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(A) Stress and (B) strain contours in a healthy ventricle with a circular patch.
(Q) Stress and (D) strain contours in a healthy ventricle with an elliptical patch.

(Tehrani B, Karimi A. A numerical analysis on the right and left ventricles with
circular and elliptical patches. Pavodni sdéleni, str. 427-430)
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(Cost-effectiveness analysis of first-line NOAC prevention of stroke and systemic embolism
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Historie c¢lanku: Uvod: Fibrilace sini (FS) je poruchou srde¢niho rytmu s prevalenci 3,37 % populace, ktera roste s vékem.!
Vlozen do systému: 8. 7. 2019 Pacienti s FS maji vysoké riziko cévni mozkové ptihody (CMP) a systémové embolizace (SE), které déle roste,
Pfijat: 16. 7. 2019 pokud pacient prodélal tranzitorni ischemickou ataku (TIA) nebo CMP.

Dostupny online: 26. 7. 2019 Cil: Cilem farmakoekonomického hodnoceni je porovnani naklad( a pfinosd Iécby novymi peroralnimi an-

tikoagulancii (novel oral anticoagulants, NOAC) proti warfarinu jako standardu lécby v prvni linii prevence
CMP a SE u pacientu s nevalvularni fibrilaci sini.
Metody: Markoviv model hodnoti nékladovou efektivitu se zohlednénim kvality Zivota (CUA) z pohledu

Kli¢ova slova:

/CABZ(aban platce zdravotni péce s vysledkem v podobé prirastkového poméru nékladové efektivity (incremental cost-
. -effectiveness ratio, ICER) na QALY (Quality Adjusted Life Years) a ICER na LYG (Life-Years Gained) pro

Dabigatran . A Lo . Ll L »

Edoxaban celozivotni horizont. Populace pacientt vychdzi z dostupné klinické evidence, zejména ze studii ARISTOTLE,

RE-LY, ROCKET-AF, ENGAGE AF-TIMI.>¢
Vysledky: NOAC dle dosazenych vysledkd predstavuji U¢innéjsi variantu lécby nez warfarin, dosahuji vys-
$i ucinnosti a bezpecnosti za podminky zachované nakladové efektivity. ICER pro apixaban vs. warfarin

Nevalvularni fibrilace sini
Prevence CMP

E'V:,'Oxabfj‘” boli vychazi na 479 014 K&QALY se ziskem 0,184 QALY a 0,177 LYG; dabigatran 150 mg vs. warfarin 582 768 K¢
szrigf’r:’a embolizace se ziskem 0,121 QALY a 0,099 LYG; edoxaban 60 mg vs. warfarin 563 057 K¢ se ziskem 0,149 QALY a 0,129

LYG a konec¢né rivaroxaban vs. warfarin 664 238 K¢ se ziskem 0,126 QALY a 0,102 LYG. Provedena metodicka
a probabilistickd analyza senzitivity potvrdily pfidanou hodnotu Ié¢by NOAC ve srovndni se stavajici terapii.
Zavér: NOAC, v porovndni se soucasnym standardem Iécby, kterym je warfarin, maji vétsi pfinos v podobé
dosazeni celkového preziti, zvyseni kvality Zivota a zabranéni vzniku kardiovaskularnich pfihod za spInéni
predpokladu efektivné vynaloZenych naklad s vysledkem ICER hluboko pod hranici ochoty platit 1,2 mil. K¢.

© 2019, CKS.

ABSTRACT

Introduction: Atrial fibrillation (AF) is a cardiac rhythm disorder with a prevalence of 3.37% of the popula-
tion, which increases with age.! AF patients have a high risk of stroke and systemic embolism, which continu-
es to increase when the patient has undergone transient ischemic attack (TIA) or stroke.

Objective: The aim of the pharmacoeconomic evaluation is to compare the cost and benefit of NOAC (novel
oral anticoagulants) treatment against warfarin treatment as a first-line prevention of stroke and systemic
embolism in patients with non-valvular atrial fibrillation.

Adresa pro korespondenci: Prof. MUDr. Milo$ Taborsky, CSc., FESC, FACC, MBA, 1. interni klinika — kardiologicka, Lékarska fakulta Univerzity Palackého
a Fakultni nemocnice Olomouc, I. P. Pavlova 6, 779 00 Olomouc, e-mail: milos.taborsky@fnol.cz
DOI: 10.33678/cor.2019.058

Tento &lének prosim citujte takto: Taborsky M, Tomek A, Cihdk R, et al. Analyza nakladové efektivity NOAC v pruni linii prevence cévni mozkové piihody a systémové embolizace
u pacientd s nevalvularni fibrilaci sini. Cor Vasa 2019;61:e354—e369.
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Methods: The Markov model evaluates the cost-effectiveness of prevention from the perspective of
a health care payer with the result of incremental cost-effectiveness ratio (ICER) per Quality Adjusted Life
Year (QALY) and Life-Year Gained (LYG). The patient population is based on available clinical evidence,

Keywords: especially ARISTOTLE, RE-LY, ROCKET-AF, ENGAGE AF-TIMI.%¢

Apixaban Results: According to the results, NOAC achieve higher efficacy and safety while maintaining cost effective-
CUA ness compared to warfarin. ICER for apixaban vs. warfarin is 479,014 CZK / QALY with 0.184 QALY and 0.177
Dabigatran LYG; dabigatran 150 mg vs. warfarin CZK 582,768 with a profit of 0.121 QALY and 0.099 LYG; edoxaban 60
Edoxaban mg vs. warfarin CZK 563,057 with 0.149 QALY and 0.129 LYG and finally rivaroxaban vs. warfarin 664,238

Non-valvular atrial fibrillation
Rivaroxaban

Stroke prevention

Systemic embolism

Warfarin

CZK with 0.126 QALY and 0.102 LYG. Methodological and probabilistic sensitivity analysis were performed
and confirmed the added value of NOAC treatment compared to existing therapy.

Conclusion: NOAC, compared to the current standard of treatment — warfarin, provides more benefits in
terms of overall survival, improved quality of life and prevention of cardiovascular events, while meeting the
cost-effective assumption of ICERs far below the willingness to pay 1.2 mils CZK.

Uvod

Cévni mozkova pfihoda (CMP) je akutni stav charakterizo-
vany poskozenim mozku v disledku poruchy mozkového
krevniho obéhu. CMP se nejc¢astéji déli podle mechanismu
svého vzniku na ischemické (pfiblizné 80 % vsech CMP),
hemoragické (pfiblizné 15 %) a se subarachnoidalnim
krvacenim (pfiblizné 5 %).” CMP jsou druhou nejcastéjsi
pFi¢inou umrti ve vyspélych zemich s incidenci v CR asi 250
pfihod na 100 000 obyvatel a rok.2®

Hlavni pficiny CMP jsou aterotrombdza a kardioembo-
lizacni ikty. Hlavni rizikové faktory pro vznik CMP jsou:
hypertenze, diabetes mellitus, srde¢ni onemocnéni (stavy
po srdecnim infarktu, fibrilace sini, onemocnéni srde¢nich
chlopni ¢i pfitomnost umélych chlopni, vydut srdce (aneu-
rysma), zvy$end hodnota cholesterolu, koufeni, vy3si vék,
pohlavi).™

V soucasné dobé se v prvni linii poddvaji 1é¢ivé priprav-
ky ze skupiny antagonistt vitaminu K (VKA), které snizuji
riziko CMP priblizné o dvé tretiny. Literatura udava, ze
novd peroralni antikoagulancia (novel oral anticoagu-
lants, NOACQ) jsou vhodna alternativa, ze které mohou
pacienti mit uzitek.?-®

Cilem predkladaného farmakoekonomického hod-
noceni je urceni naklada a pfinost (QALY) Iéciv v 1. linii
prevence CMP a systémové embolizace (SE) u dospélych
pacientd s nevalvularni fibrilaci sini, u nichz je indikové-
na antikoagulacni |é¢ba. Naklady a prinosy |écby NOAC,
tj. apixabanem, dabigatranem, rivaroxabanem a edoxa-
banem, jsou porovnany s naklady a pfinosy lé¢by warfa-
rinem.

Vystupem analyzy je hodnota pfirtstkového poméru
nakladové efektivity (incremental cost-effectiveness ra-
tio, ICER) v podobé pfirlstkovych nakladd na ziskany rok
zivota v pIné kvalité (QALY) a na ziskany rok zivota (LYG)
z perspektivy platce zdravotni péce. Srovnavéna je také
ucinnost a bezpecnost mérena cetnosti vyskytu kardiovas-
kularnich prihod a umrti.

Doporucena lécba

Guidelines Evropské kardiologiocké spolec¢nosti (ESC) do-
porucuji v primarni prevenci CMP u pacientl s FS lécbu
p.o. (perordlnimi) antikoagulancii, kterd jsou (na rozdil
od kyseliny acetylsalicylové [ASA]) ucinnd v prevenci CMP.
Antiagregacni terapie neni u pacientl s FS doporucovéana.

Uzivani VKA je limitovano uzkym terapeutickym interva-
lem a nutnym monitoringem. NOAC predstavuji vhodnou
alternativu lécby."

American Heart Association/American Stroke Associa-
tion: , Stroke. AHA/ASA Guidelines for the Prevention of
Stroke "2 uvadéji nasledujici doporuceni pro sekundarni
prevenci. Apixaban - uroven doporuceni A, tfida | - ucin-
néjsi nez kyselina acetylsalicylova (ASA) i warfarin; bez-
pec¢nost srovnatelnd s ASA a vyznamné vyssi oproti war-
farinu, ktery ma drover doporuceni A, tfidy |I. Dabigatran
ma uroven doporuceni B, tfidu | (Uc¢innost a bezpec¢nost
obdobna jako u warfarinu v obou davkach; zvyseni rizi-
ka infarktu myokardu je nizké) a konecné rivaroxaban
s urovni doporuceni B, tfidou lla (srovnatelny ucinek
s warfarinem; léc¢ba spojena s vy$§im vyskytem gastro-
intestinalniho krvaceni).

Nejnovéjsi doporuceni American Heart Association
(AHA)/American Stroke Association (ASA) pro ¢asnou lé¢-
bu pacientl s akutni ischemickou CPM doporucuji vsech-
ny inhibitory faktoru Xa s urovni doporuceni B, v tfidé Ilb
a konstatuji, Ze pfinos podani je vy3si nez rizika, nicméné
je zapotrebi dalsi evidence.

Doporuceni Ceské kardiologické spole¢nosti popisuje
vSsechna NOAC jako vhodna pro prevenci CMP a SE u pa-
cientl s nevalvularni fibrilaci sini (NVAF) bez rozliseni
stupné nebo urovné doporuceni. Doporucené postupy
déle konstatuji, Ze NOAC ve srovnani s VKA vykazuji pfi-
znivéjsi pomér ucinnosti a bezpecnosti.''* V sekundarni
prevenci jsou NOAC preferovana pred VKA nebo ASA.™

Metodika

Cilova populace pacienti
Na zakladé analyzy vyse popsanych doporucenych postu-
pU a klinickych podklad?®%' byli za cilovou populaci vy-
brani pacienti s NVAF, u kterych hrozi riziko vyskytu CMP,
a vyzaduji tak antikoagula¢ni prevenci trombotickych pfi-
hod. Model hodnoti prvni linii prevence CMP a SE u pa-
cientl, ktefi jsou vhodni pro lé¢bu VKA za predpokladu
pritomnosti jednoho nebo vice z néasledujicich rizikovych
faktora:

e symptomatické srdec¢ni selhani tridy Il ¢i vys$si podle

klasifikace New York Heart Association (NYHA),

o vék>75let,

e diabetes mellitus,

e hypertenze.
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Alespori jeden z faktor(: vék
nad 75 let, hypertenze, DM,
srdecni selhani

Kontraindikace
warfarinu

Dlouhodoba
antikoagulacni lécba
warfarinem

Primdrni prevence
CMP/SE u pacientd

s NVAF

Starsi 65 let bez jinych
rizikovych faktort

Mladsi 65 let bez jinych
rizikovych faktort

|

Warfarin nebo ASA ASA nebo bez Ié¢by

Obr. 1 - Terapeuticky model - primarni prevence CMP/systémové embolizace u pacientti s NVAF. ASA - kyselina acetylsalicylova; CMP — cévni
mozkova piihoda; DM - diabetes mellitus; NOAC - nova peroralni antikoagulancia; NVAF — nevalvularni fibrilace sini; SE - systémova embolizace.

Na zakladé dostupné klinické evidence a doporuceni je
porovndvana lécba warfarinem jako soucasnym standar-
dem s komparatory apixabanem, rivaroxabanem, dabiga-
tranem a edoxabanem.

Z analyzy dostupnych podkladu byl vytvoren terapeu-
ticky model, ktery zachycuje stavajici 1é¢bu a znazornuje
v¢lenéni NOAC do primdrni a sekundarni prevence vzniku
CMP u pacientl s AF.

Primarni prevenci CMP/systémové embolizace u pacient(
s NVAF znazornuje obrazek 1, zatimco sekundarni prevence
CMP/systémové embolizace u pacientt s NVAF obrazek 2.

Farmakoekonomicky model
Model porovnavd pfinosy a naklady NOAC v prvni linii
prevence CMP u pacientd, ktefi jsou vhodni pro lécbu
VKA (obr. 3). Provedené porovnani je zaloZzeno zejména
na vystupech z metaanalyzy Lipa a spol."

Model pracuje s 11 zdravotnimi stavy: nevalvularni fib-
rilaci sini, mirnou ischemickou CMP, stfedné zavaznou is-

Antikoagulacni lécba

Dlouhodoba
antikoagulacni [écba
warfarinem

chemickou CMP, zavaznou ischemickou CMP, mirnou he-
moragickou CMP, stfedné zdvaznou hemoragickou CMP,
zavaznou hemoragickou CMP, infarktem myokardu, sys-
témovou embolizaci, NVAF bez plvodni antikoagulace,
amrtim.

Vstupni hodnoty populace pacientd v modelu jsou
stanoveny shodné s populaci sledovanou v klinické stu-
dii ARISTOTLE. Muzi tvori 64,7 % modelované populace
a zeny 35,3 %. Primérny vék pfi zahajeni l1é¢by je pro obé
pohlavi 70 let.®

Dalsimi vstupy do modelu jsou pravdépodobnosti pre-
chodu mezi jednotlivymi stavy (vyskyt pfihod, mortalita),
hodnoty utilit pro jednotlivé stavy, nadklady na farmako-
terapii, pfihody a vedeni lécby, cetnost |ékarskych vyset-
feni a ¢etnost vykona.

NVAF je v modelu vychozim stavem pro vSechny pa-
cienty. Jedna se o pacienty trpici NVAF, u kterych dosud
nebyla zaznamendna Zadna z prihod. Pacienti mohou
v tomto stavu zUstat nebo prejit do dalsiho stavu. Pravdé-

Sekundarni prevence
CMP/SE u pacientd

s NVAF

Antiagregacni lécba
(ASA, clopidogrel,
ticlopidin)

Kontraindikace
warfarinu

Obr. 2 - Terapeuticky model - sekundarni prevence CMP/systémové embolizace u pacient s NVAF. ASA - kyselina acetylsalicylovad; CMP -
cévni mozkova pfihoda; NOAC - novd peroralni antikoagulancia; NVAF — nevalvuldrni fibrilace sini; SE - systémovéa embolizace.
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Obr. 3 - Schéma prechodu - zakladni stavy (NVAF). CMP — cévni mozkova piihoda; ICH - intrakranialni krvaceni; IM - infarkt myokardu; NVAF

- nevalvularni fibrilace sini; SE - systémova embolizace.

podobnost setrvani ve stavu NVAF je urcena jako doplnék
pravdépodobnosti pfechodu do ostatnich stavu.

Vstupy do modelu

Casovy horizont

Casovy horizont modelu je v zékladnim scénéfi celoZivot-
ni (40 let po Sestitydennich cyklech, na jehoz konci prezi-
va méné nez 0,0001 % pacientu), pacienti jsou v mode-
lu sledovani do jejich umrti v disledku CMP, zavazného
krvaceni nebo na zakladé obecné mortality. Pfi tomto
nastaveni se tak projevi viechny nasledky |é¢by v podobé

nakladd a udalosti.

Urceni nakladd

Do nékladu byly zahrnuty pfimé naklady na farmakotera-
pii, na pfihody a na vedeni lIécby. Naklady byly stanoveny
dle seznamu cen a uhrad (SCAU) platného k 1. 6. 2018,
Seznamu zdravotnich vykon(,'®'” DRG'™ a publikace Ana-
lyza nakladové efektivity pfipravku apixaban v prevenci
tromboembolickych pfihod u pacientt s fibrilaci sini."

B Naklady na farmakoterapii

V tabulce 1 jsou zobrazeny néklady na farmakoterapii jed-

notlivych lékovych intervenci dle SCAU ze dne 1. 6. 2018."
Naklady na jednotlivé Iécivé pfipravky byly prepocitany

pro Casovy horizont jednoho cyklu modelu, ktery ¢ini 42 dni.

B Naklady na pfihody

Naklady na jednotlivé pfihody byly stanoveny dle Seznamu
zdravotnickych vykond,'®'” tabulek DRG'™ a Seznamu cen
a uhrad platného k 1. 6. 2018." Pro urceni vykont a ¢etnos-
ti téchto vykonl bylo vyuzito publikace Analyza nakladové
efektivity pripravku apixaban v prevenci tromboembolic-
kych pfihod u pacientl s fibrilaci sini.’® Naklady na vétsi-
nu pfihod jsou rozdéleny na naklady akutni (aplikované
jednordzové pfri vyskytu prihody) a udrzovaci (nasledné)
naklady, které jsou aplikovany kazdy mésic az do konce Zi-
vota pacienta. Naklady jsou detailné vycisleny v tabulce 2.

B Naklady na vedeni lécby
V rémci analyzy naklad( na vedeni lécby byly uvazovany
ndklady na pacienty, ktefi béhem l|écby antikoagulancii
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Tabulka 1 - Prehled nakladu na lécivy pfipravek

LL Sila tablety Naklady na  Priimérna denni
(mg) 1 tabletu davka (mg)

Apixaban 5 31,49 K¢ 10

Dabigatran (150 mg) 150 31,47 K¢ 300

Edoxaban (60 mg) 60 61,42 K¢ 60

Rivaroxaban 20 62,93 K¢ 20

Warfarin 5 1,85 K¢ 7,5

Primérné naklady na far-
makoterapii (jeden den)

Primérné naklady na
farmakoterapii za jeden cyklus

62,93 K¢ 2 645,51 K¢
62,93 K¢ 2 643,06 K¢
61,42 K¢ 2 579,56 K¢
62,93 K¢ 2 643,06 K¢
2,77 K¢& 116,39 K¢

Tabulka 2 - Naklady na pfihody

Naklady
CMP (kromé hemoragické CMP)
Mirna
Akutni néklady 35618 K¢ pfihoda
Udrzovaci naklady 171 K¢ mésic
Stredné zavazna
Akutni néklady 48 637 K¢ pfihoda
Udrzovaci naklady 908 K¢ mésic
Zavazna
Akutni naklady 71 665 K¢ prihoda
Udrzovaci naklady 2590 K¢ mésic
Fatalni ischemicka CMP 48 459 K¢ prihoda
Hemoragicka CMP
Mirna
Akutni ndklady 43 772 K¢ prihoda
Udrzovaci naklady 171 K¢ mésic
Stredné zavazna
Akutni naklady 69 944 K¢ pfihoda
Udrzovaci naklady 1384 K¢ mésic
Zavazna
Akutni néklady 96 012 K¢ pfihoda
Udrzovaci naklady 3292 K¢ mésic
Fatalni hemoragicka CMP 58 657 K¢ pfihoda
Systémova embolizace
Akutni ndklady 94 797 K¢ prihoda
Udrzovaci naklady 263 K¢ mésic
Jina ICH (kromé hemoragické 76 394 K¢ pfihoda
CMP)
Jina zavazna krvaceni (kromé ICH)
Gl krvaceni 83 139 K¢ prihoda
Non-ICH a non-GI 25 943 K¢ prihoda
Klinicky relevantni nezavazné 27 210 K¢ prihoda
krvéceni
IM
Akutni naklady 66 633 K¢ prihoda
Udrzovaci naklady 811 K¢ mésic
Jina hospitalizace z KV pficin 19 935 K¢ prihoda

CMP - cévni mozkova pfihoda; Gl - gastrointestindlni; ICH - intra-
kranialni krvaceni; IM - infarkt myokardu.

trpi dyspepsii, a na kontrolni vySetfeni kardiologem jed-
nou za tfi mésice, které je u kazdé z intervenci vykazova-
no. Naklady jsou detailné vycisleny v tabulce 3 a 4. Pro te-
rapii warfarinem byly uvazovany naklady na monitoring
|écby dle tabulky 4.

Urceni pfinosu
Pro potifeby hodnoceni nakladové efektivity byly pro mo-
delaci pfinosl pouzity zavéry metaanalyzy klinickych stu-
dii ARISTOTLE, RE-LY, ROCKET-AF, ENGAGE AF-TIM[.>-514
V modelu byla pro srovnavané terapie sledovéna ucin-
nost v podobé pravdépodobnosti nastani jednotlivych
pfihod (CMP, SE, infarkt myokardu [IM]) a bezpe¢nost vy-
jadrena jako pravdépodobnost vzniku krvacivych pfihod
(ICH, klinicky relevantni nezavazna a jina krvaceni).

B Pravdépodobnost prechodu

Pravdépodobnost prechodu mezi jednotlivymi stavy je
modelovdna na zakladé rizika vzniku dané prihody (ve
studii ARITOSTLE uvadéno na 100 pacientorokt [PY]),
ktera byla pfevedena na jeden den (1) dle vzorce:

__ Hazard (na 100 PY)
T 36525x 100

A

PFi vypoctu pravdépodobnosti vzniku rekurentni CMP byl
aplikovan stejny postup a v rdmci cyklu byla pro kompa-
ratory uvazovana shodnd pravdépodobnost na urovni
0,003123 (pro ischemickou i hemoragickou CMP), coZ od-
povida riziku 2,72 na 100 PY (tabulka 5).2°

B Mortalita

Celkova umrtnost byla pro prvnich 1,8 roku lé¢by mode-
lovéna na zakladé vysledku klinické studie ARISTOTLE® na
urovni 3,0825 na 100 PY pro pacienty IéCené apixabanem
a 3,3404 na 100 PY pro warfarin. Pro vsechna NOAC byla
uvazovana stejna umrtnost.

Po zbytek Zivota se umrtnost pacientd v modelu
fidi Gompertzovou funkci, kterd byla odhadnuta na
datech pro vék 30-104 let z imrtnostnich tabulek pro
CR.2" Odhadnuté hodnoty téchto parametr shrnuje
tabulka 6.

Pomér rizik (hazard ratio, HR) pro zakladni stav NVAF
vychazi z publikace Friberga a spol.,?2 HR pro CMP (ische-
mickou a hemoragickou) vychazeji z publikaci Brgnnu-
ma-Hansena a spol., Henrikssona a spol. a Huybrechtse
a spol.,22 a HR pro MI byla urcena na zakladé Brennu-
ma-Hansena a spol.?* HR pro SE na drovni HR fibrilaci sini
je konzervativni predpoklad. Zvy3ené riziko umrti v jed-
notlivych stavech popisuje tabulka 7.
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Tabulka 3 - Ro¢ni naklady na dyspepsii

Dyspepsie 1 695,60 K¢
Vysetieni 1 485,40 K¢
Kod Nazev Naklady na  Cetnost % pacientd  Naklady za rok
vykon
15022 Cilené vysetieni gastroenterologem 355,00 K¢ 3 100 1 065,00 K¢
Lécivé pripravky 210,20 K¢
Kod/ATC Nazev Doplnék ODTD v BAL  UHR/BAL UHR/ODTD  Cetnost % pacienti  Naklady celkem
17104 Loseprazol POR CPS ETD 28 32,25 K¢ 1,15 K¢ 365 50 210,20 K¢
20 mg 28x 20 mg

BAL - baleni; ODTD - obvykla denni terapeuticka davka; UHR - Uhrada

Tabulka 4 - Naklady na béznou péci kardiologa a monitoring terapie

Béznd péce 177,00 K¢
Vysetreni 177,00 K¢
Kod Nazev Naklady na vykon Cetnost % pacientd  Naklady za rok
17023 Kontrolni vysetfeni kardiologem 177,00 K¢ 1 100 177,00 K¢
Néklady na monitorovani (pouze warfarin) 355,00 K¢
Vysetieni 355,00 K¢
Koéd Nazev Naklady na vykon Cetnost % pacienti  Naklady za rok
17022 Cilené vysetreni kardiologem 355,00 K¢ 1 100 355,00 K¢

Tabulka 5 - Prepocet rizika vyskytu pfihod

Apixaban Dabigatran  Edoxaban Rivaroxaban Warfarin
(150 mg) (60 mg)
Ischemickd CMP Riziko (100 pacientorok) 0,9805 0,7648 1,0197 1,0099 1,0772
Riziko (1 den) 0,0000 0,0000 0,0000 0,0000 0,0000
Pravdépodobnost (cyklus) 0,0011 0,0009 0,0012 0,0012 0,0012
ICH Riziko (100 pacientorok() 0,3300 0,3333 0,3663 0,5709 0,8000
Riziko (1 den) 0,0000 0,0000 0,0000 0,0000 0,0000
Pravdépodobnost (cyklus) 0,0004 0,0004 0,0004 0,0007 0,0009
Ostatni zavazna krvaceni Riziko (100 pacientorok() 1,7900 2,3986 2,0048 2,5239 2,2700
Riziko (1 den) 0,0000 0,0001 0,0001 0,0001 0,0001
Pravdépodobnost (cyklus) 0,0021 0,0028 0,0023 0,0029 0,0026
Klinicky relevantni nezdvazné Riziko (100 pacientorok) 2,0830 2,0830 2,6038 3,1662 2,9950
el Riziko (1 den) 0,0001 0,0001 0,0001 0,0001 0,0001
Pravdépodobnost (cyklus) 0,0024 0,0024 0,0030 0,0036 0,0034
Infarkt myokardu Riziko (100 pacientorok) 0,5300 0,7685 0,5671 0,5618 0,6100
Riziko (1 den) 0,0000 0,0000 0,0000 0,0000 0,0000
Pravdépodobnost (cyklus) 0,0006 0,0009 0,0007 0,0006 0,0007
Hospitalizace z KV pricin Riziko (100 pacientorok() 10,4600 10,4600 10,4600 10,4600 10,4600
Riziko (1 den) 0,0003 0,0003 0,0003 0,0003 0,0003
Pravdépodobnost (cyklus) 0,0120 0,0120 0,0120 0,0120 0,0120
Ostatni preruseni lécby Riziko (100 pacientoroku) 13,1770 19,8973 14,4947 15,5489 14,4050
Riziko (1 den) 0,0004 0,0005 0,0004 0,0004 0,0004
Pravdépodobnost (cyklus) 0,0150 0,0226 0,0165 0,0177 0,0164
Systémova embolizace Riziko (100 pacientoroku) 0,0900 0,0639 0,0657 0,0756 0,1000
Riziko (1 den) 0,0000 0,0000 0,0000 0,0000 0,0000
Pravdépodobnost (cyklus) 0,0001 0,0001 0,0001 0,0001 0,0001

Pokracovéni na dalsi strané
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Tabulka 5 - Pfepocet rizika vyskytu pfihod (dokonceni)

Umrti z jiné pFiciny Riziko (100 pacientorok) 3,0825 3,0825 3,0825 3,0825 3,3404
Riziko (1 den) 0,0001 0,0001 0,0001 0,0001 0,0001
Pravdépodobnost (cyklus) 0,0035 0,0035 0,0035 0,0035 0,0038

CMP - cévni mozkova piihoda; ICH - intrakranialni krvaceni; KV — kardiovaskularni.

