a specificitu k akutnim koronarnim
syndromim, nicménég incidence signifikantnich koronarnich stenéz je 1 u nich vysoka.

Vysledky predloZzené v disertaéni praci mimo jiné poukazuji na kontinuitu
pfednemocni¢ni a nemocni¢ni péfe o pacienty po mimonemocnicni zdstavé obéchu
s potencialnim dasledkem na jejich pfezivani, nebot’ nedostatenost jedné slozky limituje
vysledky té druhé. Souvislost mezi pfednemocni¢ni a nemocni¢ni pé¢i o pacienty ma tedy
zjevny dopad na celkové vysledky 1écby. Zasadni vyznam ma soustfedéni se na prevenci
postiZeni srdce, mozku a ostatnich orgéand, které zacind jiz laickou resuscitaci, pokracuje

rozsifenou odbornou resuscitaci a nasledujici nemocni¢ni pé¢i. Soustfedéni se na prevenci
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organového postizeni ve fazi prednemocnic¢ni a nemocni¢ni predstavuje jeden z moznych
efektivnich postupti ke zlepSeni zatim nedostateCnych vysledkii pée o pacienty po

mimonemocni¢ni zastaveé obéhu.
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VII. Souhrn

Abstrakt

Tato prace shrnuje formou 4 puavodnich publikaci vysledky autora tykajici se
mimonemocni¢nich zéstav ob&hu.

Prvni praci je prospektivni observacni studie porovnavajici vliv mechanizované
srdecni masaze v porovnani s manualni na 30denni a 180denni piezivani pacientd
s mimonemocni¢ni zastavou ob&hu. Celkem bylo zafazeno 278 pacienti — ztoho
144pacienti po mechanizované (LUCAS) a 134 pacienti po manudlni (non-LUCAS)
srdecni masazi. Nenasli jsme zadné signifikantni rozdily v obnové spontanniho ob&hu
(ROSC) (25 % LUCAS vs. 30,6 % v non-LUCAS, p = 0,35). V LUCAS skupin¢ jsme
pozorovali signifikantné vice konverzi z nedefibrilovatelného na defibrilovatelny rytmus
(20,7 % vs. 10,10 % v nonLUCAS, p = 0,04). 30denni pieziti bylo signifikantn¢ horsi
v LUCAS skuping (5,07 % vs. 16,31 % v non-LUCAS skuping, p = 0,044). U 180denniho
sledovani jsme nepozorovali signifikantni rozdily.

Druha prace fesila poranéni pii mechanizované srde¢ni masézi jako mozny diavod
nedostate¢ného efektu na piezivani. Slo o retrospektivni observaéni multicentrickou studii,
celkem bylo zatazeno 630 pitvanych pacientl zemfelych v pribéhu resuscitace s manualni
¢1 mechanickou masdzi. Ve skupin¢ s mechanickou masazi byl patrny trend k vys$Simu
vyskytu poranéni vnitinich organti (27 % poranéni po manualni masazi vs. 39 % po
mechanické), ale rozdil nedosahl statistické vyznamnosti. Tento trend vSak byl patrny pii
samostatné analyze poranéni t¢éméf vSech konkrétnich organd. Je tedy mozné, Ze se vnitini
poranéni organti podilela na hor§im 30dennim ptezivani. K prikazu této hypotézy by byla
nutnd multicentrickd randomizovana studie.

Treti prace se vénuje otdzce délky transportu pacientdi po obnové ob&hu do
specializovaného kardiocentra a celkem bylo sledovano 214 pacientli po obnové ob&hu.
V publikaci jsme prokdzali, ze transport ze vzdalengjSich oblasti pfimo do kardiocentra
(bypassovani nejbliz§i mistni nemocnice) trva sice samoziejmé déle nez transport osob
zijicich blize kardiocentru (40.5 min [IQR 28.3—55 min] proti 20 min [IQR 13-34 min],p <
0.0001), ale vstupni hemodynamické a fyziologické hodnoty i 30denni mortalita a docileni
Iro¢niho dobrého neurologického vysledku jsou obdobné. Nepiimo tedy lze usuzovat, ze
v ramci regionu je transport téchto nemocnych ze v§ech mist do jednoho plné¢ vybaveného

kardiocentra bezpecny.
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Posledni ¢ast se vénuje problematice Casného diagnostického algoritmu a zde je
prezentovana puvodni prace vénujici se EKG naleziim ¢asné po obnové ob&hu a pfi piijeti
do nemocnice a jejich vztahu ke koronarografickym néleziim a vysledné diagnoze. Jde
o retrospektivni observacni studii ¢itajici 146 pacientli po mimonemocnicni zastave. V nasi
praci jsme prokazali, ze ST elevace maji pro diagnézu STEMI u OHCA nesignifikantné
vyssi senzitivitu, pokud pretrvavaji po pfijmu, nicméné u obou skupin ST elevaci je vysoka
incidence signifikantni ICHS a PCI. ST elevace po obnové obéhu (ROSC) maji vysokou
specificitu. Normalni EKG bezprostfedné po obnoveé obéhu ma nizkou vypovédni hodnotu
s prekvapivé vysokym vyskytem AKS. Pokud je nato¢ena normalni kiivka po piijmu do
nemocnice, je AKS vylouceno se 100% senzitivitou, ostatni patologie (deprese ST, LBBB)

maji nizkou vypovidajici hodnotu.
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Abstract

The publication summarises in four original papers the authors' results in out-of-
hospital cardiac arrest (OHCA).

The first paper presents a prospective observational study comparing the effect of
mechanical chest compression (LUCAS) and manual chest compression (non-LUCAS) on
the 30-day and 180-day survival rate of the patients affected by OHCA. The study included
278 patients (144 underwent mechanical chest compression — LUCAS, and 134 manual
chest compression — non-LUCAS). There were no significant differences in restoration of
spontaneous circulation (ROSC): (25% in LUCAS vs 30.6% in non-LUCAS, p = 0,35).
However, we observed significantly more conversions to shock rhythm in the LUCAS
group (20.7% vs 10.10%, p = 0,04). The 30-day survival rate was significantly worse in the
LUCAS group (5.07% vs 16.31% in non-LUCAS, p = 0,044). In the case of 180-day
survival, no significant differences were detected (9.42% in LUCAS vs 5.45% in non-
LUCAS, p =0,25).

The second study examined mechanical chest compression-related injuries as a
possible explanation for the mechanical compression failure in survival rates. This
retrospective observational study relied on 630 patients who died during CPR that involved
mechanical or manual chest compressions. The data were drawn from autopsy reports of
all patients. A higher incidence of visceral damage was detected in the mechanical
compression group (27% in the manual compression group vs 39% in the mechanical
compression group); however, the incidence was not statistically significant. Such a trend
was apparent in almost all analyses of individual organ injuries. It is possible that the
worse 30-day survival rate reported in the previous study may have been influenced by
organ injuries. A randomised clinical trial would be required to confirm this observation

The third article dealt with the length of transfers of patients after OHCA to a
specialised cardiac centre. The study included 214 patients successfully resuscitated after
OHCA. Transport time was significantly longer in the CAC group (40.5 minutes [IQR
28.3-55 minutes] versus 20 minutes [IQR 13-34 minutes], p<0.0001); however, the initial
hemodynamic parameters, 30-day mortality, and 1-year good neurological outcome were
unimpaired. Thus, we can conclude that regional transport of OHCA patients to a central
cardiac centre is safe

The last paper summarised the early diagnostic approach after OHCA and

presented original research on ECG findings following early ROSC, hospital admission
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and their relationship to coronary angiography results and final diagnosis. This
retrospective observational study included 146 patients who underwent OHCA. In the
present study, ST-segment elevations show high sensitivity for myocardial infarction
(AMI) - ( not significantly more if they persist after the hospital admission) and a high
incidence of significant coronary angiography and PCI outcomes. In addition, the post-
ROSC ST-segment elevations show a high specificity. The standard post-ROSC ECG
scores have low sensitivity and specificity; however, a typical post-admission ECG ruled
out acute coronary syndrome (ACS) with 100% sensitivity. Other findings, such as ST

depression, LBBB, appeared to have low sensitivity and specificity.
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Abstract

Background: Acwie heart failure (AHF) is associated with a poor prognosis

Objectives: The objectives of this study are to describe mechanisms of AHF and to identfy the
prediciors for all-cause mortality by patients admitted for hospitlization by emergency deparment
(EDs) as well as to compane European and American data.

Methods: We designed a prospoctive regisry of consecutively admitted patients for AHF to a high-
wplume university hospita]l ED during a |-year period (no= 202; age, 75 + 11 years 51% men; gjoction
fraction, 38% + 15%).

Results: The major causes of AHF were coronary arery disesase, often with concomitant mitral
megurgitation, hypernension, or amal fibrillation (=%0% of cases). At admission, 24.9%, of patients had
preserved cjoction fractons {=50%); and onby 7.7% fulfilled the definition of diastolic AHF. The 30-day
and lomg-term mortality (median follow-up, T93 days) were 2003% and 31.0%, respoectively. A low
sysinlic blood pressure (P= 006), reduced gjoction fraction (P =044, and low serom hemoglobin level
(P = .01) emerged a5 the strongest predictors of all-cawse mortality. In patients with AHF without acute
myocardial infaretion (M) (63.9%), preseription, at discharge, of aatins (P < 05) was independenty
associaied with all-cavse mortality.

Conc lnsions: The patient’s bleod pressune, gjection fraction, and hemoglobin values, at admision, wene
identified as the syongest predictors of all-cause mortality. In AHF not triggered by acwie M, long-term
use of stating may be sssociated with reduced survival.

The prevalence of dissilic AHF is lbow. The American AHF population had similar baseline
chamacienstics; neodod fower intensive cane unit admissions; had a better 30 days of prognosis, lower
incidence of MI, and de novo AHF diagnoses. Ina similar subgroup, we observed similar incidences of
inniropic support and mochanical ventilation. Our resulis could not be generalized to all patiens with
AHF admitied to US EDs,

& 2012 Elsevier Inc. All rights reserved.
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0735-575W8 — see Font metier & 201 2 Ebevier Inc. All rights resarved.
doi: 10,1016 gjem 2011 0% 427

74



696

J. Karasek et al.

registries provide important epidemiological data on AHF,
they fail to accumtely chameterize the population of patients
with AHF becmse of (1) a lack of uniform diagnostic aritenia
acmss different bospitals, (2) retrospective data collection,
and (3) biased selection of panticipating centers. To overcome
these limitations, we designed a prospective registry of all
consecutive patients with AHF admitted to a high-volume
university hospital via the emergency department (EDY)
during a 1-year penod. The aim of the present study was to
provide a detsiled descripion of mechanisms in AHF, to
analyze predictive factors assodated with 30-day and long-
term mortality, and to assess the prevalence and outcomes
of diastolic AHF. We tried to find a similar American AHF
population and compare it to European AHF populations.

2. Methods
2.1. Study design

We designed a prospective registry of all consecutively
admitted patients (n= 202; age, 75 + 11 years; 51% men) for
AHF to asingle cardiology department via the ED, serving a
local community, in 2005,

2.2. Patients

To be eligible for enmllment, patients had to fulfill the
European Society of Cardiology diagnostic criteria for AHF,
to have rapid onset or deterioration of heart failure symptoms
within the 5 days before admission and requining treatment
with intravenous diuretics [1]. All patients gave written
informed consent, and the study was approved by the local
ethics committee. The study protocol conforms to the ethical
midelines of the 1975 Declamtion of Helsinki, as reflected
by a prori approval of the institution’s human research
commitice. The study had no exclusion critena.

2.3. Data collection

Data were collected using a structured “case report”™ form
and entered to a computerized database. At hospital
admission, all patients underwent a detailed assessment
including climeal and physical examination, laboratory tests,
eledrordiogram (BCG), x-ravs, and echocardiography that
were provided by the ED, in coopemtion with cardiology.
The dinical course of hospitalization, including therapentic
measures, occumence of lifethraatening complications, and
mortality, weres carsfully rocorded. After discharge, patients
were followed wp for (1) additional hospitalizations for
worsening heart failure and for (2) death from any cuse.

2.4, Statistical analysis

Contimuous data are presented as the mean and 8D or
a5 the median and interquartile mnge (IQR). Categorical

75

data are described as frequencies and percentages. Two-sided
unpaired Student ¢ test or Mann-Whitney L7 test was used
a5 approprate. The Fisher exact test for 2 * 2 contingency
tables was used to compare probabiliies of outcomes
ansing from ohservations involving 2 populations. Inde-
pendent predictors of death from any cause and hospital-
ization for womening heart failure wene identified using the
Cox proportional hazands model and expressed as a hazard
ratio (HR) and a 95% confidence mterval (CI). Variables
entered into this model included age, sex, history of
hypertension and dishetes, previous (total no. of) hospita-
lizations for heart fulure, acute myocardial infarcion (MI),
and preadmission medications. Other admission varizhles
included signs of shock, ocourrence of life-threatening
seripus complications during hospitaliztion, serum sodi-
um, creatining, maximum troponin [ levels, hemoglobin
level, sinus thythm, heart rate, systolic blood pressure, left
ventricular (LV) gjecton fraction (LVEF), mitml regurgi-
tation (nonsevere grades 044, 174, 24 vy severe 34, 4/4),
and discharge medications. Cumulative survival curves for
death from any canss were denved using the Kaplan-Meier
method, and differences between curves were analyzed
with log-mnk statistics. For all tests, results with P < 05
were considered statistically significant. All analyses were
conducted using Stata (release 92) stabistical softears
(Stata Corp LP, College Station, TX).