Tabulka 6 - Obecna mortalita - odhadnuté parametry funkce Tabulka 10 - Zvysené riziko pfihod u starsich pacientd
Parametry Gama Lambda Faktor adjustace na  Faktor adjustace na
Muzi mladsi 75 let 0,097784 10,2883 e S R )
Zeny mladsi 75 let 0,100548 11,2084 P (=2 1.00436
Muzi starsi 75 let 0,090070  -9,7980 ICH 197 1,00783
Zeny starsi 75 let 0.119629 12,5798 Dalsi zavazna krvaceni 1,97 1,00783
Relevantni nezavazna 1,97 1,00783
krvéaceni
Tabulka 7 - HR Gmrti M 130 1,00302
Pfihoda HR
Ischemicka CMP Mirna 3,18 o R
Stfednd zdvasng o Finalni funkci preziti Ize tedy zapsat ve tvaru:
Zavazna 15,75 _MHInER) ¥t 1)
= Y
Hemoragickd CMP Mirna 3,18 f=e
Strednd zavasna 584 kde t predstavuje vék pacienta v letech.
Zavazna 15,75 m Kvalita Zivota
Fibrilace sini 1,34 Hodnoty utilit jsou pacientlm pfifazovany na zakladé je-
systémova embolizace 134 jich setrvani v jednotlivych stavech. Zdrojem pro hodnoty
= - utilit jsou publikace Freemana a spol., Gage a spol. a Sulli-
Infarkt myokardu Muzi 2,56 vana a spol.26-28 Utility pro rtizné zdravotni stavy jsou uva-
Zeny 4,16 zovany v kazdém cyklu. Zména utility souvisi s pfechodem
do jiného stavu.
CMP - cévni mozkova pfihoda; HR — pomér rizik. Pro jednotlivé komplikace/pFihody model pouziva utili-

ty pro rdzné zdravotni stavy podle Sullivana a spol.,®kde

Tabulka 8 - Hodnoty utilit pro FS a CMP pro hodnoceni byla pouzita $kala EQ-5D ve Velké Britanii

Stav Hodnota utilit (tabul_ka 8). ) ) N
S twichozl — Stejny zdroj byl pouzit pro akutni snizeni utilit, které
3 {wjchozilstay) Gy je uvazovano s klinickymi prihodami, aplikované po dobu
Ischemicka CMP - mirna 0,6151 podle Freemana a spol. (tabulka 9).26 Pokles utilit souvise-
Ischemicka CMP — stiedné zavazna 0,5646 jici s uzivanim lécivého pfipravku warfarin ve vy3i 0,013 je
27
Ischemickd CMP - zdvazna 0,5142 podle Gage a spol.
Hemoragicka CMP - mirna 0,6151 B Faktor adjustace na riziko
Hemoragické CMP - stfedné zavazna 0,5646 Model postihuje zvysené riziko vzniku pfihod z ddvodu
Hemoragické CMP — zévagna 0,5142 sta_rnutl pacienta. I?onkretm hodnoty vychazeji z prace
Ariesena a spol.? a jsou uvedeny v tabulce 10.
Systémova embolizace 0,6265
Infarkt myokardu 0,6098 Diskontace
Vzhledem k nastavenému ¢asovému horizontu byla v za-
CMP ~ cévni mozkova pfihoda; FS - fibrilace sini. kladnim scénafi pouzita doporucena diskontni sazba

v prostfedi CR ve vy3i 3 % na naklady i pfinosy.

Tabulka 9 - Pokles utilit spojeny s klinickymi pfihodami

Typ klinické prihody Pokles uzitku Doba trvani Vysledky
Jiné ICH 0,1511 Sest tydna
Jing zavazna krvaceni 0,1511 Dva tydny Na zakladé vyse popsanych skutecnosti bylo provedeno

farmakoekonomické hodnoceni NOAC, tj. apixabanem,
dabigatranem, rivaroxabanem a edoxabanem, v porov-

nani se standardem lé¢by — warfarinem. V modelu jsou
Jina hospitalizace z KV pFicin 0,1276 Sest dni zjistény QALY a LYG.

Klinicky relevantni 0,0582 Dva dny
nezavazné krvaceni
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Tabulka 11 - Vysledky CUA - ucinnost (QALY)

Apixaban Dabigatran (150 mg) Edoxaban (60 mg) Rivaroxaban Warfarin
NVAF 5,453 5,348 5,407 5,366 5,250
Ischemickd CMP Mirna 0,200 0,190 0,198 0,203 0,194
Stredné zédvazna 0,081 0,091 0,082 0,084 0,092
Zéavazna 0,007 0,007 0,007 0,007 0,008
Hemoragickd CMP  Mirna 0,009 0,006 0,018 0,021 0,014
Stfedné zavazna 0,008 0,002 0,005 0,005 0,007
Zéavazna 0,001 0,000 0,001 0,001 0,002
Systémova embolizace 0,133 0,154 0,134 0,140 0,135
Infarkt myokardu 0,137 0,167 0,143 0,142 0,142
Hospitalizace z KV pficin -0,002 -0,002 -0,002 -0,002 -0,002
Celkem QALY 6,027 5,964 5,991 5,968 5,842
Celkem LYG 8,465 8,387 8,418 8,390 8,288

CMP - cévni mozkova pfihoda; LYG - ziskany rok Zivota; NVAF - nevalvulérni fibrilace sini; QALY — Quality Adjusted Life Years.

Tabulka 12 - Vysledky CUA - naklady

Apixaban Dabigatran (150 mg) Edoxaban (60 mg) Rivaroxaban Warfarin
Farmakologické 106 290 K¢ 84 796 K¢ 98 446 K¢ 96 540 K¢ 4374 K¢
Bézna péce 5990 K¢ 5934 K¢ 5 956 K¢ 5936 K¢ 5 864 K¢
Monitorovani |écby 0 K¢ 0 K¢ 0 K¢ 0 K¢ 9614 K¢
Prihody 69 022 K¢ 72 547 K¢ 72 317 K¢ 73916 K¢ 73 155 K¢
Management lécby 131 K¢ 625 K¢ 124 K¢ 119 K¢ 133 K¢
Celkem 181 433 K¢ 163 902 K¢ 176 844 K¢ 176 511 K¢ 93 139 K¢

Tabulka 13 - Vysledky CUA (alternativa vs. warfarin)

Apixaban Dabigatran (150 mg) Edoxaban (60 mg) Rivaroxaban
Rozdil nakladd 88 294 K¢ 70 763 K¢ 83 705 K¢ 83 372 K¢
Rozdil QALY 0,184 0,121 0,149 0,126
Rozdil LYG 0,177 0,099 0,129 0,102
ICER (naklady/QALY) 479 014 K¢ 582 768 K¢ 563 057 K¢ 664 238 K¢
ICER (naklady/LYG) 498 911 K¢ 717 109 K¢ 646 753 K¢ 815 950 K¢

LYG - ziskany rok Zivota; QALY - Quality Adjusted Life Years.

Vysledna ucinnost jednotlivych Iécebnych alternativ
byla nejvyssi dosazenad pro apixaban (6,027), dale pro
edoxaban 60 mg (5,991). Naopak nejnizsi zisk QALY do-
sahl warfarin (5,842). V pripadé vyuziti parametru LYG byl
opét nejucinnéjsi apixaban (8,465), nasledovany edoxa-
banem 60 mg (8,418). U¢innostni parametry na jednoho
pacienta shrnuje tabulka 11.

Celkové ndklady na lé¢bu jednoho pacienta jsou nejvys-
$i pro apixaban (181 433 K¢), coz je o 88 294 K¢ vice nez
u warfarinu, ktery je nejlevnéjsi alternativou (93 139 K¢).
Tento rozdil je zpUsoben predevsim cenou, delsi dobou
na lécbé a delsim prezitim pacientd. Srovnani nakladovych
polozZek zachycuje tabulka 12.

ICER, vyjadreny jako prirdstkovy pomér nakladové efek-
tivity na rok v pIné kvalité zivota, byl vypocitan postupné

pro jednotlivé alternativy jako alternativa vici warfarinu
jako referenci.

ICER dosahuje pro jednotlivé alternativy rozmezi od
479 914 K¢ pro apixaban vs. warfarin do 664 238 K¢ pro
rivaroxaban vs. warfarin. Obdobnych hodnot dosahuje
i ICER vyjadreny jako naklady na jeden zachranény rok Zi-
vota, ktery je vrozmezi od 498 911 K¢ (apixaban vs. warfa-
rin) do 815 950 K¢ pro rivaroxaban vs. warfarin.

Hlavni vysledky analyzy nakladové efektivity jsou strucné
shrnuty v tabulce 13. Lé¢ba NOAC je ve vsech alternativach
vysoce nakladové efektivni, hluboce pod ochotou platit,
ktera je v CR nastavena na uroveri 1 200 000 K¢3° pFicemz
terapie apixabanem se jevi jako nékladové nejefektivnéjsi.

V parametru sniZzeni poc¢tu pfihod nejlépe dopadl api-
xaban s celkovym poctem 645 sledovanych prihod, ktery
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Tabulka 14 - Pocet pfihod (na 1 000 pacientti v kazdém rameni)

Apixaban Dabigatran (150 mg) Edoxaban (60 mg) Rivaroxaban Warfarin

Ischemickd CMP Mirna 110 107 109 1M 108

Stredné zdvaznd 72 79 72 74 78

Zavazna 15 15 14 14 16

Fatélni 52 61 59 58 51
Celkem ischemicka CMP 248 261 254 257 253
Hemoragickd CMP  Mirna 2 8 9 6

Stfedné zdvaznd 4 2 4

Zavazna 1 1 1 1 4

Fatalni 3 2 5 5 16
Celkem hemoragicka CMP 17 7 18 20 31
Systémova embolizace 45 51 45 47 46
Infarkt myokardu 71 82 72 72 73
Celkem 645 669 661 674 685

CMP - cévni mozkova pfihoda.

Tabulka 15 - Vysledky metodické analyzy senzitivity (ICER/QALY)

Alternativa vs. warfarin Apixaban Dabigatran (150 mg) Edoxaban (60 mg) Rivaroxaban
Zékladni scénar 479 014 K¢ 582 768 K¢ 563 057 K¢ 664 238 K¢
CHA,DS,-VASc 479 720 K¢ 585 338 K¢ 563 914 K¢ 665 798 K¢
Nulové riziko preruseni 499 769 K¢ 543 827 K¢ 584 212 K¢ 686 510 K¢
Casovy horizont péti let 902 485 K¢ 925 242 K¢ 982 889 K¢ 1 060 640 K¢

mél i nejméné fatalnich prihod (55). Naopak nejvyssi po-
Cet pfihod mél warfarin (685, z toho 67 fatdlnich). Rozdily
v poctu vzniklych pfihod jsou shrnuty v tabulce 14.

Analyza senzitivity

Vedle vysledkl zakladniho scénare byla robustnost mo-
delu pfi variaci vstupt ovérena metodickou a probabilis-
tickou analyzou senzitivity.

Metodicka analyza senzitivity
Analyza byla provedena pro zménu metodiky méreni rizika
vzniku CMP, ¢asovy horizont 5 let a urceni preruseni lécby.
Vyznamnéjsich odchylek hodnoty ICER od zadkladniho
scénafe bylo dosazeno pfi snizeném casovém horizontu
a nulovém riziku preruseni lécby. Dopad jiné metodiky mé-
feni vzniku CMP md marginalni vliv. Kratky ¢asovy horizont
neni vzhledem k dobé preziti na NOAC pfili§ pravdépodob-
ny, nicméné i pfi tomto parametru je ICER ve viech pfipa-
dech pod hranici ochoty platit 1,2 mil. K¢ (tabulka 15).%°

Probabilisticka analyza senzitivity
Probabilisticka analyza senzitivity (PSA) byla provedena pro
2 000 iteraci. Vysledky jsou uvedeny v nasledujicim bodovém
grafu, kde na vodorovné ose jsou vyneseny inkrementalni
QALY, nasvislé jsou inkrementalni néklady (obr. 1). Déle je ze-
lené& vyzna¢ena aktualni hranice ochoty platit v CR 1 200 000
K&QALY. Rozdéleni generovanych parametrt je v tabulce 16.
Na zakladé téchto iteraci byl zkonstruovan graf prav-
dépodobnosti nakladové efektivity, kde je znazornéna

pravdépodobnost efektivnosti jednotlivych NOAC v zavis-
losti na vysi hranice ochoty platit.

PFi hranici ochoty platit na drovni 1,2 mil. KZQALY vy-
chazi lé¢ebné alternativy v porovnani s warfarinem jako
nakladové efektivni v pfipadé apixabanu v 92,15 % itera-
ci, v pfipadé dabigatranu 150 mg v 58,6 %, pfi porovnani
s edoxabanem 60 mg v 59,0 % a rivaroxaban je nakladové
efektivni v 56,15 % iteraci (obr. 2-11).

Diskuse

Pfi provedeni farmakoekonomické analyzy bylo identi-
fikovano nékolik limitujicich faktord. Jednim z nich je,
Ze v publikaci Lipa a spol." byly prezentovany vysledky
porovndvajici vzdy NOAC vs. warfarin. Porovnani je tak
relevantni pro NOAC vs. warfarin a srovnani NOAC mezi
sebou je pouze informativniho charakteru, a to kvuli ne-
srovnatelnosti studii s jednotlivymi molekulami. Navic
hodnoceni vychdzi z publikované network metaanalyzy
Lipa a spol., jedna se tak o nepfimé porovnani.

Dale bylo uvazovano, Ze vySe obecné mortality pro prv-
nich 1,8 roku v modelu je shodna pro viechny lécby NOAC
a vychazi z klinické studie ARISTOTLE? zkoumajici apixaban.
Dlvodem bylo, Ze z ostatnich studii nebyla k dispozici dosta-
tecné detailni data. Pro zpresnéni vysledku by bylo vhodnéj-
3i provést analyzu detailnich dat ze studii, zejm. ARISTOTLE,
RE-LY, ROCKET-AF, ENGAGE AF-TIMI**® a stanovit specific-
kou mortalitu pro kazdou z lé¢ebnych intervenci.
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Vysledky rovnéz popisuji pouze stav v klinickych studiich,
nezohlednuji Siroké pouziti v klinické praxi. Benefit NOAC
tedy bude v budoucnu vhodné potvrdit i v neregulovanych
podminkach, az bude k dispozici dostatecnd zdkladna dat
o lécbé pacientl z klinické praxe. Struktura pracovist dle
dosazeného cilového TTR je uvedena v tabulce 17.

Soucasné vysledky lé¢by CMP v CR jsou sumarizovany na
webu Cerebrovaskularni sekce Ceské neurologické spole¢-
nosti CLS JEP3 a v dalsich odbornych prezentacich.343

Na vysledek ma vliv i pouzitd kvalita Zivota pro jednot-
livé uvazované stavy v modelu, kterd pochazi z raznych
zdrojl, protoZze neexistuje ucelena publikace, ktera by
zahrnovala viechny potifebné hodnoty utilit. Vyse utilit je
vsak pouzita ve shodné vysi pro vSsechny uvazované inter-
vence a neni tak zddnd z nich zvyhodnéna.

Vysledky klinickych studii porovnévajici NOAC a warfa-
rin jsou v hodnocenych parametrech statisticky signifikant-
ni pouze pro apixaban a dabigatran 150 mg." V uvedené

farmakoekonomické analyze pfi porovnani jednotlivych
|éCebnych alternativ se vSsechna NOAC jevi jako nakladové
efektivni, nicméné pro vysledky edoxabanu a rivaroxaba-
nu nebylo oproti warfarinu dosazeno statistické signifi-
kance v porovndvanych parametrech." Probabilistickd
analyza senzitivity vSak ukazala, Ze i v pfipadé zmény
parametr( zUstdvaji vsechna NOAC nakladové efektiv-
ni 1é¢bou vuci warfarinu. Pro dalsi vyhodnoceni by bylo
a Registru fibrilace sini Ceské kardiologické spole¢nosti ve
spolupréci s UZIS.

Zavér

Farmakoekonomické hodnoceni bylo provedeno s cilem
urcit naklady a prinosy terapie NOAC v porovnani se stan-
dardem lécby warfarinem v 1. linii prevence CMP a SE
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Analyza nakladové efektivity NOAC v prvni linii prevence CMP a SE u pacientl s NVAF

Tabulka 16 - PSA - rozdéleni generovanych parametrd

Parametr

Apixaban - riziko CMP podle
CHADS,, vhodny pro VKA

Warfarin - riziko CMP podle
CHADS,, vhodny pro VKA

Pomeér rizik CMP podle
CTTR - apixaban

Pomeér rizik CMP podle
cTTR - warfarin

Faktor adjustace na riziko CMP

Podil mirnych CMP, pro VKA
vhodny

Podil stfedné zavaznych CMP,
pro VKA vhodny

Podil zévaznych CMP, pro VKA
vhodny

Letalita CMP vhodné pro VKA

CHADS, = 0-1/CHA,DS -VASc = 0
CHADS, = 2/CHA,DS,-VASC = 1
CHADS, > 3/CHA DS ,-VASc > 2
CHADS, = 0-1/CHA,DS,-VASc = 0
CHADS, = 2/CHA,DS,-VASc = 1
CHADS, > 3/CHA DS -VASc > 2
cTTR < 58 %

58 % < cTTR < 65,7 %

65,7 % <cTTR< 72,2 %
(TTR>722 %

cTTR < 58 %

58 % < cTTR < 65,7 %

65,7 % <cTTR< 72,2 %
(TTR>722 %

Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin

Ro¢ni incidence CMP vhodné pro VKA

Riziko ICH u apixabanu, vhodné
pro VKA

Riziko ICH u warfarinu, vhodné
pro VKA

Pomeér rizik ICH podle
CTTR - apixaban

Pomeér rizik ICH podle
CTTR - warfarin

Distribuce podle typu ICH
vhodného pro VKA

Podil mirnych hemoragickych
CMP, vhodny pro VKA

Podil stfedné zévaznych
hemoragickych CMP, vhodny
pro VKA

Podil zévaznych hemoragickych
CMP, vhodny pro VKA

Letalita hemoragické CMP
vhodné pro VKA

Roc¢ni incidence CMP vhodné
pro VKA

Apixaban - riziko jinych
zavaznych krvaceni vhodnych
pro VKA

Warfarin - riziko jinych
zévaznych krvaceni vhodnych
pro VKA

CHADS, = 0-1/CHA,DS -VASc = 0
CHADS, = 2/CHA,DS,-VASC = 1
CHADS, > 3/CHA DS -VASc > 2
CHADS, = 0-1/CHA,DS,-VASc = 0
CHADS, = 2/CHA,DS,-VASC = 1
CHADS, > 3/CHA DS -VASc > 2
cTTR < 58 %

58 % < cTTR < 65,7 %

65,7 % <cTTR< 72,2 %
TTR272,2 %

cTTR < 58 %

58 % < cTTR < 65,7 %

65,7 % <cTTR< 72,2 %
TTR272,2 %

Apixaban

Warfarin

Apixaban

Warfarin

Apixaban

Warfarin

Apixaban
Warfarin
Apixaban
Warfarin

CHADS, = 0-1/CHA, DS -VASC = 0
CHADS, = 2/CHA,DS -VASc = 1
CHADS, > 3/CHA DS, -VASC >2
CHADS, = 0-1/CHA,DS -VASc = 0
CHADS, = 2/CHA,DS -VASC = 1
CHADS, > 3/CHA DS,-VASc > 2

Rozdéleni
Gama
Gama
Gama
Gama
Gama
Gama
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Gama
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Dirichlet
Gama
Gama
Gama
Gama
Gama
Gama
Gama
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Beta

Beta
Dirichlet
Dirichlet
Dirichlet
Dirichlet

Dirichlet
Dirichlet
Dirichlet
Dirichlet
Gama

Gama
Gama
Gama
Gama
Gama
Gama

Pramér
0,52
0,95
1,53
0,46
0,93
1,94
0,92
1,00
0,69
0,56
1,54
1,00
0,84
0,72
1,46
0,53
0,45
0,21
0,30
0,08
0,10
0,18
0,15
2,72
0,33
0,33
0,33
0,80
0,80
0,80
0,58
1,00
0,69
0,36
1,05
1,00
0,68
0,78
0,77
0,64
0,23
0,20
0,32
0,15

0,10
0,12
0,35
0,53
2,72

1,79
1,79
1,79
2,27
2,27
2,27

SE
0,09
0,13
0,18
0,09
0,12
0,20
0,24
0,00
0,18
0,30
0,21
0,00
0,18
0,29
0,37
57,00
49,00
23,00
32,00
9,00
11,00
19,00
16,00
0,59
0,08
0,08
0,08
0,20
0,20
0,20
0,49
0,00
0,31
0,61
0,27
0,00
0,21
0,31
52,00
122,00
7,00
13,00
10,00
10,00

3,00
8,00
11,00
34,00
0,59

0,45
0,45
0,45
0,57
0,57
0,57

a

31,38
56,85
74,27
26,48
56,73
91,71

16,00
60,83
49,44
25,41
25,71
10,83
14,00
16,95
13,00
20,94
16,00
16,00
16,00
16,00
16,00
16,00

40,04
78,08
9,16
34,98
7,3
8,83

2,64
13,70
9,95
33,64
20,94

16,00
16,00
16,00
16,00
16,00
16,00

p

0,02
0,02
0,02
0,02
0,02
0,02

0,13
0,02
0,02
0,02
0,05
0,05
0,05

11,96
43,92

0,11
0,11
0,11
0,14
0,14
0,14

Zdroj variace

Predpokladana 25% SE
prdméru

Predpokladand 25% SE
prdméru

Iterovana SE pro sparovani

595% Cl

Iterovana SE pro sparovani
$95% Cl

Predpokladana 25% SE praméru

Pocty pacientl ze studii

Pocty pacientl ze studii

Pocty pacientl ze studii

Pocty pacientl ze studii

Predpokladana 25% SE
praméru

Predpokladand 25% SE
praméru

Iterovana SE pro sparovani
$95% Cl

Iterovana SE pro sparovani
$95% Cl

Pocty pacientd ze studif

Pocty pacientd ze studif

Pocty pacientd ze studif

Pocty pacientd ze studif

Pocty pacientd ze studif

Predpokladana 25% SE
praméru

Predpokladand 25% SE
priméru

Pokracovani na dalsi strané
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Tabulka 16 — PSA - rozdéleni generovanych parametri (pokracovani)

Pomér rizik jinych zdvaznych
krvaceni podle cTTR - apixaban

Pomér rizik jinych zdvaznych
krvaceni podle cTTR - warfarin

Distribuce jinych zavaznych
krvaceni vhodnych pro VKA

Riziko klinicky relevantnich
nezavaznych krvaceni vhodnych
pro VKA

Pomeér rizik klinicky relevantnich
nezavaznych krvaceni

Pomeér rizik klinicky relevantnich
nezavaznych krvaceni podle
CTTR - apixaban

Pomeér rizik klinicky relevantnich
nezavaznych krvaceni podle
CTTR - warfarin

Faktor adjustace na riziko ICH

CTTR < 58 %

58 % < cTTR < 65,7 %
65,7 % <cTTR<72,2 %
TTR272,2 %

CTTR < 58 %

58 % < cTTR < 65,7 %
65,7 % < cTTR<72,2 %
TTR272,2 %
Apixaban

Warfarin

Apixaban

Warfarin

Warfarin

cTTR <58 %

58 % < cTTR < 65,7 %
65,7 % <cTTR<72,2 %
(TTR>722 %

cTTR< 58 %

58 % < cTTR < 65,7 %
65,7 % <cTTR<72,2 %
(TTR>722 %

Faktor adjustace na riziko jinych zévaznych krvaceni

Faktor adjustace na riziko klinicky relevantnich nezévaznych

krvaceni
Letalita jiného ICH vhodného
pro VKA

Letalita jiného zavazného
krvaceni vhodného pro VKA
Podil preruseni lécby jiného ICH
vhodného pro VKA

Riziko krvaceni v souvislosti s IM
vhodného pro VKA

Pomér rizik IM vhodného pro
VKA
Letalita IM vhodného pro VKA

Faktor adjustace na riziko IM
Riziko jiného krvaceni za
hospitalizace z KV pficin
vhodného pro VKA

Incidence vysazeni lécby
vhodného pro VKA

Riziko systémové embolizace
vhodné pro VKA

Letalita systémové embolizace
vhodné pro VKA

Umrti
Délka studie hodnotici jiné
riziko Umrti vhodné pro VKA

HR CMP, dmrti

HR hemoragické CMP, imrti

HR IM, dmrti u muzud
HR IM, Umrti u Zen
HR systémové embolizace, umrti

Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin
Warfarin

Muzi
Zeny

Apixaban
Warfarin

Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin
Apixaban
Warfarin

Mirné

Stiedné zavazné
Zavazné

Mirné

Stfedné zavazné
Zévazné

Lognormal
Lognomral
Lognormal
Lognormal
Lognormal
Lognomral
Lognormal
Lognormal
Beta

Beta

Gama
Gama

Lognormal

Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Lognormal
Gama

Gama

Gama

Beta

Beta

Beta

Beta

Beta

Beta

Gama
Gama
Lognormal

Beta
Beta
Gama
Gama
Gama

Gama
Gama
Gama
Gama
Beta
Beta
Uniform
Uniform
Gama
Gama
Gama
Gama
Gama
Gama
Gama
Gama
Gama
Gama
Gama

0,72
1,00
1,69
1,77
0,84
1,00
1,13
1,37
0,38
0,35
2,08
3,00

1,43

0,71
1,00
1,25
1,70
0,99
1,00
1,26
1,27
1,97
1,97
1,97

0,13
0,13
0,02
0,02
0,44
0,44
0,53
0,61
1,15

0,11
0,16
1,30
10,46
10,46

13,18
14,41
0,09
0,10
0,09
0,09
1,34
1,34
3,08
3,34
3,18
5,84
15,75
3,18
5,84
15,75
2,56
4,16
1,34

0,25
0,00
0,14
0,18
0,17
0,00
0,11
0,15
274,00
340,00
0,52
0,75

0,07

0,22
0,00
0,13
0,17
0,17
0,00
0,11
0,15
0,49
0,49
0,49

62,00
62,00
750,00
750,00
52,27
52,27
0,13
0,15
0,29

0,03
0,04
0,33
2,62
2,62

3,29
3,60
0,02
0,03
0,02
0,02

0,31
0,34
0,80
1,46
3,94
0,80
1,46
3,94
0,64
1,04
0,34

104,12
119,00
16,00
16,00

16,00
16,00
16,00

8,06

8,06

15,00
15,00
23,00
23,00
16,00
16,00

14,16
13,35
16,00
16,00
16,00

16,00
16,00
16,00
16,00
3,00

3,00

1,20

1,20

98.87
96,52
16,00
16,00
16,00
16,00
16,00
16,00
16,00
16,00
16,00

169,88
221,00
0,13
0,19

0,12
0,12
0,12

53,94
53,94
735,00
735,00
29,27
29,27
0,03
0,04

116,98
72,22
0,08
0,65
0,65

0,82
0,90
0,01
0,01
29,00
29,00
1,55
1,53
0,03
0,03
0,20
0,37
0,98
0,20
0,37
0,98
0,16
0,26
0,08

Iterovana SE pro sparovani
$95% Cl

Iterovana SE pro sparovani
$95% Cl

Pocty pacientu ze studii

Predpokladana 25% SE prdméru

Iterovana SE pro sparovani
$95% Cl

Iterovana SE pro sparovani
$95% Cl

Iterovana SE pro sparovani
$95% Cl

Predpokladana 25% SE prdméru
Predpokladana 25% SE praméru
Pfedpokladana 25% SE
praméru

Pocty pacientd ze studii

Pocty pacient ze studii

Pocty pacientu

Predpokladana 25% SE
praméru

Iterovana SE pro sparovani
$95% Cl

Predpokladana 25% SE praméru

Predpokladana 25% SE priméru
Pfedpokladana 25% SE
praméru

Predpokladana 25% SE
praméru

Predpokladana 25% SE
praméru

Na zakladé poctd pacientd

Na zakladé studii GPRD predpo-
kladana horni a dolni hranice

Vypocteno na zakladé poctu
pfihod

Predpokladana 25% SE
praméru

Predpoklddana 25% SE
praméru

Predpokladana 25% SE prdméru
Predpokladana 25% SE praméru
Predpokladana 25% SE prdméru

Pokracovéni na dalsi strané
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Tabulka 16 - PSA - rozdéleni generovan parametrt (dokonceni)

Mésicni néklady na lécbu Apixaban Gama 2,89 0,72 16,00 0,18
dyspepsie Warfarin Gama 3,13 0,78 16,00 0,20
Monitorovani Lognormal 314,45 0,09 Iterovana SE pro sparovani's Cl
Rutinni vy3etreni Gama 156,75 39,19 0,00 0,00
Akutni péce po mirné ischemické CMP (na epizodu) Gama 3549430 8195,42 18,76 1892,27  Predpokladana 25% SE praméru
Udrzovaci péce po mirné ischemické CMP (za mésic) Gama 146,52 327,70 0,20 732,91 Iterovana SE pro sparovanis Cl
Akutni péce po stiedné zavazné ischemické CMP (na epizodu) Gama 48 281,21 20315,73 5,65 8548,44  Predpokladana 25% SE priméru
Udrzovaci péce po stiedné zdvazné ischemické CMP (za mésic) Gama 810,57 683,75 1,41 576,77 Iterovana SE pro sparovanis Cl
Akutni péce po zavazné ischemické CMP (na epizodu) Gama 71142,06 17 411,00 16,70 4261,09 Predpokladana 25% SE praméru
Udrzovaci péce po zévazné ischemické CMP (za mésic) Gama 2529,22 132845 3,62 697,76 Iterovana SE pro sparovani s Cl
Naklady na fatalni ischemickou CMP (na epizodu) Gama 48 215,55 3004,67 257,50 187,24 Predpokladana 25% SE praméru
Akutni péce po mirné hemoragické CMP (na epizodu) Gama 43543,05 482587 81,41 534,85 Predpokladand 25% SE prdméru
Udrzovaci péce po mirné hemoragické CMP (za mésic) Gama 146,52 327,70 0,20 732,91 Iterovana SE pro sparovani's Cl
Akutni péce po stiedné zavazné hemoragické CMP (na epizodu) Gama 69018,82 10309,00 44,82 1539,80 Predpokladana 25% SE praméru
Udrzovaci péce po stiedné zavazné hemoragické CMP (za mésic) Gama 1287,47 683,75 3,55 363,13 Iterovana SE pro sparovani's Cl
Akutni péce po zavazné hemoragické CMP (na epizodu) Gama 9479574 1151253 67,80 1398,15 Predpokladana 25% SE priméru
Udrzovaci péce po zévazné hemoragické CMP (za mésic) Gama 3 195,07 1 328,45 5,78 552,34 Iterovana SE pro sparovani's Cl
Naklady na fatélni hemoragickou CMP (na epizodu) Gama 58 124,04  2018,09 829,53 70,07 Predpokladana 25% SE priméru
Naklady na akutni péci po systémové embolizaci (na epizodu) Gama 94 547,67 8087,34 136,68 691,77 Predpokladana 25% SE praméru
Naklady na akutni péci po systémové embolizaci (za mésic) Gama 247,04 327,70 0,57 434,69 Iterovana SE pro sparovani s CI
Jiné ICH (bez hemoragické CMP) Gama 74 975,32 704,50 11326,10 6,62 -
Jiné zavazné Gl krvéaceni (bez ICH) Gama 82737,88 295,84 78 215,13 1,06 -
Jiné zévazné non-Gl krvéaceni (bez ICH) Gama 25943,50 1053,36 606,60 42,77 -
Klinicky relevantni nezévazné krvaceni Gama 27 033,50 258,72 10917,89 2,48 -
Akutni péce po IM (na epizodu) Gama 66 440,36 563,78 1388838 4,78 -
UdrZovaci péce po IM (za mésic) Gama 741,39 185,35 16,00 46,34 -
Hospitalizace z jinych KV pficin Gama 19826,30 369,18 2 884,08 6,87 -
Hodnota utility Vstupni FS Beta 0,73 0,01 1598,04 600,09 Hodnotu SE poskytl zdroj

Mirna ischemicka CMP Beta 0,62 0,03 162,27 101,55

Stfedné zavazna ischemicka Beta 0,56 0,03 154,69 119,28

CMP

Zavazna ischemicka CMP Beta 0,51 0,03 143,15 135,26

Mirna hemoragicka CMP Beta 0,62 0,03 162,27 101,55

Stfedné zdvazna hemoragicka Beta 0,56 0,03 154,69 119,28

CMP

Zavazna hemoragicka CMP Beta 0,51 0,03 143,15 135,26

Systémova embolizace Beta 0,63 0,02 402,37 239,86
Snizeni utility Jind ICH Beta 0,15 0,04 11,88 66,75 Hodnotu SE poskytl zdroj

Jiné zavazné krvaceni Beta 0,15 0,04 11,88 66,75

Klinicky relevantni nezdvazné Beta 0,06 002 10,56 170,95

krvaceni

M Beta 0,61 0,02 390,03 249,57

Hospitalizace z jinych KV pfi¢in  Beta 0,13 0,03 21,01 143,68
Snizeni utility v disledku antikoagulaéni lécby (warfarin) Beta 0,01 0,00 15,78 1197,99
Snizeni utility v disledku starnuti Uniformni 0,00 0,00 0,00 0,00029 Predpokladana UB ze Sullivan et al.

Cl - interval spolehlivosti; CMP — cévni mozkova pfihoda; FS - fibrilace sini; GI - gastrointestinalni; GPRD — General Practice Research Data-
base; ICH - intrakranialni krvaceni; IM - infarkt myokardu; KV - kardiovaskularni; non-Gl — non-gastrointestinalni; SE — smérodatna chyba;
VKA - antagonisté vitaminu K.

Tabulka 17 - Struktura pracoviit dle cTTR u paaentLi s ’NVAF.’V ram,a’av\nalyzy nakladoveﬁfektlvllty
byly kromé zakladniho scénafe provedeny rovnéz analyzy

Podil senzitivity (metodickd a probabilisticka).
cTTR < 52,38 % 25 % ICER pro apixaban vs. warfarin vychazi na 479 014 K¢/
5238 % < cTTR < 66.02 % 25 9 QALY se ziskem 0,184 QALY a 0,177 LYG; dabigatran 150

mg vs. warfarin 582 768 K¢ se ziskem 0,121 QALY a 0,099

66,02 % < cTTR < 76,51 % 25% LYG; edoxaban 60 mg vs. warfarin 563 057 K¢ se ziskem

cTTR > 76,51 % 25 % 0,149 QALY a 0,129 LYG a konec¢né rivaroxaban vs. warfa-
rin 664 238 K¢ se ziskem 0,126 QALY a 0,102 LYG.

Ve viech provedenych scénéfich v rdmci metodické jed-

nocestné analyzy senzitivity lezi ICER NOAC pod hranici
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ochoty platit 1,2 mil K&QALY.* V rdmci provedené proba-
bilistické analyzy senzitivity bylo zjisténo, Ze terapie apixa-
banem vychazi jako nékladové efektivni v 92,15 % itera-
ci, terapie dabigatranem 150 mg v 66,15 %, edoxabanem
60 mg v 72,25 % a rivaroxabanem v 65,90 % iteraci.

Z podkladovych studii a nasledné provedenych analyz
je patrné, Ze viechna NOAC jsou v dané indikaci efektiv-
néjsi nez warfarin.

Vysledky provedeného farmakoekonomického hod-
noceni jsou v souladu se zavéry publikace autort Shah
a spol., které také identifikovaly apixaban jako variantu
lécby, jeZz generuje nejvice QALY v prevenci CMP u pa-
cientl s NVAF.*

Prohlaseni autorii o mozném stretu zajmu
Prof. MUDr. Milos$ Taborsky, CSc., FESC, FACC, MBA, je ¢lenem
poradnich rad Bayer AG, Boehringer-Ingelheim, Pfizer, MSD.
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Uvod: Fibrilace sini (FS) je nejcast&jsi arytmii, jejiz incidence se zvy3uje s vékem; u osob ve véku 50 let se kaz-
dych deset let zdvojndsobuje a u pacientd ve véku > 80 let dosahuje pfiblizné 10 %." Pfes predvidatelnou
farmakokinetiku a farmakodynamiku pfimych perorélnich antikoagulancii (direct oral anticoagulant, DOAC)
je nutno v zajmu ucinné a bezpecné lécby, stejné jako pro predikci a detekci trombotickych a krvacivych
pfihod, provadét laboratorni vysetieni, a to i v situacich, kdy by docasné vysazeni |ékt mohlo byt zadouci.?
Cil: Cilem této studie bylo stanovit a analyzovat nutnost provadéni koagulacnich test(i u pacientt s FS a vy-
sokym kardiovaskuldrnim rizikem v klinické praxi.
Metody: V obdobi od fijna 2016 do ¢ervna 2017 byla v kardiocentru fakultni nemocnice Pauls Stradins Clini-
cal University Hospital v lotysské Rize provedena kvantitativni, analyticka, priirezova klinickd studie. V této
studii se shromazdovaly Udaje pacientt s nevalvularni FS lécenych antikoagulancii po dobu > 3 mésic(, defi-
novanych na zakladé skore CHA,DS,-VASc (> 2 nebo 3) jako vysoce rizikova skupina muza i zen. Pro analyzu
udaju byl pouzit software SPSS.
Vysledky: Celkem byly ziskany Udaje 143 pacientd, z nichz 46,2 % (n = 66) byli muzi; primérny vék dosahoval
69,7 (SD + 9,9) roku. Priblizné u dvou tretin (73,1 %) pacientu se FS vyskytovala po dobu vice nez jednoho
roku. Primérna hodnota skére CHA,DS -VASc byla 4,2 (SD + 1,5). NejCastéjSimi pfidruZzenymi onemocnénimi
byly arteridIni hypertenze (65,0 %; 93), chronické srdecni selhani (48,3 %; 69), ischemicka choroba srdecni
(32,9 %; 47), diabetes mellitus (24,5 %; 35) a dyslipidemie (25,9 %; 37). Pfiblizné polovina (46,2 %; 66) uzivala
DOAC, z toho 31,5 % rivaroxaban a 14,7 % dabigatran; navic 1,4 % pacientt uzivalo DOAC s antiagregancii.
U 71 (49,7 %) pacientd existovalo zvysené riziko moznych Iékovych interakci, nejcastéji s inhibitory proto-
nové pumpy (16,8 %; 24), amiodaronem (24,5 %; 35) a protizanétlivymi léky (49,0 %; 70). UZivani DOAC
a mozné lékové interakce zvysuji skore rizika s maximalni hodnotou 3 (16,1 %; 23) a primérnym castym
skére 4,4 u 86 (60,1 %) pacientl s FS. Koncentrace 1éka v krvi byly nizsi, nez se ocekavalo, a dosahovaly
hodnoty pfiblizné 75,2 % C__ .
Zavér: Uzivani DOAC koreluje se skore CHA,DS -VASc s primérnou ¢astou hodnotou 4,4 u 86 (60,1 %) pa-
cientd s FS. Koagulacni testy pro stanoveni koncentraci DOAC v plazmé byly provedeny u vice nez poloviny
pacientl (60,1 %).

© 2019, CKS.

ABSTRACT

Introduction: Atrial fibrillation (AF) is the most common arrhythmia that increases by age, doubles for every
decade after age of 50 years and reaches about 10% patients > 80 years." Despite direct oral anticoagu-
lants’ (DOACs') predictable pharmacokinetics and pharmacodynamics, the laboratory tests are necessary for
effective and safe medical treatment, also for prediction and detection of thrombotic and bleeding events,
as well as in situations when temporary discontinuation could be desirable.?

Aim: The aim of this study was to identify and analyze the need of coagulation tests for AF patients with
high cardiovascular risk in clinical practice.
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Methods: Quantitative, analytic, cross-sectional clinical trial, during the period from October 2016 till June
2017, was performed at Center of Cardiology, Pauls Stradins Clinical University Hospital, Latvia. There were
collected data about patients with non-valvular AF, under anticoagulative therapy >3 months, defined as
a high-risk group by CHA,DS -VASc score — more or equal to 2 or 3, men and women, respectively. Data were
analyzed using SPSS.

Results: There were collected data about 143 patients of whom 46.2% (n = 66) were male; the mean age was
69.7 (SD = 9.9) years. About 2/3 (73.1%) of all patients the AF were longer than 1 year. The mean CHA,DS,-
-VASc score was 4.2 (SD = 1.5). The most common comorbidities were arterial hypertension (65.0%; 93),
chronic heart failure (48.3%; 69), coronary artery disease (32.9%; 47), diabetes mellitus (24.5%; 35), and
dyslipidemia (25.9%; 37). Almost half of patients (46.2%; 66) used DOACs, 31.5% rivaroxaban and 14.7%
dabigatran, respectively; furthermore, 1.4% patients used DOACs with antiaggregants. 49.7% (71) patients
had increased risk of possible drug-drug interactions, most frequently with proton pump inhibitors (16.8%;
24), amiodarone (24.5%; 35), anti-inflammatory drugs (49.0%; 70). The use of DOACs and possible drug-
-drug interactions increases by risk score, reaching the maximum score 3 (16.1%; 23) and the mean frequent
score 4.4 of 86 (60.1%) AF patients, respectively. The drug concentration in blood was lower than expected,
reaching about 75.20% of C__.

Conclusion: DOACs' usage correlates with CHA,DS -VASc score with mean frequent score 4.4 of 86 (60.1%)
AF patients, respectively. Coagulation tests were applicable more than half of patients (60.1%) to detect
DOAGCs concentration in plasma.

Introduction

As the world population ages, the burden of AF (atrial
fibrillation) and venous thromboembolism disease is ex-
pected to increase, and prescriptions for long-term anti-
coagulation will climb.? AF is associated with significant
morbidity, mortality, and socioeconomic burden, particu-
larly form stroke and systemic thromboebolism. The later
risks depend on patients age and the presence or absence
of various stroke risk factors, which have resulted in the
development of clinical scores to aid risk stratification for
patients with AF. Anticoagulated patients are vulnerable
to spontaneous, traumatic, and perioperative bleeding.
Warfarin is a vitamin K antagonist that has been used for
decades to prevent and treat arterial and venous throm-
boembolism. But due to the need of regular monitoring,
non-vitamin K antagonists/oral anticoagulants are now
widely used as alternatives to warfarin for stroke pre-
vention in atrial fibrillation and management of venous
thromboembolism. These are dabigatran etexilate,*rivaro-
xaban,® apixaban® and edoxaban.” DOACs are associated
with comparable risk of stroke, systemic embolism, major
bleeding and death compared with warfarin.® They have
more predictable therapeutic effect, pharmacokinetic and
pharmacodynamics properties, as well as do not require
routine monitoring, have fewer potential drug-drug in-
teractions and no restrictions on dietary requirements.?

In clinical practice there is still widespread uncertainty
on how to manage patients on DOACs who have risk of
bleeding. In addition, the lack of specific antidotes and
measurement methods/assays are critical points for pa-
tients’ management with AF.

Risk factors on pharmacokinetics
and pharmacodynamics of direct oral
anticoagulants (DOACs)

The new oral anticoagulants differ in their pharmacology
and pharmacokinetics (Table 1). Although their onset of
action and half-life are quite similar, other properties such

as their respective mechanism of action, bioavailability,
metabolism and creatinine clearance are different.*” All
agents have rapid onset of action, a wide therapeutic win-
dow, little or no interaction with food and other drugs,
minimal inter-patient variability, and similar pharmacoki-
netics in different patient populations. Since DOACs are
substrates, co-administration with cytochrome P450 system
isoenzymes and permeability glycoprotein (P-gp) inhibitors
and inducers can result in substantial changes in plasma
concentrations.? Clinicians should be aware and take into
account before appointment of anticoagulative therapy.

Usually the pharmacokinetic profile of DOACs in healthy
subjects is not substantially affected by age or sex. Patient
lifestyle and comorbidities are the main risk factors of an-
ticoagulative therapy. The CHA,DS,-VASc score (congestive
heart failure, hypertension, age >75 years, diabetes mel-
litus, previous stroke or transient ischemic attack, vascu-
lar disease, age 65-74 years, female) is recommended by
guidelines for stroke assessment in AF.° Patients with high-
er CHA,DS,-VASc score have had a higher risk of stroke,
systemic thromboembolism or transient ischemic attack.
Taking into account the CHA,DS,-VASc scale, individuals
with extreme body weights may benefit from dose adjust-
ment to avoid under- or over-anticoagulation (Table 2).2

Coagulation tests might be considered upon attain-
ment of stable anticoagulation (1-2 weeks after initia-
tion) to provide the level of anticoagulation achieved
chronically. This information could be useful to interpret
subsequent results.

Drug anticoagulative levels could be measured occa-
sionally at the time of medical visits to assess adherence
to treatment, to detect possible drug interactions, and
side effects. It should be realized that given the DOAC
with short half-life (e.g. 8-15 hours), a dose missed a few
days earlier that testing might not be detected in the
laboratory.

The laboratory and direct oral anticoagulants

Although direct oral anticoagulants do not need labora-
tory testing for dose adjustment, there are instances when
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expected effect. Based on available data the coagulative
laboratory testing is recommended for patients in high-risk
groups, with CHA,DS -VASc score >3, respectively.
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3, € SE% proton pump inhibitors (13.8%), in
S L 2 c o rivaroxaban group - amiodarone
ot "g’, = % g ? (29.2%) and anti-inflammatory drugs
o = 4 '; ,F_g = (4.2%), respectively (Table 6). In addi-
= ELE E 5 & - g E = tion, 1.4% patients used DOACs with
® © = - ' SE « antiaggregants as triple therapy.
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Table 4 - Baseline characteristics Data about 5 clinical cases were analyzed during the

Dabigatran FErsEbER study. The samples to detect drug concentration in blood

(n; %) (n: %) were took in different time intervals — 3, 6 and 12 hours
after use of drug. The mean age was 65 years. We would

?:;ale 12 (52.2) 24 (50.0) like to highlight one patient data. The main characteris-
Male 11 (478) 24 (500) tics are collected in Table 7.
A 5 A4 (SD +£10.1 .9 (SD £ 10.1 . . . . . . .
ge (yee.lr? .mean) 654 (D £10.1) 699 (S0 £ 10.1) Table 6 — Possible drug-drug interactions divided in medium and
Comorbidities high risk groups
Arterial hypertension 18 (80.0) 37 (78.1) . R
Chronic heart failure 10 (45.0) 27 (56.2) ?’?2}%3"3" ?l\'lao/rt))xaban
Coronary artery disease 7 (30.0) 18 (37.5) n; 70 n; %
Diabetes mellitus 5(21.7) 8(16.7) Medium 11 (52.4) 19 (42.2)
Dyslipidemia 5(21.7) 7 (14.6) Amiodarone 4(17.4) 14 (29.2)
Stroke 2(8.7) 2(4.2) Proton pump inhibitors 6 (26.1) 14 (29.2)
Myocardial infarction 2 (8.7) 3(6.3) High
Cardiomyopathy - 6(9.4) Anti-inflammatory drugs 1 (4.3) 2(4.2)
CHA,DS-VASc score 3.8 (SD = 1.6) 4.1 (SD £ 1.7)
HAS-BLED score 2.6 (SD £ 1.5) 2.5(SD £ 1.1) Table 7 - Baseline characteristics for clinical case
Sex Male
Table 5 - Most frequently used medicines and possible drug-drug Age 71
interaction Height (m)/Weight (kg) 1.80/99
Medicines Dabigatran Rivaroxaban
- e BMI (kg/m?) 3056
Proton pump inhibitors 6 (26.1) 14 (29.2) L e 2 months
Rhythm-control drugs 14 (60.9) 27 (56.3) Smoking status e
Amiodarone 4(17.4) 14 (29.2) Bleeding Gastrointestinal bleeding,
Anti-inflammatory drugs 1 (4.3) 2(4.2) hospitalization required
Antihypertensive drugs 13 (56.5) 36 (75.0) Comorbidities Arterial hypertension (NYHA 1)
: - Coronary artery disease

Statins 8(34.8) 21 (43.8) Chronic heart failure
Omega-3 fatty acids 3(13.0) 8(16.7) CHA,DS -VASc score 4
Electrical cardioversion 14 (60.9) 17 (35.4) HAS-BLED score 4

B Smoking [ Arterial hypertension Il Coronary artery disease Dyslipidemia

Il Diabetes mellitus [ Metabolic syndrome M Chronic heart failure M Stroke

s EIN
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6o 22 15 s I I

5 14 - VIS
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o
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Fig. 1 - The most common comorbidities and their correlation with CHA,DS,-VASc score
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Fig. 2 - Rivaroxaban concentration in blood in different time-intervals

Patient received rivaroxaban 20 mg twice a day, amio-
darone, ramipril, bisoprolol, atorvastatin, amlodipine, etori-
coxib and omeprazole. Three hours after use of drug the
anticoagulant concentration in blood was 153 ng/ml, what
was less than expected — 246 ng/ml, respectively. The phar-
macokinetic linearity, which is representative to rivaroxaban
concentration in blood, was not observed, decreasing only by
5.2%, respectively. The concentration is shown in Fig. 2.

Taking into account the CHA,DS,-VASc score, which is 4,
and changes in drug concentration in blood, which can affect
anticoagulative effect, the patient had increased risk of stroke,
systemic thromboembolism or transient ischemic attack.

As shown in clinical cases the drug concentration in
blood was lower than expected, reaching about 75.2%
of C__. Although there is sufficient information to gen-
eralize the data, however, it was observed that patients
with higher CHA_DS,-VASc score were more complicated
and received multiple pharmacotherapy, which could af-
fect DOAC concentration and effect. The study data con-
firmed necessity to detect anticoagulants concentration
in clinical practice for high-risk patients (CHA,DS_-VASc
score more or equal to 2).

Discussion

The use of DOACs without routine monitoring of antico-
agulant effect is likely safe and effective treatment for
non-valvular AF in many patients, but there are circum-
stances, such as treatment failure, bleeding, renal and/
or hepatic failure and perioperative monitoring, in which
reliable assays of DOAC activity are needed. DOAC dos-
ing recommendations are currently based on patient
characteristics rather than measurement of drug effect,
and emerging data from the largest trials of DOACs sup-
port this strategy. However, specific coagulation assays,
depending on the DOACs, should be used in order to
provide the more reliable information on plasma con-
centrations. Standard assays, e.g. aPTT, PT, TT, of antico-
agulation are generally insufficient for measuring DOAC
activity, except in certain circumstances of extremely high
or low drug levels and in the case of some factor Xa in-
hibitors. The use of calibrated chromogenic anti-Xa and
DTI assays should be recommended for the assessment of
DOAGs, factor anti-Xa assay for rivaroxaban, apixaban,
and edoxaban, and DTl assay for dabigatran, respectively.
Unfortunately global coagulation tests, such as PT and
aPTT, are not useful at all and can lead to misinterpreta-
tion that could have clinical implications if the result is
not fully understood."

The use of dedicated assays may probably improve the
benefit-risk profile of DOACs by identifying poor- and
high-responders. Monitoring of therapies may be useful
to provide guidance in case of bleeding, thrombosis recur-
rence, to assess the pharmacodynamics of high-risk groups
responders, such as high age, low body weight, low re-
nal function, before urgent surgery or procedure and for
those with several comorbidities. However, results should
be interpreted with caution if responsiveness is unknown.

Conclusions

DOACs' usage correlates with CHA,DS,-VASc score with
mean frequent score 4.4 of 86 (60.1%) AF patients, respec-
tively. From all high-risk AF patients (score >3) 47.7% had
potentially moderate or major risk of drug-drug interac-
tions. According to data by HAS-BLED score, it is shown
that 72.7% (104) patients had increased risk of bleeding.
The drug concentration in blood was lower than expect-
ed, reaching about 75.20% of C__ . In summary, for 60.1%
AF patients appropriate monitoring of anticoagulative
therapy should be considered. Anticoagulative laboratory
testing for patients on high-risk group could prevent safer
anticoagulation therapy for patients with AF.
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Diverzita odpovédi krevniho tlaku na rendlni denervaci a velka variabilita mezi studiemi podtrhuji vyznam
potieby identifikace prediktor( Gcinnosti rendlni denervace. Pfedchozi studie identifikovaly fadu prediktord
pro tfi- az Sestimési¢ni obdobi. Cilem této studie bylo zjistit mozné prediktory trvalého poklesu krevniho
tlaku (TK) po renalni denervaci v dlouhodobém horizontu dvou let.
Hodnoceni pacienti byli bud randomizovani ve studii PRAGUE-15, nebo se zucastnili pilotni faze projektu a spl-
rovali stejna vstupni kritéria skutecné rezistentni hypertenze. Za ucinnou odpovéd byl povazovan pokles 24h
systolického TK 0 > 10 mm Hg béhem 6, 12 a 24 mésict po vykonu. Navic byly analyzovany i jednotlivé navstévy.
Denervace byla provedena za pouziti unipolarniho systému pro renalni denervaci Symplicity. Déle byla prove-
dena detailni analyza CT angiografie renalnich tepen v¢etné hodnoceni morfologie renalnich tepen.
Celkem bylo analyzovéno 48 pacientd, z toho pro ucely dlouhodobé predikce bylo vhodnych 27 z nich. Pét z 27
pacienti bylo oznaceno jako dlouhodobi respondéfi s priimérnym poklesem 24h TK o 20/9 mm Hg. Nejvyznamné;-
Simi prediktory poklesu TK byly vyssi Gvodni 24h systolicky TK (p = 0,01) a vétsi pramér levé renalni tepny (p = 0,04).
Pretrvavajici pokles TK byl zaznamenaén jen u mensiny pacientl po renélni denervaci. Jako nejlepsi predikto-
ry pro pretrvavajici pokles TK jsme identifikovali vyssi Gvodni TK a vétsi primér renalni tepny. Pravé pramér
rendlni tepny by mohl usnadnit provedeni ablace v periferii a nase vysledky mohou teoreticky podporovat
aktudlni hypotézu o potfebé ablovat distalni ¢asti rendini arterie.

© 2019, CKS.

ABSTRACT

Diversity of blood pressure response and great variability within studies emphasise the need to identify
predictors of renal denervation efficacy. Previous studies identified various predictors within periods of 3-6
months. The goal of the current study is to examine the possible predictors of sustained decline of blood
pressure (BP) after renal denervation in a long-term period of 2 years.

Evaluated patients were either randomised in the original PRAGUE-15 study or were pilot patients, meeting
the same inclusion criteria of true-resistant hypertension. Patients were considered as responsive when the
decline of 24h systolic BP > 10 mmHg was present 6, 12 and 24 months after the procedure. In addition,
analysis for separate visits was performed. Denervation was performed using the unipolar Symplicity Renal
Denervation System. Extensive assessment of computed tomography angiography by numerous measure-
ments including morphology of the renal arteries was performed.

A total of 48 patients were analysed, with 27 patients suitable for long-term prediction. Five of the 27 patients were
identified as long-term responders with average 24h BP decline of 20/9 mmHg. Strongest predictors of BP decline
were higher baseline 24h systolic blood pressure (p = 0.01) and higher diameter of the left renal artery (p = 0.04).
Only a minority of denervated patients exhibited sustained BP decline. Higher baseline BP and higher re-
nal artery diameter might be the strongest predictors. Our findings might theoretically support the actual
hypothesis of the necessity to ablate the distal parts of the renal artery (these conditions might allow such
ablation to be performed).
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Uvod

Postaveni nového, nefarmakologického pristupu v Iécbé
hypertenze pomoci katétrové rendini denervace (RDN) se
od predstaveni této metody v roce 2009 zménilo.! Prvni
studie s jistymi metodologickymi nedostatky (napfiklad
Ucast pacientl s pseudorezistentni hypertenzi) naznaco-
valy pozoruhodny vliv na snizeni krevniho tlaku (TK)."?
Nicméné dalsi studie publikované po roce 2014 jiz nepro-
kazaly uspokojivé ucinky RDN.>® Metaanalyza potvrdila
tyto vysledky.” Nékolik studii s nalezitym a peclivym uspo-
fadanim s pozitivnim vysledkem pro RDN predstavuje vy-
jimku.® Jsou ale jiz k dispozici slibné vysledky multielekt-
rodovych nebo endovaskuldrnich ultrazvukovych systém
bé&hem tfi- nebo Sestimési¢niho obdobi.’?

Variabilita v mife poklesu TK po RDN v rliznych studiich
mUze byt zpUisobena technickymi nebo metodologickymi
rozdily ve studiich. Diverzita vysledkd i s vyraznou varia-
bilitou odpovédi v ramci jednotlivych studii'®* podporuje
vyznam identifikace prediktord odpovédi na RDN. Rlz-
né analyzy urcily razné prediktory: vy3$si vstupni hodno-
tu TK a nizsi hodnotu indexu télesné hmotnosti (BMI);"*
vyssi vstupni hodnotu 24h systolického TK, BMI a pocet
antihypertenziv;'> vstupni hodnotu klinického systolic-
kého TK, uzivani antagonistl aldosteronu, neuzivani va-
zodilatdtord a pocet ablaci;'® vyssi hodnotu klinického
TK, nizsi odhadovanou glomerularni filtraci, Zzenské po-
hlavi;'” hodnoty denniho systolického TK a denni srdec¢ni
frekvenci;® vstupni hodnotu 24h TK;'® hodnotu nocniho
systolického TK a variabilitu™. Cilovym ukazatelem téch-
to studii byl klinicky TK,'*'¢ pfipadné 24h TK5'3'58 nebo
denni TK,2"® vétSinou Sest mésicl po RDN. Zejména vy-
sledky studii s klinickym TK by mély byt interpretovany
s opatrnosti.?® Nezavisle na hodnotach TK maze byt RDN
asociovana se vstupni variabilitou TK.?' Vysledky studii na
zvifecim modelu naznacuji, Ze centralné pUsobici antihy-
pertenziva (a moznd i beta-blokatory) mohou za jistych
okolnosti modifikovat odpovéd na RDN; zatimco nej-
Castéji uzivané tridy (diuretika, sartany a blokatory kal-
ciovych kanald) nemaji tento ucinek.?? Odpovéd na RDN
muze predikovat invazivni rychlost Siteni pulsni viny (pul-
se wave velocity, PWV).2 Ve smyslu predikce odpovédi na
RDN byla ovéfovana i anatomie renalnich tepen — srov-
ndni jednoduchych rendlnich tepen oboustranné, zdvoje-
nych rendlnich tepen na jedné nebo obou stranach nebo
jinych anatomickych konstelaci naznacuje, Zze jednoduché
rendlni tepny se strukturalnimi abnormalitami nebo bez
strukturalnich abnormalit jsou asociovany s vyraznéjsim
poklesem TK nez zdvojené rendlni tepny.?* Klinickd odpo-
véd's poklesem hodnot TK mUze byt asociovdna s mensim

primérem renalni tepny.? Jina studie sledovala odpovéd

na vysokofrekvencni stimulaci renalnich nerva pred a po
RDN s cilem predikovat odpovéd na RDN (tfi a Sest mésicU
po intervenci).?® Jinou moznosti mGzou byt fokalni a glo-
balni zmény renalnich tepen po RDN hodnocené pomoci
intravaskularniho ultrazvuku nebo kvantitativni renalni
angiografie.?’ | pres vysledky téchto studii stale nejsme
schopni spolehlivé pfedem rozpoznat pacienty, ktefi bu-
dou na RDN odpovidat poklesem TK. Vsechny zminéné
studie analyzovaly predikci jen v horizontu tfi az Sesti mé-
sicd po RDN. Podle naseho nejlepsiho védomi neni k dis-
pozici prace, ktera by hodnotila predikci uc¢innosti RDN

v dlouhodobém ¢asovém horizontu. Hlavnim cilem této
studie je analyza moznych prediktord trvajiciho poklesu
TK po RDN v dlouhodobém, dvouletém ¢asovém uUseku.
Navic byla provedena analyza pro 6-, 12- a 24mési¢ni na-
vstévu a komplexni analyza CT parametrd.