3. Results
3.1. Baseline characteristics

Table | presents patient data for the study participants.
Sixty-one percent of patients had de novo AHF, and 21.8%
had a history of hospitalizations (=3) for worsening heart
failure during the previous 12 months. Seventy-thres
patients (36.1%) had an acute MI (49.3% ST-segment
elevation MI and 51.7% non—ST-scgment clevaion MI).
Cardiogenic shock and pubmonary edema were present in
1395 and 36.1% of cases, respectively, wheress 504
of patients had milder forms of AHF. Fory-five patients
(22.3%) showed significant anemia, and 75 patients
(37.1%) had renal insufficiency. OFf the 202 patients
included in the registry, 169 (83.7%) received admission
echocardiogrphy. Forty-two patients (24.9%) had pre-
served LVEF (=50%), whersas 74 patients (43 8%) had
severe systolic LV dysfunction with LVEF of 3% or
less. Climically sigmificant (modemte and severe) mitral
regurgitation was present in 37 9% of the study participants.
Tahle 2 shows the prindpal underlying camdiac disorder
associated with AHF and the tngger event, which induced
acute decompensation. Coromary artery  disesse, mitral
regurgitation, and hypertension were the 3 most common
underlying conditions (=908 of cases). Mitral regurgitation
was often associated with comnary artery discase, and
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Table 1 Bascline chamcienstics according to the 30-day and long-term mortal ity

All patients ey 3-day Long-term Long-term
{n = 202) TSIV VTS SUTVIVOIS TSI VTS SUTVIVOIS
n=41) {n = 161) {n =49 {n = 10FN)
Age ¥ T5+11 TT+ 10 Ta+11 TT+8 TA+12*
Male sex, n (%) 103 (51.00 21(512) /0 (42T 25 (51.0) 55(50.5)
De novwo HF, n (%) 103 (61.0 19 (463 B4 (522) 23 (46.9) 61 (56.0)
Cumulative hospitalizations for HF, n (%) 44 (218 (123 39 (242 14 (28.6) 25(29m
Hypertension, n (%) 120 (59.4) 19 (463 100 {62.1) 31 63.3) 69 (63.3)
Drighsetes mellitus, n (%) O (44.6) 17 (41.6) T3 (453 23 (46.9) 50 {459
Agute ML n (%) T3 (36.1) 25 (61.00 47 (293)° 21 {42.3) 26 (239"
Signs of shock at admission, o (%) 28 (13.9 15 (36.6) 13 (8.1)F 4{82) 283
Admission systolic blood pressure, mm Hg 139 + 39 113 +38 145 + 38% 138 +£ 37 149 + 37
Admission heart rate, beat por minute 101 +31 105 + 30 100 + 31 95 +28 103 + 32
BOG at admission, n (%)
Sinus rhythm 122 (60.4) 20 (48.8) 101 {62.7) 30 (61.2) 71 (65.2)
Atrial fibrillation 51(25.3) T(17.0) 44 (273) 14 (28.6) 30 27.5)
Ortheer 29(14.3) 14 (342 13 (8.1)% 5{103) £(73)
Admission LVEF, n (%) E+15 34+13 39+15* 35+14 41 £15*
Admission mitral regurgitation, n{%)*
HMone 48 (3.4 10 (24.9) 38 (238) 11 {22.4) 27(24.8)
Mild 57T(1.M 13(313) 44 (273) 11 {22.4) 33 (30.3)
Moderate 33(19.5) T(17.1) 26 (16.1) 10 {20.4) 16 (14.T)
Severe 31 (18.4) 9(22.0) 22(13m T{143) 15 (13.8)
Serum sodium, mmolL 140 + 11 136 + 24 141 + 5 141 + 4 141 + 5
Serum ereatinine, pmol/L 141 + 99 155+ 72 139 + 102 154 + 122 132+ 92
Serum glucose, mmol T 108 + T 125+ 110 104+ 58 93+353 11 +6.0
Hemoglobin level, g/dl 127 + 30 127+23 127+ 23 11.9+21 130+2.1"
Inhospital care and complications
Dhays in IOV days in hospital 3T+3W 19+4% 36+£3T 33+2W 3T+ 40
T2+ 66 59+97 T5+56 T3+47 T6+ 60
Invasive mechanical ventlation, n (%) 53(26.2) 32(T8.00 21 (13.m° T{143) 14 (12.8)
Inotropes, n (%) 54 (26.T 29 (70T 25 (15.5)° 13 {26.5) 12 {11L.m*
Intraartal ballson countempulsation, n (%) 2(1.0) 2(4.9 0 [} 0
Resuseitation, n (%) 24(11.9 21 (512) (1w 1 {20 2{1.8)
Malignant amhythmias, n (%) 12 (5.9 9220 3(19)¢ 2{4.1) 1 {09
Cenchiral stroke, n (%) 1 (0.5) 0 1 () [} 1 {09
Death, n (%) 41 (20.3) MA MA MA MA
Discharge medication, n (%)
Dhiwretics Ma MNA 134 (83.2) 41 (83.T 92 (B4.4)
ACELARB Ma MNA 97 (60.32) 22 (4.9 74 (67.9)"
FBlockers Ma MNA 107 (66.5) 27 (35.1) TB(7LE)*
Digitalis Ma MNA 17 (10.6) 6{123) 11 {10.1)
Ca blockers Ma MNA 30 (188) 14 (28.6) 16 (14.T*
Antiplatelet agents M MA 108 (67.1) 35(71.4) T3 (67.0)
Anticoagulants Ma MNA 26 (16.1) 5{103) 19(17.4)
Statins MA A 34 (21.1) 14 (28.6) 20 (18.3)

HF indicates heant filume; NA, not svailhle.
* Echocardi thic daty ax reporied in 169 patients (83.7%) with avaikhle admission echocandiograginy.
* P 05, Mkday nonmrvivos v H-dey survivors or kng-temm nonsurvivors vs long-lerm srvivors,
tpacm, J0eday nonsurvivars vs M-doy survivoms or long-term nonsunvivos vs long-temm survivors.
PP < 001, 3=y nomsuryivors vs 30day survivans or long-enm nonsrvivons vs kng-dom survivors.

238% of patients had more than 1 underlying candiac 3.2. Hospital course
disorder. Acute ischemia, hypertension, and arial tachyfi-

brillation werz among the most important triggers for acute Most patients (88, 1% ) required admission to candiac care
deterioration with 19 patients (9.4%) having more than unit intensive and intermediate wards. The median duration
I tiggering cvent. in the cardiac care umit and average hospital stay ware 3 days
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Table 2 Major causes of AHF, underying cardiac diseases,
and trigger mochaniams

Underlying  Trigger

disase ovent
Comomary ariery disease, n (%) 143 (T1) T3 {(36.1)
Mitral regurgitation, n (%) 44 (21.8) NA
Hypertension, n (%) 22(11) 43 21.3)
Aoprtic valve disease, n (%) 11 {5.4) MNA
Cardiomyopathy, n (%) T{15) HNA
Pulmonary embolism, o (%) T{15) 2{4.5
Myocarditis, n (%) 5(25) 3(1.5)
Amhythmias, n (%) 1 {0.5) 38 (18.8)
Others, n (%) 3(15) 33(16.3)
Indefinable, n (%) 6(3) 22 (11)

(range, 0-23 days) and 6 days (range, 1-47 days),
mspectively. Forty-seven percent of patimits expericnced
life-threatening complications including resusdtation, ma-
lignant dysthythmias, low output syndmome, sepsis, acute
respiratory distress syndrome, renal failure, md blesding.
More than one quarer of patients needed mechamical
ventilation or motmpic support. At 30 days, a total of
41 patients (20.3%,) had died. The cause of death was
refrmctory heart failure in most (38/41; 92.7%) patients. Two
(0f 41) died of pulmonary embolisms, and 1 (of 41) died of a
cerchrl stroke. Table 1 shows the baseline charaderistics of
the 30-day nonsurvivors and survivors, Nonsurvivors had a
significantly higher incidence of acute Ml and cardiogenic
shock and, at admission, a significantly lower systolic blood
pressure and LVEF, compared with survivors, Other baselne
variables were similar for both groups. A Cox multivariable
analysis identified low systolic blood pressure and LVEF, at
admission, as significant independent predictors of 30-day
mortality {Table 3). Patients with systolic blood pressunss of
100 mm Hg or less and LVEF of 30% or less had
significantly higher mortality than patients with blood
pressures greater than 100 mm Hg and LVEF greater than

Table 3 Harard matio by Cox multivariable analysis for a
3-day mortality {only selocted variables are shown)

30-day mortality

HR 25% O P
Age L4 099109 126
Hypertension L0 035285 991
Admission ACEIARB .02 037-282 975
Admission f-blockers 050 017-144 199
Acute MI 224 077-652 (139
Candiogenic shaock 0.8 007-222 870
Admission systolic blood pressure 0098 0.96-099 006
A dmission sinus doythm 086  032-231 762
A dmission LVEF %6 092-090 044
Maximum serum troponin [ level 097 083114 TIL
Serum creatinine level 1L 20 037-383 76l
Serum hemoglobin kevel LO5 028304 851

77

3s (7T5% vs 176%; P < 000; specificity 96.7% md
negative predictive value of 82.4%). In contrast, sex,
presence of acute coronary syndrome, increased troponin 1
levels, or signs of shock were not mdependently associated
with 30-day mortality,

3.3. Follow-up

Three patents were lost to follow-up, but survival status
was established in all rermaining individuals. Thus, a total of
158 patients (age, 74 = 11 yvears; 51.3% men) who survived
the first 30 days after hospital admission entered long-term
amalysis. During the follow-up period (medim, 793 doys
[WR, 586-926 days]), an additional 49 patients (31.0%) died;
and 15 patients (9.5%) were hospitalized for worsening heart
failure. Tabke | shows the bascline chamcteristics for long-
term nomsurvivars and survivors, Nonsurvivors wene signif-
icantly older and had a higher incidence of Ml and life-
threatening complications (44.9% vs 19.6%; P < 001); they
also had lower LVEF and serum hemoglobin level, at imitial
hospitalization, than survivors. With regard to discharge
medications, nonsurvivors were less often prescibed angio-
tensin-converting ereyme inhibitor (ACEIVangiotensin re-
ceptor blocker (ARH) and frblockers than survivom. In
contrast, Ca blodkers were used after discharge by 2 higher
percentage of nonsunvivors than survivors, All other baselme
varishles wene similar between groups. A Cox multivariable
model was constructed to identify independent predictors of
long-term mortality from any cause; in addition, a model was
constructed for the combined factors of long-term mortality
from any cause mnd fiture hospitalizations for worsening heart
failure (Table 4). Age, low LVEF, low serum hemoglobin
level, occurmence of life-threatening complications during
inmitial hospilization, and prescnoption of Ca blockes at
ducharge wore independently  assodated with  long-term
maortality. Similar varables, with fow exceptions, were
seledted by the Cox multivarable modd a5 independent
predictors of combned factors of longterm mortality and
addibonal heart filure—related hospitalizations, A hsory of
hyperension and mitition of statin use at discharge were
assodated with repeated hospitalizations for heart failure The
presence of @ acute ML, at initial hospitalimtion, tended to
predict all-canse mortality but not fature hospitlizations for
heart failire. Low LVEF and low serum hemoglobin level, at
initial admission, appered to be the stongest predictors for
baoth long-term mortality and fuhre hospitalizations for heart
failure. Fig. | shows the combination of all-cause mortality
during the entire study period and additional hospitalizations
for womening heart fihre in groups of patients divided
aecording to LVEF (1A) and senmm hemoglobin level (1B).

3.4. Sex-related differences in AHF

Forty-nine percent of the patients were women. Women
with AHF were significantly older than men (79 = E6vs 71 £
13.0 years; P = 001). Women presented with lower serum
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Table 4 Hazard ratio by Cox nmltivariable analysis for a long-term mortality from any cause and a composite of long-em mortality of
any cause and futre hospitalizations for worsening heart failure (only selected varisbles ane shown)

Long-erm mortality from any cause

Composite of long-term mortal ity
from any cause and haspital zations
for worsening heart failune

HR 95% C1 F HR 95% O P
Age 1.03 11067 32 1.0 Li-1.07 D05
Hypertension 1.55 096411 J12 1.77 097323 0635
Acute MI .77 0.95-3.24 AT 1.56 L9041 96 A7
LVEF 0.9 0540 9] Al 096 094098 < (1
Serum hemoglobin level 0.97 LIRS 05 098 097090 038
Life-threatening complication 1.92 1.02-3.62 L= 282 1. 48-535 2
during index hospitalization
Discharge Ca blockers 2585 1.30-5.03 0T 1.79 0.92-3.51 MR
Discharge statins .68 0.87-3.25 24 1.83 1336 051
A
1.0 =
- P <0
'I_I
276
L EFa.E0%,
3 n=43)
E
g el LVEF 231550 %
= n=53}
3
= LVEF =30 %
ams (r=Td)
ana +
T T T T T T T T T T T
& 1.60 = ‘1_‘_\|_‘_|-
—_
w
0T = hemogickin =120 gl
{n= 103}
H
g a0 r ol =120 g1
E (n =5
025
000 =
4 0 o0 0 40 B0 ADD T ADD  BOD 1000 dup

Fig.1 Kaplan-Meicr estimates of the time to death from any cause during the entite study period or firhure hospitalizations: for worsening
hezant failure, Fig. 1A shows patients divided into 3 growps according to admission LVEF. Patients with preserved (+50%) LVEF are shown in
green color, patients with mild and moderate (31% < LVEF = 5004) LV dysfunction, in blue color, and patients with severe (LVEF =30%) LY
dysfunction, in red color. Fig. 1B shows patients divided indo 2 groups according v admision serum hemoglobin levels, Patients with nomaal
(=120 g'L) hemaoglobin leve] are shown in green color, and patient with anemia (hemoglobin level <120 gL), in red color.
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Table 5 Bascline chamcienstics of patients with non—acute MI AHF acoording to the survival status and independent prediciors of all-

cause maortality by Cox multivariable analysis

All patients  Nonsurvivers  Survivors All-cause maortality
(= 129) n = 44) {n = 85) HE 5% 1 P

Age y T4+ 12 TT+10 T3+13 .03 100-1.07 026
Male sex, n (%) 59 (45T 22 (50.0) 37 (43.5)
De novo HF, n (%) 71 (550 19 (43.2) 52(61.2)
Cumulative hospitalizations for HE, n (%) 3T (28T 15(34.1) 22 (259
Hypertension, n (%) B0 (6200 28 (63.6) 52(61.2)
Diabetes mellitus, n (%) 49 (38.00 16 (36.4) 330388
Signs of shock at admission, o (%) 64.T) 1{23) 5{5.6)
Admission systolic blood pressure, mm Hg 146 + 38 139 + 36 152+ 39* 098 095100 063
Admission heart rate, beat por minute 104 £33 o0 + 22 104 + 30
ECG at admission, n (%)