Soubor a metodika

Vétsina hodnocenych pacientd byla randomizovana ve
studii PRAGUE-15, dva pacienti se zucastnili pilotni faze
projektu, podstoupili denervaci pfed zahajenim studie, ale
splfiovali stejnd vstupni kritéria skutecné rezistentni hy-
pertenze jako Ucastnici studie a byli sledovani ve stejném
rozsahu jako randomizovani pacienti.®?-3°Vsichni pacienti
podepsali informovany souhlas. Studie byla schvalena mul-
ticentrickou etickou komisi a viemi tfemi mistnimi institu-
ciondlnimi etickymi komisemi. Rezistentni hypertenze byla
stanovena na zakladé hodnoty klinického TK (hodnota
klinického systolického TK prfes 140 mm Hg pfi 1é¢bé ales-
pon trojkombinaci antihypertenziv v optimalnich davkach
véetné diuretika) a potvrzena 24h monitorovanim krevni-
ho tlaku (24h AMTK, prdmérnd hodnota systolického TK
pres 130 mm Hg). Sekundarni hypertenze, véetné primar-
niho hyperaldosteronismu, musela byt vylouc¢ena u viech
pacientd. Povinné bylo i ovéfovani adherence k léc¢bé
pomoci kvantitativniho stanoveni koncentraci antihyper-
tenziv v séru.3'3 24h AMTK bylo provedeno béhem 6-, 12-
a 24meésicni navstévy. RDN byla provedena pomoci unipo-
[arniho systému Symplicity (Medtronic Inc., Mountain View,
CA, USA). Dalsi metodologické detaily ohledné RDN, mére-
ni TK a daldich parametrd byly drive publikovany.5% Paci-
enti, kterym byl 12 mésici po RDN pridan spironolacton
v ramci cross-overu (kdyz nebylo dosazeno cilové hodnoty
TK), nebyli do analyzy zahrnuti. Pacienti byli povazovani
za respondéry v pfipadé, kdyz pokles 24h systolického TK
> 10 mm Hg byl pfitomny 6, 12, nebo 24 mésict po proce-
dure. Dlouhodoba odpovéd byla definovana jako pokles
24h systolického TK > 10 mm Hg pfitomny u viech tfi mére-
ni béhem 24mésic¢niho sledovani.

Zobrazovaci metody

CT vysetfeni bylo provedeno v inspiriu, v arteridlni fazi,
od branice po lopaty kosti kycelni, dale byly zhotoveny
3mm multiplanarni rekonstrukce. Méreni bylo provedeno
radiologem se zkusenostmi s cévnim zobrazenim na mul-
timodalni klientské pracovni stanici (Intellispace Portal
v4.0.4; Philips Healthcare). Komplexni analyza zahrnovala
méreni morfologie rendlnich tepen, prostorového vztahu
mezi viscerdIlnimi tepnami, prirezu téla, rozmérd obou
ledvin a dalsi parametry, které jsou uvedeny v tabulce S1
(online pfiloha) (http://e-coretvasa.cz/suppl/2019-4-378-1.
pdf). Mérené veliciny byly indexovany na vysku pacienta
nebo na télesny povrch (body surface area, BSA). Studie
zahrnovala jen pacienty s dostupnymi multiplanarnimi re-
konstrukcemi ve tfech rovinach.

Statisticka analyza

K popisu charakteristik studovanych pacientt byla pouzi-
ta deskriptivni statistika. Spojité proménné byly vyjadieny
jako primér a smérodatnd odchylka nebo median a me-
zikvartilové rozpéti. Meziskupinové rozdily a rozdily mezi
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prvni a dalsi navstévou jsme testovali pomoci neparového,
resp. parového t-testu. Primérné rozdily jsou zobrazeny
s jejich dvoustrannym 95% intervalem spolehlivosti. Pre-
diktory odpovédi jsme vybirali metodou regresni analyzy.
K analyze dat byla pouzita Stata, verze 14.1 (StataCorp LP,
College Station, Texas, USA).

Vysledky

Celkem bylo zahrnuto do analyzy 48 pacientl pro Ses-
ti- a dvandctimésicni predikci a 27 pacientl pro 24mé-
si¢cni a dlouhodobou predikci. Podle protokolu studie
PRAGUE-15 byl spironolacton pfidan pfi 12mési¢ni kon-
trole v pfipadé nedostatecné kontroly TK. Proto nebyli
tito pacienti zahrnuti do dlouhodobé analyzy. Tabulka
1 zobrazuje vstupni charakteristiky studované popula-
ce, tabulky 2 a S2-53 (online pfiloha) (http://e-coretvasa.
cz/suppl/2019-4-378-1.pdf) zmény po RDN, tabulka 3 vy-
sledky predikce. Tabulka 4 prezentuje detaily tykajici se
antihypertenzni medikace. Tabulka S4 (online pfiloha)
(http://e-coretvasa.cz/suppl/2019-4-378-1.pdf) zobrazuje
vysledky CT méreni.

Sestimésic¢ni predikce

Sestnact pacient(i ze 48 bylo identifikovanych jako re-
spondéfi Sest mésict po RDN. Vyssi vstupni klinicky systo-
licky a 24h systolicky TK (p = 0,04, respektive p = 0,001),
vyssi pramérna teplota dosazena béhem ablace vlevo (p =
0,02) a pramér pravé renalni tepny adjustovany na vysku
(p = 0,03) byly identifikovdny jako prediktory odpovédi
sest mésict po RDN.

Dvanactimésicni predikce

Sestnact pacientt ze 48 bylo identifikovano jako respon-
défi 12 mésicd po RDN. Jako nejlepsi prediktory odpovédi
12 mésict po RDN jsme pomoci metody regresni analyzy
identifikovali vys$si vstupni natremii (p = 0,03) a vétsi pra-
fez diafragmatickych crur mérenych v midsagitalni roviné
adjustovanych na BSA (p = 0,03).

Dvacetictyrmésicni predikce

Dvanact pacientd z 27 bylo identifikovano jako respondé-
i 24 mésic po RDN. Vyssi vstupni hodnota systolického
24h TK (p = 0,02), nizsi vstupni kalemie (p = 0,01) a nizsi
mira zastfeni perinefritického tuku (p = 0,003) vychazely
jako neljepsi prediktory odpovédi 24 mésict po RDN.

Dlouhodoba predikce

Pét pacientll z 27 bylo identifikovano jako respondé-
fi v dlouhodobé predikci po RDN. Byly rozpoznany dva
prediktory: vyssi vstupni hodnota systolického 24h TK (p
= 0,01) a vyssi pramér levé rendlni tepny adjustovany na
vysku (p = 0,04).

Pocet Uspésnych ablaci ve sledovanych skupinéach je
zobrazeny v tabulce 1. Doporuceny pocet ablaci (nej-
méné Ctyfi na stranu) nebyl dosazen u sedmi pacientd,
dva z nich méli unilateralni ablaci z anatomickych du-
vodd.

Bezpecnostni aspekty byly publikovany dfive.52834

Diskuse

Nékolik parametrd bylo oznaceno jako prediktory
efektivni RDN béhem dvouletého sledovani. Tyto para-
metry se ale béhem sledovani ménily a jen 19 % pacien-
t0 bylo identifikovdno jako dlouhodobi respondéfi pro
celé obdobi. Pramér levé rendini tepny a vyssi hodno-
ta systolického 24h TK byly identifikovany jako mozné
prediktory trvajici dlouhodobé odpovédi (béhem dvou
let) na RDN pomoci unipolarnich elektrod. Toto je dle
naseho nejlepsiho védomi prvni analyza dlouhodobé
efektivity, kterd soucasné analyzovala detailni CT pa-

rametry.

Tabulka 1 - Vstupni charakteristika studovanych pacientt

Pacienti pro ;acign’giv pro
Proménna 6-a 12rpési€ni a4dT::;1c:(lio-

L bou predikci
Pocet pacientl 48 27
Veék (roky) 55+ 12 54 +13
Muzské pohlavi, n (%) 39 (81 %) 22 (82 %)
Délka trvani hypertenze (roky) 14+9 14+ 10
Diabetes mellitus 2. typu, n (%) 3 (6 %) 1(4 %)
Ischemicka choroba srdec¢ni, n (%) 5 (10 %) 4 (15 %)
Kuraci, n (%) 7 (15 %) 4 (15 %)
Uzivani statinu, n (%) 23 (48 %) 14 (52 %)
Body mass index (kg/m?) 32+43 32+48
Natremie (mmol/l) 1413 1413
Kalemie (mmol/l) 4,1+0,3 4,2+0,3
Kreatinin (umol/l) 85 (76-97) 84 (70-100)
Clearance kreatininu (ml/s/1,73 m?) 1,6 (1,3-2,1) 1,6 (1,3-2,2)
Celkovy cholesterol (mmol/l) 44+1,0 43+0,9
Glykemie nalacno (mmol/l) 6,0 (5,4-7,4) 6,1 (5,2-8)
Klinicky systolicky TK (mm Hg) 158 + 21 156 + 24
Klinicky diastolicky TK (mm Hg) 91+ 15 92+ 16
Tepova frekvence (tepG/min) 7111 74+ 8
24h systolicky TK (mm Hg) 147 +13 146 + 14
24h diastolicky TK (mm Hg) 84+ 10 84+ 10
24h tepova frekvence (tepd/min) 67 +9 69+7
Pocet antihypertenziv 51+1,1 54+1,1
Blokatory kalciovych kanalG, n (%) 45 (94 %) 25 (93 %)
Beta-blokatory, n (%) 30 (63 %) 13 (48 %)
Diuretika, n (%) 48 (100 %) 27 (100 %)
Antagonisté aldosteronu, n (%) 14 (29 %) 14 (52 %)
Inhibitory ACE/sartany, n (%) 48 (100 %) 27 (100 %)
a-blokatory, n (%) 30 (63 %) 16 (59 %)
Centralné pusobici latky, n (%) 33 (69 %) 14 (52 %)
Pocet ablaci vlevo 52+1,5 51+1,5
Pocet ablaci vpravo 5321 54+2

ACE - angiotenzin konvertujici enzym; TK - krevni tlak. Hodnoty
jsou zobrazeny jako praimér + smérodatné odchylka nebo median
(mezikvartilové rozpéti) nebo absolutni hodnoty nebo procenta.
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Tabulka 2 - Rozdily po 24 mésicich pro dlouhodobou predikci

Rozdil proti vstupni hodno-  Rozdil proti vstupni hodno-
té u respondérti té u non-respondér

Pramér (95% Cl) p Pramér (95% ClI) p

Proménna Meziskupinovy rozdil

Pramér (95% Cl) p

Pocet pacientu 5 22 -

Body mass index (kg/m?) -6,7 (-7,5, 6,2) 0,43 -1,2(-2,8,0,5) 0,15 -5,5(-11,1,0,2) 0,06
Natremie (mmol/l) -1,6 (-6,2, 3) 0,39 -1,6 (2,8, -0,4) 0,01 0,04(-2,9, 29 0,98
Kalemie (mmol/l) 0,4(-0,3,1,2) 0,19 -0,2 (-0,4, -0,01) 0,05 06(0,2 1,1) 0,01
Kreatinin (umol/l) 8 (-8, 23) 0,23 -5(-11, 2) 0,15 12 (-2, 27) 0,09
Clearance kreatininu (ml/s/1,73 m?) -1(-2,8,0,8) 0,18 -0,2(-0,7,0,3) 043 -0,8(-2,04) 0,19
Celkovy cholesterol (mmol/l) -0,9 (-3, 1,3) 0,3 -0,3(-0,6, 0,1) 0,11 -0,6 (-1,5, 0,3) 0,19
Glykemie nalacno (mmol/l) -0,7 (-1,6, 0,2) 0,11 -1,6 (-2,7,-0,4) 0,01 0,9 (-1,6, 3,3) 0,47
Klinicky systolicky TK (mm Hg) -32 (-65, -0,2) 0,05 -10 (=19, -1) 0,03  -23(-44,-1) 0,04
Klinicky diastolicky TK (mm Hg) -13(=32,7) 0,15 -10 (-16, -4) 0,01 -3(-16, 11) 0,69
Tepova frekvence (tept/min) -5 (=17, 6) 0,27 -10 (-14, -6) ;’001 5 (-5, 15) 0,31
24h systolicky TK (mm Hg) -20 (=35, -5) 0,02 -7 (-11,-2) 0,01  -14(-25,-3) 0,02
24h diastolicky TK (mm Hg) -9 (-15, -4) 0,01 -3 (-6, -1) 0,01 -6(-12,0,1) 0,05
24h tepova frekvence (tepd/min) -1(-7,5) 0,72 -4 (-7,-0,4) 0,03 3(-5,12) 0,45
Pocet antihypertenziv -0,6 (-1,7,0,5) 0,21 -0,4 (-0,9, 0,1) 0,11 -0,2 (-1,3,0,9) 0,73

Cl - interval spolehlivosti; TK — krevni tlak.

Tabulka 3 - Analyza odpovédi RDN

Linedrni regrese pro Sestimésicni odpovéd'

Proménna Koeficient (95% Cl) 12 p
Klinicky systolicky TK (mm Hg) 13 (0,5, 25,6) 0,09 0,04
24h systolicky TK (mm Hg) 12,6 (5,5, 19,7) 0,22 0,001
Primérna teplota dosazena vlevo (°C) 4,4(0,8,7,9) 0,12 0,02
Primér pravé renalni tepny/vyska (mm/m) 0,6 (0,1, 1,1) 0,1 0,03
Linearni regrese pro 12mésicni odpovéd

Proménna Koeficient (95% Cl) 12 P
Natremie (mmol/l) 1,9 (0,2, 3,6) 0,1 0,03
Prarez brani¢nich crur/BSA (mm?m?) 39,7 (3,9, 75,4) 0,09 0,03
Linedrni regrese pro 24mésicni odpovéd

Proménna Koeficient (95% Cl) r? p
24h systolicky TK (mm Hg) 12,2 (1,9, 22,5) 0,2 0,02
Kalemie (mmol/l) -0,3 (-0,5, -0,1) 0,3 0,01
Zastieni perinefrického tuku (¢tyrstupriova Likertova skéla) -1(1,6,-0,4) 0,3 0,003
Linearni regrese pro dlouhodobou odpovéd'

Proménna Koeficient (95% Cl) 12 P
24h systolicky TK (mm Hg) 18,3 (5,7, 30,1) 0,3 0,01
Primér levé rendlni tepny/vyska (mm/m) 0,5(0,1, 1) 0,2 0,04

BSA - povrch téla (body surface area); RDN - rendlni denervace; TK - krevni tlak.
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Tabulka 4 - Antihypertenzni medikace pro dlouhodobou predikci

L Vstupné

Proménna
Respondéri

Pocet pacientl 5
Pocet antihypertenziv, n 6,2+0,9
Blokatory kalciovych kanald, n (%) 5 (100 %)
Beta-blokatory, n (%) 3 (60 %)
Diuretika, n (%) 5 (100 %)
Antagonisté aldosteronu, n (%) 3 (60 %)
Inhibitory ACE/sartany, n (%) 5 (100 %)
a-blokatory, n (%) 2 (40 %)
Centralné pusobici latky, n (%) 4 (80 %)

Po 24 mésicich

Non-respondéfi Respondéri Non-respondéfi
22 5 22

52+1,1 56+09 4,8+1,0

20 (91 %) 5 (100 %) 17 (77 %)

10 (46 %) 3 (60 %) 9 (41 %)

22 (100 %) 5 (100 %) 22 (100 %)

11 (50 %) 2 (40 %) 11 (50 %)

22 (100 %) 5 (100 %) 21 (96 %)

14 (64 %) 2 (40 %) 12 (55 %)

10 (46 %) 3 (60 %) 9 (41 %)

ACE - angiotenzin konvertujici enzym. Hodnoty jsou zobrazeny jako primér + smérodatna odchylka nebo absolutni hodnoty nebo procenta.

Za variabilitu predikce ve vyse zminénych studiich'"
muze byt zodpovédnych nékolik faktorud, napfiklad tech-
nické otazky souvisejici se samotnou procedurou nebo
s mérenim TK, vstupni charakteristika pacientd nebo
konkomitantni antihypertenzni 1é¢ba.?? Alternace béhem
dvouletého sledovani potvrzuje variabilitu prediktord od-
povédi a mize podporovat vyznam preference dlouho-
dobé odpovédi na RDN zaloZzené na trvajicim podklesu
TK. MoZnost popsané reinervace jiz po Sesti mésicich na
zvifecim modelu® jesté podporuje vyznam této analyzy.

Zjisténi vyssich vstupnich hodnot TK jako prediktoru se
nelisi od jinych studii.'*" U pacientd s vy3$si vstupni hod-
notou TK Ize ocekdvat vyraznéjsi pokles po RDN. Tento
nalez ale muze byt ovlivnén i technickymi aspekty souvi-
sejicimi s mérenim TK.?° Jinym vysvétlenim mUze byt feno-
mén regrese k praméru.

Spojitost vyssi vstupni natremie s uspéSnou RDN 12 mé-
sicti po procedure a nizsi vstupni kalemie s Uspésnou RDN
24 mésici mUze byt teoreticky spojena s aktivaci systému
renin-angiotenzin-aldosteron nebo se zvy$enim tonu re-
nalniho symptatiku. Nebyly ale zjistény zmény nebo aso-
ciace hodnot aldosteronu s Uspésnou RDN.

Vysvétleni ndlezu, Ze pacienti s mensi mirou prosaknuti
perinefrického tuku méli lepsi vysledky, je sloZité. Zastreni
nebo prosaknuti perinefrického tuku se vyskytuje u akutni
pyelonefritidy nebo u obstrukce mocovych cest.?® U asym-
ptomatickych pacientd byla zjisténa spojitost prosaknu-
ti perinefrického tuku a snizené glomeruldrni filtrace.>”
Hypotéza mozného chronického renalniho onemocnéni
u non-respondérd je vysoce spekulativni a pfi normalnich
vstupnich rendlnich parametrech muze byt odmitnuta.

Hodnoceni anatomie v oblasti truncus coeliacus bylo
provedeno v kontextu funkce sympatického ganglion coe-
liacum a jeho patofyziologie ve vyvoji Dunbarova syndro-
mu. Ukdzalo, Zze vétsi prirez diafragmatickych crur predi-
kuje odpovéd na RDN po 12 mésicich. Mozna stimulace
ganglion coeliacum a jeho vliv na TK mohou byt odvo-
zeny z animalnich experiment(, z observace pacientt po
blokddé ganglion coeliacum a z kazuistiky blokady gan-
glion coeliacum jako Iécebné modality u pacienta s rezis-
tentni hypertenzi.?3°

Vyss8i primérna teplota dosazenad béhem ablace vlevo
a predikce Sestimési¢ni odpovédi muze podpofit technic-

ké otdzky uc¢innosti RDN. Tento nalez ale jiz nebyl zjistén
v pozdéjsim sledovani. Ani pocet ablaci nebyl identifiko-
van jako prediktor odpovédi.

Podobné vyznam prdméru rendlni tepny (pravé v ramci
Sestimési¢ni predikce a levé v dlouhodobé predikci) mlze
mit technické vysvétleni. Lze predpokladat, Ze u pacientt
s vétSim priimérem rendlni tepny je mozné zavést katétr
ablace distalni ¢asti renalni tepny byla efektivnéjsi na ani-
malnim i pravdépodobné na humannim modelu, protoze
nervova zakondceni jsou zde blize rendlni tepné.'%4-42 Na
druhé strané pocet ablaci nebyl u téchto pacientd s vét-
Sim primérem renalni tepny vyssi a pocet ablaci nebyl
identifikovan jako prediktor. Nase vysledky jsou v rozpo-
ru s jinou studii, kde byl pfitomny vétsi pokles klinického
TK po Sesti mésicich u pacientl s prmérem rendlni tepny
< 4 mm. Udaje o 24h TK nejsou v této studii k dispozici
a nebyl zjistén rozdil v prevalenci renalni tepny s prdmé-
rem <4 mm nebo v prdméru samotném mezi respondéry
(kdyz byl pokles klinického TK > 10 mm Hg) a non-respon-
déry.

Nase vysledky podporuji hypotézu, Ze nedostatecna
efektivita RDN mUzZe byt spojena s technickymi nebo ana-
tomickymi aspekty. Dal$i studie na vétsi populaci, které
respektuji vSechna soucasnd doporuceni pro studie RDN,
budou zapotrebi k potvrzeni téchto vysledkd.** V soucas-
nosti prevazuje ndzor, Ze denervace by méla byt cilena na
vétve renalni tepny nebo distalni segmenty rendlni tep-
ny. %4041 Soucasti by mélo byt i testovani efektivity ablace.
Stimulace renalniho sympatiku, periprocedurdlni venoar-
teridIni gradient noradrenalinu, kvantitativni angiogra-
fie nebo intravaskuldrni ultrazvuk by mohly byt pouzity
k intraproceduralnimu vyhodnoceni rozsahu ablace.?6:27:44
Soucasti studii by méla byt klamava procedura, run-in pe-
rioda s opakovanym méfrenim klinického a 24h TK.434>46
Pozornost by ale méla byt soustfedéna zejména na 24h
AMTK.# Cileno by mélo byt spiSe na mladsi pacienty s hy-
pertenzi 1. nebo 2. stadia, bez antihypertenzni Ié¢by nebo
s fadnou adherenci k |é¢bé.*48

| pres fakt, Ze jen mensina pacientd byla pfi dlouho-
dobém sledovani identifikovana jako respondéfi, mlze
tato studie naznacovat, Ze RDN by mohla byt vhodnd pro
jistou populaci hypertonikl. Ve svétle nejaktualnéjsich
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studii s multielektrodovym nebo ultravaskuldrnim systé-
mem, s konkomitantni antihypertenzni medikaci nebo
bez konkomitantni antihypertenzni medikace,®'? tato
studie zdurazriuje potrebu prokazat dlouhodobou ucin-
nost a rozpoznat populace respondérd. Lze doufat, ze
trvajici dlouhodoby ucinek RDN mUze také snizit kardio-
vaskuldrni morbiditu a mortalitu z kardiovaskuldrnich pfi-
¢in. Tento aspekt spolu s otazkou efektivity vynalozenych
ndkladu je stale nezodpovézen.®

Tato studie ma nékolik limitaci. Relativné maly pocet
analyzovanych pacientd je dusledkem velikosti plvodni
skupiny studie. Tento pocet byl dale snizen po vyfazeni
pacientd, kterym byl dodatecné pridan spironolacton bé-
hem sledovani nebo ktefi neméli zobrazovaci metodu po-
Zzadované kvality. Zmény medikace byly povoleny 12 mé-
sicd po RDN. Celkovy pocet 1€kl byl ale snizen a toto bylo
srovnatelné u respondérd i non-respondérd. Soucasna
doporuceni navrhuji jako klinicky vyznamny pokles 24h
systolického TK o 6-7 mm Hg.** Z divodu dlouhodobého
sledovani pacientt jsme zvolili pfisnéjsi kritéria, pokles
24h systolického TK alespori o 10 mm Hg, s cilem vybrat
skutecné responzivni pacienty. Vysledkem je, Ze jako re-
sponzivni byl ozna¢en mensi pocet pacientll, coz mohlo
déle ovlivnit statistickou vyznamnost soucasné analyzy.
Multivaria¢ni analyza nebyla provedena z divodu malé-
ho poctu analyzovanych pacientu.

Dalsi limitace jsou podobné tém, které jiz byly dis-
kutovany v dfive publikovanych vysledcich studie
PRAGUE-15:%2%5° doporuceny pocet ablaci nebyl dosazen
u viech pacientl (nejméné ctyfi na stranu), cilem ablace
byl kmen renalni tepny, coz bylo v souladu s doporuceni-
mi v dobé pfipravy studie,” absence klamavé procedury
a fakt, Ze adherence k 1é¢bé byla sledovana jen vstupné.

Zaveér

Jen u mensiny pacientdl, ktefi podstoupili renalni dener-
vaci, byl pfitomny trvaly pokles krevniho tlaku. Soucasna
studie potvrzuje, ze prediktory Uspésné RDN se s odstu-
pem casu od procedury méni. Dlouhodoby ucinek RDN
pomoci unipolarnich katétrli mize byt predikovan vy$sim
vstupnim 24h systolickym TK a vétSim prameérem levé re-
ndlni tepny. Pravé primeér rendlni tepny by mohl usnad-
nit provedeni ablace v periferii a tato zjisténi mohou
potencidlné posilovat vyznam technickych aspektl RDN
a teoreticky podpofit aktualni hypotézu nutnosti ablovat
distalni ¢asti renalni tepny.
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Cil: Zhodnotit prognézu a zmény spektra nemocnych s infekéni endokarditidou (IE) v kardiovaskularnim
centru bez kardiochirurgie a identifikovat prediktory mortality.
Soubor a metody: Retrospektivni analyzou jsme identifikovali 147 pacientl splfiujicich diagnézu IE dle kri-
térii Duke, ktefi byli hospitalizovani na Kardiologickém oddéleni Pardubické nemocnice v letech 2000-2016.
Tento Casovy Usek jsme rozdélili do dvou obdobi a porovnali profil nemocnych v kazdém z nich. K identifi-
kaci prediktord mortality byla vyuzita Coxova regresni analyza a sestrojili jsme Kaplanovy-Meierovy kfivky.
Vysledky: U 84 (57 %) nemocnych se jednalo o infekéni endokarditidu na nativni chlopni (NVE), u 35 (24
%) pacientl o protézovou IE (PVE) a u 28 (19 %) pacientt o IE na implantovanych pfistrojich (CDRIE). P¥i
srovnani obdobi 2000-2008 s 2009-2016 doslo k navyseni po¢tu nemocnych s IE 0 126 %, vzrostl primérny
vék pacienta o Ctyfi roky a narostla cetnost pridruzenych onemocnéni a predispozic ke vzniku IE. Prokézali
jsme relativni pokles pacienti s NVE (o 27 %), néardst poctu pacientl s PVE (0 9 %) a CDRIE (o 18 %). Nezjistili
jsme statisticky vyznamny rozdil v lokalizaci, typu ani v zastoupeni infek¢niho agens. Triactyricet procent
(n = 63) IE tvoril Staphylococcus (Staphylococcus aureus + koaguldza-negativni Staphylococcus [CoNS]), 18
% (n = 26) Streptococcus sp., 8 % (n = 10) Enterococcus sp. U 107 (73 %) pfipadu se objevila alespon jedna
komplikace. Sedmatficet procent pacientt bylo Ié¢eno kombinované antibiotiky a chirurgicky a z toho 63
% v urgentnim poradi. Byl zaznamendn vyrazny narust hospitalizacni mortality (o 16 %). Identifikovali jsme
prediktory mortality pacientl s IE (vysoky vék, srde¢ni selhdni, diabetes mellitus, akutni ledvinové selhani,
sepse, perivalvuldrni Sifeni infekce, multiorgdnové selhani, emergentni kardiochirurgicky vykon na obéhové
nebo ventila¢ni podpore). Prokazali jsme vyssi mortalitu pacientd s PVE (median preziti 2,9 roku).
Zavér: Tato retrospektivni studie prezentuje vysledky Iécby pacientu s infek¢ni endokarditidou z kardiocen-
tra bez kardiochirurgie. Porovnanim dvou obdobi 2000-2008 a 2009-2016 jsme prokézali vyrazny narust
incidence tohoto onemocnéni zejména u PVE a CDRIE s relativnim poklesem NVE. Dominujicim plvodcem
byl Staphylococcus. Prokazali jsme vyrazné vys$si mortalitu u pacientd s PVE a celkovy nérGst hospitalizacni
mortality. V univariantni analyze se typické prediktory mortality a pfitomnost pfidruzenych onemocnéni
uplatruji pouze u NVE, a ne u PVE ¢i CDRIE.

© 2019, CKS.

ABSTRACT

Aim: To evaluate the prognosis and changes in the spectrum of patients with infective endocarditis (IE) in
a cardiovascular centre with no cardiac surgery unit and to identify predictors of mortality.

Patients and methods: A retrospective analysis was used to identify 147 patients meeting the Duke criteria
for infective endocarditis who were hospitalised in the Cardiology Unit of the Pardubice Regional Hospital
from 2000 till 2016. This interval has been divided in two time periods and the profiles of patients in each
one were compared. To identify predictors of mortality, we used Cox regression analysis and constructed
Kaplan-Meier survival curves.
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Results: A total of 84 patients (57%) had native valve endocarditis (NVE), 35 (24%) had prosthetic valve en-
docarditis (PVE), and 28 (19%) had a cardiac device related infective endocarditis (CDRIE). When comparing
the periods 2000-2008 and 2009-2016, there was a 126% increase in the number of infective endocarditis
patients, while the average age increased by 4 years. The prevalence of comorbidities and IE predispositions
increased as well. We found a relative reduction (27%) in NVE cases and an increase in the number of pa-
tients with PVE and CDRIE (9% and 18%, respectively). We did not find any statistically significant difference
in endocarditis location, type, or causative microbiological agent. Staphylococci (Staphylococcus aureus +
coagulase negative Staphylococci [CoNS]) caused 43% (n = 63) of IE cases, Streptococci caused 18% (n = 26)
of cases, and Enterococci 8% (n = 10) of cases. At least one complication was reported in 107 (73%) cases.
A combination of antibiotics and surgical therapy was needed in 37% of patients, of whom 63% required
urgent surgery. There was a significant increase (16%) in in-hospital mortality. We identified the following
as IE mortality predictors: advanced age, heart failure, diabetes mellitus, acute kidney injury, sepsis, perival-
vular spread of the infection, multiple-organ failure, and emergency cardio-surgical procedure on circulato-
ry or mechanical ventilation support. We also documented increased mortality in patients with PVE (median
survival of 2.9 years).