Sinus rhythm T4 (573) 28 (63.6) 46 (54.1)

Atrial fibrillation 38 (295) 10227 28 (329

Other 17(13.2) 6(13T 11 {13.0
Admission LVEF, n %)™ 40+ 15 IT+14 42+15 095 092098 <001
Admission mitral regurgitation, n (%)

Mone 35028 1R 419 17421.5)

Mild 36 (295) T(163) 29 (36.T)*

Moderate 29(1.4) 11 (25.5) 1% (22.8)

Sevene 22 (18 T(163) 15 {19.00
Troponin I positive, n(%) 16 (124) (114 11 {129
Serum creatinine, pmol/T 136 + 107 147 + 114 126 + 100 184 074457 191
Hemoglobin level, gidl 123+ 27 121 +23 129+30 098 057099 001
Underlying discase of AHF, n (%)

Comonary arery discase T0(54.3) 25 {33.8) 45 (32.9)

Mitral regurgitation 3521 11 (25.00 24 (28.3)

Hypertension 2(1T.1) 6 (13.6) 16 (18.8)

Others 31 (240 1227.3) 19 (22.4)
Trigger mochaniam for acute HF docompensation, n (%)

Hypertension 40 (3100 9 (20.5) 31 (36.5)

A mhythmias 35270 9(205) 26 (30.6)

Others 540419 26 (59.00 2% 329"
Discharge medication, n (%)

Diuretics 9T (R65) 25 (96.2) T2{84.T)

ACEIARB T1(63.4) 15 (57.8) 56 (65.9)

[Blockers 79 (T0h5) 1T (65.4) 62 (729

Drigitalis 15(134) 4(154) 11 {129

Ca blockers 23 (20.5) 10 (37.00 13(15.3)* 261 121562 o4

Antiplatelet agents 63 (563) 16 (61.5) 47 (55.3)

Anticoagulants 25(23) 5(192) 20(23.5)

Statins 24 (21.4) 10 (37.00 14 (165 221 1084451 29
Quicome, m (%)
Inhospital life-threatening complications 36 (279 22 (50%%) 14 {16.5)F
30-day mortality 17(133) 17 (100 ]
Long-em morality 27(24.1) 27 (100) ]
Rehosgpitalization for worsening HF 13 (11.6) A 13 (15.3)

* Echocardiographic dats me reporied in 122 patients (94.6%) with availahle sdmision echocardiogmphy

* P 05, nonsuvivens v suvivon.
P 01, nonmmrvivors v survivors
4 P oz 00, moTsuraivoms vE Sy vwrs.

creatining (127 = 62 vs 156 = 98 pmoll; P = .(43) and
hemoglobin (122 £ 19 vs 131 £25 g/L; P= 01) levels and a
higher inddence of atrial fibrillaion (3 1% vs 19%; P = 05)
compared withmen. Other haseline charactenstics, including
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LVEF (39% = 15% vs 37% % 15%, nonsignificant [NST),
were similar. Regarding the causes of AHF, compared with
men, women had a higher incidence of mitml regurgitation
(29% vs 15%:; P = .016) as the underlying cardiac disorder.
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Table 6 Causes of AHF with preserved LVEF

Patients (n = 42)

Valvular diseases, n (%) 16 (38.1)
Rhythm and conduction disorders, n (%) 5119
Pacemaker, n %) 2(4.8)
Transitory systolic dysfunction, n (%) 1(24)
Pulmonary embolisn, o (%) 5(11.%)
Diastolic heart failure, n (%) 13 (30.9)

Acute commnary syndrome, (%) 6 (46.2)

Hypertension, n (%) Ti53.8)

Women also had a higher mcidence of hypertension (27% vs
16%; P = 06) and atrial tachyfibrillation (21% vs 5% P <
001) as the tiggering events leading to acute decompensa-
tion, although the prevalece of coronary artery discase did
not differ betwom groups. Despite these baseline differ-
ences, both seces showed similar short- md long-term
outcomes. Occumence of life-threatening  complications,
need for mechanical ventilation or inotropic support,
30-day mortality (20.2% vs 20.4%, NS), long-term mortality
(30.8% va 31.3%, NS), md mumber of additional hospital-
izations for worsening heart filure (10.1% vs 4984, P=18)
did not differ betwem sexes,

3.5. Acute heart failure triggers in patients without
acute MI

Seventy-three patients (36.1%) had acute MI at admission
and were eucluded from this particular part of the analbysis.
Thus, a total of 129 ndividuals (age, 74 + 12 veas; 45.7%
men) entersd this phase of the analysis. Table 5 shows the
baseline chamctenistics, causes of AHF, and independent
predictors of mortality in these patients. The 3 most common
underying conditioms associated with AHF were comonary
artery disease, mitral regurgitation, and hypertension,
whereas hypentension with atral tachyfibrillation was the
mast common tngger for acute deteriomtion. Patients were

followed up for a medimn of 716 days (IQR, 221992 days).
During this period, a total of 44 patients (34.1%) died; and
13 patients (10.1%) were rehospitalized for worsening heart
failme. In the Cox multivanable analysis, age, low systolic
blood pressure at admission, and low LVEF emerged as
independent pradictors of 30-day mortality, whereas age,
low LVEF, low serum hemoglobin level, and presaiption
use of statins or Ca blockers after discharge were
independently assoctated with long-term mortahity (Table 5).

Twenty-four patients were presaribed statins (62.5%
simvastating 29.2% atorvastatin, and 8.3% fluvastatin) at
discharge; 13 (54.2%) of the 24 patients had not used statins
hefore initial hospitalimtion (de novo prescription). The
long-term mortality rate was significantly higher in patients
with de novo statins than in patients with a history of statin
use (61.5% vs 18.2%; P= .047). Of note, the mean total and
low-density lipoprotein cholesterol levels in nonsurvivoms
with de novo stating prescription were 449 + 11 and 2.9 =
1.4 mmol/L, respectively. Twenty-three patients (20.5%)
were prescribed Ca blockers (56.5% amlodipine, 30.6%
felodipine, 4.3% ismdipine, 4.3% nitrendipine, and 4.3%
vempamil at discharge); 13 (56.5%) of 23 were presaibed de
novo prescripiions. Long-term nonsurvivors and survivoms
discharged on Ca blockers did not differ in any of the
bascline chamcteristics.

3.6. Acute diastolic heart failure

Acute diastalic heart failure (DHF) wis defined as
normal LVEF {>50%) at admission and the sbsence of any
other possible cose of AHF. Nommal LVEF was detected,
with admission echocardiography, n 42 (24 9%) of
169 patients. Only 13 (of 169; 7.7%) patients fulfilled the
definition of acute DHF (Table 6). Most patients with DHF
(92.4%) were first-ime admissions. Dhastolic heart failure
was triggered by either acute ischemia or hypertension.
Patients with acute DHF had both lower 30-day (7.7% s
28.3%:; P =.18) monality and long-term monality { 16. 7% vs
57.1%:; P=.012) compared with patients with acute systolic

Table 7 Companng of our and Amenican studics

Our study ADHERE [#] Tallman et al [] Sacchetti et al [10] Abraham et al [11]
Age, y 75 753 T0s 6.7 T0
Sex, male (%) 51 48 442 588
New AHF (%) 61 25 213 42
MI (%) 36.1 3 15
Ejection fraction (%) 38 378 317
Shock symptoms (%) 139 2 5
ICU admision (%) BR.1 13 T24 56
Mechanical ventilation (%) 262 4.5 324
Tnvoitroes 26.7 113 324
CPR (%) 119 1.4 [
Mortality (¥4) 203 39 124 9.5
Renal insufficiency (%) 37 31 31 38

CPR mdicates cardiopulmamary reasciation.
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heart failure. The rate of hospitalizations for worsening heart
failure was similar in both groups (16.7% vs 12.2%; P=_67).

3.7. Comparison of European and American
AHF populations

Table 7 shows a companson of our results with rsults
from American studies. Companed with the Acute Decom-
pensated Heart Failhure National Registry (ADHERE) [8],
our study observed a similar mean age (75 vs 75.3 years), sex
structun: (51% men vs 48% men), gjection fraction (38% vs
37 .8%), and madence of renal insufficiency (37% vs 31%).
We observed a significantly higher incidence of new AHF
(61% vs 25%), MI(36.1% vs 3%40), intensive can: unit (K1)
admissions (88.1% vs 13%), symptoms of shock (13.%% vs
24, the need for mechanical ventilation (26.2% vs 4 5%,
the use of inotropes (26.7%0 va 11.3%4), resusatations (11.9%4
vs 1.4%), and hospital mortality (20.3% vs 3.9%). We also
compared our results with smaller studies focused on
subgroups of the AHF population: Tallman et al [9], 2430
nonimvasively ventilated patients from ADHERE; Sacchett
et al [10], 2466 patients with congestive heant failure or
pulmonary edema; and Abraham et al [11], 15 230 patients
from ADHERE who reguired intravenous wvasoactive
medication. Results are presented in Table 7.

4. Discussion

In the present study, we prospectively enrolled 202
patients consecutively admitted to an ED and, conseguently,
to asingle cardiology department duning a 1-year peariod. The
major findings can be summaried as follows: (1) AHF is
associated with poar short- and long-term prognoses, in both
men and women; (2) AHF without acute Ml as a trigger,
prescription of stating at discharge were associated with
reduced survival; (3) acute DHF is mre and portends a better
prognosis compared with systolic AHF; and (4) LVEF
emerged as the strongest predictor of all-cause monality or
additional hospitalizations for heant failure.

4.1. Etiology of AHF

In the present study, coromary arery disease, mitml
regurgitation, and hypertension were the 3 most common
underlyving conditions, whereas acute ischemia, hyperten-
stom, and atrial tachyfibnllation were among the most
important triggers for acute deteriomtion. This spectum of
underlving disorders, with coronary artery disease as a
leading cause of AHF, is similar to data from other registries
[2,5-7]. The major differences appear to be in prevalence of
hypertension between studies, which mnged from 14.9% to
62, 5% [2,6,7]. There are several possible explanations for the
differences. Typical patients with hypertensive AHF ame
likely to have a history ofhypertension, LV hypertrophy, and
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preserved LVEF without significant coronary athemsclernsis
and valvular disease. Eleven percent of the patients in our
registry fit this descnption, which is close to the 14.9%
reported noan Malan survey [6]. Studies reporting higher
inddences of hypenension probably counted both patients
with hypertensive AHF and patients with hypertension as a
triggenng event [2,7]. This approsch may not be comect
because it 15 often difficult to distmguish whether elevated
blood pressure is the primary trigger of AHF or a secondary
adaptation caused by sympathoadrenergic activation due to
decreased candiac output from, for example, transient
myocardial ischemia or tachydysrhythmia. The present
study demonstmtes that elevated blood pressure at admis-
siom, #s shown in a previous report, is associated with a better
prognosis regandless of its cause [12]. In addition, valvular
diseases, especially mitral regurgitation, wen: ohserved more
frequently. We presume that it s caused by obsarvation of
dynamic mitral regurgitation. We provided echocardiogra-
phy in the sarly phase of AHF when mitral regurgitation was
getting worse in mesponse to elevated blood  pressure.
Therefore, mitral valve regurgitation can often be disre-
garded as a cause of AHF bemuse echocardiography is
usually provided after blood pressure cormection and mild
regurgitation has bem ohserved.

4.2, Acute heart failure population

The mean age of our population was 75 vs 75.3 years in
the ADHERE study, 51% men compared with 48%; md
ronal insufficiency was present in 3 7% of patients compansd
with 31% in the ADHERE study. However, the 30-day
maortality in our population was 20.3% compared with 3.9%;
ICU admission was required in 88, 1% of our cases compared
with 13% in ADHERE; mechanical ventilation was requined
in 26.2% wvs 4 5% for ADHERE; and cardiopulmonary
resusctation was provided in 11984 of our cases compared
with 1.4% in ADHERE. In our study, de novo AHF
accounted for 61% vs 25% in the ADHERE study; Ml was
present m 36.1% of our patients vs 3% [8] n ADHERE.

Why 15 our population, which was so similar m age md
sex structures, so different with regard to the other
parameters? Our study focused on observing patients with
AHF and comparing our observations with othar large
refrospective studies. 'When we designed this study, we
encountersd a problem conceming the exact definition of
AHF and noticed a debatsble border between acute mnd
chronic heart failure. In concert with Eumpean Society of
Cardiology diagnostic critena for AHF, we included only
patients with rapid onset or detenomtion of heart failore
symptoms within the 5 days before admission and requining
treatment with mtravenous diuretics [ 1], Therefore, our study
was more precisely focused on AHF and disreganded patients
with mild decompensation of chronic heart failure or other
possible causes of dyspnea. In the ADHERE study, only
36% of patients were in New York Heart Association class
IV as opposed to 100% in owr group. In ADHERE, x-my
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signs of congestion were present in only 74% of patients; md
34%, of patients had preserved gjection fractions in ADHERE
vs 25% in our study. When we focused on a subgroup of
more similar [CU patients, mechmical ventilation was
required in 22% of cases in ADHERE vs 26% in our
study. The ADHERE subgroup of patients treated by
noninvasive (NIV) vs invasive ventilation (ETI) had a
mortality mte of 7.9% and 154%, respectively. In the
ADHERE subgroup, ICU was required by 38 9% of NIV and
£9.3% of ETI patients. Inotropic support was administered to
119 of NIV and 39 4% of ETI patients vs 26.7% in our
study. Elevated troponin was present in 7% of NIV and
133 of ETI patients [9]. In the ADHERE study, the
subgroup of patients with vasoactive medication had a
maortality of 4.7% in the group treated with nitmtes and
13.9% i patients treated with dobutamine [11].