Conclusion: This retrospective study presents the results of the treatment of patients with infective endo-
carditis from a cardiology centre with no cardiac surgery unit. Comparing two time periods, 2000-2008 and
2009-2016, we have documented a significant increase in the incidence rate of this disease, especially in PVE
and CDRIE, and a relative reduction in NVE. The major etiological cause was Staphylococci. We have also
documented significantly increased mortality in patients with PVE and an overall increase in hospital morta-
lity. Univariant analysis has demonstrated the typical predictors of mortality. In addition, comorbidities were

Prosthetic valve endocarditis also found in NVE only.

Uvod

V poslednim desetileti byl zaznamenan postupny ndrust
incidence infek¢ni endokarditidy (IE). V dUsledku dosazeni
vyssiho véku pacientl i moznosti soucasné mediciny roste
pocet nemocnych s rozvinutymi degenerativnimi vadami
chlopni, implantovanymi systémy, protézovymi chlopnémi,
invazivnimi vykony i nozokomialnimi infekcemi.'* V dua-
sledku toho doslo k narustu IE zpUsobené stafylokoky, za-
timco streptokokovych infekci postupné ubyva.>>¢

Gil

Zhodnotit prognézu a zmény spektra nemocnych s IE
mezi obdobimi 2000-2008 a 2009-2016 v kardiovaskular-
nim centru bez kardiochirurgie a identifikovat prediktory
mortality.

Soubor, metody, definice

Studovany soubor tvofilo 147 nemocnych, ktefi byli hos-
pitalizovani na Kardiologickém oddéleni Pardubické ne-
mocnice od zacatku ledna 2000 do konce prosince 2016
s prokazanou infekéni endokarditidou dle diagnostickych
kritérii Duke’ a ktefi byli 1é¢eni dle doporucenych postupl
Evropské kardiologické spole¢nosti (ESC).8

V uvedeném casovém obdobi jsme zaznamenali u kaz-
dého pacienta vzdy prvni hospitalizaci pro IE. Data jsme
analyzovali restrospektivné z elektronického registru
a dokumentace Pardubické nemocnice.

Analyzovali jsme data o demografickych vlastnostech
pacientd, laboratornich hodnotach, dvodnim symptomu,
mikrobiologickém a echokardiografickém nalezu, typu
IE, zpUsobu lécby a komplikacich béhem hospitalizace.

1. Demograficka data obsahovala informace o pohlavi,

véku, indexu télesné hmotnosti, Udaje o pfidruze-
nych onemocnénich a rizikovych faktorech.

2.Za vstupni laboratorni hodnotu jsme povazovali

Udaj naméreny pfi prvnim kontaktu s nemocnici, za
vystupni posledni vysledek pred dimisi, prekladem
nebo operaci. Jako abnormdlni hodnotu kreatininu
jsme povazovali ndlez > 133 pmol/l, C-reaktivniho
proteinu (CRP) > 5 mg/l, ejek¢ni frakce (EF) < 55 %.

. Patrali jsme po dominujicim dvodnim klinickém sta-

vu. Jako chronicky infekéni stav jsme oznadili stav
pacientd s nespecifickymi symptomy charakteru
slabosti, se subfebriliemi, s Ubytkem hmotnosti aj.,
septicti pacienti splovali platnd kritéria systémové
zanétové odpovédi organismu (SIRS)° v dusledku po-
tvrzeného infekéniho agens, pfitomnost srde¢niho
selhani byla zaloZena na typickych klinickych zndm-
kdch a symptomech tohoto syndromu a nemocni
se systémovou embolii byli rozpoznani s prakazem
vmetku vegetace ve vzddlengjsich strukturach od
pUvodniho origa.

. Rozlisili jsme druh IE dle kritérii Duke’ (jistda nebo

mozna), jeji typ: nativni (NVE), protézova (PVE)
— mechanicka (M), biologickd protéza (B) a IE na
implantabilnich systémech (CDRIE/IS — na kardiosti-
mulatorech [KS], implantabilnich kardioverterech-
-defibrilatorech [ICD]). U PVE a ,nové” u CDRIE jsme
odlisovali ¢asnou IE (do 12 mésicli po operaci/od im-
plantace pfistroje) a pozdni (po 12 mésicich po ope-
raci/od implantace pfistroje).

. Mikrobiologicky nalez obsahoval odbér hemokultur,

sérologické testy, pfipadné hodnoceni sekéniho na-
lezu.

. Prostfednictvim transthorakalni (TTE) nebo trans-

ezofagealni echokardiografie (TEE) jsme hodnoti-
li systolickou funkci LK, zdvaznost chlopenni vady
v dobé diagndzy, typ postizeni chlopné vstupné
(vegetace, perianuldrni Siteni [perivalvularni leak,
dehiscence protézy], jako samostatnou kategorii ab-
sces) a vyznamnost regurgitace pomoci standardni
dopplerovské techniky.’®' Pouzili jsme béZnou de-
finici pro vegetaci, absces nebo jiné infek¢ni [éze."
Velikost vegetace jsme hodnotili pomoci maximal-
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niho prlméru, dle pfitomnosti a velikosti vegetace
jsme zaradili nalez do jedné ze ¢tyr skupin (bez ve-
getace, < 10 mm, 10-29 mm, > 30 mm).

7. Sledovali jsme zpUsob lécby (konzervativni — anti-
bioticka Iécba 4-8 tydnl a kardiochirurgicka), preva-
Zujici indikaci k operaci dle doporuceni ESC,2 pred-
operacni stav nemocnych i typ operace. Emergent-
ni operace byla definovana jako doba vykonu do 24
hodin od pfijeti, urgentni operace jako doba od prv-
niho do sedmého dne, jako elektivni operace ostat-
ni.2 U pfistrojovych endokarditid jsme rozlisovali
chirurgickou extrakci (provedenou v komplexnim
centru), nechirurgickou extrakci (na implanta¢nim
sdle) a konzervativni postup (antibioticka terapie
bez extrakce systému). Urcili jsme pocet nemocnych,
kterym byl pfistroj zpétné reimplantovan.

8.Z komplikaci jsme patrali po akutnich dekompen-
zacich srde¢niho selhani, systémovych embolizacich,
akutnich ledvinovych selhanich (akutnich poskoze-
nich ledvin [AKI] definovanych dle kritérii RIFLE)."
Patrali jsme po nestabilnich nemocnych, ktefi vyza-
dovali obéhovou (inotropika, vazopresory), ventilac-
ni (umélou plicni ventilaci [UPV]) nebo jinou pfistro-
jovou podporu (kontinudlni ndhradu funkce ledvin
[CRRT]).

9. Stanovili jsme pravdépodobnou dobu do stanoveni
diagndzy, zaznamenali dobu hospitalizace a pocet
umrti za hospitalizace na kardiologickém oddéleni.

Sledovani

U viech 147 pacientd jsme ovéfili vitalni status k 1. 7.
2017, a to telefonicky od praktickych Iékar, specializo-
vanych poraden a rodin pozustalych. Dale jsme popsali
spektrum nemocnych hospitalizovanych v Pardubické ne-
mocnici a porovnali mezi sebou dvé po sobé nasledujici
obdobi (2000-2008 a 2009-2016). U zemielych jsme urcili
dobu Uumrti od onemocnéni IE. Stanovili jsme prediktory
mortality ze vSech pficin u NVE, PVE a CDRIE.

Statisticka analyza

Kategorickd data byla vyjaddiena jako procenta a porov-
nana pomoci Fisherova exaktniho testu. Kontinualni pro-
ménné byly vyjaddieny jako priimér a standardni odchylka.
Neparova data byla porovnana Studentovym t-testem,
neparametrickd data Mannovym-Whitneyovym testem.
K odhadu pravdépodobnosti zavislych proménnych na
nezavislych skute¢nostech jsme pouzili binarni logistickou
regresni analyzu. K identifikaci na case zavislych predik-
torl byla pouzita Coxova regresni analyza a ke znazor-
néni vybranych dat v ¢ase byly vytvoreny Kaplanovy-Me-
ierovy kfivky. Pro viechny testy byla za hranici statistické
vyznamnosti povazovana hranice p < 0,05.

Vysledky

Epidemiologie a klinicky obraz

Charakteristiku nemocnych s IE shrnuje tabulka 1. Ze 147
nemocnych tvofili 69 % (n = 101) muzi s prdmérnym vé-
kem 65 let (interkvartilové rozpéti [IQR] 58-75). Pfevazu-
jici predispozici k onemocnéni byla pfitomnost chlopenni
ndhrady (n =43, 29 %), KS/ICD (n = 39, 27 %), preexistujici

chlopenni vady (n = 30, 20 %), imunosuprese (n = 21, 14
%). U 7 % pacientt (n = 10) doslo v dal$im sledovani k re-
cidivé IE.

Nejcastéji se onemocnéni manifestovalo pod obrazem
chronického infekéniho stavu (n = 104, 71 %) a akutni de-
kompenzace srde¢niho selhani (n =56, 38 %). U 84 (57 %)
nemocnych se jednalo o NVE, u 35 (24 %) pacientd o PVE
a u 28 (19 %) pacientt o CDRIE. Ve 43 % (n = 62) se jed-
nalo o infekci aortalni chlopné, v 27 % (n = 38) mitralni
chlopné, v 10 % (n = 14) doslo k postizeni obou levostran-
nych chlopni.

Mikrobiologicky nalez

Pozitivni hemokultury
Uspésny zachyt agens v hemokulturach byl popsan u 110
pacientd (75 %). Jako nejcastéjsi plvodce onemocnéni
byl prokdzan Staphylococcus aureus (26 % ze vsech 147
pacientt), ktery byl ve 25 % pFic¢inou NVE (n =21), v 15 %
PVE (n =5) a v 43 % CDRIE (n = 12). Ostatnimi pUvodci IE
byly CoNS (n =25, 17 %), streptokoky (n =26, 18 %), ente-
rokoky (n = 10, 8 %), gram-negativni organismy (n =9, 6
%). Zbylé agens tvorily Candida albicans a Bacteroides sp.
Zatimco nejcastéjsimi plivodcem NVE byl Streptococcus
26 % (n = 22) a Staphylococcus 25 % (n = 21), v pfipadé
PVE to byly s 26 % CoNS (n = 25). Osmadvacet procent
vsech NVE bylo CNE.

Endokarditidy s negativnimi hemokulturami
(culture negative endocarditis, CNE)

V 25 % (n = 37) se nepodafilo agens vykultivovat (NVE 65
%, PVE 21 %, CDRIE 14 %). Pouze u Ctyf nemocnych (11
%) prispélo ke znalosti etiologického agens postoperac-
ni hodnoceni materidlu. Nebyl zaznamenan sérologicky
zachyt zadného vzacného agens CNE. Z tohoto soubo-
ru 25 (68 %) pacientl prislo pod obrazem chronického
infek¢niho stavu, 32 (86 %) pacientd mélo echokardio-
graficky nélez vegetace, castéji na levostranné (78 %, n
= 29) nativni (65 %, n = 24) chlopni. Sedesat procent (n
= 21) pacientt pred hospitalizaci uzivalo alespon jedno
antibiotikum a 35 % (n = 13) nemocnych mélo provedeny
odbér hemokultur pfi soucasné antibiotické Iécbé. Jedna-
Ctyricet procent (n = 15) vSech pacientd s CNE bylo pre-
loZzeno z interniho oddéleni, 22 % (n = 8) pacientt bylo
hospitalizovano pfimo z kardiologické ambulance, 16 %
(n =6) z plicniho oddéleni, 8 % (n = 3) z infekéniho oddé-
leni. Pfitom 19 % (n = 7) pacientt s CNE bylo preloZzeno
ze spadovych nemocnic. Letalita, vétsSinou konzervativné
lécenych pacientt (95 %), za hospitalizace ¢inila 30 % (n =
1, tj. NVE 18 %, PVE 9 %, CDRIE 3 %), nejcastéjsi pricinou
umrti byl septicky a kardiogenni Sok, jeden pacient umfel
v terminalnim stadiu generalizovaného tumoru mocové-
ho méchyfe. Ctyficet procent (n = 15) pacientd bylo hos-
pitalizovano po dobu krat$i nez pét dni (pozndmka: de-
finitivni vysledek kultivaci hemokultur minimalné pét dni
v Pardubické nemocnici).

Echokardiograficka data

Ultrazvukova data dokumentuje tabulka 2. Vsech 147
pacientd podstoupilo TTE, 134 (91 %) nemocnych TEE.
Nové vznikld vyznamna regurgitace byla nalezena u 50
pacientl (33 %), z toho v 80 % na NVE (n = 40). U 26 %
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Tabulka 1 - Epidemiologie a klinicka manifestace

p 2000-2008 vs.
Rok 2000-2016 2000-2008 2009-2016 2009-2016
Charakteristiky n =147 45 102 45/102
Pohlavi (muz/Zena) 101 (69 %)/ 46 (31 %) 30 (67 %)/15 (33 %) 71 (70 %)/31 (30 %) 0,850
Vék 64,9 + 14,3 62,4+12,8 66,1+ 14,9 0,150
BMI (kg/m?) 27,15 28+4 306 0,979
Pfidruzena onemocnéni
Srdecni selhani 61 (42 %) 16 (36 %) 45 (44 %) 0,370
Diabetes mellitus 54 (37 %) 14 (31 %) 40 (39 %) 0,460
ICHS 46 (31 %) 12 (27 %) 34 (33 %) 0,450
CHOPN/AB 29 (20 %) 9 (20 %) 20 (20 %) 1,000
CKD 29 (20 %) 6 (13 %) 23 (23 %) 0,260
Pomocna vysetreni
CRP vstupné/vystupné 97 (44,176) 82 (44,156)/20 (6,63) 97 (44,176)/30 (11,94) 0,759/0,103
GF/Kr vstupné 64 + 31 99 (79,139) 110 (85,179) 0,189
Predispozice
Chlopenni nahrada 43 (29 %) 10 (22 %) 33 (32 %) 0,240
Implantabilni pfistroj 39 (27 %) 5(11 %) 34 (33 %) 0,005**
Preexistujici chlopenni vada 30 (20 %) 16 (36 %) 14 (14 %) 0,004**
Imunosuprese 21 (14 %) 2 (4 %) 19 (19 %) 0,02*
|IE v anamnéze 10 (7 %) 1(2 %) 9(9 %) 0,280
Vrozend srdecni vada 10 (7 %) 3 (7 %) 7 (7 %) 1,000
Chronicka dialyza 5(3 %) 12 %) 4 (4 %) 1,000
Intravendzni narkomanie 2 (1 %) 0 2 (2 %) 1,000
Klinicka manifestace
Sepse 28 (19 %) 5(11 %) 23 (22 %) 0,117
Chronicky infekéni stav 104 (71 %) 33 (74 %) 71 (70 %) 0,698
Srdecni selhani 56 (38 %) 20 (44 %) 36 (35 %) 0,357
Systémova embolizace 26 (18 %) 11 (24 %) 15 (15 %) 0,166
Diagndza (Duke)
Jista 115 (78 %) 30 (67 %) 85 (83 %) 0,031*
Mozna 32 (22 %) 15 (33 %) 17 (17 %) 0,301
Typ IE
NVE 84 (57 %) 34 (76 %) 50 (49 %) 0,004**
PVE 35 (24 %) 8 (18 %) 27 (27 %) 0,300
Bioprotéza 25 (17 %) 6 (13 %) 19 (19 %) 0,490
Mechanicka protéza 10 (7 %) 2 (4 %) 8 (8 %) 0,720
Casna PVE/PVE + KS 15 (42 %)/30 (47 %) 2 (25 %)/4 (36 %) 13 (48 %)/26 (50 %) 0,1505/0,03*
Pozdni PVE/PVE + KS 20 (58 %)/33 (53 %) 6 (75 %)/ 7 (64 %) 14 (52 %) / 26 (50 %) 1,000/0,21
Implantabilni pfistroj 28 (19 %) 3 (7 %) 25 (25 %) 0,01*
Kardiostimulator 16 (11 %) 2 (4 %) 14 (14 %) 0,149
ICD 12 (8 %) 13 %) 11 (11 %) 0,106
Lokalizace infekce
Aortalni 62 (43 %) 20 (44 %) 42 (41 %) 0,721
Mitralni 38 (27 %) 16 (36 %) 22 (22 %) 0,101
Trikuspidalni 4 (3 %) 12 %) 3(3 %) 1,000
Aortalni + mitralni 14 (10 %) 5(11 %) 9(9 %) 0,762
KS/ICD 24 (16 %) 3(7 %) 21 (21 %) 0,051
Etiologické agens
Staphylococcus aureus 38 (26 %) 7 (16 %) 31 (30 %) 0,068
Streptococcus 26 (18 %) 11 (25 %) 15 (15 %) 0,166
Koagulaza-negativni stafylokok 25 (17 %) 7 (16 %) 18 (18 %) 0,817
Enterococcus 10 (8 %) 6 (13 %) 4 (4 %) 0,068
Gram-negativni agens 9 (6 %) 0 9(9 %) 0,057
Ostatni 2 (2 %) 12 %) 1(1 %) 0,520
Nezjisténo 37 (25 %) 13 (29 %) 24 (24 %) 0,539

AB - asthma bronchiale; BMI - index télesné hmotnosti; CKD - chronické onemocnéni ledvin; CRP — C-reaktivni protein; GF — glomerularni
filtrace; ICD - implantabilni kardioverter-defibrilator; IE - infekéni endokarditida; ICHS — ischemicka choroba srdecni, CHOPN - chronicka
obstruk¢ni plicni nemoc; Kr - kreatinin; KS - kardiostimulator; NVE - infekcni endokarditida na nativni chlopni; PVE - infekéni endokarditida
na protézové chlopni. Kédovani statistické vyznamnosti: * p < 0,05, ** p < 0,01, *** p < 0,001.
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Tabulka 2 - Echokardiograficky nalez

p 2000-2008 vs.

Rok 2000-2016 2000-2008 2009-2016 2009-2016
Systolicka funkce LK

EF LK vstupné 60,3 + 14 58 + 14 54 + 14 0,110
Zavaznost chlopenni vady v dobé diagnézy

Mirna 68 (34 %) 19 (42 %) 49 (48 %) 0,592
Stfedné vyznamna 26 (17 %) 9 (20 %) 17 (17 %) 0,647
Vyznamna 50 (33 %) 17 (38 %) 33 (32 %) 0,573
Postizeni chlopné vstupné

Vegetace 119 (81 %) 35 (78 %) 84 (82 %) 0,504
Absces 24 (16 %) 5(11 %) 19 (19 %) 0,336
Perivalvularni sireni 38 (26 %) 12 (27 %) 26 (25 %) 1,000
Vyznamna insuficience 50 (33 %) 17 (38 %) 33 (32 %) 0,573

EF LK — ejek¢ni frakce levé komory.

Tabulka 3 - Komplikace, znamky klinické nestability

p 2000-2008 vs.
Rok 2000-2016 2000-2008 2009-2016 2009-2016
Komplikace do konce hospitalizace
Bez komplikaci 40 (27 %) 13 (29 %) 27 (26 %) 0,841
Srdecni selhani 74 (50 %) 23 (51 %) 51 (50 %) 1,000
Systémova embolizace 33 (22 %) 11 (24 %) 22 (22 %) 0,830
MODS 28 (19 %) 6 (13 %) 22 (22 %) 0,266
AVB 6 (4 %) 2 (4 %) 4 (4 %) 1,000
Akutni renalni insuficience 50 (34 %) 11 (24 %) 39 (38 %) 0,131
Znamky klinické nestability
UPV 13 (9 %) 5(11 %) 8 (8 %) 0,538
Vazopresory 34 (23 %) 9 (20 %) 25 (25 %) 0,673
Akutni HD 7 (5 %) 1(2 %) 6 (6 %) 0,676

AVB - atrioventrikuldrni blokdda; MODS - multiorgdnové selhani; UPV — uméla plicni ventilace.

Tabulka 4 - Lécba, pfedoperacni stav, typ operace, indikace k operaci

p 2000-2008 vs.

Rok 2000-2016 2000-2008 2009-2016 2009-2016
Zpusob lécby

Konzervativni 92 (63 %) 28 (62 %) 64 (63 %) 1,000
Chirurgicky 55 (37 %) 17 (38 %) 38 (37 %) 1,000

Predoperacni stav
Kardiopulmonalné

kompenzovany 45 (84 %) 11 (24 %) 34 (33 %) 0,334
UPV 5(11 %) 3(7 %) 2 (2 %) 0,168
Vazopresory 9 (19 %) 6 (13 %) 3 (3 %) 0,024*
Akutni HD 1(2 %) 0 1(1 %) 1,000
Typ operace

Emergentni 11 (19 %) 4(9 %) 7 (7 %) 0,737
Urgentni 34 (63 %) 8 (18 %) 26 (25 %) 0,397
Elektivni 10 (19 %) 5(11 %) 5(5 %) 0,176
Explantace pfistroje 19 (12 %) 12 %) 18 (18 %) 0,008**
Reimplantace pfistroje 14 (8 %) 0 14 (14 %) 0,006**
Prevazujici indikace k operaci

Srdecni selhani 31 (57 %) 13 (29 %) 18 (18 %) 0,131
Perzistujici infekce 39 (72 %) 10 (22 %) 29 (28 %) 0,544

HD - hemodialyza; UPV — umélad plicni ventilace. Kédovani statistické vyznamnosti: * p < 0,05, ** p < 0,01, *** p < 0,001.
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pacientd (n = 38) jsme sledovali Sifeni infekce do prostor
kolem chlopné (perivalvuldrni leak, dehiscence protézy),
v 16 % byl nalezen absces (n = 24) (viz tabulku 2), castéji
na aortalni chlopni (n = 15, 62 %) u stafylokokovych in-
fekci (n =10, 42 %).

Komplikace

Zavazny prubéh onemocnéni ilustruje tabulka 3. Pou-
ze u 27 % pripadl byl prdbéh hospitalizace nekom-
plikovany, v 73 % (n = 107) pfipadd se objevila ales-
pon jedna komplikace. Tabulka 3 zachycuje, Ze u 50
% nemocnych (70 % vsech komplikaci) doslo k akutni
dekompenzaci srde¢niho selhani, u 34 % k akutnimu
zhorseni ledvinovych funkci a ve 22 % (= 30 % vsech
komplikaci) k systémové embolizaci po zahajeni ATB
terapie (centralni n = 19, periferni n = 4, septicky in-
farkt n =5, kombinace centrdlni a periferni n = 5) nej-
¢astéji do mozku, ledvin, sleziny, koncetin, kloub( aj..
Sledovali jsme vliv velikosti vegetace na ¢etnost systé-
movych embolizaci a dokumentujeme cetnéjsi kompli-
kace u pacientl s CNE.

Komplikujici srdecni selhani

Jednasedesat pacientl (42 %) s IE se pfi prijeti 1écilo
s chronickym srde¢nim selhdnim. Prdmérny vék této sku-
piny byl 69 let (IQR 66-75). Z toho 70 % (n = 43) bylo léce-
no konzervativné, 30 % (n = 18) kombinované (NVE - 11,
B -5, IS — 2). Nejcastéji operovanou chlopni byla chloper
aortalni (n = 8) a mitralni (n = 6), ostatni méné (Ao + Mi n
= 2, implantabilni systém n = 2), nejcastéji emergentné (n
=4) nebo urgentné (n = 11).

Cetngjsi soubor tvofili nemocni s chronickym i nové
vzniklym srde¢nim selhdnim komplikujicim hospitalizaci
(n =74, 50 %). Z toho 32 % pacientd zemrelo za hos-
pitalizace (n = 24), tj. 73 % hospitaliza¢ni mortality (p =
0,0212), a 68 % v dalsim prabéhu sledovani, tj. 60 % z cel-
kové mortality (p = 0,2171) — tj. prokazali jsme statisticky
vyznamny vliv srde¢niho selhani komplikujiciho hospitali-
zaci na hospitaliza¢ni mortalitu. Primérny vék pacienta,
ktery umrel na IE s chronickym nebo komplikujicim srdec-
nim selhanim, ¢inil 70 let (IQR 66-78).

Komplikujici vyznamna chlopenni regurgitace

Nové vznikla vyznamna regurgitace byla zjisténa u 50 pa-
cientd (33 %), z toho v 80 % na NVE (n = 40). Ve 36 %
byl pavodcem stafylokok (Staphylococcus aureus n =13 +
CoNSn=5),v24 % (n=12) streptokok av 28 % (n = 14) se
plvodce kultivaci nezjistil. Osmapadesat procent (n = 29)
pacientd podstoupilo kombinovanou Ié¢bu v urgentnim
programu, 55 % (n = 27) pro srde¢ni selhani a 69 % (n =
35) pro perzistujici infekci. Periopera¢ni mortalita byla 0,
celkova 28 % (n = 14) (oproti mortalité pfi konzervativ-
ni 1é¢bé — hospitaliza¢ni 33 %, celkové 81 %), prokazali
jsme tedy vyrazné lepsi prognézu pacientd s vyznamnou
chlopenni vadou operovanych pro tuto vyznamnou vadu
(p =0,0013).

Komplikace u CNE

U jedné ctvrtiny pacientl jsme pUvodce kultivacné ne-
zjistili. Dokumentujeme v3ak castéjsi komplikace (76 %,
n = 28) do konce hospitalizace (srde¢ni selhdni n = 22,
systémova embolizace n = 3, AKI n = 13, MODS n = 6).

Osmasedesat procent (n = 25) nemocnych bylo [é¢eno
konzervativné antibiotiky, zbyli (32 %, n = 17) kombi-
nované kardiochirurgicky. Opera¢ni mortalita pacientd
s CNE byla 6 % (n = 1), hospitaliza¢ni 36 % (n =12, p =
0,2072), celkova 65 % (n = 24, p = 0,3420) - tj. neprokazali
jsme statisticky vyznamny vliv neznalosti agens na mor-
talitu. Pfitom medidn preziti nemocnych s CNE lé¢enych
konzervativné byl 2,7 roku, lé¢enych kombinované sedm
let, doba do stanoveni diagndzy (sedm dni) a pramérna
délka hospitalizace (39 dni) byla pfiblizné stejnd jako
u pacientt s pozitivni kultivaci.

Vegetace a systémova embolizace

U 119 (81 %) byl patrny ultrazvukovy nélez vegetace.
Z toho 63 pacientl (53 %) mélo vegetaci < 10 mm, 51
pacientt (43 %) > 10 mm, pét nemocnych (4 %) > 30 mm.
Zatimco u 119 pacientl s vegetaci doslo k 59 (50 %) sys-
témovym embolizacim béhem celé hospitalizace, u 51
pacientd s vegetaci > 10-29 mm doslo k 28 embolizacim
(51 %), u péti > 30 mm k jedné embolizaci a u 63 nemoc-
nych s vegetaci < 10 mm k 30 emboliim (48 %) — tedy
porovnanim téchto skupin (bez embolizace, vegetace
< 10 mm, 10-29 mm, > 30 mm) s vyskytem systémovych
embolizaci jsme prokazali silnou zavislost téchto jev(, ni-
koliv vsak statisticky vyznamnou (p = 0,073, HR (95% ClI)
0,0967-2,111).

Lécba

Celkem 92 nemocnych (63 %) bylo Ié¢eno konzervativné
antibiotiky, 55 pacientd (37 %) chirurgicky (NVE n = 38,
PVE n = 13, CDRIE n = 4), z toho 34 nemocnych urgentné
(63 %) pro nezvladatelné srde¢ni selhdni (n = 31, 56 %)
a perzistujici infekci (n = 39, 71 %), nejcastéji stafyloko-
kovou (n =24, tj. NVE n = 14, B n = 7, CDRIE n = 3). Tfi-
aosmdesat procent vsech operovanych nemocnych bylo
kardiopulmonalné kompenzovanych, zbyli vyZadovali ur-
¢itou formu organové podpory (tabulka 4).

Pacienti s CDRIE

U 19 % pacientl byla diagnostikovana CDRIE (n = 28, tj. 16
KS/12 1CD), ve 42 % se jednalo o ¢asnou CDRIE. Prdmérny
vék pacienta dosahoval 68 let (IQR 65-79). Ctyfiasedesat
procent (n = 18) infekci se manifestovalo nespecifickymi
symptomy, u 11 % (n = 3) pacientd byl dvodnim sympto-
mem septicky infarkt, u 19 % (n = 5) k infarktu doslo po
zahajeni ATB terapie. U 93 % (n = 26) bylo mozno vizu-
alizovat vegetaci na elektrodach aparatu, ve Ctyfech pfi-
padech soucasné s postizenim trikuspidalni chlopné. V 67
% byl padvodcem CDRIE Staphylococcus (Staphylococcus
aureusn =12+ CoNSn=7,CNE n=5).V65% byl pribéh
komplikovany (srde¢nim selhdnim n = 12, akutni renalni
insuficienci n = 12, AVB vyssiho stupné n =5, MODS n =
3 a embolizacemi n = 5) c¢asto s podilem dalSich pridruze-
nych onemocnéni.