In a New Jemey study of patients with pulmonary edema,
33% of patients i the ICU nceded mechanical ventilation
[10]. Wedid not find an Amencan study focused strictly on
patients with AHF for all charaderistics; but in age and sex
characteristics, our population was similar to Buropean ones,
and a comparison with similar subgroups from Amercan
studies has shown a similar inddence of inotropic support
and mechanical ventilation. Our population had a poor
3kday prognosis, a more frequent incidence of M1, and more
cases of newly diagnosed AHF. We expect that the higher
incidence of Ml is related to the higher inddence of newly
dizgnosed AHF md, pmobably, is the main cause of higher
maortality in our population (recent MI with heart failure).
Generally spealang, European patients with AHF ars more
often admitted to ICUs than American patients. This can be
explained by the different organization of hospital care in the
United States and Europe Emergency depatments in the
United States are expected to improve the patient’s condition
s0 that they can be admitted to a standand ward. In Europe,
patients are tmnsferred to an ICU (ICU includes all
manitored beds, not only high-dependency and ventilation-
supported beds) soon after ED diagnosis and with Little ED
tretment. In our study, 88.1% of patients were admitted to
an ICU vs 13% in ADHERE; but KU mnd telemetry
admission i ADHERE was 7%, That translated into more
ICU hospitalization and prolonged common hospitalization
[10]. Changes of organization in Bumopean emergency wards
can lead to lower numbers of ICU admissions and shorter
common hospitalizations with a concomitant reduction of
hospital-related expenditunes.

4.3, Predictors of mortality

The 30-day mortality in ow study was 203%. In
published registries and surveys, inhospital morality mnged
from 3.9% (ADHERE) to 29% Ewmde Frangmise de
I"Imsuffizance Cardiaque Aigue (EFICA). There are several
explanations for these differences [2-7,12,13]. First, mortal-
ity is higher in smaller registries, which support careful
selection of patients with AHF. In contrast, larpe retrospec-
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tive megistries, having lower monalities, may emoneously
include patients with chronic heart frilure or even individuals
without heart failure, whereas patients with acute coronary
syndrome may not be fully enrolled. Second, morality
increases parallel to the proportion of patients with
cardiogenic shock [12,13]. Data from previous studies,
plus the data in our registry, showed that LVEF at admission
and systolic blood pressure were indepandent predictors of
3lday mortality [5,6,12]. In contrast, the presence of acute
comnmary syndrome was not indspendently associated with
outcome, (ther studies demonstrated a significant associa-
tion betwem the presence of candiogenic shodk and reduced
short-term survival [25]. This suggests that admission
hemodynamics is the strongest determinant of inhospital
outcome regardless of the cause of AHF.

The long-term mortality in our registry was 3109 with a
median follow-up of 793 days. Other mithors reporied 12 8%
and 244 mortality rates dunng 6- and 12-month follow-ups,
respectively [5-7]. These data demonstmte that the outcome
of survivors of an AHF episode continues to be poor. In our
study, olderage, low LVEF, low serum hemoglobin level, and
ocoumence of life-threatening complications during initial
hospitalization were independently assodated with poor
long-term outcomes. Similar risk factors for inoeased 1-
year mortality, with the exception of low hemoglobin level,
were identified by Rudiger et al [5]. Anemia is a freguent
comorhidity in patients with heart failure, and low hemoglo-
bin values are associated with increased morbidity and
martality [ 14]. Of note, in our study, the prescrption of statins
or Ca blockers at discharge appaared to impair long-term
survival in patients with AHF, which was not triggersd by
aeute ML In humans, cholesterol is an important structural
component of membranes, a precumsor for the synthesis of
steroid hommones, vitamin [, and bile salts. Patients with
AHF ame often seriously ill and have anorexia. Under these
conditions, both the intake mnd synthesis of cholsterol may
be limited; and administmtion of statins may be counterpro-
ductive. Moreover, statins also block production of coemyme
010, which has an essential wle in mitochondnal energy
production [15]. It has been speculated that statin-mduced
comzyme (10 reductions may be involved in the pathogen-
esis of statin myopathy or evenin the induction of subelinical
cardiomyopathy. All these effects may be deletarious in
patients with AHF and may have contributed to increassd
maortality associated with long-term use of statins. We did not
find similar results in previous stodies. Randomized trials
with statins have discrepant results, prohably affected by
design of the study and also sort of stating but use of statins
does not affect global mortality [16-19]. Sigmficantly better
maortality has been deseribed in ischemic-induced heart failure
[16]). We can explain it by the different role of statins in
patients with heart failure, that is, the welldknown benzfit on
comnary artery disease md likely worsening of the condition
described previously; so we can expect that the condition of
patients with heart failure, without ischemis-related reasons
for failure, could be impaired by the use of statins.
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4.4, Acute DHF

Diastolic heart fiilure is defined by signs md symptoms
of heart failure, preserved LVEF (240%-50%), and
ohjective evidence of disstolic dysfinction [2,20]. Epidemni-
ological studies in heart failure have reported a 3086 to 60
incidence of DHF in patients with preserved LVEF [21-27].
In our registry, 249% of patients had nommal LVEF; and
only 7.7% had acute DHF. These differences may be largely
explained by nonuniform diagnostic criteria for DHF.
Different studies used different cutoffs for LVEF (24(%
w5 250%%0) to define DHF, The terms DHF and heart failure
with preserved LVEF are often incomrectly considered to be
equivalent. In the present study, most patients (69, 1%) with
preserved (250%) LVEF had plasible causes of AHF other
than diastolic dysfimction. This suggests that a misdiagnosis
of DHF can, in large part, be explained by an undersstima-
ton of dynamic mitral valve mgurgitaion or failure to
recognize dyspnea of noncandiac ongin, for example,
chronic obstmictive pulmonary disease or pulmonary embo-
lism. Moreover, Doppler-derived indices of elevated LV
filling pressures an: not speafic to LV diastolic dysfunction;
and the melationship between mvasively determined pamm-
eters and standard Doppler parameters were wniformly poor
[28], and a diagnosis of DHF can be made without the
measurement of parameters that reflect LV diastolic
dysfinction [29]. Therefore, at lesst n patients admitbed
with AHF, we suggest that a diagnosis of DHF be considered
only after exclusion of other cwuses of dyspnea in which
LVEF is preserved and Doppler pammeters could not be
used for DHF diagnosis. Acute ischania is often the trigzer
event of acute DHF; and hence, future studies defining the
mle of hospital catheterization in the management of these
patients are wamanted.

Recent studies demonstmted slightly better inhospital and
similar long-term prognosis for patients with preserved v
reduced LVEF [21-23]. Patients with DHF are a subset of the
population of patients with heart filure and normal LVEF,
and their prognosis is not separately reported. These findings
sugpest that LVEF does not predict outcomes in patients with
AHF. In our registry, patients with DHF had 3 to 4 times
lower short- and long-term mortality rates comparsd with
systolic heart filure; and LVEF was identified as the
strongest independent predictor of outcome. Other studies
also demonstrated an independent and stong sssociation
betwesn LVEF and survival in both chronic ambulatory and
AHF [5,12,30]. Differences in populations and divergent
cutoffs values for LVEF may partly account for these
discrepant findings.

4.5. Limitations

The major strength of the study lies in the amount of
detailed data, colledted prospectively by a coopemtive team
from an ED and cardiology department. This technigue
allowed for uniform diagnostic enteria of AHF and detailed
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descriptions  of mechanisms of AHF in nonpreselected
patients admitted for heart failure, which is among one of
the most frequent causes of dyspnea in patients coming to an
ED. The registry also has some limitations. The number of
included patients is too small for subgroup analyses. The
study enmlled only patints admitted to the ardiology
department; patients admitted to other departments or units
were not included. However, most patients with AHF are
usmally admitted to cardiology departments. Thus, the data
from this registry may be extmpolated to the general
population of patients admitted with AHF.

5. Conclusions

The present study confirned poor short- and long-term
prognoses for patients with AHF. Inhospital prognosis
appeared to depend predominantly on admission hemody-
namics, whereas long-term prognosis was determined mainly
by global LV systolic function. Findings of the present study
suggest that, in AHF not triggered by acute ML caution
should be exerised when preseribing stating or Ca blockems
after an episods of acute decompensation. Most patients with
AHF and preserved LVEF do not have DHF; and thus,
disgnosis of DHF should be made afier ecclusion of other
causes of dyspnea Mot all our findings can be genemlized to
all patient populations with AHF, particularly not to patients
with mild acute decompensation of AHF. Our mesults are
similar to findings from a subpopulation of Ewropean
patients with AHF that included more seriously ill patients,
which more closdy met our inclusive critenia (88.1% KU
admission, 26.2% mechanical ventilation, 100% MNew York
Heant Association IV class); md within these himits, they
also approach results from similar patient populations from
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Heart Failure With Preserved Ejection Fraction
in Outpatients With Unexplained Dyspnea
A Pressure-Volume Loop Analysis

Martin Penicka, MD, PuD,* Jozef Bartunek, MD, PHD,* Helena Trakalova, RN,
Hana Hrabakova, MD,t Michaela Maruskova, MD,+ Jiri Karasel, MD, Viktor Kocka, MD+

Aalst, Belpium; and Prague, Crech Republic

objactives The aim of the present study was to disgnose heart failure with presenved ejection fraction (HFPEF) in cutpa-

tients with unexplained chronic dyspnea and to elucidate its underlying mechanisms in this population using
invasive pressure-volume boop analysis.

Background
Mathods

The diagnosis of HFPEF in stable cutpatients with unexplained dyspnea is difficult.

Thirty patients (age 67 = 8.6 years, 27% males) with preserved left wentricular (LV) ejection fraction [=50%)
and unexplained chronic New York Heart Association functional class |l to 11l dyspnea underwent heart catheter-
ization. Patients with significant coronary artery stenosis (=50%) were excluded. Pressure-volume loops were
assessad using a conductance catheter at rest, hand-grip exercise, beg lifting, and nitroprusside and dobutamine
infusion.

Results Twenty (66%) patients showed LY end-diastolic pressure =16 mm Hg (HFPEF), whereas the remaining 10 pa-
tients served as controls. Patients with HFPEF had significantly higher end-diastolic stiffness (0.205 = 0.074 vs.
0102 + 0.017, p = 0.001) at rest, and their end-diastolic pressure-volume relationship showed a consistent
upward and lefiward shift during all hemodynamic interventions compared with controls. Regarding the underly-
ing mechanism of HFPEF, 14 (70%) patients had markedly increased end-diastolic stiffness, which was consid-
ered a sufficient single pathology to induce increased LV end-diastolic pressure. Four (20%) patients showed a
concomitant presence of moderately increased stiffness and savere LV dyssynchrony, and the remaining 2 (10%)
patients, with normal stiffness, showed significant exercise-induced mitral regurgitation at hand-grip exercise. If
the invasive pressure measurements were absent, only 5 (25%) of the outpatients with HFPEF fulfilled the Euro-
pean Society of Cardiclogy definition of HFPEF.

Conclusions A significant proportion of stable outpatients with unexplained chronic dyspnea may have HFPEF. In the patients

whom we studied, increased LV stiffness, dyssynchrony. and dynamic mitral regurgitation were the major mech-

anisms underlying development of HFPEF.

Collegie of Cardiokogy Foundation

(] Am Coll Cardiol 2040:55:1701-10) & 2040 by the American

Chronic dyspnea is associated with a variety of diseases and
is also a major symptom of heart failure. The differential
diagnosts of dyspnea is a daily routine in every cardiology
practice. Many causes of moderate dyspnea, without appar-
ent pathology, on routine examinations remain unexplained
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or are attributed simply to decondiioning or mild over-
weight. Other patients, without a defined diagnosis, are
administered thiazide-type diuretics. Recent studies showed
that half of the patients hospitalized for heart failure have
preserved left ventricular (LV) ejection fractions (1,2). This
suggests that the diagnosis of heart failure with preserved
ejection fraction (HFPEF) in stable outpatients with
chronic dyspnea is difficult.

See page 1711

The aim of the present study was to diagnose HFPEF in
outpatients referred to cardiclogy for unexplained chronic
dysprea and to elucidate its underlying mechanisms using
invasive pressure—volume (P-V) loop analysis.
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Abbreviations Methods
and Acromyms

Patients. The study population
consisted of 30 patients (age 67
+ 8.6 years, 27% males) with
preserved LY ejection fraction
(=50%%) who were referred, elec-
tively, for cardiology assessment
for unexplained chronic New
York Heart Association func-
tional class I to III dysprea.
Symptoms were confirmed using
an upright bicycle ergometry be-
ginning at 25 W and increasing
25 W every 2 min until exhaus-
tion. To be ehgible for the study,
patients had to have a sinus
rthythm, normal lung function
tests, no overt lung pathology

IACC Vel 55, Mo 16, 2010
Aol 20, 210170810

{chest X-ray), normal blood counts, and nomal p-dimers.
Patients with a history of recent (=26 months) amute coronary
symdrome, the presence of significant (> 50%) stenosis of any
coronary artery, coronary artery bypass grafting, more than
moderate mitral regurgitation or more than mild disease of the
ather valves, hyperirophic cardiomyopathy, atrial fibdllaton,
pulmonary disease, or anemia were excluded. Patients with a
history of coronary artery disease, post-peroutanecus coronary
intervention (=6 months), or post-myocardial infarction (=6
months) were not excluded provided they showed preserved
LV ejection fractions and had no significant coronary artery
stenosis. |he study protocol was approved by the medical
ethics committess of all involved institutions, and informed
consent was obtained from all patients.