Z duvodu infekce pfistroje bylo provedeno 19 explan-
taci a extrakci stimula¢nich systéma (10 KS, 9 ICD), z toho
Ctyri pristroje (21 %, tj. 1 KS, 3 ICD) byly extrahovany
v tercidlnim centru, 15 pfistroji (89 %, tj. 9 KS, 6 ICD) v se-
kundarnim centru na stimulacnich salech, 9 pfistroji (37
%, tj. 6 KS, 1 ICD) bylo ponechano bez explantace. Ve 14
pripadech (50 %) po vyléceni infekce doslo k jejich reim-
plantaci (tabulka 5).
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Tabulka 5 - Hospitaliza¢ni mortalita, doba do diagnézy, doba hospitalizace, celkova mortalita

p 2000-2008 vs.

Rok 2000-2016 2000-2008 2009-2016 2009-2016
Hospitaliza¢ni mortalita 33 (22 %) 4(9 %) 25 (25 %) 0,041*
Doba do diagnoézy 85+ 16 7+15 10+ 16 -

Doba hospitalizace 23+ 17 24 £ 17 2117 -

Celkova mortalita NVE 43 (29 %) 22 (49 %) 21 (21 %) 0,0008***
Celkova mortalita PVE 26 (18 %) 8(5/3) (18 %) 18 (15/3) (18 %) 0,0001***
Celkova mortalita KS 14 (10 %) 4(9 %) 10 (10 %) 1,000

KS - kardiostimulator; NVE - infek¢ni endokarditida na nativni chlopni; PVE - infekcni endokarditida na protézové chlopni. Kédovani statis-
tické vyznamnosti: * p < 0,05, ** p < 0,01, *** p < 0,001.

Tabulka 6 - Prediktory mortality u pacientu s IE na nativni chlopni pfi univariantni Coxové regresni analyze

Typ IE NVE-84

Prediktory Spatné prognézy Skore y HR (95% Cl) p Exp(B)
Charakteristika pacienta

Vék 11,919 1,017-1,066 0,007*** 1,041
Pfidruzena onemocnéni

Srdecni selhani 4,443 1,036-3,559 0,038* 1,920
DM 9,186 1,359-4,687 0,003** 2,524
CKD 5,640 1,130-4,371 0,021* 2,223
Predispozice

Chronicka dialyza 7,029 1,314-10,982 0,014* 3,797
Klinicka manifestace

Sepse 12,124 1,604-3,194 0,001 *** 3,194
Zavaznost chlopenni vady v dobé diagnézy

Stfedné vyznamna 4,983 1,077-3,921 0,029* 2,055
Postizeni chlopné vstupné

Absces chlopné nebo aorty 7,117 1,252-5,251 0,010%* 2,564
Perivalvularni Sireni 6,874 1,216-4,481 0,011* 2,334
Komplikace do konce hospitalizace

MODS 18,918 2,059-7,991 0,000%** 4,057
Akutni renalni insuficience 5,502 1,112-3,813 0,022* 2,059
Znamky klinické nestability

Vazopresory 16,728 1,835-6,409 0,000%** 3,429
Akutni HD 12,470 1,802-11,188 0,010** 4,490
Predoperacni stav

Kardiopulmonalné kompenzovany 4,462 0,221-0,963 0,039* 0,461
UPV 6,306 1,225-8,168 0,017* 3,163
Vazopresory 4,081 1,004-4,701 0,049* 2,173
Typ operace

Emergentni 6,167 1,196-6,323 0,017* 2,750

CKD - chronické onemocnéni ledvin; DM - diabetes mellitus; HD — hemodialyza; HR - pomér rizik; IE - infekéni endokarditida; MODS - multi-
organové selhani; NVE-84 — pocet endokarditid na nativni chlopni; UPV — uméla plicni ventilace.
Kédovani statistické vyznamnosti: * p < 0,05; ** p < 0,01; *** p < 0,001.

Tabulka 7 - Prediktory mortality u pacientu s IE na protézové chlopni pfi univariantni Coxové regresni analyze

Typ IE PVE-35

Prediktory Spatné prognézy Skore y, HR (95% Cl) p Exp(B)
Predispozice

Implantabilni pristroj 4,289 1,019-6,714 0,046* 2,616
Komplikace do konce hospitalizace

MODS 4,632 1,056-7,325 0,038* 2,782

MODS - multiorganové selhéani; PVE-35 — pocet protézovych endokarditid. Kédovani statistické vyznamnosti: * p < 0,05; ** p < 0,01; *** p < 0,001.
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Devét nemocnych s CDRIE bylo ponechano bez explan-
tace. U dvou pacientl byl celkovy stav velmi zavazny a ze-
mrieli za hospitalizace. Ze zbylych pacientd u dvou byla
diagnoéza CDRIE stanovena jako mozna, z toho jeden Zije
a druhy zemfel na nésledky clostridiové kolitidy a sepse.
V péti pfipadech jsme stanovili CDRIE jako jistou diagno-
zu, dva z nich Ziji (po ctyfech letech) a tfi zemreli (po
dvou letech) v disledku komplikaci svych pfidruzenych
onemocnéni (gangréna a osteomyelitida jako komplika-
ce diabetické nohy aj.) Primérna doba doziti vSech deviti
nemocnych této skupiny byla 2,2 roku (IQR 0-4).

Recidiva IE

Krecidivé IE doslo u deseti pacientl (sedm muzd, tfi Zeny),
a to nejcastéji na chlopenni nédhradé (n =7, B-4, M - 3)
alS (n =3).90 % vsech recidiv IE bylo zafazeno dle kritérii
Duke do kategorie jistych diagnéz se sepsi jako dominu-
jici manifestaci (70 %). PGvodcem 50 % vsech recidiv byly
stafylokokové (Staphylococcus aureus 3 + CoNS 2). Devét
z deseti pacientl bylo Ié¢eno konzervativné antibiotiky,

Hospitaliza¢ni mortalita

Mortalita za hospitalizace na Kardiologickém oddéleni
Pardubické nemocnice ¢inila 22 % (n = 33). Sestaedesat
procent tvofili muzi s prdmérnym vékem 71 let (IQR 67—
78). Predispozici 48 % pacientl byla pfitomnost chlopenni
nahrady (n = 16), 36 % nemocnych KS/ICD (n = 12). Nejcas-
téjsi lokalizaci byla aortalni chloperi (n = 16, 48 %) a typem
NVE (n =14, 42 %), PVE (39 % -B =9, M =4), CDRIE (n =6,
18 %). Z toho ve 30 % (n = 10) byl vykultivovan Staphyloco-
ccus, v 36 % (n = 12) plvodce nebyl zjistén. Osmaosmdesat
(n = 29) pacientl bylo I1éceno konzervativné (nejcastéji pro
kontraindikaci ke kardiochirurgickému vykonu).

Primérna doba od zac¢atku prvnich symptomu do stano-
veni diagndzy byla 8,5 dne (1-108) a primérna doba hospi-
talizace ¢inila 23 dni (Zijici/mrtvy — pfi konzervativni l1écbé
32/22 dni, pti kombinované lécbé 22/10 dni) (tabulka 5).

Porovnani spektra nemocnych s IE v obdobich
2000-2008 a 2009-2016

Oproti prvnimu obdobi ve druhém doslo k navy3eni poctu
nemocnych s IE 0 126 % (tj. ze 45 na 102 pacient(), vzrostl
primérny vék pacientl v dobé onemocnéni (o Ctyri roky)
a s tim i ¢etnost pridruzenych onemocnéni a predispozic
ke vzniku IE (zejména statisticky vyznamny vzestup poctu
pacientd s KS/ICD, imunosupresi a relativni vzestup paci-
entl s chlopenni ndhradou). V souvislosti s tim jsme za-
znamenali statisticky vyznamny pokles po¢tu nemocnych
s degenerativnimi vadami chlopni (p = 0,004). V obou ob-
dobich byl castéjsi vyskyt IE u muzl (tabulka 1).

Tabulka 1 ukazuje, Ze ve druhém obdobi doslo k vyraz-
nému ,zpresnéni diagndézy” v podobé statisticky vyznam-
ného vzestupu poctu jistych diagnéz dle kritérii Duke,
poctu pacientt s PVE (p = 0,031) a CDRIE (p = 0,01). Na-
opak relativni pocet NVE se vyznamné snizil (p = 0,004).
Pfitom nebyla shleddna zména v lokalizaci infekce, lokal-
ni destrukci a zastoupeni jednotlivych infek¢nich agens.
Nezménil se ani preferovany zpUsob lécby (p = 1,000),

Typ infekéni endokarditidy

I Nativni chloperd
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Obr. 1-Kaplanova-Meierova kiivka: Statisticky vyznamné horsi progné-
za pacientd s PVE v porovnani s NVE a CDRIE (median preziti viz text).
CDRIE - infekéni endokarditida na implantabilnich systémech; NVE - en-
dokarditida na nativni chlopni; PVE - protézova endokarditida.

tj. stale byl dle platnych doporucenych postupt ESC volen
primarné konzervativni zplsob lécby (63 %). Hlavni indika-
ci k chirurgické intervenci (37 %) bylo srdecni selhani (p =
0,131) a nekontrolovatelna infekce (p = 0,544). Pfirozené
s narlstem poctt CDRIE vzrostl pocet pacientl s explanto-
vanym zafizenim (p = 0,008) i jejich reimplantaci (p = 0,006).
Byl prokazan ndrust hospitaliza¢ni mortality (p = 0,041).

Celkova mortalita infekéni endokarditidy a jeji
prediktory

Béhem 17 let sledovani zemrelo celkem 84 osob (57 %) s IE.
Osmasedmdesat pacientl (53 %) zemrelo béhem prvnich
Sesti let, tricetidenni mortalita ¢inila 22 % (33 osob), kon-
krétnéji pak po 30 dnech, Sesti letech a 17 letech zemfre-
lo na NVE 14/39/43 pacientl, na IE na bioprotéze 9/20/20,
mechanické protéze 4/6/7 a na implantovaném systému
6/13/14 osob. Obrazek 1 Kaplanovych-Meierovych krivek
ukazuje vyrazné horsi prognézu nemocnych s PVE v porov-
nani s nemocnymi s NVE a CDRIE (median preziti pro PVE
2,9 roku, NVE 8,3 roku, CDRIE 4,8 roku). Tabulka 6 doklada
prediktory mortality u nemocnych s IE na nativni chlopni.
Kromé véku nad 65 let, pfidruzenych onemocnéni (srde¢ni
selhani, diabetes mellitus, chronicka renalni insuficience)
a predispozic k onemocnéni (pfitomnost implantabilni-
ho pfristroje nebo pravidelnd hemodialyzacni lécba) byla
zndmkou nepfiznivého vyvoje shledana pritomnost systo-
lické dysfunkce LK, sepse jako Uvodni symptom onemoc-
néni, zndmky perianuldrniho Sifeni infekce, srde¢ni selha-
ni a klinickd nestabilita vedouci k selhani jednoho nebo
vice systémU s nutnosti farmakologické nebo pristrojové
podpory (vazopresory, akutni hemodialyza). Prognosticky
$patnou znamkou byla nutnost emergentniho chirurgické-
ho Feseni castéji nestabilniho komplikovaného pacienta.
Nenalezli jsme zadné agens, které by statisticky vyznamné
zvySovalo mortalitu nemocnych s IE.
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Tabulka 7 doklada nalezené prediktory mortality u pro-
tézové infek¢ni endokarditidy. Vyssi riziko umrti jsme za-
znamenali u pacientd s implantabilnim pFistrojem a multi-
orgadnovym selhanim.

Patrali jsme také po rizicich zdvazného pribéhu u ne-
mocnych s CDRIE. Ze sledovanych parametrd jsme vsak ne-
nalezli jiny vyznamny prediktor mortality nez obraz multi-
organového selhani.

Diskuse

PFi srovnani obou ¢asovych obdobi jsme prokdzali narlst
incidence IE v naSem regionu. V souvislosti s dosud pub-
likovanymi epidemiologickymi daty z CR™ byl potvrzen
shodny trend v nardstu incidence onemocnéni na 4-6 pfi-
padd/100 000 obyvatel.

Dokladame také zhoriujici se rizikovy profil. Pacienti
v druhém sledovaném obdobi byli starsi, vyssi hmotnos-
ti @ méli vyssi podil pfidruzenych onemocnéni. Pravdé-
podobné v duasledku vy3siho poctu chlopennich nahrad
a implantovanych systému ustupuje relativni pocet NVE.
Zaznamenali jsme vSak ndrulst cetnosti zejména stafyloko-
kovych ¢asnych PVE a CDRIE”'? (na hranici statistické vy-
znamnosti, trend v souladu s jinymi pracemi).>&'°!" By| pa-
trny Ustup streptokokovych infekci.”'%'>-17 U 25 % pfipadu
se nepodafilo agens vykultivovat, ¢astéji u levostrannych
chlopni s dalsim komplikujicim pribéhem hospitalizace.
Tato hodnota je pfiblizné dvojnasobna oproti jinym pra-
cim.4151815 Dvodem vyssi hodnoty CNE mohla byt vysoka
Cetnost pfednemocni¢ni ATB |éc¢by na blize nespecifiko-
vanou infekci, odbér kultivaci pfi soucasné ATB terapii,
nedodrzeni sprdvného postupu odbéru i doporu¢ovaného
poc¢tu hemokultur zejména z pracovist mimospadovych
nebo nekardiologickych, nizsi zvyklost sérologickych od-
bérd, PET CT nebo nemoznost postoperacniho hodnoceni
odebraného materidlu. Vyznamnym faktorem CNE byla
také délka hospitalizace mnohdy kratsi, nez je ¢as do zisku
definitivniho vysledku hemokultivaci a terminalni/Sokovy
stav nemocnych.

Porovnanim vybranych skupin (pacienti bez emboliza-
ce, s vegetaci < 10 mm, 10-29 mm, > 30 mm) s vyskytem
systémovych embolizaci jsme prokazali silnou vzdjemnou
zavislost téchto jevyd, nikoliv viak statisticky vyznamnou
(p = 0,073). Tato pravdépodobnost mohla byt ovlivnéna
nejen mensi velikosti souboru, ale také absenci (n = 13,
9 %) presnéjsiho TEE zobrazeni u nemocnych, ktefi toto
vysetfeni z rdznych dlvodUd neabsolvovali (terminalni stav,
negativni reverz).

Potvrdili jsme silny vliv (o = 0,0212) nové vzniklého
anebo komplikujiciho srdecniho selhani na hospitaliza¢ni
mortalitu?® a soucasné vyrazné lepsi progndézu pacientt
operovanych pro vyznamnou chlopenni vadu pfi vhodném
vybéru pacientd (p = 0,0013).

V souladu s doporuc¢enymi postupy ESC byli pacienti
léceni primarné konzervativné antibiotiky, a pokud chi-
rurgicky, tak urgentné pro perzistujici infekci. Tedy odlis-
né napriklad oproti komplexnimu centru IKEM,' kde se
|écilo vice chirurgicky, avsak v elektivnim programu pro
nezvladatelnou infekci. To je ddno selekci pacientt v ter-
cialnim sektoru s vyssi koncentraci pacientl s ¢asnou PVE,
nezvladatelnou infekci nebo komplikovanym prabéhem

pfi selhani farmakoterapie. Porovndnim obou obdobi
v sekundarnim centru jsme nezaznamenali rostouci trend
kombinované lécby (p = 1,000). Pfitom celkova mortali-
ta kombinované lécby je 18 %, tedy shodné s literarnimi
daty."? Tato mortalita vSak byla nizZsi nez u pacientl léce-
nych konzervativné antibiotiky (38 %).> Nezanedbatelny
vliv na vyse prezentovand data mél vhodny vybér pacientd
ke kardiochirurgickému reseni.

Dale jsme zjistili, Ze pouze v ojedinélych pfipadech je
nutné pristoupit k explantaci pristroje v komplexnim cen-
tru anebo pfimo na kardiochirurgickém sale. Vétsina ex-
plantaci a extrakci byla provedena na stimula¢nich salech,
a zhruba jedna tretina pacientd byla ponechana bez ex-
plantace z dlvodu $patného vitdlniho stavu nebo pouze
pfi mozné CDRIE. V soucasné dobé vsak v nasem centru
uplatniujeme strategii extrakce stimulacnich ¢i defibrilac-
nich systému i pfi mozné CDRIE jako prvni krok v |é¢bé.

Jak vyplyva z nasich dat, mortalita na IE zdstava sta-
le vysoka. Pficinou je stale castéjsi vyskyt nozokomialnich
infekci, zejména na umeélych/ biologickych chlopnich, im-
plantabilnich systémech, expozice invazivnim vykondm™*
u starsi populace lidi s ¢etnéjSimi pridruzenymi onemoc-
nénimi a s horsi kardiopulmonalni kondici nebo vysokymi
riziky kardiochirurgické intervence. Jinym vysvétlenim je
i hojnéjsi vyskyt agresivnéjsich pivodcl s horsi prognézou
(stafylokok, enterokok). Pravé proto byla hospitaliza¢ni
mortalita v druhém obdobi vyrazné vyssi (p = 0,041), avsak
pfiblizné stejnad s pracemi z tercidlniho sektoru z podob-
nych obdobi." 1418

Dolozili jsme data svéddici o statisticky vyznamné vazbé
nemocnych s chronickym nebo nové vzniklym srde¢nim se-
Ihanim na hospitaliza¢ni mortalitu.?’ Srde¢ni selhani proto
predstavuje zakladni indikaci k ¢asnému chirurgickému
vykonu.?' Prokdzali jsme vyrazné vyssi mortalitu pacientd
s PVE, coZ je v souladu s jinymi pracemi.!416.17.22

Prdmérna doba od pocatku symptomd do stanoveni
diagndzy cinila osm dni. Mezi nej¢astéjSimi davody dia-
gnostického prodleni byla obtizna interpretace nespecific-
kych symptomd, obtize s identifikaci plvodca nebo pro-
dleni z dGvodu pozdni navstévy lékare aj.

Vyse uvedend data prezentuji epidemiologicky trend
pacientt s infek¢ni endokarditidou v sekundarnim centru,
zpusob 1é¢by a jeji vysledky srovnatelné s jinymi pracemi
a dokladaji vyznam sekundarnich kardiovaskularnich cen-
ter v 1é¢bé IE, podloZzeny mortalitnimi daty.

Limitace studie

Limitaci nasi prace je velikost studovaného souboru dale
¢lenéného do mensich skupin a zejména retrospektivni
zpusob ziskavani dat.

Zavér

Tato retrospektivni studie jako prvni prezentuje vysledky
lécby pacientt s infek¢ni endokarditidou z kardiovasku-
larniho centra bez kardiochirurgie. Mezi obdobimi 2000-
2008 a 2009-2016 jsme prokazali vyrazny ndruast incidence
tohoto onemocnéni zejména u PVE a CDRIE s relativnim
poklesem NVE. Dominujicim plvodcem je Staphylococcus.
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Prokazali jsme vyrazné vyssi mortalitu u pacientd s PVE

a celkovy narUst hospitaliza¢ni mortality. V univariantni

analyze se typické prediktory mortality a pfitomnost pfi-
druzenych onemocnéni uplatriuji pouze u NVE, a ne u PVE
¢i CDRIE.

Prohlaseni autorti o mozném stietu zajmu
Zadny stret zajmu.
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Uvod: Fibrilacia predsieni je dnes povazovana za najcastejsie sa vyskytujucu arytmiu. Hodnota NT-proBNP je
preukazatelne zvySena u pacientov s fibrilaciou predsieni, a to aj bez dokumentovaného srdcového zlyha-
vania. Asociacia medzi vyskou koncentracie NT-proBNP a konverziou fibrilacie predsieni na sinusovy rytmus
nebola doteraz preukdzana a nie je jasné, Ci takdto suvislost vobec existuje.
Ciel: Cielom studie je analyzovat spojitost medzi vyskou koncentracie NT-proBNP a konverziou fibrilacie
predsieni a poukazat na moznu prediktivnu hodnotu tohto markera v suvislosti s konverziou rytmu.
Material a metodika: V subore bolo sledovanych celkovo 96 pacientov (50 % diabetikov) bez dokumento-
vaného srdcového zlyhavania, s paroxyzmom fibrilacie predsieni v trvani do 24 hodin. U vietkych pacientov
bol realizovany odber vendéznej krvi na stanovenie vysky koncentracie NT-proBNP. Nésledne boli rozdeleni
do dvoch skupin (diabetici a pacienti bez diabetu), v kazdej skupine boli zaznamenané priemerné hodnoty
NT-proBNP, pri ktorych doslo ku konverzii rytmu. V dalSom sledovani boli zhodnoteni vietci Ucastnici Studie,
bez ohladu na pritomnost diabetu.
Vysledky: Nizke hodnoty NT-proBNP maju pozitivnu prediktivnu hodnotu v predikcii konverzie rytmu (prie-
mernd hodnota 678,8 + 936,6 ng/l pri Uspesnej konverzii) a dalsi narast NT-proBNP je spojeny s nizSou prav-
depodobnostou konverzie (priemernd hodnota 2 597,5 + 2 300,4 ng/l pri neuspesnej konverzii). U 45 pacien-
tov bola zaznamenana spontanna konverzia na sinusovy rytmus, u 51 pacientov ku konverzii rytmu nedoslo.
V tomto sledovani sme dosiahli statisticki vyznamnost v predikcii konverzie na zdklade hodnét NT-proBNP
(p < 0,001). U diabetikov nebola zaznamenana priekazné zavislost medzi koncentraciou NT-proBNP a kon-
verziou rytmu. 37,5 % diabetikov s priemernou hodnotou NT-proBNP 824,1 + 1 338,0 ng/l dosiahlo konverziu
rytmu, u 62,5 % diabetikov s priemernou hodnotou 1 807,3 + 1 875,3 ng/l pretrvédvala fibrilacia predsieni (p
=0,149).
Zaver: Dosiahnuté vysledky poukazuju na potencialne prognostické hladisko koncentracie NT-proBNP na
konverziu rytmu u pacientov s paroxyzmalnou fibrilaciou predsieni. Su vSak potrebné dalsie studie, ktoré by
blizsie objasnili mechanizmy uvedenych javov a nasli dalSie vyuzitie v klinickom vyskume.

© 2019, CKS.

ABSTRACT

Introduction: Atrial fibrillation is considered today as the most common arrhythmia. The NT-proBNP level
is provably elevated in patients with atrial fibrillation in atrium of heart, even without documented heart
failure. The association between NT-proBNP level and the conversion of atrial fibrillation to sinus rhythm has
not been proved so far, and it is unclear whether such a link exists at all.

Objective: The aim of the study is to analyze the relationship between NT-proBNP levels and the conversion
of atrial fibrillation and to point to the possible predictive value of this marker in relation to rhythm con-
version.

Material and methods: A total number of 96 patients (50% of diabetics) with no documented cardiac failure,
with paroxysmal atrial fibrillation lasting up to 24 hours, were monitored. In all patients, venous blood was
collected to determine the level of NT-proBNP. Subsequently, the patients were divided into two groups
(diabetics and non-diabetic patients), with mean NT-proBNP values recorded in each group in which the
rhythm conversion occurred. In the follow-up examination all participants of the study were evaluated,
regardless of the presence of diabetes.
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Results: Low NT-proBNP values have a positive predictive value in rhythm conversion prediction (mean value
of 678.8 + 936.6 ng/l in successful conversion), and a further increase in NT-proBNP is associated with a lo-
wer probability of conversion (mean value 2 597.5 + 2 300.4 ng/l in unsuccessful conversion). In 45 patients
spontaneous conversion to sinus rhythm was recorded, in 51 patients there was no rhythm conversion. In
this observation, we achieved statistical significance in the prediction of conversion based on NT-proBNP
values (p < 0.001). There was no evidence of dependence between NT-proBNP level and rhythm conversion
in diabetics. In 37.5% of patients suffering from diabetes with the mean value of NT-proBNP 824.1 + 1 338.0

Keywords:

Atrial fibrillation
Diabetic
NT-proBNP value
Rhythm conversion

ng/l rhythm conversion occurred, in 62.5% of patients-diabetics with an average value of 1 807.3 + 1 875.3
ng/l atrial fibrillation in atrium of heart persisted (p = 0.149).

Conclusion: The results indicate the potential prognostic aspect of NT-proBNP levels for rhythm conversion
in patients with paroxysmal atrial fibrillation. However, further studies are needed to clarify the mechanisms
of these phenomena and to find further use in clinical research.

Introduction

Atrial fibrillation (AF), commonly occurring arrhythmia,
has been the subject of increased interest and intense re-
search in recent years. Since its first description in 1909 it
has had more than a century of history, and therefore it
is one of the oldest known arrhythmias."? The association
of atrial fibrillation with cardiac and non-cardiac diseases
is known, but it is unclear whether arterial hypertension,
ischemic heart disease, diabetes mellitus and other dis-
eases are really associated with atrial fibrillation or there
is just their coincidence. The relationship between atri-
al fibrillation and diabetes mellitus alone has not been
investigated adequately. Some authors consider diabetes
mellitus to be a separate “cardiovascular disease” that is
rapidly rising globally.3#

The risks resulting from late diagnosis and inadequate
treatment of AF are alarming, with a diabetic population
particularly at risk, in which as a result of autonomic dys-
function, is an oligosymptomatic or asymptomatic course
of arrhythmia. Therefore, there is a need for timely iden-
tification and targeted treatment of risk individuals. For
this purpose, various peptides with endocrine, paracrine,
and autocrine effects are also being investigated which
would provide diagnostic value, but research in this field
is in the beginning, and there is a lack of evidence from
randomized studies, but lesser observational studies are
already available.® N-terminal fragment of the pro-brain
natriuretic peptide (NT-proBNP) is one of the foregoing
biomarkers with a predictive and stratification value, now-
adays easily available in basic laboratory diagnostics.®’

The use of natriuretic peptides in the risk stratification
of some cardiovascular diseases is widespread worldwi-
de — their contribution to the prognosis of patients with
heart failure is clearly demonstrated.® Today, there is an
interest in studies whose role is to clarify the possible strati-
fication value of NT-proBNP in acute coronary syndromes,
valvular diseases and atrial fibrillation. However, these in-
dications have not yet become valid recommendations.>'°

The aim of our work is to define whether the value of
NT-proBNP in patients admitted to hospital ward rooms
with paroxysmal fibrillation of known duration (up to 24
hours) may be a predictor of conversion to sinus rhythm
(SR) in the non-diabetic population as well as in patients
with type 2 diabetes without another documented seri-
ous cardiovascular disease. On the basis of the results thus
obtained, our intention is to choose and individualize

without delay the patient’s treatment strategy (rhythm
control vs. frequency control). AF is a benign arrhyth-
mia, but it is associated with an increased risk of death,
especially due to cardiovascular causes, due to stroke, left
ventricular dysfunction and heart failure and, last but not
least, cognitive functions decline and vascular demen-
tia."""? The results of our published work can contribute
to the early and effective management of arrhythmia as
such, and to a large extent avoid the above-mentioned
complications.

Material and methods

The study included 96 patients from the 1st Internal Clinic
of UNLP in Kosice in the reference period from 1.7.2014
to 31.12.2015. Of the total number of patients, there
were 52 women and 44 men. In this group, there were
48 patients with type 2 diabetes — diabetes compensation
such as diet, oral antidiabetic drugs or insulin were dis-
regarded. Table 1 shows the baseline demographic data
and associated diagnoses in each patient group, Table 2
shows the baseline echocardiographic morphometric pa-
rameters of heart in the patients enrolled in the study.
Data were collected prospectively — all patients who were
admitted and hospitalized at the time in the First Internal
Clinic with known paroxysm of atrial fibrillation in durati-
on up to 24 hours, were enrolled in the study.

Patients with severe cardiovascular comorbidities
that could affect NT-proBNP levels such as acute corona-
ry syndrome, chronic heart failure with left ventricular
systolic dysfunction, severe heart valve disease, patients
with documented pulmonary hypertension, as well as
patients with chronic obstructive pulmonary disease and
malignant diseases were excluded from our study. Tables
3 and 4 show known cardiovascular and extracardial co-
morbidities affecting NT-proBNP level.

The group included patients with primomanifestation
of AF, as well as patients with already documented recur-
rent paroxysmal form of AF in long-term antiarrhythmic
treatment, with heart rate at arrhythmia having to be at
least 110/min on admission — the patient met the criteria
for AF with a rapid chambers response. In acute pre-hos-
pital care he was not treated with an antiarrhythmic and
bradycardiac treatment and he required hospitalization
in a department providing intensive health care with con-
tinuous monitoring of vital functions.
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Table 1 - Basic demographics and comorbidities of study

participants

Male/female 44/52
Patients with DM/patients without DM 48/48
Age (men/women) 71.8 + 10.54
(67 £10.57/74.53 +9.6)
Normal blood pressure/hypertension 6/90
IHD without HF/without IHD 8/88

Obesity with BMI above 30/BMI below 30  44/52

Table 5 - Cut-off value of NT-proBNP in standard laboratory
conditions

Norm of NT-proBNP 5-125 ngl/l
A: female < 150 ng/l
B: male < 100 ng/l

To confirm the diagnosis of
heart failure

from 450 ng/l to 35 000 ng/l

A: age < 50 years > 450 ng/l
B: age 50-75 years > 900 ng/l
C: age > 75 years > 1800 ng/l

BMI - body mass index; DM - diabetes mellitus; HF — heart failure;
IHD - ischemic heart disease.

Table 2 - Echocardiographic parameters of study participants

LV systolic function 55.5+4.7%
LV with myocardial hypertrophy/without 81/15
myocardial hypertrophy

Left AoH size 42.6 £ 36 mm

AoH - atrium of heart; LV - left ventricle.