Study protocol. All patients underwent right and left heart
catheterization to assess the P-V relationship. Steady-state
P-V loops were recorded at rest and during hemodynamic
interventions in the following sequence: at rest, at the end of
sustained hand-grip exercise (increased afterload), during

i Baseiine Clinical, Echocardiographic, and

[ Charactaristics for the HFPEF and CON Groups
HFPEF (=] p Value
Im = 201 in =100 HFPEF vs. CON

Aga yrs &7 + &5 66+ 8.0 073
Malas 5(25) 333 1
NYHA functional class /11| 10 (50740 {50} & (B0} 50} 1
Duration of dyspnaa, yrs 13 + 084 13+108 ga3*
Concomitan disaasss

Arterial hypartansion 1470 T[T 1

Deatotas misdHus &[30) 220 068

Fravicas PCIMI 3 (15)72 (10] 1 [0}L 10y 1.00/4 00
Madication

Diuwrotics g [45) 3{30) 03

ACE Inbibitors, ARES 10(50) 440 0Tl

Batablockars 10(50) 440 071
Body mass Indax, kg/m” 314 * 64 2851 4.5 023
EBody sutaca area, m? 203 + 034 194 + 035 .43
Creatining, wmel/mi 100 31 8T+ 35 039
Haan rato. Bosss;/min Tit11 76+ 15 043
SyStollc biood peussurG, mm HE. 128 T 42 138 * 20 052
Phiysical findings

Pulmeonairy rakes B30 3 {3} i

Incraasod |ugular vanaus prossurg 3[185) 1410 1

Hepatmmagaly o 1 WA

Fanpharal s3ema 5(25) 220) 1

Third haart sound 4 (20} 110) 054

Cardiac murmar & (30) 2(20) 0.8
Bleyele sagamaty

Exgrcisa duration, min 43 >35 T3 33 <00l

Faak work, W 54+ 19 1+ 34 <0001

Faak haar rata, Hoats/min * 126 + 36 0046

Incraasa In haart raba O — 25 W, % 26 13 2415 0B

Incraasa In haart raba O — 50 W, % 41+ 28 LRSS 063
BNP, pg/mi £8 (5-5B4) 21 [6-218) ]
Coiost X.rmy

Hilus yparemia &[30) 2¢30) eS8

Heart aniargemant 3[15) 2(20) 1

Continged an o page
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conductance catheter, with a 10-mm interelectrode spacing
(CD} Leycom, Zoctemeer, the Netherlands), was introduced
into the left ventricle via the femoral artery. LV volume was
calibrated using thermodilution and hypertonic saline dilu-
tion (7,8). Hemodynamic indeees were caloulated as the
mean of all beats, excluding extrasystoles, during a steady-
state period of =20 s. Analysis of P-V loops was performed
using commercial software (CD) Leycom). LV function was
assessed using heart rate; stroke volume, cardiac outpur; LV
end-systolic and -diastolic pressures and volumes; LV ejec-
tion fraction; maximal and minimal rate of LV pressure
change (dP/dt_ . dP/dt_ ), and the relaxation time con-
stant (7). LV end-systolic elastance was derived from the
end-systolic pressure divided by the end-systolic volume.
End-diastolic stiffness (Epp) was estimated by dividing
end-diastolic pressure by end-diastolic volume. Eective
arterial elastance (E,) was assessed as end-systolic pressure
divided by stroke volume, and ventricular-arterial coupling
was caloulated as LV end-systolic clastance/E,. LV mechan-
ical dyssynchrony was assessed as described previcusly (9).
Definition of HFPEF. HFPEF was defined at P-V cath-
eterization by a LV end-diastolic pressure =16 mm Hg at
rest or during hemodynamic interventions (5,10-12).
Statistical analysis. Data are presented as mean = 5D
Group comparisons were tested using the unpaired ¢ test
and chi-square test. Comparisons among hemodynamic
interventions were performed using a repeated-measures
1-way analysis of vaniance, with a Dunnett’s test for multiple
compansons. | he Fisher exact test was used to compare
categorical variables in 2 % 2 contingency tables. Statistical
significance was defined as p < 0,05,

Results

Baseline characteristics. Patients were divided into HFPEF
and control (CON) groups according to LV end-diastolic
pressure at catheterization. The HFPEF group (n = 20)
consisted of 17 patients with LV end-diastolic pressure =16
mm Hg at rest and 3 patients with normal resting values
that increased significantly during hemodynamic interven-
tions. The remaining patients (n = 10) with consistently
L:Wl‘t]’ Lv c']'ld—l:liasl]:l]jc Pl’t’ms Sl.'_r'-'ﬂd as th.c DC'N gml.lp_
Baseline clinical characteristics of the 2 groups are shown in
Table 1. OFf the 30 study participants, most (73%) were
femnale. Baseline clinical characteristics (which included
personal history, concomitant diseases, medications, and
findings on physical examination) were similar in both
groups. Half of the patients had New Yok Heart Associ-
ation functional class 111 symptoms. The average duration of
symptoms was slightly more than 1 year (range 0.5 to 4
years). Hypertension was common in both groups. Seven
{23%) paticnts had a history of coronary artery disease.
Patients with HFPEF had significantly shorter exercise
duration than the CON group (p < 0.001). Most of the
HFPEF patients completed only 1 or 2 stages of exercise
with a similar increase in heart rate as the controls. None of

the patients showed signs of ischemia. BNP tended to be
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]'Ligh:r in the HFPEF group compared with the CON
p. However, only 3 patients from the HFPEF group
s]wwnd BNP values above the recommended Furopean
Society of Cardiology cutoff (200 pg/ml) for diagnosis of
HFPEF. Five patients from the HFPEF and 1 patient from
the CON group showed BNP values that were borderline
{100 to 200 pg/ml). The 12 remaining patients in the
HFPEF group had nommal BNP (=100 pg/ml). The
percentage of patients with abnormal chest X-rays, which
supported 2 diagnosis of heart failure, was similar in both
groups. None of the patients showed any signs of lung
congestion. Patients with HFPEF had significantly larger
left atrial volume and tended to show larger LV end-
diastolic diameter and LV mass compared with controls. LV
volume and cjection fraction were similar in both groups.
Abnormal patterns of mitral inflow were observed in all
patients with HFPEF compared with only one-half of the
controls. Three patients from the HFPEF group and 1 from
the CON group met the European Society of Cardiology
cutoff values (E/A <05 and DT =280 ms). Restrictive
mitral flow was not observed in any of the patients. The
HFPEF group showed significantly lower septal, lateral,
and average E' and higher E/E’ compared with the CON
group. However, only 20%, 40%, and 30% from the
HFPEF group had s:pta] E/E" {=15), lateral E/E’ (=12),
and average E/E’ (=13), respectively, above the recom-
mended cutoff to diagnose increased LY filling pressures. In
contrast, 20% to 40% of HFPEF patients showed nondiag-
nostic (borderline) EFE’ and 40% nommal E/E'. In the
CON group, up to 20% of patients showed diagnostic E/E’,
whereas 20% to 40% presented with borderline E/E” (p =
NS compared with the HFPEF group). Prevalence of
mild-to-moderate mitral regurgitation did not difer be-
tween groups. Patients with HFPEF showed significantly
higher pulmonary capillary wedge pressures and systolic
pulmonary artery pressures than controls.
He ic interventions. Table 2 shows indices of
global LV performance. At rest, the HFPEF group had
significantly higher LV end-diastolic pressures and dyssyn-
chrony than the CON group. In contrast, cardiac output,
heart rate, LV volume, and ejection fraction were similar. In
both groups, the end-diastolic pressure response to hemo-
dynamic interventions followed similar rends, which in-
creased during hand grip and leg lift and decreased during
nitroprusside and dobutamine infusion. Three patients with
HFPEF had nommal resting values for end-diastolic pressure
but showed a significant increase durnng both hand grip and
leg lift (n = 2) or during dobutamine infusion (n = 1).
Moreover, the hand-grip exercise induced significant
{=3/4) mitral regurgitation in 2 patients who had only mild
regurgitation while at rest; both patients were in the
HFPEF group. The leg lift was not associated with any
significant hemodynamic changes. Nitroprusside and do-
butamine infusions were associated with decreased volumes
and increased ejection fraction and cardiac ourput (dobur-
amine). Average dyssynchrony did not change significantly
in response to hemodynamic changes.
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Indices of Global Left Ventricular
Performance at Rest and Do

Tabila 2 ring
Hemodynamic Interventions (P Loop Analysis)

i

CON p Valu=

(m = 201 {m = 10 HFPEF ws. CON

Emddiasinlic pressure, mim Hg
Rost H+H3 M+ <000
Hand grip MMrE4* 13 TIE} 0L
Lag BRing 24x43 14 =10+ 0L
HMRroprussida infusion 13 53+ B Za* 00zs
Doburiamin infusion is = B41 Bz Jg* ool
P Valua [ANOVA) <0001 <0001

Cardiac output. Imin
Rast 4915 B3 100 ey
Handgrip 43=13 BExi2 o4
Lag BRing 453+15 5B =08 oz
HEroprussida E2=2D EB=OB 043
Deosburiarmiine: E2 =23} - =X+ 8
P Valua [AKOVE) <0 <00l

Endsystolc voluma, mil
Rast - 6811 088
Hand grip T5:28f GE=45 os5g
Log Bting 7228 8312 o5z
NEroprussisa nfusion 55+ 28* 50+ 4Tt 088
Dabirtaming Infusion 5O T 24 51 * 16} o091
P Valua [AROVA) 0001 <0001

End-diastolk volums. mi
Rast i3z = 45 133 = 20 ==L 3
Hand grip 139 =45 436 =19 oaz
Laog Bting 181 =45 436 =47 oTy
MREroprussida Infusion 119 = 47+ 120 = F9* oag
Dobutamins infusion 115 = 53* 107 = F1* (X2 3
P Valug [AROVA) < 000L <=0.00L

Ejection fraction, %
Rast L: o E4 e1=z3 05
Hand grip EE*E 538 o2
Lag BRing 538 844 0045
HMRroprussida infusion B8 = B v - oTE
Doburiamin infusion 8= 11} &7 =40 o8l
P Valua [ANOVA) <0001 0.049

Haart rata, boats,mis
Rast T ] (- Bt ) o082
Hand grip T4x13 Fi-Ea-] 083
Lag BRing RS-} T1:H 058
HEroprussids infuslon Ti= 10 TE =41} o2s
Doburiamine infusion 83 = 13+ g8z 49+ 03s
P Valua [ANOVA) <0001 <0001

Dryssynchroy, %
Rast - 137 0003
Hand grip /=B 20 = 10 0.00s
Lag Ming e 1B =5 o.o0s
HEroprussids infusion w=a 206 004
Dobutamins infuslon mET =T 0002
P Valua [AROVAY o1 73

*p == 0.004 v=. basollng {Durnets kst for multlplio comparison; 4z -2 .04 v basaling [Dunmati’s
Aest fior multipla comparisca; 49 = 005 ve. bassling [Dunnoti's best for mulipio camparisan].
ANOVA - anahpsis of varanos: oo shbreeations 2= h Table 1.

Table 3 shows indices of LV systolic and diastolic
function. At rest, patients with HFPEF had significantly
higher end-systolic pressures and tended to have higher
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end-systalic elastance than controls. All indices of systolic
function showed significant increases during dobutamine
infusion in both groups compared with resting values. In
contrast, handgrip, leg lift, and nitroprusside did not induce
any significant changes. In the HFPEF group, the resting
LV 7 was significantly longer and Egp greater compared
with the CON group. Dobutamine was associated with
significant shortening of T only in the CON group, although
in the HFPEF group, the aversge 7 value was also reduced,
but insignificantly. Egp increased in response to hand grip
in both groups but significantly more in patients with
HFPEF. Nitroprusside reduced Epp only in the HFPEF
group. In addition, resting values of E, were higher in the
HFPEF than in the CON group (2.23 + 0.72 vs. 166 =
0.23, respectively; p = 0.025). In contrast, the ratic end-
systolic elastance/E ., which defines ventricular-arterial cou-
pling, was similar in both groups (1.38 = 0.25 vs. 1.42 =
0.18, p = 0.63) due to the compensatory higher end-systolic
elastance in the HFPEF group. The average values of major
hemodynamic indices at baseline and during hemodynamic
interventions are shown in Figure 1.

Mechanism of HFPEF. Figure 2 shows cnd-diastolic
P-V relationships in both groups. In patients with
HFPEF, the end-diastolic P-V relationship was consis-
tently shifted upward and leftward compared with con-
trols, regardless of the hemodynamic situation. A total of
14 (70%) patients with HFPEF had resting Eppy values
=2 8Ds (0,178 mm Hg/ml) higher than the highest
value (0.144 mm Hg/ml) of Egp in the CON group.
None of these patients had normal resting LV end-
diastolic pressures. Thus, in these individuals, the mark-
edly increased LV end-diastolic stiffness was considered o
be the underlying HFPEF mechanism (Table 4). Lower Egpy,
which overlapped with that in the CON group, was ob-
served in & (30%) patients with HFPEF. Severe mitral
regurgitation during the handgrip exercise developed in 2 of
these patients, both with a history of myocardial infarction
and hypokinesis in the scgment adjacent to posterior
papillary muscle. They had resting LV end-diastolic
pressures within the normal range and showed normal
resting Egpp (0.085 and 0.091 mm Hg/ml). The 4
remaining HFPEF patients showed a concomitant pres-
ence of significant LV dyssynchrony and intermediate
Epp (range 0,140 to 0,153 mm Hg). Three of these
patients had elevated resting LV end-diastolic pressures
and very high degree of resting dyssynchrony (all 33% to
34%) (Fig. 3). The remaining patient had a normal
resting LV end-diastolic pressure and lower dyssyn-
chrony (23%); however, both parameters worsened dur-
ing dobutamine infusion. In addition, 1 patient in the
CON group had a very high resting dyssynchrony (30%)
that did not worsen after administration of dobutamine.
The patient had a low Egp (0.104 mm Hg/ml) and a
normal LV end-diastolic pressure, both at rest and during
all hemodynamic interventions.
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HFPEF in Outpatients With Unexplained Dyspnea dril 20, 2004 T0E-10
Indices of Left Ventricular Systolic and Diastolic Function
at Rest and During Hemodynamic Interventions (P-V Loop Analysis)
HFPEF CON p Value
in = 200 in =100 HFPEF vs. CON

End-gystollc prassung, mm HE
Rt 153 + 24 13T + 13 LODE
Hamd grip 182 + 27+ 144 + 141 <0001
Lag Ifting 158 + 1B 131 + 44 ~oOuod
MEroprmsida 123 + 1B} 105 + 163 LOOT
Dodanaming 135 * 32§ 104 * 25T il
P Valua [ANDWA] <0004 0001

P fidt , . mm Hg/'s
Rt 1451+ 33 1,482 + 2331 0.7E
Hamd grip 1,726 + 383 1748 + 314 0.6
Lag Imang 1,536 T 356 1,529 * 710 0.96
MEnoprussida infuskn 1,630 + 330 1616 + 258 0.8z
Dodedaming Infuskon 3,285 + 937+ 3,973 = 1079* oz
P Valua [ANDWA] <0004 <0001

Egs. mmi Hig/mi
Rast 3121119 236 T 0.48 noT2
Hand gnp EECESE- -] 263 T 051 LEL]
Lag Iifting 336133 273 054 o022
HEraprussida infusien AT4: 172 329 =183 0E3
Dodadaming Infuskon 438 = 2.40% 420 + 175% LB
p Valua (ANOY¥A) <0004 <0001

AP (it iy, mim HE/=
Rast —1.964 T E91 -21F8 * 0oE
Hamd grip —2,093 + B33 -2,353 + 343 e
Lag Iifing ~2,13 + 5T 2,485 + 353 075
Metroprussida Infuskas —1,737 * E39 —2,067 = 383 Dz
Dodadaming Infuskon —2 167 + 530 —2.244 * E:L
P valua (ANOVA) ooz 013

7. ms
Rast 43 % 3413 OOS
Hamd grip 46 + 10 364 D004
Lag Ifting 438 33 o002
Mitroprussida Infuskas 407 34 +3 a3
Dotaraming Infusion 3arie =5 T 0075
P Valua [ANOVA] oo 0001

Egz. mim HE/mil
Rt 0.205 + 0.0T4 0402 = 0od7 ~olubiod
Hamd grip 0.258 + D.0T2* 0425 + 0.O20F <0001
Lag Iifting 0.229 + 0.059 0,430 + B046§ <00
MEroprussida Infusion 0,139 © D.OaE* 0093 * DuOsg L0zs
Dodedaming infuskon 0.18E © D.0ET 0.058 = DLO1E <00l
P Valua [ANOYA) <0004 <0004

*p +2 0004 ¥S. hasiing {IURNGHYs tost for Mulpls COmparsnn): +p « 0L0S ¥a. haalna (DURNGt’s 1ot far mutipis comparson) 4p = 001w

Basaling [DURRGATS st for MUHpE: Comparian).

Egp = end-diasiollc saffness; By, = ond-systolo satance; + = rdaestion tima corstanl; sthar abroyistons 2= In Tahles 1 and 2.

The major findings can be summarized as follows: 1) a
significant proportion of outpatients with unexplained
chronic dyspnea have HFPEF: 2) significant ahnormalitics
of LY diastolic function were observed in the majority of
cases and increased LV stiffness seemed to be the predom-
inant mechanisms underying elevated LV filling pressures;
3) in patients with moderately increased stiffness, severe LV
dyssynchrony may contribute to HFPEF, whereas signifi-
cant dyssynchrony alone &= unlikely o be assodated with
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increased filling pressures; and 4) in patients with a history of
myocardial infarction, some cases of HFPEF may be attribut-
able to significant worsening of resting mild t© moderate
functional mitral regurgitation during increased afterload.

Diagnosis of HFPEF. Diagnosis of heart failure is based
on symptoms and signs typical for heart failure, accompa-
nicd by ohjective evidence of resting structural or functional
heart abnormalities including increased BNP levels and an
sbnormal echocardiogram (13). The definition of HFPEF
also requires an LV cjection fraction =50%, LV end-
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diastolic volume index <97 ml/m?, and evidence of diastolic
dysfunction (12). In the present sudy, HFPEF was diag-
nosed by invasive measurement of LV end-diastolic pressure
using 1 tip manometer catheter. This approach is considered
the gold standard for diagnosis of HFPEF, but may not be
feasible in cveryday clinical practice. In fact, in the absence
of the invasive pressure measurement, only 5 (25%) of our
HFPEF outpaticnts but also 2 (20%) of our controls
fulfilled the Furopean Society of Cardiclogy definition of
HFPEF. Furthermore, in the HFPEF group, only 2 pa-
tients showed clevated BNP levels sbove the proposed
threshold, and 6 patients had mitral flow pattemns that
allowed increased LV filling pressures. In addition, using a

pulsewave Doppler imaging—derved E/E” supgested HFPEF in
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only 20% to 40% of patients with increased LV filling
pressures, depending on the mitral annular site with highest
yield for the lateral E/E’. The remaining HFPEF showed
either nondiagnostic (20% to 40%) or normal (40%) E/E'.
Of interest, bordedine E/E’ was also noted in 20% to 40%
of controls without heart failure and with normal filings
pressure. This suggests a low sensitivity and specibcity
relative to the proposed criteria for diagnosis of HFPEF in
stable outpatients. A potential explanation may be that heart
failure guidelines are based on large registrics that include,
primarily, patients hospitalized for heart failure (12,13). The
clinical presentations, BNP levels, and echocardiographic
indices may differ among patients with acute deteriorating

heart failure and stable outpatients with chronic dyspnea.
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Therefare, our findings support the more liberal use of Aght
heart catheterzation to diagnose accurately HFPEF in such
ocutpatients. At catheterization, hemodynamic interventions
such as simple hand grip or leg lift may be further helpful to
unmask HFPEF, a5 was elicited in 3 (15%) of our HFPEF
patients with normal LV end-diastolic pressures at rest.

Mechanisms of HFPEF. Recent studies have suggested
several causal mechanisms underlying the onset of HFPEF
(10,14-17). Comchorating findings of previous studies
(10,14,15), we observed normal LV systolic functions,
normal contractile reserves, and normal ventricular-arterial
coupling in paticnts with HFPEF, although it should be
noted that the load-independent dervation of the P-V
relationship was not used in the present smdy (14,18)
Henee, the accuracy of systolic function assessment could be
reduced by the fact that HFPEF patients had significantly
higher LV end-systolic pressure compared with controks.
Also, none of the patients showed reduced chronatropic
reserves (17) or significant renal insufficiency as a prerequi-
site for fluid overload (16). The largest studies to date in
patients with HFPEF demonstrated an increased P-V-
derived LV stiffness as the main abnormality in HFPEF
(14,15). Cormborating these findings, patients with HFPEF
showed consistent upward and lefrward shifts of the LV
end-diastolic P-V relationship compared with controls. A
total of 14 (70%) patients with HFPEF showed markedly
ncrezsed LV stifness, implicating it in the onset of HFPEF. In
these patients, the increased stiffness was considered to be
the leading mechanism underlying increased LV filling
pressures. Four (20%) patients had intermediate LV thick-

91

IACC Vel 55, Mo 16, 2010
Aol 20, 210170810

ness, which overlapped with the highest values measured in
the CON group. All these patients showed severe LV
dyssynchrony at rest or durng the dobutamine stress test.
This suggests that moderately increased LV thickness is not
sufficient to induce HFPEF and 1 or more additional
pathologies are needed, for example, inotropic incompe-
tence (17), Auid overload (16), or (as in our case) significant
LV dyssynchrony.

Several studies have demonstrated the high prevalence
(18% to 45%) of significant dyssynchrony in patients with
HEFPEF (19-21). The presence of significant dyssynchrony
impairs LV systolic and diastolic function (21). Cormobo-
rating these reports, in the present study, patients with
HFPEF showed significantly higher resting dyssynchrony
compared with controls. In individuals with moderately
increased LV stiffness with overlapping values between the
HFPEF and EDanDI nglEﬁ, tl'l.l_‘ cﬂmmitmt Plﬂm D{
severe dyssynchrony seemed to be the critical mechanism
underying the development of HFPEF. It seems that, in
contrast to systolic LV dysfunction (22-24), in patents with
normal systolic function and LV stiffness, isolated dyssyn-
chrony, albeit significant, may not be 2 sufficient pathology
to induce or worsen heart failure. In the present study,
dobutamine infusion induced a significant increase in end-
diastolic pressure due to worsening of LV dyssynchrony;
this was observed in 1 patient who had a normal resting LV
end-diastolic pressure and lower resting dyssymchrony. OF
note, this patient also had moderately elevated LV stiffness.

The remaining 2 (1086) HFPEF patients with normal LY
stiffness showed significant dynamic mitral regurgitation
during the hand-grip exercise. Both patients had a history of
myocardial infarction, hypokinesis at the level of posteror
papillary muscle, and mild mitral regurgitation at rest. This
implicates dynamic dyssynchrony and mitral regurgitation
in the development of symptoms in some patients with
HFPEF. It also suggests that conducting stress tests may be
uscful in paticnts after myocardial infarction with unex-
plained dyspnea.

Study limitations. In the present study, the end-diastolic
P-V relationship was not obtained using an acute preload
reduction during occlusion of inferior vena cava (14,18).
This method allows load-independent assessment of
ventricular function. In the present study, the LV sdff-
ness was derived by a load-dependent method as the ratio
of end-diastolic pressure to end-diastolic volume. Yet the
results were consistent with those of previous studies that
used the multiple-loop, load-independent approach
(14,25). The number of included patients is small, and,

e Rl With Preserved Ejection Fraction
High B, Low Ecy
{=0178 mm Hg/mll (<178 mm Hg/ml)
HFFEF,/COM, n (%) 14 [Toj0 o) & (30)/10 {100}
Savaro dynamic MR [=2/4), n o 2
Dryssynoteony, % 267 M TEAFTT

Abroiations 2= In Tables 4 and 3.
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hence, the results may not be applicable to the general
population of patients with HFPEF. In the present study,
the number of comparisons exceeds the number of
subjects. This may result in the increase in type [ error
(false positive).

Conclusions

Using invasive P-V loop analysis, the present study
demonstrated that increased LV stiffness, dynamic LV
dyssynchrony, and dynamic mitral regurgitation were the
major mechanisms underlying the development of HF-
PEF in stable patients with unexplained dyspnea in-
cluded in this study. Because the majority of these
outpatients do not fulfill the diagnostic criteria for heart
failure and noninvasive tests do not show overt pathol-
ogy, a correct diagnosis of HFPEF represents a challenge.
After negative findings on coronary angiography, the
paticnt’s symptoms are often attibuted to noncardiac
causes. Yet, a cardiac origin of dyspnea is common in this

pupu]ati.un and can be clucidated b} careful invasive hemo-
dynamic assessment. Further studies should address the

development of an optimal noninvasive worlup suitable to

reliably disgnose HFPEF in stable outpatients.
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Abstract

Background: Pulsed-wave tizsue Doppler imaging (TDI) was dhown to predict shortterm left ventricular functional recovery afier candiac
resynchronization therapy {CRT). However, fow data ane svailable regarding the baseline cardiac asynchrony and clinical outcome after CRT.
Therefore, we aimed to investigate the prognostic value of pre-CRT cardiac asynclrony on elinical owtcome after CRT.
Methods: The study population consisied of 48 consecutive patients with moderate to severe hoart failure and a wide QRS complex
under going implantation of biventricular pacemaker. Cardiac agynchrony was assessed at pulsed-wave TDI from measurements of regional
clectromechanical coupling imes in basal segments of both ventricles {Sum asynchrony). Clinical end-poing were candiac montality and
hospitlization for worsening heart failune.
Resules: During a follow-up period of 970+£3 19 days, clinical end-point (9 deaths, 15 hospitlizations) occumed in 24 patients | clinical
nonmegponders). At bascline, responders showed higher asynchrony than nonresponders (153+57 ms va, 103+58 me, p<@dl). Sum
axynchrony of = 98 ms showed the highest aceuracy (AUC =080, sensitivity 92%, specificity 67%) 0 identify responders. In condrast, baseline
WYHA class, conventional echo-Doppler indices and QRS complex duration were similar in both groups. Eight end- point events (3 deaths)
occumed in 30 patients with significant Sum asynchrony (=98 ms) & compared to 16 events (6 deaths) in 18 patients with smaller Sum
axynchrony (27% va. 89%; HR O 14; 95% CT 0.0 to 0.46; p<<0u01). Favorable clinical owicome was associatod with lrger left ventricular
functional recovery at 2 years follow-up | p<0001).
Conclusions: TDI-derived index of baseline intra- and interventricular asynchrony appears i predict long-torm clinical ouwtcome afier CRT.
& 2007 Elsevier Treland Ltd. All rights reserved.

Keywands- Pacing; Feant failure; Tissue Doppler maging, FEchocandingraphy

1. Introduction

Canhiac esynchromization therapy (CRT) has become an
established therapy for patiems with severe heart failure and
wide QRS complex [1-4]. Seveml mechanistic studies
demonstrated strong relationship between candiac mechani-
cal asynchmony md improvanent of symptoms, quality of

* Comresponding author. Te - +32 55 72 £847; fanc: +32 53 72 4550.
E-mail address: joref bartunek fol vie-aalsi be (1. Barkmek).
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life, exercise tolerance or reverse left wventricular (LV)
memodeling after CRT [5-12]. Yet, using the width of QRS
complex as the major inclusion criterion, 2 recent large ran-
domized trials [3 4] reported prevalence of pimary clinical
end points (death or hospitalization) as high as 39 (CARE-
HF) or 56% (COMPANION), respectively, indicating that a
mumber of clinical nonresponders does not benefit from the
therapy This indicates that, selection of patients for CET
hased on the QRS complex is associated with a high mimber
of climical nonresponders and represents the major short-
coming of the cument clinical critena.
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Tissue Doppler imaging (TDH) allows a staightforward,
on-line assesment of the cardiae mechamcal asynchrony
[7]. We have previously demonstrated high A
TDEderived index of intra- and interventricular asynchromy
to predict LY functional recovery and reverse mmodeling at
& months of CRT [7]. However, few data are available
regarding the baseine cardiac asynchromy and clinical out-
come after CRT. Therefore, the objective of the present study
was to Investigate prospectively the prognostic value of pre-
CRT TDI-denved assessment of cardiac asynchmony to pre-
digt climical outcome after biventricular pacing.