Table 3 - NT-proBNP positivity for cardiovascular diseases
1

. Differential diagnosis of dyspnea — cardiac versus non-cardiac
etiology

2. Stratification of risk in patients with heart failure, IHD (acute
and chronic forms)

. Early diagnosis of cardiotoxicity (chemotherapy, radiotherapy)
. Monitoring the effect of treatment of heart failure
. Diastolic dysfunction of LV and RV

o Ul &~ W

. Heart disease - hypertrophic cardiomyopathy, infiltrating
myocardial diseases (amyloidosis), myocarditis

7. Valve diseases — aortic and mitral stenosis, regurgitation
8. Rhythm disorders - atrial fibrillation, flutter

IHD - ischemic heart disease; LV - left ventricle; RV - right ventricle.

Table 4 — NT-proBNP positivity in non-cardiac diseases

1. Critical conditions - bacterial sepsis (G-), burns, ARDS
2. Ischemic stroke
3. Anemia

4. Pulmonary diseases - sleep apnea, pulmonary embolism, pul-
monary hypertension, asthma, pneumonia, lung cancer, COPD

5. Diabetes mellitus type 1 and type 2

ARDS - acute respiratory distress syndrome; COPD - chronic ob-
structive pulmonary disease.

In patients who met the inclusion criteria, venous blood
sampling was performed immediately upon admission to
the hospital to determine the baseline biochemical parame-
ters and NT-proBNP cut-off levels in Table 5 (we also took
into account the level of potassium as a potential trigger
and its possible contribution to the conversion of arrhyth-
mia — the parameter, however, did not reach statistical sig-
nificance in the monitored group). The patients were placed
on the beds of the intensive care unit for continuous bed-
side rhythm monitoring with the possibility of accurately
recording the time of eventual conversion to sinus rhythm.
The medication administered to the patient in the monito-
red group included bradycardia treatment (beta-blocker,
digoxin, or their combination), anticoagulation therapy, in
case of need potassium-surrogate treatment and chronic
therapy used by the patient — most commonly hypotensive,
antidiabetic drugs, and hypolipidemics. During the follow-
-up monitoring, no antiarrhythmic drugs were administered
to patients for 48 hours. After this time interval, the mo-
nitoring was terminated, the success rate of conversion to
sinus rhythm was recorded in each patient, and if necessa-
ry, an acute pharmacological or electrical cardioversion was
performed, or a delayed strategy of rhythm control was
selected - elective cardioversion after prior treatment with
antiarrhythmic drug in long-term suitable anticoagulant
therapy (only if in the patient in whom the attempt for acu-
te cardioversion was unsuccessful).

Statistical analysis and results

The arithmetic mean and standard deviation (SD) were
used for data analysis. To test the differences in quantity
variations the chi-kvadrat test was used, for testing the
differences of quantitative variables the Student T-test
was used. The result was considered statistically signifi-
cant at p-value < 0.05.

In this group, 96 patients with a paroxysmal form of
AF were evaluated of known duration up to 24 hours,
of which 52 were women aged 74.5 + 9.6 years and 44
men aged 67 + 10.6 years. Of the total number of pa-
tients, 50% were diabetics, type 2. For each patient, an
NT-proBNP level was recorded, determined from venous
blood immediately at the time of admission into the hos-
pital, with an average level of 1698.1 +2 029.3 ng/l. In the
diabetic group (DM patients), the mean value NT-proBNP
was 1430.8 + 1 742.3 ng/l, in the non-diabetic population
1954.5 + 2 029.3 ng/l (Fig. 1).
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DM Without DM

Together

Fig. 1 - Graphic representation of mean NT-proBNP values in ng/l in
each subgroup of the group. Patients with DM (diabetes mellitus)
with NT-proBNP 1 430.8 + 1 742.3 ng/I, patients without DM with
NT-proBNP 1 954.5 + 2 029.3 ng/l, mean NT-proBNP in the whole
patient population 1 698.1 + 2 029.3 ng/I.

B DM with conversion
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Fig. 2 — The success of rhythm conversion in individual file groups.
In each section of the graph the numbers of patients, expressed in
percentage values, are shown.
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Fig. 3 — Rate of rhythm conversion dependence on the level of NT-
-proBNP. Patients without DM with achieved rhythm conversion,
with the mean value of NT-proBNP of 581.9 + 538.2 ng/I, patients
without DM, without rhythm conversion with an average NT-pro-
BNP of 3 639.1 £ 2 431.5 ng/l. DM patients with achieved rhythm
conversion with mean value NT-proBNP of 824.1 + 1 338.0 ng/l, DM
patients without rhythm conversion with an average value of NT-
-proBNP of 1807.3 + 1 875.3 ng/I.

Patients were monitored for successful conversion to
sinus rhythm, correlated with the measured value of NT-
-proBNP. After a statistical evaluation of the results, we
noted in the first step that in 45 patients with an average
NT-proBNP value of 678.8 + 936.6 ng/l conversion to the
sinus rhythm occurred. AF persisted in 51 patients with
an average value of NT-proBNP 2 597.5 + 2 300.4 ng/l,
regardless of the presence of diabetes. The level of sta-
tistical significance reached the value of p < 0.001. From
the above results it can be concluded that low NT-proBNP
levels at the time of AF paroxysm duration have a signifi-
cant predictive value of conversion to sinus rhythm, and
the increasing NT-proBNP value reduces this probability.

In the second step, we have statistically analyzed the
success rate of rhythm conversion in particular in diabe-
tic and non-diabetic populations. In this group, successful
rhythm conversion was recorded in 37.5% of diabetics
with an average NT-proBNP value of 824.1 + 1 338.0 ng/I,
while in 62.5% of diabetics with an average value of NT-
-proBNP 1 807.3 + 1 875.3 ng/lI AF continued.

In the nondiabetic group, a rhythm conversion occur-
red in 56.3% of patients with an average NT-proBNP of
581.9 = 538.2 ng/l and AF persisted in 43.7% of patients
with an average value of NT-proBNP of 3 639.1 + 2 431.5
ng/l (Figs 2, 3). In this part of the analyzed population,
the result did not reach a statistically significant predic-
tive value (p = 0.149), and therefore it can be concluded
that in the subpopulation of diabetics alone the level of
NT-proBNP does not significantly affect the success rate of
AF conversion to sinus rhythm. It follows from this that the
presence of diabetes as risk comorbidity does not improve
the predictive effect of NT-proBNP in rhythm conversion.

Discussion

Several studies have recently been carried out that have
shown significant increases in NT-proBNP also in cardiac
compensated atrial fibrillation patients, with its average
values around 800-1 100 ng/l.">'* After the sinus rhythm
resumes its level is rapidly decreasing. The decrease in NT-
-proBNP levels after the version to sinus rhythm cannot be
attributed to a fall in heart rate because the correlation
between heart rate and NT-proBNP level before and after
the conversion was not observed. In the study by Dogan
et al. NT-proBNP levels were compared in patients with
paroxysmal, persistent, and permanent AF, the authors
conclude that the duration of arrhythmia had an effect
on NT-proBNP levels, i.e., patients with persistent and
permanent atrial fibrillation had higher NT-proBNP levels
than patients with paroxysmal form. However, they also
point to another published study in which the NT-proBNP
levels were comparable in all of the above-mentioned
forms of arrhythmia.?>1¢

Only patientswith aparoxysmalform of AFwithaknown
duration of 24 hours were included in our group, with
NT-proBNP levels reaching a relatively large numerical
range (1698.1 + 2 029.3 ng/l), which is related to laborato-
ry variation of values of this parameter in the range of se-
veral thousand ng/l (max. measurable value is 35 000 ng/I
in laboratory conditions), but without significant impact
on the clinical manifestations of the patient. At the same
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time, the difference in mean values of NT-proBNP betwe-
en diabetic and non-diabetic patients (1 430.8 + 1 742.3
ng/l vs. 1 954.5 = 2 029.3 ng/l) was observed despite the
fact that several retrospective observations, which were
performed in the diabetic population, in which were mo-
nitored values of NT-proBNP in the group without AF as
well as in diabetic patients with documented arrhythmia,
pointed to elevated levels of NT-proBNP in diabetics." '

We can explain the above results to some extent on
the principle of gradually progressive structural remode-
ling of atriums of heart in diabetics. Hyperglycemia con-
tributes to excessive formation of reactive oxygen radicals
(superoxide, peroxynitrate and others) due to increased
glucose oxidation in the insulin resistance environment.

Likewise, hyperglycemia-supported protein glycation
and the formation of AGEs (Advanced Glycation End-pro-
ducts) also promote the onset and development of inflam-
mation in the myocardium, thereby stimulating further
accumulation of fibrosis in myocardial interstitium. Such
a fibrotically altered left atrium cannot promptly respond
to changing hemodynamic conditions, i.e., transient vo-
lumetric and pressure overload of the atrium in the re-
sulting AF, which present a stimulus to the secretion of
natriuretic peptides.

Therefore, the increase in NT-proBNP level in AF on the
diabetic heart is slower and reaches quantitatively lower
values than in non-diabetic patients. NT-proBNP values in
diabetics in our group achieved smaller numerical disper-
sion and therefore did not appear to be a suitable conver-
sion marker in this population. Healthy myocardium of
the left atrium reacts to short-term overload with “watch
and wait”, meaning that it has well-developed com-
pensation mechanisms, and does not activate NT-proBNP
synthesis, or is synthesized only in small amounts. Con-
sequently, the AF conversion on a healthy atrium takes
place without the need of more complex pharmacothe-
rapy, and the sinus rhythm is more stable. In our group
there are patients with a relatively low mean NT-proBNP
level. However, in patients with paroxysmal form of AF
without diabetes, due to structural remodeling of the
myocardium of left atrium, progressive fibrosis may also
occur, but its myocardium does not cope with the compli-
cations described above, caused by hyperglycemia.

The rate of fibrosis and its progression is therefore lower
in non-diabetics. Such a structurally altered atrium res-
ponds to volume and pressure overload in acute attack
by AF — synthesis of NT-proBNP measurable in high-values
but with respect to the altered atrial myocardium there is
already a conversion with the need for pharmacological
intervention.

In other words, we could divide the patients involved
in our study, into three groups:

1. Without predicted structural damage to the left
atrial myocardium, with good adaptability to over-
load, those, who have low NT-proBNP values in AF
paroxysm with a tendency to spontaneous rhythm
conversion.

2. With onset or moderate involvement of left atrium
myocardium which, due to sufficient functional
reserve of atrial cardiomyocytes, synthesizes NT-
-proBNP at high levels, while for rhythm conversion
a therapeutic intervention is required.

3. With more progressive changes in atrial myocar-
dium, whose ability to react to overload is limited
to a certain degree, which in laboratory condition
appears as measurement of NT-proBNP in the so-cal-
led gray zone — without significant variability from
very low to very high values, without the possibili-
ty of unambiguous determination of the success of
rhythm conversion (there is an interference with
NT-proBNP measurements with patients in the first
and second groups).

Conclusion

Natriuretic peptides affect the function of cardiovascular
system due to multiple endocrine paracrine and autocri-
ne effects and belong to the markers with high diagnos-
tic and prognostic potential from all, up to now monito-
red, laboratory indicators of myocardial function.” Each
introduction of a new biomarker into practice brings the
temptation to use it as much as possible, either as a mar-
ker to eliminate certain condition (a rule-out diagnostics,
use of a negative predictive value of a test), for confirma-
tion of a diagnosis (rule-in diagnostics, use of a positive
predictive test value) and to monitor the clinical status
or success of the therapy.?® The advantage of NT-proBNP
over BNP is, in addition to longer biological half-life, a le-
sser influence by physical activity and lower intra-indivi-
dual variability, i.e., level fluctuations in the individual,
allowing to obtain stable results in his evaluation.

Our study pointed to the possibility of using NT-proBNP
monitoring as a marker of possible AF conversion to sinus
rhythm. In conclusion we can state that in patients with-
out a more serious cardiovascular comorbidity and low
NT-proBNP level (on average 678.8 + 936.6 ng/l), we regis-
ter that spontaneous conversion of AF to sinus rhythm is
more frequent than in patients with high NT-proBNP (on
average 2 597.5 = 2 300.4 ng/l) (p < 0.001), with the dif-
ference in this laboratory parameter beginning to be sig-
nificant with a distinction normally of several thousand
ng/l. Statistically significant results were not recorded in
this respect in the diabetic group (p = 0.149), therefore
the very presence of this diagnosis is not considered to be
indicative of predicting the success of rhythm conversion.

In our treatment group, patients with a lower value
of NT-proBNP were clinically highly presumed to convert
AF to sinus rhythm with a high probability of its mainte-
nance, and a low risk of recurrent arrhythmia. From our
results, it is possible to assume that patients with paroxys-
mal AF, whose measured values of NT-proBNP were hig-
her, do not achieve spontaneous rhythm conversion, there
is a higher risk of recurrent arrhythmia and its transition
to persistent or permanent form. These patients require
targeted and long-term antiarrhythmic treatment, po-
tent thromboprophylaxis therapy, and rigorous dispensa-
ry care to detect the recurrence of a symptomatic, even-
tually asymptomatic form of AF early on.

The limitation of our study is a relatively small number
of participants, as well as an insufficient characterization
and fragmentation of patients with AF. In spite of this, we
consider the results we achieved a significant contribu-
tion for everyday clinical practice, e.g. “Triage” of patients
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in that, on the basis of the evaluation of one biochemical
parameter, the AF treatment strategy can be determined
without delay and so to define the patients with a high
risk of persistence or recurrence of arrhythmias.

In the clinical context, we can make the therapeutic
options for influencing AF more effective — to choose an
effective antiarrhythmics, timely optimize the need for
dose-uptitration, bradycardia treatment, eventually ini-
tiate early and effective anticoagulation therapy in the
prevention of thromboembolic complications of AF.

Finally, we would like to emphasize that despite the
limitations of our study, we have pointed out to some
new and interesting facts related to the potential use of
the marker — which has long been considered a selective
indicator of heart failure, which presents further possibi-
lities for clinical use and especially space and perspectives
in further research.
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Uvod: Je prokazano, ze rehabilitacni cviceni je pFinosnou formou nefarmakologické 1é¢by pacientt se stabil-
ni plicni arterialni hypertenzi (PAH). Vétsina studii hodnotila i vysledky program( nabizenych v nemocnicich
a provadénych pod odbornym dohledem. Je tfeba zajistit lepsi pfistup pacientld k této vyznamné formé
intervence; soucasné je nutno zaméfit vyzkum i na dlouhodobé ucinky programd cviceni provadéného sa-
motnymi pacienty v domacim prostiedi. Cilem nasi studie bylo zhodnotit adherenci, bezpecnost i ucinek
12tydenniho individualizovaného programu cviceni v domacim prostiedi pro pacienty s idiopatickou PAH.
Metody: N&S projekt byla prospektivni pilotni nekontrolovana interven¢ni studie. Pro tcast v ni bylo z lotys-
ského registru PAH vybrano Sest pacient( s idiopatickou PAH, potvrzenou pravostrannou srdecni katetrizaci.
Nasledné byl vypracovan 12tydenni cvicebni program pfizplsobeny kazdému pacientovi podle jeho funk¢ni-
ho stavu a domaciho prostiedi. Program byl zaméren na posilovani, dechovd, aerobni cvi¢eni i techniky rela-
xace nervového systému i svalstva, monitorovani sebekontroly, kazdotydenni kontrolu pacienta telefonem
a osobni navstévy v ordinaci, kde fyzioterapeut mohl upravovat rezim i sledovat jeho dodrzovani pacientem;
soucasné se dbalo o maximalni bezpecnost pacient(. Primarnimi sledovanymi parametry z hlediska ucinku
programu byly zatéZova kapacita, zpUsob dychani a kvalita Zivota, z hlediska adherence to byly dny s cvice-
nim a z hlediska bezpecnosti jakakoli pfihoda jako ,varovani” béhem cvi¢eni, nedplné zotaveni a zhorseni
symptom plicni hypertenze.
Vysledky: Vysledky prokazaly pomérné vysokou miru adherence k piedepsanému cvicebnimu rezimu (pri-
mér 92,5 %). V prabéhu programu nebyly zaznamendny zadné nezadouci pfihody. Vysledky prokazaly vy-
znam zajisténi optimalnich dovednosti jak z hlediska objektivnich sledovanych parametr(, tak subjektivnich
symptom. Vysledky Sestiminutového testu chlize (6-minute walking test, 6MWT) prokazaly, Ze vypracovany
program vyznamné zlepsuje zatézovou kapacitu (prameérné zlepseni 39 + 17,5 m). U ¢ty ucastnikd (66,7 %)
byl pozorovan minimalni klinicky vyznamny rozdil (minumum clinically important difference, MCID) ve vzda-
lenosti pfekonané pacienty s PAH pii 6MWT (25-33 m). Statisticky vyznamné zlepseni ve vychylkach pohybu
hrudniku potvrzuji zmény ve zptsobu dychani naznacujici vétsi zapojeni branice pfi dychani po absolvovani
programu. Vysledky neprokazaly vyznamné zlepseni v zadné z domén z dotazniku SF-36. Nicméné polovina
Ucastniku studie dosahla po absolvovani programu hodnoty MCID (11 %) podle pfislusnych stupnic fyzické-
ho zdravi.
Zavér: Predbézné vysledky této studie prokdzaly, ze vypracovany individualizovany program pro cviceni
v domdcich podminkach je bezpecny, snadno jej Ize provozovat a umoziuje postupné zvySovat intenzitu za-
téze; soucasné zlepsuje fyzicky funkeni stav klinicky stabilizovanych pacientt s idiopatickou PAH. Hypotéza
této studie podporuje pfedstavu o nutnosti provadét dalsi vyzkum formou randomizovanych kontrolova-
nych studii s ovéfovanim dosud ziskanych vysledk.

© 2019, CKS.

ABSTRACT

Background: Exercise-based rehabilitation has been proved as a beneficial additional non-pharmacological
treatment in patients with stable pulmonary arterial hypertension (PAH). Majority of studies include hospi-
tal-based supervised programs. To improve patient accessibility to this important intervention and long-term
effect the research on home-based programs is warranted. The purpose of our study was to evaluate the
adherence, safety, training effects of 12-week individualized home-based exercise program in patients with
idiopathic PAH.
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Methods: This was a prospective pilot uncontrolled interventional study. Six patients with iPAH confirmed by
right-heart catheterization from the Latvian PAH registry were selected. A 12-week exercise program adapt-
able for each patient’s functional state and home environment was created. The program included muscle
strength training, respiratory, aerobic exercise and neuro-muscular relaxation techniques, self-control mo-
nitoring, weekly phone control and on-site re-assessment by physiotherapist were parts of the program to
ensure both individualized adjustments and proper execution, and to maximize clinical safety. The primary
outcome measures for training effects were exercise capacity, breathing pattern and quality of life, for ad-
herence days of performance, for safety any event of “alarm sign” indicators during exercising, incomplete
recovery, worsening of PH symptoms.

Results: The results showed a rather high degree of adherence to the prescribed exercise regimen (in
average 92.5%). No adverse events were observed during the course of the program. The results proved
the importance of ensuring optimal self-control skills both for objective measures and subjective symptoms.
The 6-minute walking test (6MWT) results show that the developed program significantly improves exercise
capacity (mean improvement 39 + 17.5 m). In four participants (66.7%) the minimum clinically important
difference (MCID) for 6MWT distance in PAH patients was observed (25-33 m). Significant improvement in
chest excursions confirm changes in breathing pattern suggesting better engagement of diaphragm dur-
ing breathing after the program. Results did not show significant improvements in either SF-36 survey domain.
However, half of the participants reached MCID (11%) after the program at the physical health subscales.
Conclusion: The results of this preliminary study prove that the created individualized home-based exercise
program is safe, easily followed and allows progression in exercise intensity and improves physical functional
state in clinically stable iPAH patients. This study hypothesis supports the need for RCT to continue research

Pulmonary arterial hypertension and approve the results.

Introduction

Pulmonary arterial hypertension (PAH) is a severe disease
characterized by increase in pulmonary artery pressure
and pulmonary vascular resistance which promote right
ventricular failure — the leading cause of death in PAH.!
The pathogenetic mechanisms are complex and only
partially understood.? The most common symptoms on
presentation are progressive dyspnea, fatigue, dizziness
and episodes of syncope, which substantially limit pa-
tient’s physical capacity and overall quality of life.?

At this moment there are fourteen PAH specific ther-
apies available, that mostly act as vasodilators, on four
PAH relevant molecular pathways. However, the key
pathogenetic features of disease, such as adverse vascular
remodeling or functionality of the right ventricle are not
targeted by these drugs.*

Since PAH remains incurable, life-debilitating disease
with high mortality despite recent advances in disease-tar-
geted pharmacotherapy, other treatment options to im-
prove quality of life for these patients are actively sought.

Guidelines on Diagnosis and Treatment of Pulmonary
Hypertension published by European Society of Cardiolo-
gists in 2015, recommend (strength of recommendation,
IIb) that exercise training programs should only be imple-
mented in PAH centers experienced in both PAH patient
care and rehabilitation of compromised patients as the
available data on positive impact of exercise and long-
-term effects are highly limited.?

Recent studies on the impact of exercise training in pa-
tients with PAH suggest that exercise training is benefi-
cial and safe non-pharmacological approach that should
be included in treatment strategies of PAH. In most of
them, patients underwent supervised training in hospi-
tals or rehabilitation centers beforehand, and continued
the prescribed exercise-training program at home in con-
tact with the specialists to guarantee patient safety and
compliance.®

The purpose of our study was to evaluate the adherence,
safety, training effects of 12-week individualized home-
based exercise program in patients with iPAH. As the first
preliminary study on home-based exercise program for Lat-
vian iPAH outpatients, the program'’s protocol was based on
a low-intensity home-based training in conditions of self-
and telemonitoring, and the study population included pa-
tients who had been stable for at least three months and
were receiving optimized medical therapy.

Methods

Study population and design

This was a prospective pilot uncontrolled interventional
study. Six patients with iPAH confirmed by right-heart
catheterization from the Latvian PAH registry were se-
lected. The inclusion criteria: age between 18 and 80
years, stable and on optimized medical therapy for at
least 3 months before entering the study. Exclusion crite-
ria consisted of the following: NYHA functional class IV;
unstable condition; inability to visit the university clinic
for on-site assessments.

The study was approved by the Riga Stradins Univer-
sity Ethics Committee and the patients signed written
informed consent prior to participation. The patient en-
rollment was done in two steps, at first according to the
registry data screening and afterwards the selection crite-
ria were evaluated by a cardiologist (Fig. 1).

All patients were under the care of a cardiologist, the
medical therapy was continued and remained unchanged
during the exercise intervention. The exercise program
was carried out by an experienced physiotherapist.

Exercise program
A 12-week exercise program adaptable for each pa-
tient’s functional state and home environment was cre-
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According to data of Latvian
pulmonary hypertension registry:

- basic clinical diagnosis iPAH

- stable medical therapy
- clinically stable condition

After a telephone interview:

4[Unable toarriven=5 ]

p
Cannot reach on
phonen=1

- are able to come to assessment
at the center of the study
- agrees to participate in the study

After applying exclusion criteria

Do not want to
participaten=1

4[Patient isdeadn=5 ]

n=6

i

Included in

analysis
n=6

Fig. 1 - Enrollment of participants, describing number of patients screened, excluded (and reasons for exclusion). iPAH - idiopathic pulmo-

nary arterial hypertension.

ated. The program included muscle strength training,
respiratory, aerobic exercise, and neuro-muscular relax-
ation techniques (Table 1).

Self-control monitoring (HR, SpO,, Borg scale, subjective
clinical symptoms), weekly phone control and on-site re-as-
sessment by physiotherapist were parts of the program to
ensure both individualized adjustments and proper execu-
tion, and to maximize clinical safety. For the patient’s con-
venience and improvement of compliance a visual material
was created, which consisted of detailed program descrip-
tion, exercise plan, Borg’s scale and information on the
“alarm signs” which indicate the need to stop or not to
start exercising. Each participant was provided with a pa-
per format diary and pulse oximeter (Accurate FS20A).

Table 1 - The exercise program description

Monday Aerobic excersise
Breathing and relaxation
Tuesday Resistance exercise (upper body)

Breathing and relaxation
Wednesday REST

Thursday Aerobic excercise
Breathing and relaxation
Friday Resistance exercise (lower body)
Breathing and relaxation
Saturday Aerobic excercise
Breathing and relaxation
Sunday REST

“Alarm signs”, which indicate the need to stop exercis-
ing, were determined as peak heart rate of more than
120 bpm, decrease in SpO, to 85%; perceived exertion as
very hard (>6 on Borg scale) and subjective symptoms of
exercise intolerance (severe dyspnea or fatigue, dizziness,
pain etc.).%’

The program included individual educational and mo-
tivational elements provided by a physiotherapist at on-
site visits and weekly phone-controls. Education included
both information about the program and its completion,
overall benefits and possible adverse events of daily ex-
ercise, options to better manage activities of daily life, as
well as self-management strategies for coping with exa-
cerbation of disease symptoms.

Strength training

Six to seven resistance exercises scheduled two times a week,
each done for one set, 5 to 10 repetitions. Muscle strength
training was accomplished using person’s own body weight
and after 8th week, the use of additional weight (small
dumbbells [500-1 000 grams] or water bottles; resistance
bands) was strongly encouraged. The exercises were adapt-
ed individually and clearly explained for each patient.

Aerobic exercise

The aerobic workload was adjusted individually, taking in
account 6-minute walk test (6MWT) results (both distance
and reaction of HR, BP, SpO,, perceived exertion [Borg
scale], complaints) and the daily amount of physical activi-
ties of each patient. It consisted of 20 to 40 minutes of cy-
clic activity, three times a week. It was initially planned to
adjust the intensity according to heart rate (HR), but during
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the 6MWT on primary evaluation, increasing the intensity
did not increase HR, and most importantly lowered SpO,.
For this reason, criteria used in dosing intensity of aerobic
exercise were based on rating of perceived exertion as 5-6
points on Borg scale (hard) and sustained SpO, at starting
level or decrease of no more than 5% from the initial.

The type of aerobic exercise was selected individually,
taking in account patient’s conditioning, living environ-
ment, daily habits and preference. The standard choice was
walking, but other options such as walking while sitting on
a chair, marching on spot and cycling were provided.

Breathing exercises and relaxation techniques

Breathing and relaxation exercises were done five times
a week, in five to ten minute sessions. Respiratory exer-
cises mainly aimed to improve chest expansion, breathing
rhythm and emphasized diaphragmatic breathing. Relax-
ation methods included elements of progressive neuro-
muscular relaxation and body awareness.??®

Outcome measures

Training effects

The primary outcome measures for training effects were

exercise capacity assessed using 6MWT, breathing pat-

tern evaluation using chest excursions and health related

quality of life by SF-36 survey at baseline and 12 weeks.
6MWT was performed according to guidelines™ to-

gether with SpO,, HR, BP monitoring.

Chest excursions were recorded at level of processus
xiphoideus and 10th rib by measuring difference in chest
circumference between maximal inspiration and expira-
tion." Two lower levels of chest measurements were cho-
sen to indirectly estimate involvement of diaphragm in
the breathing pattern.

The SF-36v2 survey measures eight physical and mental
health areas, as well as physical and mental component
summary scores.'? For norm-based scoring, every area has
the same range (0-100), mean (50) and standard deviation.
The subscale and component summary scores usually range
between 20 and 70. If an individual respondent’s scores are
less than 45 or if the group’s mean is less than 47, it is con-
sidered to be lower, compared to the healthy population.
The scores were calculated with SF-36 software.

Adherence

Adherence to the home program was assessed using pa-
tient diaries, where the patients had to write down daily
records on completion of intended exercises on each day
of the program. The total length of program was 84 days
(12 weeks), where a total of 60 days was devoted to exer-
cising and 24 days were rest days (Table 1). Performance
on each exercise day was accepted as “full”, if both types
of exercises were completed, “partial” — one type of ex-
ercise completed, and “non” if no exercises were per-
formed. Reasons of non-adherence were analyzed both
from diaries and phone-control data.

Safety
Analysis of daily records in the patient’s diaries, weekly
phone-control data and on-site reassessment results at 4

weeks were used to detect any adverse effects: “alarm
sign” indicators during exercising, incomplete recovery,
worsening of PH symptoms.

Statistical analysis

Data are presented as mean + standard deviation (SD) and
for individuals as absolute values. Intragroup comparison
between baseline and 12 weeks was done using Wilcoxon
signed-rank test for all outcome variables. A value of p
<0.05 was considered statistically significant. All analyses
were carried out with the SPSS v. 23.0 software program.

Results

Enrollment

Six PAH patients were enrolled in the study (Fig. 1) and all
of them completed it. Five of the patients were women
and the patients were aged from 56 to 79 years (mean 68
+ 7.6). PAH diagnosis in participants had been confirmed
3.9 + 3.5 years ago (Table 2).