2. Materials and methods
2.1. Patients

This is a prospective, single center, follow-up study. The
study population consisted of 48 consecutive patients (age
T0+6 years; 77% males) with modemte to severe heart
falure and a wide QRS complex (182+32 ms) who un-
derwent implantation of biventricular pacemaker. Patients
were cigible for the study if they had:

(1) Congestive heart faihore (NYHA =10) for at least
12 months due to Wdiopathic or ischemic candiomyopathy.
The NYHA 11 patients could be included only if they had
hospitalization for worsening heart failure dunng the
previous 12 months; (2) Stable (ACE inhibitors, betablock-
ems) medication for =3 months; (3) Wide QRS complex
(=130 ms) of left bundle branch block-like morphology;
(4) LV gjection fraction < 35%, as assessed by echocardiog-
raphy; (5) Successful implantation of biventricular pace-
maker, () Sustaned biventncular capture during follow-up.
Patierts with acute comnary syndrome or revascularization
in the previous 6 months, and with 2 previously implanted
pacemaker were excludad. The study protocol was approved
by Medical Ethical Committess of the OLV Zickenhuis,

Aalst and Charles Umiversity, Pmgue and informed consent
was obtained from all patients,

2.2 Implantation of the biventricular pacemaker

Commercially available over-the-wire leads were im-
planted in a posterolateral side-branch of the coronary sinus
and comnected © a biventricular pacemaker as previously

described [13].
2.3 Smdy protocol

At basclne, all patients underwent pre-CRT two-di-
mensional ccho-Doppler cxammation to measure LV cjection
fraction and dimensions. Cardisc mechanical ssynchrony
was assessed using pulsed-wave TDI as described previously
[7]. In brief, velocities of long-axis wall motion were
recorded in apical views dunng end-cxpiratory apnea with
sample volume of 5 mm positionad in the center of analyzed
segment. Sweep speed was set at 150 mm's. Atdoventricular
delay was optimized at 3 days after implantation of
biventricular pacemaker. Two-dimesional echo-Doppler
cxamination was repeated at 6 and 24 months. The 6-
month follow-up data weae mported previowsly [7]. In
patients, who died during the 24-month follow-up (n=6), the
last pre-event echo-Doppler examination was analyeed. The
combined climcal end point was cardiac mornality and
hospitalization for worseming heart fathwe. Patients with
occurrence of climical end point were comsidered clinical
nonresponders.

2 4 Dappler echocardiography
LV dimensions were measured from M-mode echocandi-

ogmphy in the parastemal long-axis view [14]. LV gjection
fraction was quantified using the biplane Simpson’s method

Fig. |. Example af the assewment of cardizc asynchromy. In apical fur-chamber {A4C) and Jon geands (AL AX ) view, candizc synchrony ws assesed from the

time imarval between omet of e )RS avmplex and omset of the regonal velodiy af

yocand izl systalic shorening 21 TDT{rght ower come ) 2s 2 sumogeicof

tthe regional electromechanical coupling time. Regimal acti vation was mesured & basal lateral (LV L), hesal septal (IV 5} hesal posberion (LY P) segmemis of
tthe lefi veniricle {IV ) and hesal latera] (BV L) segment of the right ventricle (RV) fasierizhs). The intraveniricular asynchromy was caloulated as the differance
hetween the longest and the shorest regional electromechanical coupling tme in the tree hesal IV segmemts (LY L, LY S and [V P The interventricular
asymchmomy was caloulied 2 the di fference hetween the regimal clectromechanical aupling time m the BV L segmentznd the mesd delayed from the three LV

segmenis {ie. longed regional electromechanical coupli

i i)
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Tahle 1
Bazzline characieristics
All Climical Climical
petienis  responden nemresponders
m=45 n=24 a=24
Age (yeas) BT 948 7145
Cender (males/femle) mm 1854 195
Etiology
Tdiopathic 26 (505 15 (634) 11 (450
Tschemic 2 (867G 9 (3T%) 13 (54%)
WY A fimctiona] clss A1+08 31409 32408
ACE mhibitorsbetshlockers (%) 9085 9283 RRES
Simus rhythm (%) % 9% 95
RS duration {me) 182432 183436 182430
LV gjection fraction (%) 2546 246 2546
LV end-dissinlic dismeter (mm) 7448 7246 T6LR
IV endaysilic dismeter (mm) 6247 6047 6347
LV end-dizsiolic valume fml) 295473 292469 29678
LV end-sysiolic vohmme (ml) 25468 22R+47 22471
Averape MR jei 2rex fom?) 70463 69459 72465
Sigmi ficamt mitral regurgitton 18 (384 9 (38%) 9 (38%)
LV asynchromny (ms) 64435 TG S6 43
LV-RV asymchreny {ms) 67436 79434 55359
Sum asynchromy (ms) 128462 153457 103+ 58Y

* p<is, § p<00] chnical respondes vi nonespondens.
LY = lef veniricular, MR = mitm] regurgiation, BV = right ventriculer.

[14]. Mitral regurgitation was graded on a 0—4 point scale
using a visual estimate of regurgitant color-coded jet and by
regurgitant jet/left atium ratio [15] A grade =3 mitml
regurgitation was considered significant.

2.5 TDEderived assessment af asynchrany

Cardiac asynchromy was sssessed from measurements of
time intervals between the onset of the QRS complex and the
beginning of regional velocity of myocardial systolic short-
enng considered as sumogates for regional dectromechan-
ical coupling imtervals (Fig 1 nght lower comer). Time
mtervals were messured in basal LV sepments and hasal
lateral right ventricular (EV) segment (Fig. 1), Intmaventric-
ular (LV) asynchrony was determined as the diffeorence
between the longest and the shortest electromechanical cou-
pling time in the basal septal, lateral and posterior segment
of the left ventricle. Interventricular (LYV-EV) asynchrony
was determined as the difference between electromechanical
coupling times in the hasal lateml segment of the right
veniricle and in the most delayed LV segment. Moreover, the
combined index of intra- and interventricular mechanical
asynchromy was calculated by adding both numbers: Sum
asynchromy =LV asynchromy + LV-RV asynchrony. The in-
terobservervanability forthe measurement of LV asynchrony
n 10 study individuals was § 5% and LV-RV asynchrony
72%. The imtrachserver vanability was 6.8% for LV and
6.1% for LV-RV asynchrmony [7]. All echoaardiogmphic
analyses were performed by echocardiographers not involved
in the clinical follow-up and who were blinded at all tmes o
the clinical data.
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Table 2
Climical amd echocandiographic varizhles i clinical respondars and
nomresroden 2t bascline and follow-up

Clinical Clinical P value
respanidens nimmspomndens
n=24 n=24
NYHA fimctional chss
Bezeline 31409 32408 NS
Follow-up 12404} 1941403 pe00l
ORS duration {ms)
Bezeline 183 436 182 430 NS
Follaw-up 149435¢ 152429 N3
IV ejection frction (%)
Bezeline 2646 2546 NS
Follaw-up 3440114 25+8 R i
IV end-dizsinlic dimmeter
fmam)
Beselne 1246 THLE N3
Follow-up 6549% Thd2 oS
IV end-sy=alic dizmeter
{mam)
Beselme 607 63417 NE
Fallaw-up 53400* G315 pens
LV endedimstalic vol ume (ml)
Beselme 292 469 296478 NE
Follaw-up 2454753 300485 0001
LN endesystolic volume (ml)
Beselme 228467 22471 NE
Follaw-up 155 4643 224476 0001
Aerage MR jet area (om®)
Beselne 6.9+59 12465 N3
Follaw-up 394414 6.5+69 000l
Significant MR
Beselne 9 [38%4) 9 [384G) N3
Follaw-up 4{174a) 7T{2W4a) NE
LV asynchrany fms)
Beselne T4426 ELER k] p0ls
Post-implant 35+012% 46435 p0ds
IV RV asynchromy {ms)
Beselne 79434 55435 p0ls
Post-implant 424131 45427 NE
Sum asynchnony fms)
Bezeline 153457 10% 458 pe=aol
Post-implant 7740143 91142 p0ls

* po00S, t pc0.001, § pes0.000] baseline vs. follow-up.
IN = lefi ventriculer, MR = miitral regurgitetion, BV = right ventricular.

26 Sraristical analysis
Data are presented as mean or median +standard deviation.

Differences in contimious varighles were tested using paired
md impaired Student’s tdest, whilke Fisher's exact tost was

Teblke 3

Accuracy af Sum synchrony io pedict climio] outomme afier CRT
End paim shsent Emnd paim present
n=24 n=24

Sum asynchnony =98 ms 22 B

a=30

Sum asynchrony <98 me 2 14

a=18




M Penicka et al / Internafional Joumal aof Candinlogy 124 (2008) 4046 43

A Combined end point
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Fig. 2. Kaplen —Meier estimades of the time fo the combmead o micz] eand pomt
af cardisc death or hospitalizaion for womening heart failure {(Panel Al the
tirme to cardiac death (Panel B), 2nd the timeto hospital xation forworsening
heart failure (Panel C).In Pand A, the rales afcardizc davth orhospitelization
for womenng heart failure were 27% in the gmup with significant Sum
asynchromy and 89% in the group with smeller Sum asynchrony. In Pand B,
the maes of cardizc death were 1074 in the group with significant Sum
asynchmomy and 3 3% in the group with smeller Sum asynchrony. In Pand C,
tthe mies of hospite] ration forworsening heart failure were 1 74 inthegroup
with sigmificam Sum asyndinmy and 56% m e group with smeller Sum
asymchmomy.

applied to evaluate the differences in probabilities in 2-by-2
contingency tables. The roceiveroporating characteristics
curves were denved to assess the optimal cutoff values of
LV asynchromy, LV-RV asynchrony and Sum asynchrony to
predict occurrence of clinical end point. In patients with high
versus small Sum asynchrony, the time to an end point event
was plotted acoonding to the Kaplan-Meier method and
differences between groups were analyzed by log-rank test.

Independent predictors of climeal end point wene identified
using the Cox proportional hazards model and expressed as
hazard ratio {HR Jand 95% confidence intervals (CI). Pre-CRT
pammeters that were entered into the model included age,
etinlogy of heart failure (ischemic vs. idiopathic), NYHA class
(NYHAIL IV vs. NYHA IT), QR S complex duration, LV end-
diastolic dismater, LV gjection fraction, presence of significant
mitral regurgitation (grade =3 vs. <3), md either Sum
aswynchrony, or LV asynchrony and LV-RV asynchrony.
Sttistical sigmificence was defined at p<005.

3. Results

Follow-up data was obtaned in all patients. Dunng a
median follow-up of 9702319 days, twenty-four individ-
uals (clinical nonresponders) reached the clinical end point
(9 cardiac deaths, 15 hospitalizations for worsening heart
failure). The remaining patients were classified as clinical
responders (n=24).

31 Clinical and echacandiographic characteristics

At haseline, responders showed significantly greater LV
asynchrony, LV-RV ssynchrony and Sum asynchrony than
nonresponders (Table 1), In contrast, haseline NYHA class,
conventional scho-Doppler indices and QRS complex dura-
tion were similar in both groups.

At follow-up (Table 2), NYH A functional class improved
in both groups, yet, larger improvement was obsarved in
responders. The QRS dumtion was reduced in both groups.
Responders showed significant increase in LV ejection
fraction, decrease in LV diameters and LV volumes, while
no changes were ohserved in nonmespondens. Mitral negur-
gitation decreased only in responders. Similarly, LV asyn-
chrony, LV-RV asynchrony and Sum sswnchrony were
significantly reduced by CRT only in responders, with no
significant change in nomresponders.

Table 4

Cox mgression amalysis for the combined clinkal end point of cadizc
marklity and hospitlizaton for womsening heart faillure incliding Sum
asyncdhrny as mvariate

Hacrard ratio (95% confidence  p value

mierval)
Age (years) 1.02 (093 i 112) NE
Tschemic cardiomycpathy 1.08 {041 4o 284) NS
NYHA finctinal class TIT, TV 0L86 (IL6D i 1.35) NS
va Il
QRS duration {ms) 1.00 {0.99 0 102} NS
LY egection fraction (34) 0.9 (LES i 1.04) N3
LV end-dizstalic dismeter {mm) 100 (0.90 1o 1.10) NE
Significant va. mild mitral 0.93 {0.2] 1o 405) NS
TeFuTE At
Sum asynchrony =98 ms ve 0L14 (0L04 i 046) il
=98 m=

Abbrevistions: LV = lefi ventricular.
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Tahle 5
Reltimship hatwesn Sum anmchnony and linical ;ulomme
Zom asynchrony»498 ms Sum asynchromy <98 me Hzrard ratio pwale
n=30 n=18 (95% om fidence interval)
Candiac martality 3 {1Ra) 6 (33%4) 0.04 {001 1o D.52) Pl
a=9
Hospitalration for worsening heant failure S{17a) JUTEL ] 0.20 {004 1o D92) peds
a=15
Combinal end point B2T4) 16 (B%4a) 0.14 {004 to DAG) P
n=24

3.2, Prediction of clinical owcome

At baseline, only indices of candiac asynchrony wen
different between responders and nonresponders (Table 1)
Chat of these parameters, Sum asynchrony of = 98 ms showed
the highest accuracy (area under the curve 080 as derived
from the meceiver-operating characieristics curve) to identify
responders with sensitivity and specificity of 92% and 67%,
respectively. By using this cut-off value, all but 10 patients
(21%40) were comectly identified (Table 3).

Eight end-point events (1 sudden cardiac death, 2 pump
fatlure deaths, 5 hospitalizations) ocourred in 30 patients
with significant Sum asynchrony (=98 ms) a5 compared ©
16 events (1 sudden cardiac death, 5 pump failure deaths, 10
hospitalizations) in | 8 patients with smaller Sum asynchrony
(27% vs. 89%; p=00001) (Fig. 2). By multivariate analysis,
Sum asynchromy remained the only significant independent
predictor of reduced risk of either combined end point or
cardiac death and hospitalization alone after CRT (Tables 4
and 5). Patients with significant Sum asynchromy had 7 times
smaller sk of ocourrence of the combmed clinical end point
than patients with smaller Sum asynchrony. Both individual
intraventricular or interventricular asynchrony had lower
accuracy to predict clinical end point (are under the curve
073 and 069, rspectively) and were not independently
associated with clinical end point (HE 0.60; 95% C1 030 ©
1.22; p=0.157 for LV asynchrony and HR 0.47; 95% C1 0.20
to 1.11; p=10.087 for LV-EV asynchrony).

4. Discussion

The main findings of the present study can be sum-
manzed as follows: (1) In patients with moderate to seven:
heart failure undergoing CRT, presence of significant pre-
CRT asynchrony was associated with favorable clinical
outeome, while its absence indicated poor event-free sur
vival despite CRT. (2} The combined TDI-darived mdex
of imra- and mterventncular cardiac asynchrony was an
mdependent predictor of event-free survival after CRT.
(3) In contrast, baseline clinical and echocardiographic
indices did not allow to identify clinical response to CRT.
(4) Favomble clinical outcome was associated with sus-
tamed LV functional recovery and meveme remodeling at
2 years follow-up.
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4.1 Selection af patients for CRT

Several lines of evidence indicate that selection of
patients for CRT hased on the QRS complex duration is not
optimal. The relationship between the QRS complex du-
rations and the cardiac asynchrony 15 weak [16—-20]. While
candiac asynchrony is absent in about 27%% to 36% of
patients with QRS complex = 120 ms [7,18,19], it can be
found in 27% to 51% of patients with a QRS complex
=120 ms [18,19]. Furthermore, in studies with surmgate or
climcal end points, ncidence of nonrespondes to CRT
despite the presence of wide QRS complex is unacceptab by
high between 32% and 56% [2-5,7,12,21-23]. In contrast,
candiac mechanical aswvnchrony, both intra- and interven-
tricular, has become increasingly recognized as major de-
terminant of therapeutic response to CRT [5-12]. The
extent of baseline cardiac asynchrony was closely related to
the improvement of symptoms, quality of life, exenise
tolerance and reverse LV remodeling at 3—14 months fol-
lowr-up. Moreover, in contmst to BC G selection criteria, pre-
CHT assessment of mechanical asynchromy accurately dis-
tinguished patients with improvement from those who
failed to improve in patients with a broad [5,7,10,12] or
even a narmow QRS complex [20].

4.2 Echocardiographic assessment of cardise asynchrony

Several echocardiographic techniques were proposed to
mssess candiac asynchrony including M-mode-denved as-
sessment of septal-to-posterior wall motion delay [5], two-
dimensional echocardiographic septal-lateral phase angle
difference [24], contrast echocardiography [25], strain rate
malysis of delayed longitndinal contractions [6], and TDI
msessment of the time to onset or pak systolic myocandial
velodty [7-12]. Among them, TDl-derived assessment of
myocardial velocities is on line available, simple md re-
producible to assess mechanical ssynchrony and accumtely
wdentifics mspondars to CRT in terms of symptomatic im-
proverment or reverse LV remodeling [10,12]. Recently, we
have demonstmted high accuracy of combined index of
intra- and interventricular asvnchrony (Sum asynchrony) to
predict LV finctional recovery and revemsed remodeling after
CRT [7]. The present study further extends these nesults m
2 ways, First, it demonstrates a strong relationship between
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the combined index of intra and interventricular cardiac
asynchromy and hard clinical end points. Second, it shows
clinical predictive value of this index not only in relation to
symptomatology or LV fimctional recovery but also to an
event free survival up to a median of 970 days. The im-
portant and controversial question is whether analysis of
either intra- or interventricular asynchromy alone 1s sufficent
to identify responders to CRT. Several groups [5,6,10,12]
suggested that assessment of LV asynchmony alone is suf-
fident to predict response to CRT, while othems [426,27]
advocated interventricular asynchrony. Bordachar et al. [28]
showed that changes in interventricul ar asynchrony were not
significantly correlated with acute changes in cardiac output
after CRT. However, mdividually optimized sequentil bi-
ventricular pacing significantly increased cardiac output as
compared with simultaneous biventricular pacing, which
makes this issue even monre controversial. In study of Pitzalis
et al. [5], the extent of septal-to-posterior wall motion delay,
a parameter of LY asynchrony, was independent predictor of
heart failure progression durng 14-month follow-up. In a
study of Bax e al. [12], patients with significant [V asyn-
chrony had an excellent prognosis (6% event rate) after CRT
as compared to a 5(F4 cvent rate in patients with smaller
asynchmomy at 12-month follow-up. In contrast, mterventric-
ular asynchromy was not different betwesn responders and
nonresponders to CRET and hence, did not predict climcal
events. Yo et al. [29] showed that the change in LVESV was
the smgle most important predictor of all-cause and candio-
vascular mortality, Yet, patients with significant baseline LV
asynchrony (>60 ms) had a lower all-cause mortality (6.6%
wersus 21.8%, p=10.03) than patients with smaller asynchro-
ny In the present study and m contrast to previous pa-
pers [12,28], combined index of intra- and interventricular
asynchromy was the sole pre-CRT varnable associated in-
dependently with clinical end points. Both individoal intra-
ventricular or interventricular asynchrony were less accumte
to predict chinical end point. The potential explmation of
these differences between studies cm be I patients pop-
ulation included. The present study patients appesr to be
sicker than patients reported by Yu [29] and Bax [12], as
indicated by older age, wider QRS and larger left ventncles.
It is tempting to speculate that in the setting of more severe
disease of conduction system and LV emodeling, assess-
ment of interventricular asynchrony improves predictive ac-
curacy of LV asynchrony alone to select responders to CHT.
In contrast, interventricular asynchrony appears to play onky
mmor mle in less sick patients with less severe LV me-
modeling, where analysis of LV asynchrony alone is suf-
ficient. In the present study, five clinical responders had only
mild to moderate intmventrioular asynchrony despite sevore
migrventricular asynchrony. Four nonmesponders with iso-
lated intra- or mterventricular ssynchrony were identified
only by using the combined index of asynchrony. Henee, in
our expenence, the use of combined index of intm- and
migrventricular asynchrony has been optimal to minimize
the rsk of missing potential responder to CRT.

4.3 Limitations

The present study was not randomized and the ndication
to CHET was based on the width of QRS complex. The clinical
valuz of Sum asynchromy criterion would be optimally
evahmted in a randomized prospective study. The ongoing
multicenter PROSPECT trial [30] is testing wvariety of
echocardiogmphic pammeters of candiae asynchromy to
predict clinical and echocardiographic outcomes after CRT.
The preliminary results identifying the best echocardio-
graphic index with optimal predictive accuracy are expected
in the coming year.

In the present study, the absolute number of deaths was
relatively low. Hence, despite being significant independent
predictor of monality, the predictive accumey of Sum asyn-
chrony for cardiac death must be interpreted with caumtion.

4.4 Conclusions

TDI-derived index of hasdine intra- and interventricular
asynchrony appears to predict long-term clinical outcome
after CRT. CRT thempy in patients with significant cardiac
asynchrony is sssoaated with a good prognosis. In contrst,
patients with wide QRS complex but a small mechanical
asynchrony show poor outcome despite CRT. These findings
suggest that future prospective randomized tnals of cardiac
resynchromzation should be based on TIN assessment of
asynchrony mther than QRS complex durabon alone.
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Pétileté zkusenosti z ECMO programu
regionalniho kardiocentra bez kardiochirurgie

JiFl Karasek'?, Rostislav Polasek’, David Horak!, Jifl Selner’, Vladimir Hrabo3', Jan Horak®, Pavel Tomasov’,
Katefina Krejbichovd', Ivana Zykovd', Pavel Sedldk", Dusan Morman', Petr Ostadal

'Krajskd nemocnice Liberec, Kardiocentrum, Liberec

3. |ékarska fakulta Univerzity Karlovy, Praha

*Memocnice Na Homolce, Praha

*Anesteziologicko-resuscitatnl oddalenl, Krajska nemocnice, Liberac

Uvod: Extrakorporalni membranova oxygenace (ECMO) je metoda mimotélniho ob&hu se vzristajicim uZitim u kardiogenniho
soku nebo refrakternich srdeénich zistav. Péée o tyto padienty je vesmés vazana na centra s kardiochirurgii. Technicky vyvoj
usnadil zavedeni okruhu bez chirurgické asistence a pro management ob&hové podpory neni nutna pfitomnost perfuzionisty.
Metoda; Prospektivni registr pacientd s ECMO podporou od dubna 2015 do bfezna 2020 bez ohledu na dived implantace.
Vysledky: Od dubna 2015 do bfezna 2020 jsme provedli 38 ECMO implantaci (31 V-4, 1 V-V), déle 6x V-V pro ARO (Anesteziologic-
ko-Resuscitaéni Oddélenf). Vazchny byly provedeny na cathlabu pod rtg kontrolou. Pacienti s refakterni zastavou byli resuscitovani
pomoci LUCAS I Okruh byl nasetovén sestrou KJ bez pfitomnesti perfuzionisty a kanyly zavedeny invazivnim kardiclogem. Proved|i
jsme 32 napojeni (78% mud, pramémy vék 60,52 11,5 let ). Indikace byly: 1x PC nechranéného kmene ACS, 16x kardiogenni sok se
srdeéni zastavou, 8 refraktemizastava obéhu, 4x kardiogenni Sok bez zastavy, 1x intoxikace a 2 refrakterni selhani plic. Etiologicky
bylo dirvodem k zavedeni ECMO 5x plicni embelie, 18x infarkt s elevacemi ST, 1x kardiomyopatie, 1< rizikova PO, 1x aortani stendza,
3= nonSTEMI, Tx intoxikace a 2x respir. insuficience. Kanylace byla 100% spéind bez technickych komplikad, 1x se vyskytlo krvdceni
v disledku kanylace, 22 % padentl vyzadovale distalni protekd pro konéetinovou ischemii, u 16% se manifestovala koagulopatie.
Odpojeni bylo dsp&iné u 19 (59 %) pacientd, primérma doba na ECMO byla 5,3 £ 1,9 dne. Jen dva pacienti byli ndsledné transporto-
vani na kardiochirurgii (1x nahrada acrtani chlopné, 1ximplantace LVAD). Thicetidenni dobry neurologicky outcome (CPC 1,2) byl u 13
[419%) pacient(. Hospitalizaéni mortalita byla 59% (7x refrakterni zastava, 2x plicni embolie, 2 srdeéni selhani, 7 multiorganové
selhani, 1 krvaceni). Refrakterni srdeéni zastava méla 88% mortalitu, kardiogenni Sok 45 % bez ohledu na srdeéni zéstavu v prib&hu.
Zavér:V prib&hu péti let jsme proved|i 28 ECMO implantaci bez technickych komplikaci, jen dva pacienti vyZzadovali kardiochi-
rurgické fedeni. Nade zkusenosti poukazuji na proveditzinost ECMO pregramu mime kardiochirurgicka centra.

Kliowva slova: ECMO, extrakorporalni resuscitace, kardiogenni ok,

Flve-year experience with an ECMO programme at a regional heart centre without cardiac surgery on site
Intreduction: Extracorporeal membrane cxygenation (ECMO) is a method of extracorporeal circulation which is increasingly
used in patients with cardiogenic shock or refractory cardiac arrest. The care is almost exclusively provided in hospitals with
cardiac surgery on site.

Methods: A prospective registry of all patients treated with ECMO from April 2015 to March 2020 regardless of the reason for
implantation. We assessed the technical success, duration of treatment, complication rate, and in-hospital mortality.

Results: From April 2015 to March 2020, we performed 38 ECMO implementations (31 veno-arterial and 1 veno-venous aswell as 6V
ECMO procedures for the ICU). All were carried out in a cath lab under x-ray guidance using bifemoral approach (V-V ECMO with femo-
ro-jugular approach). Patients with refractory cardiac arrest were resuscitated with the LUCAS Il device during implementation. Circuit
priming was managed by a CCU nurse without the presence of a perfusionist while cannulas were inserted by an invasive cardiologist.

MORESPOMDENCNI ADRESA AUTORA: Cin. Ze: Intery Akut Kardiol 2000 1904; 777
MIUCe. 3 Kardsek, |Ifcamysgogmall.com (lének phjat redakcl: 28, 7 2020
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'We performed 22 connections [T% man, mean age 505 t1l$yn:11luhﬂiﬂiumm:puhcttﬂlﬂd’ﬂnld’tnnhnr
onary artery in ona casa, candicganic shock with candiac amest in 1 mses, refractony @ndisc armest in sight cases, ardioganic
shock without cardiac arrest in four casas, inboxication in ons casa, and refractory lung failure in two cases.

'I'I'i-lal:ln:ﬂ-:lg'y mwimuynmzhnhﬁnmn rryncﬂdid infarctionwith 5T elewation in 18 casas, dilsted :adrum_ppiil_f
ini N C254, perruianeous moronary intervention in 2 high-risk patient in ona cass, acrtic stenosis in one casa, on-STEM inone
s, Infoonication in one caese, amd m:q:liuqﬁin i b cases.

Carmulations had 2 100% success rate without any techrical complications, but with ona episoda of blaeding, Teantby-two parcent
of patients required distal protection for kg schasmia. Sictean perrant of patients requined an intervention for manifestations
of disseminated coagulopatiry. Sucressfid weaning was achioved in 19 [59%) of pationts, the avorage time on EOMO was 5.3 +
1.9 days Only two patiants wors subssquantly transfemad bo the cardiac surgeny ward (1x acrtic vahva replacemant and T LVAD!
imlantation). Wa absarsad a 0-day geod neurclegical oubcoms (CPC 1 and Z)in 13 (419%) pationts. The in-hospital mortality was
55% (7« refractory cardiac amest, v pulmonary embeolizm, 2 haart Gilurs, T multiple argan failure, 1x bleading). Refractory
cardiac amast had a 100% mortality rata, cardioganic shock 32% fhe mortality rato was the same for both groups, i candisganic
shock with or without cardiac armest].

Condusion: Over tha coursa of fiva yoars, wa performad 28 BOMO implamentations as [ife-saving proceduras without any tachmical
complications. Only two patients required subssquant cardisc surgary care. Tha 20-day survival rate with 2 good neuwrol ogical
outcoma was 41 %, successful weaning wes achieved in 55% Duwr axparience indicates the fazability of the ECMO programms

in reagional ceniras withowt candiac surgary back-up.
Ky words: ECMO, extracorporsal resusctation, cardiogenic shodk.
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