Adherence

Full performance of prescribed exercises in 57 and more
of 60 days (>95%) was demonstrated by three partici-
pants. One patient full performance demonstrated in
54 of 60 days (adherence 90%) and one additional day

Table 2 - Baseline characteristics of the participants

Age (years) 68 +7,6
Gender (n)
Women 5
Men 1
NYHA class (n)
| 1
] 3
] 2
PAH therapy (n)
PDES5 inhibitor 4
ERA 2
Spironolactonum 5
Oxygen therapy 1
Comorbidities (n)
Hypertension 2
Dislipidemia 3
Bronchial asthma 1
Coronary artery disease 1
Time since diagnosis (years) 3.9+35
Cardiac catheterization
mPAP (mmHg) 46.8 + 13.1
PAWP (mmHg) 13.8+4.7
PVR (WU) 7.9+4.1
6MWT distance (m) 375.8 +91.5

Data are presented as n, or mean = SD. 6MWT - 6-minute walking
tests; ERA — endothelin receptor antagonist; mPAP — mean pulmo-
nary arterial pressure; NYHA - New York Heart Association; PAH

- pulmonary arterial hypertension; PAWP - pulmonary arterial
wedge pressure; PDE — phosphodiesterase; PVR — pulmonary vascu-
lar resistance.



L. Butane et al.

407

Days (% ) from 60 activities days

Participants (n = 6)

Fig. 2 - Exercise program adherence presented as performance (full
[completion both prescribed exercises] [dark blue color], partly
[completion of one kind from prescribed exercise] [light blue color],
non [no kind of exercises was done] - in different colors) of inten-
ded exercises in all 60 program active days (expressed as days from
60 activity days [%]).

(1.6%) of partial performance. Remaining two patients
demonstrated full performance in 48 days (80%) and 45
days (75%) (Fig. 2).

The main reasons for non-performance were associated
with various errands that required leaving home (travel-
ling, visiting friends, doctor’s visits etc.) — recorded in five
participants accounting for 1-5 days of non-performance.
Two of the patients had health issues — one had back pain
(2 days of non-performance) and one experienced frac-
ture of the wrist after a fall on pavement, but on the next
day of reduction, the patient resumed exercising. Two
patients noted weather conditions that contributed to
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fatigue and served as reason for non-performance or par-
tial performance of the exercise program (3 and 9 days).
One of the patients had progressive peripheral edema
due to not following doctor’s orders regarding medica-
tion, which caused issues with full completion of exercises
(reason for partial performance in 3 days).

Safety

None of participants was forced to interrupt exercising,
no “alarm signs” or aggravation of clinical symptoms
were observed. Data from the patient diaries represented
normal HR recovery after exercising. All patients complet-
ed the entire 12-week program and no adverse events
were recorded. During the phone or on-site visits, none
of the patients noted that their symptoms had worsened
in duration of this program. Only one of participants
demonstrated insufficient self-monitoring skills.

Training effect

6MWT distance increased for five of the patients. The total
increase in distance ranges from 15 to 60 meters (mean 39
+ 17.5 m) (Fig. 3A, Table 3). In four participants (66.7%),
the minimal clinically important difference for 6MWT dis-
tance in PAH patients was observed (approximately 33
m)."* For one patient, 6MWT distance on final (12-week)
assessment remained the same as at the baseline.

Table 3 - Change in 6MWT and chest excursions

Variable Baseline 12 weeks p-value
6MWT distance (m)  375.8+91.5 4083 +94.1 0.04*
Chest excursion (cm)

Proc. xyphoideus 2818 50+1.8 0.03*
10th rib 1.7+0.8 53+1.2 0.03*

Values are mean + SD. Wilcoxon signed-rank was used to analyze
changes between the baseline and at the end of 12 weeks in all
outcome variables. *p <0.05 indicating a significant change. 6MWT
- 6-min walk test.

10th rib level (cm)

Baseline 12 weeks

Fig. 3 - Individual changes in 6MWT and chest excursions at base-
line and after 12 weeks. (A) 6MWT distance (m) for each partici-
pant (n = 6); (B) chest excursions at proc. xyphoideus (cm) for each
participant (n = 6); (C) chest excursions at 10th rib level for each
participant (n = 6). 6MWT - 6-min walk test.
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Fig. 4 - Individual changes in SF-36 domains RP and PCS at baseline and after 12 weeks. (A) PCS (%) for each
participant (n = 6); (B) RP (%) for each participant (n = 6). PCS — physical component score; RP - physical role

functioning.

Chest excursions increased in all participants (with mean
increase 2.3 = 1.1 cm at proc. xyphoideus level and 3.7 £ 0.8
at 10th rib level) and at 12 weeks demonstrated normal
values in level of 10th rib (with mean increase 2.3 + 1.1 cm
at proc. xyphoideus level) (Fig. 3B, 3C, Table 3).

The mean values of SF-36 survey did not show a sig-
nificant difference between baseline and at 12 weeks in
either domain (Table 4). However, three patients reached
improvement of more than 11% in domains of physical
role functioning (RP), bodily pain (BP) and summary physi-
cal component score (PCS) (minimal clinical important dif-
ference) (Fig. 4).

Discussion

This was the first pilot study to evaluate the adherence,
safety and training effects of 12 week individualized
home-based exercise program for patients with iPAH in
Latvia. The results of this study demonstrate that the in-
dividually adjusted home-based exercise program with
close self- and telemonitoring was safe and significantly
improved functional outcomes.

Table 4 - Change in SF-36 results

SF-36 domain Baseline 12 weeks p-value
PF 42.6 +6.6 42.5+8.2 0.91
RP 41.1+7.2 50.0 £ 6.1 0.08
BP 42.2 +10.0 54.6 +12.2 0.12
GH 419+75 42.7 £ 8.1 0.50
) 53.1+9.3 51.6 +6.7 0.59
SF 49.8 +4.2 49.0+9.3 0.96
RE 48.6 £ 8.1 51.0+4.8 0.47
MH 53.9+5.8 5435+ 1.4 0.92
PSC 38.7+53 458 +6.5 0.12
MSC 55.7 + 6.5 53.7+3.7 0.75

Values are mean + SD. Wilcoxon signed-rank was used to analyze
changes between the baseline and at the end of 12 weeks in all
outcome variables. * p <0.05 indicating a significiant change. BP -
bodily pain; GH - general health; MCS — mental component score;
MH - mental health; PCS - physical component score; PF — physical
functioning; RE — emotional role functioning; RP — physical role
functioning; SF - social functioning; VT - vitality.

Adherence and safety

Patient compliance is one of the most important factors
affecting the efficacy of home-adapted exercise pro-
grams. The results of our study show a rather high degree
of adherence to the prescribed exercise regimen (in aver-
age 92.5%). It is, however, slightly lower in comparison to
similar studies.' Our program was completely adapted
to home environment under close self and telemonitor-
ing. The participants appreciated weekly communica-
tion with physiotherapist during phone-controls, which
both encouraged to maintain motivation and gave con-
fidence on proper exercise execution.” Based on previ-
ous research on long-term exercise adherence in cardiac
patients,”® we could assume that self-monitoring using
records in diaries (exercise performance, SpO,, HR, Borg
scale and subjective symptoms) improves both adherence
and safety.

It is known, that self-monitoring of clinical stability in-
dicators such as BP or blood glucose help to improve long-
-term health care results and coping ability.’*?' Recently
published studies on PAH patients have proved impor-
tance of developing the patient’s own skills to manage
daily life, supporting patients to take control of their dis-
ease to gain better health related quality of life.?>?* Our
study results emphasize patient education, high quality,
and user friendly technical equipment as requirements to
ensure optimal self-control and self-monitoring.

No adverse events were observed during the course
of the program. In agreement with previous research,>?
our study supports the notion that exercise training is not
associated with any serious adverse events, if done over
close monitoring of objective and subjective parameters.
Our study proves the importance of ensuring optimal
self-control skills both for objective measures and subjec-
tive symptoms.

As the program was developed as completely home-
-based, in future it should be supplemented with tech-
nologies for remote, real-time data monitoring and stor-
age (SpO,, HR, physical activity level with accelometer)
that may enhance safety. Use of telemedicine technologies
has been approved in cardiac rehabilitation,?*?” and newly
available technologies can be considered as an opportu-
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nity that may promote compliance, safety, and effective-
ness of home-based exercise interventions in PAH patients.

Improvement in functional status
and health related QoL

The 6MWD results show that the developed program sig-
nificantly improves exercise capacity. The improvements
in 6BMWT distance seen in other studies range from 17
m to 96 m (in our study 39 + 17.5 m).2® Comparing the
results with those of other studies by using the 6MWT
distance is difficult because the treatment effect depends
on the study design, exercise protocol, and patient selec-
tion criteria. In majority of them in-patient exercise pro-
grams or in-patient program followed by home-based
exercises were studied. Compared to the results of home-
-based pulmonary rehabilitation program and home-
-based walking regimen,'>?° rather similar improvement
in 6BMWT distance was observed (33.3 + 25.1 m and 40 =
13 m, respectively).

Inthe analysis of improvementin exercise capacity, it should
be taken into account that the training protocol in our study
included low-intensity exercise program, but the expected
results to improve exercise capacity were achieved. We can
assume that combination of resistance, aerobic, breathing
and relaxation exercises,®* and secondary benefits (activity
level, self-efficiency)®? from the program’s implementation
and adaptation to patient everyday life contributed to the
positive impact of the program on improvement of exercise
capacity in the analyses of iPAH patients.

In four participants (66.7%) the minimum clinically
important difference for 6MWT distance in PAH patients
was observed (25-33 m)."43!

The results demonstrate that the improvement in
6MWT results can be achieved both in patients with rela-
tively low (baseline 6MWT distance 240 m, improvement
60 m) and high exercise capacity (baseline 6MWT distance
500 m, improvement 50 m) that could be explained by an
individualized approach to adapting the program to the
functional state and needs of each patient.

Unlike in other published studies on exercise training
for PAH patients, where intensity of the aerobic exercises
was aimed as 50-85% of target heart rate,'>?® we were
forced to seek another way of dosing the exercise intensi-
ty (perceived exertion, HR and SpO,)¢ as on the initial visit
during 6MWT increasing the intensity did not increase HR
and most importantly lowered SpO,. The slower chrono-
tropic response may be the result of autonomic imbal-
ance,? and is associated with clinically worse outcomes3?33
that can explain our findings in context of rather late di-
agnosis of illness and initiation of pathogenetic medical
therapy in the participants of our study.

Significant improvement in chest excursions confirm
changes in breathing pattern suggesting better engage-
ment of diaphragm during breathing after the program.
The program emphasized promoting the engagement
of diaphragm and “slow breath” to improve breathing
pattern® and inspiratory muscle strength®3¢ that con-
tributes to better exercise capacity®¥” as well as more
adaptive stress response (autonomic balance)**3® as were
mentioned by the participants practicing the breathing

exercises almost every day to manage daily activities. Be-
cause neither the pulmonary function nor level of oxygen
consumption was assessed after the exercise program in
the present study, the directly defined effects remain un-
clear and further studies are required.

SF-36 survey results in all physical health domains
at baseline approved lower HRQoL compared to the
healthy population, but mental health domains were
rather high (more than 47). Similar trend in mental
health domains, as well as better ratings of quality
of life in older PH patients (>55 years) and those who
were retired was observed in Finland PH cohort.?® In our
opinion, the SF-36 questionnaire did not reveal mental
health issues such as anxiety, uncertainty and their dy-
namics after completing the program. Simultaneously
there is evidence on high prevalence of clinically signifi-
cant anxiety in PH patients.®®

Whilst most previous studies on exercise-based rehabil-
itation programs reported improvements in HRQoL, but
in majority this improvement may not be clinically impor-
tant,? our results did not show significant improvements
in either SF-36 domain. However, half of participants
reached minimal clinical important difference (11%) after
the program at the physical health subscales. The results
of HRQoL in the participants were likely be affected by
co-morbidities, non-specific musculoskeletal complaints
(clinically important reduction in pain was observed in
three patients as secondary gain from the program) and
life events (one participant got arm fracture).

The study limitations

The present study was designed to evaluate feasibility of
an individualized home-based exercise program, there-
fore there was no control group. The limitation is the small
sample size and there may have been some selection bias
towards the more motivated patients. This was the first trial
on any exercise-program in Latvia, therefore participants
were well aware of the assignment to an intervention study,
which may also have favored the present results.

The program was designed to be adaptable to every-
day life subsequently affecting physical activity habits of
oneself, but we did not verify (due to financial limita-
tions) this issue by objective assessment of daily activities
by accelerometry.*'#2 Such changes in daily habits could
contribute to promoting long-term benefits, therefore
absence of long-term follow-up we could consider as the
study limitation.

Conclusions

The results of this preliminary study prove that the created
individualized home-based exercise program is safe, easily
followed and allows progression in exercise intensity and
improves physical functional state in clinically stable iPAH
patients. This study hypothesis supports the need for RCT
to continue research and approve the results.
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Vplyv techniky zavedenia ventu pocas nahrady aortalne;j
chlopne na incidenciu pooperacne;j fibrilacie predsieni

(The effect of cardiac venting technique for aortic valve replacement surgery
on the incidence of postoperative atrial fibrillation)

Tomas Toporcer?, Andrea Kraus®, Tomas Grendel¢, Milan Bajmoczi¢,
Adrian Kolesar?, Frantisek Sabol®

a Klinika srdcovej chirurgie, Lekarska fakulta Univerzity Pavla Jozefa Safarika a Vychodoslovensky Ustav srdcovych a cievnych

choréb a.s., Kosice, Slovensko

b Ustav matematiky a statistiky, Pfirodovédecka fakulta, Masarykova univerzita, Brno, Ceska republika

< Klinika anesteziolégie a intenzivnej mediciny, Lekdrska fakulta Univerzity Pavla Jozefa Saférika a Viychodoslovensky tstav
srdcovych a cievnych choréb a.s., Kosice, Slovensko

9 Harry & Sally Porter Heart & Vascular Centre, Fairbanks Memorial Hospital, 1650 Cowles St.,, Fairbanks, Alaska 99701, USA

INFORMACE O CLANKU

SUHRN

Historie c¢lanku:

Vlozen do systému: 5. 8. 2018
Pfijat: 3. 11. 2018

Dostupny online: 15. 7. 2019

Klucové slova:

Fibrilacia predsieni
Chirurgickéa technika
Operacia aortalnej chlopne

Keywords:

Aortic valve surgery
Atrial fibrillation
Surgical technique

Fibrilacia predsieni (AF) je najcastejsou komplikaciou po operécii srdca. Len niekolko studii popisuje inciden-
ciu a rizikové faktory pooperacnej fibrilacie predsieni (POAF) po izolovanej operacii aortalnej chlopne (AVR).
Doélezité je aj to, ze miesto zavedenia ventu pocas AVR méze vytvorit lokality s pomalym vedenim vzruchu,
Co predstavuje substrat pre vznik re-entry. Cielom studie je porovnat vplyv techniky zavedenia ventu cez
truncus pulmonalis (PA) a pulmonalnu zilu (PV) pocas AVR na incidenciu POAF.
Do retrospektivnej studie boli zaradeni pacienti (n = 497) podstupujuci izolovanu AVR, okrem pacientov
s predoperacnou permanentnou AF alebo implantovanym kardiostimulatorom.
Pouzitie techniky ventovania srdca cez PV v porovnani s ventom cez PA je spojené so signifikantnou pro-
longaciou ¢asu mimotelového obehu o 10,6 minuty (p < 0,0001, 95 % Cl 7,76-13,35), ¢asu svorky aorty o 7,7
minuty (p < 0,0001, 95% Cl 5,34-10,16), predlzenim pobytu pacienta na jednotke intenzivnej starostlivosti
o jeden den (p = 0,0025, 95% Cl 0,34-1,56) a ¢asu hospitalizacie o 1,4 dna (p = 0,003, 95% Cl 0,34-2,23). Sku-
pina pacientov s ventom zavedenym cez PV vykazovala v porovnani s pacientmi s ventom cez PA 32%-ny re-
lativny narast incidencie POAF (34 % - PA, 45 % - PV, p = 0,03). Univariacna logisticka regresna analyza iden-
tifikovala implantaciu ventu cez PV ako rizikovy faktor vzniku POAF (p = 0,04, OR 1,50, 95% CI 1,02-2,22).
© 2019, CKS.

ABSTRACT

Atrial arrhythmias are the most common complication after open heart surgery. Only a few studies have
presented the incidence and risk factors of postoperative atrial fibrillation (POAF) after isolated aortic valve
replacement surgery (AVR). Furthermore, the scarring resulting from the side of the vent implantation may
create areas of slow conduction that allow a substrate for re-entry. The aim of the study is to compare the
effect of the venting technique used during AVR - through the pulmonary artery (PA) or the pulmonary vein
(PV) — on POAF incidence.

Patients with no history of permanent atrial fibrillation (AF) and no pacemaker implanted (n = 497) who
underwent isolated AVR were included in this retrospective study.

Using a venting technique through the PV in comparison to a venting technique through the PA is associated
with a significant prolongation of cardiopulmonary bypass time by 10.6 minutes (p <0.0001, 95% Cl 7.76—
13.35), aortic clamping time by 7.7 minutes (p <0.0001, 95% CI 5.34-10.16), intensive care unit time by 1 day
(p =0.0025, 95% Cl 0.34-1.56) and hospitalization time by 1.4 days (p = 0.003, 95% Cl 0.34-2.23). The patient
group with the PV venting technique showed a 32% increase in POAF when compared with the incidence
observed in the PA venting group (34% - PA, 45% - PV, p = 0.03). Univariable regression analysis also sho-
wed the venting technique through the PV to be a risk factor for POAF (p = 0.04, OR 1.50, 95% CI 1.02-2.22).
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Uvod

V dnednej medicine predstavuje sten6za aortalnej chlopne
(AoS) najcastejsie ochorenia srdcovych chlopni s inciden-
ciou 3 % v populdcii starsej ako 75 rokov."? Napriek roz-
voju metdd transkatétrovej implantdcie aortdlnej chlopne
je otvoreny chirurgicky pristup stéle zlatym Standardom
v terapii AoS. Zavedenie ventu do dutin srdca zabezpe-
Cujuce lepsiu vizualizaciu lokality chlopne pocas operécie
a je sucastou takmer kazdej chirurgickej nahrady aortalnej
chlopne (AVR). Vent méze byt implantovany do truncus
pulmonalis (PA) alebo cestou vena pulmonalis (PV) priamo
do lavej komory srdca (obr. 1). Vznik jazvy v lokalite incizie
a zavedenia ventu vedie k vzniku tkaniva s pomalym vede-
nim vzruchu ako mozného substratu pre vznik re-entry.?

Predsieriové arytmie su najcastejSou komplikaciou po
operacii srdca.>® Literdrne Udaje udavaju Siroké rozpatie
incidencie pooperacnej fibrilacie predsieni (POAF), ktoré
variruje od 14 % do 40 % pri spolo¢nom hodnoteni kardi-
ochirurgickych vykonov a od 26 % do 74 % pri operaciach
chlopni.*5® Jorgensen a spol. uddvaju pri 61-diiovom
kontinudlnom monitorovani pacientov incidenciu POAF
po AVR na urovni 100 %.2 Medzi Studiami nachadzame
velké rozdiely v dlzke poopera¢ného sledovania pacien-
tov, diagnostickej metdde, aj samotnej definicii POAF, ¢o
vedie k univerzalne nedefinovatelnej o¢akavanej inciden-
cii tejto komplikacie.

Rizikové faktory POAF, ktoré nachadzame v literature,
zahfniaju elektrické, metabolické, neurohumordline a zépa-
lové zmeny, ktoré narudsaju geometriu a elektrofyziolégiu
srdca.’ Tieto faktory mézeme rozdelit na faktory spojené
s pacientom a faktory spojené s chirurgickou intervenciou
(tabulka 1).° Vela studii sa zameriava na vznik POAF po by-
passovej operacii srdca, alebo operaciach mitralnej chlop-
ne.*'® Len niekolko malo prac popisuje incidenciu a riziko-
vé faktory POAF po izolovanej AVR.

Tabulka 1 - Rizikové faktory vzniku POAF prezentované v literattre

S pacientom spojené faktory

Vek 4,8,12,13,20,22,23
Velkost LA 12,20
LVEF 8,12
Fajcenie 423
Hypertenzia 12,23

Anamnéza cerebrovaskularneho ochorenia, 8
vysadenie p-blokatorov

Stupen New York Health Association B
(NYHA), plucna hypertenzia

Anamnéza zlyhavania srdca, stendza ramus
interventricularis anterior, alebo ramus circum- 24
flexus lavej koronarnej artérie

Hypertrofia lavej komory, tazka renalna &
nedostatoc¢nost (koncentracia kreatininu
Vv séru)

Kongestivne srdcové zlyhavanie, urgentna 2
operacia

Obezita/BMI, muzské pohlavie, dyslipidé- 2
mia, diabetes mellitus

Anamnéza AF 20
S operaciou spojené faktory
Cas CPB, ¢as svorky aorty 412

Technika ventu srdca (zavedenie ventu do
pulmondlnej vény aj aorty), bikavélna kany- ,
lacia, druh chirurgickej intervencie, pouzitie
inotropnych latok

Cas umelej plicnej ventilacie !

AF - fibrilacia predsieni; CPB - dlzka trvania mimotelového obehu;
LA - lava predsien; LVEF - ejek¢na frakcia lavej komory.

Obr. 1 - Peroperacna fotografia. (A) Vent umiestneny v pulmonalnej artérii; (B) vent umiestneny cez pravi hornu pulmonalnu

Zilu v lavej komore.
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Cielom studie bolo porovnat vplyv zavedenia ventu
cez PA a PV pocas AVR na incidenciu POAF. Dal$im cielom
bolo identifikovat rizikové faktory vzniku POAF a perma-
nentnej pooperacnej fibrilacie predsieni (PPOAF) po AVR.

Material a metodika

Do retrospektivnej studie boli zaradeni vietci pacienti (n
= 564) podstupujuci primarnu AVR na Klinike srdcovej
chirurgie Vychodoslovenského uUstavu srdcovych a ciev-
nych chordb a.s. medzi julom 2012 a junom 2017. Pacien-
ti, u ktorych neboli v dokumentdcii dostupné potrebné
udaje (n = 32), a pacienti s vaznymi poopera¢nymi kom-
plikaciami (n = 5) boli vyluceni. Pre vazne pooperacné
komplikacie boli vyluceni dvaja pacienti s pooperac-
ne ponechanym otvorenym hrudnikom, jeden pacient
podstupujuci véasnu reoperdciu pre paravalvuldrny leak
a dvaja pacienti, u ktorych bola pocas operacie implan-
tovand mimotelovd membranova oxygendacia (ECMO).
Dalej boli zo §tudie vyluceni pacienti s predoperacne
diagnostikovanou permanentnou fibrilaciou predsieni
(AF) (n = 18) a pacienti s predoperacne implantovanym
kardiostimulatorom (n = 12). Definitivhe bolo teda do
$tudie zaradenych 497 pacientov. U vietkych pacientov
boli zaznamenané nasledujuce udaje: vek, pohlavie,
body mass index (BMI), priemer lavej predsiene (LA),
ejekcna frakcia lavej komory (LVEF), indexovana plocha
aortalnej chlopne (iAVA), hrubka medzikomorového
septa (IVSD), rozmer lavej komory (LVD), dokumento-
vana ischemickd choroba srdca (IHD) (dokumentovana
stenéza korondrnej artérie > 25 % a/alebo anamnéza
prebehnutého infarktu myokardu), anamnéza prekona-
nej nahlej cievnej mozgovej prihody (NCMP), anamnéza
chronickej obstrukénej choroby pliuc (COPD), uzivanie
B-blokatorov, uzivanie blokatorov kalciovych kanalov
(Ca-blokatorov), uzivanie statinov, uzivanie amiodaro-
nu, uzivanie propafenénu, dokumentovany paroxizmus
AF, dokumentovana blokada prevodového mechaniz-
mu srdca, najnizsia zaznamenana koncentracia drasli-
ka v séru pocas poopera¢ného priebehu, dlzka trvania
mimotelového obehu (CPB), dlzka trvania svorky aorty,
technika zavedenia ventu pocas operacie, druh pouzitej
protézy (mechanicka/biologickd), velkost pouzitej pro-
tézy, skord revizia (operacna revizia v priebehu prvych
24 pooperacnych hodin pre zvysené krvacanie), neskora
revizia (akdkolvek operacna revizia pocas hospitalizacie
pre znamky tamponady srdca), dlzka pobytu pacienta na
jednotke intenzivnej starostlivosti (ICU), celkova dlzka
hospitalizacie, preklad pacienta po operacii na iné pra-
covisko z doévodu zlého klinického stavu za ucelom do-
lieCenia, smrt pocas hospitalizacie, POAF (spolu), POAF
so spontdnnou verziou na sinus rytmus (SR), POAF s ver-
ziou na SR po aplikacii amiodaronu, POAF s verziou na
SR po elektrokardioverzii (ECV), PPOAF (nelspesna ver-
zia na SR) a pooperac¢nd implantacia kardiostimulatora
pre atrioventrikularnu blokddu (AVB). Pocas pobytu pa-
cientov na ICU bolo vykonavané kontinualne elektrokar-
diografické (ECG) monitorovanie. Pocas pobytu pacienta
na Klinike srdcovej chirurgie bolo monitorovanie vyko-
ndvané dvakrat denne a pri pacientom uddvanom poci-
te palpitacie. Pri hodnoteni rizikovych faktorov vzniku

POAF a PPOAF boli dalej zo Studie vyluceni pacienti s po-
operacne implantovanym kardiostimulatorom (n = 27).

Kvantitativne udaje su v $tatistickej analyze vyjadrené
ako priemer = standardna odchylka (minimalna hodnota
— maximdlna hodnota). Kvalitativne udaje su vyjadrené
ako percento pozitivnych pripadov (pocet pozitivnych
pripadov). Pre porovnanie skupin pacientov s ventom cez
PA a PV bol pouzity dvojvyberovy t-test (pre kvantitativne
parametre) a y? alebo Fisherov test (pre kvalitativne para-
metre). Pre parametre so signifikantnym rozdielom v sku-
pinach s ventom cez PA a PV boli na zaklade t-testu vypo-
¢itané konfidencné intervaly zaloZzené na rozdieloch. Pre
vyhodnotenie rizikovych faktorov POAF a PPOAF bola po-
uzitd univariacnd logisticka regresnd analyza (pre kazdy
parameter). Faktory, ktoré boli vyhodnotené ako rizikové
pre jednotlivé hodnoty na urovni p < 0,02, boli dalej hod-
notené multivaria¢nou logistickou regresnou analyzou.
Pre porovnanie hospitaliza¢nych parametrov u pacientov,
u ktorych vznikla alebo nevznikla POAF alebo PPOAF, bol
pouzity dvojvyberovy t-test (pre kvantitativne parametre)
a y? alebo Fisherov test (pre kvalitativne parametre). Pre
Statistické vyhodnotenie bol pouzity Statistical Software
R 3.2.1." Ako Sstatisticky signifikantné boli pri kazdom
hodnoteni urcené parametre pri p < 0,05.

Vysledky

Priemerny vek pacientov bol 66,4 + 10,5 roku, pricom su-
bor zahfral 249 (50,1 %) muzov. BMI bol 29,8 + 5,3 kg/
m?. Zaznamenané boli nasledovné predoperacné echo-
kardiografické parametre: priemer LA: 43,6 + 6,3 mm,
LVEF: 54,2 + 8.6 %, iAVA: 0,36 = 0,11 mm/m?, IVSD: 14,5
+ 2,2 mm a LVD: 48,9 + 7,5 mm. IHD bola zistend u 110
pacientov (22,1 %), anamnéza NCMP u 27 pacientov (5,4
%) a COPD u 63 pacientov (12,7 %). Predoperacne 348
pacientov uzivalo B-blokatory (70,2 %), 147 pacientov
uzivalo Ca-blokatory (29,6 %), 275 pacientov uzivalo sta-
tiny (55,3 %), 19 pacientov uzivalo amiodaron (3,8 %), 2
pacienti uzivali propafenén (0,4 %) a 6 pacientov digoxin
(1,2 %). Anamnéza paroxyzmadlnej AF bola pritomna v 46
pripadoch (9,3 %) a blokdda prevodového mechanizmu
srdca v 22 pripadoch (4,4 %). Priemerna dokumentova-
na minimalna koncentracia draslika v séru bola 3,7 + 0,3
mmol/l. DIZka CPB predstavovala 64,7 = 15,7 minut a d[z-
ka svorky aorty 54,5 + 13,4 minut. Vent bol cez PV zavé-
dzany v 166 (33,4 %) pripadoch. U 381 pacientov (76,7 %)
bola implantovand biologickd protéza. Priemerna velkost
pouzitej protézy bola 22,2 + 2,6 mm. Skora revizia pre
zndmky krvacania bola vykonana v 16 pripadoch (3,2 %).
Ako etiolégia krvacania bolo diagnostikované krvacanie
z aortotémie v troch pripadoch (0,6 %), krvacanie z mies-
ta implantacie epikardidlnej elektrédy v dvoch pripadoch
(0,4 %), krvacanie z miesta implantacie vendznej kanyly
CPB v jednom pripade (0,2 %) a krvacanie z miesta za-
vedenia ventu do PA taktiez v jednom pripade (0,2 %).
U deviatich pacientov (1,8 %) nebol zdroj krvacania pocas
revizie odhaleny. Neskora revizia s fenestraciou perikardu
pre znamky tamponddy srdca bola indikovana u 24 pa-
cientov (4,8 %). Priemerny pobyt pacienta na ICU trval
3,9 + 3,2 dna a cas celkovej hospitalizacie bol 9,7 + 4,1
dna. Styria pacienti (0,8 %) umreli pocas hospitalizacie
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a 43 pacientov (8,7 %) bolo pooperac¢ne prelozenych do
inej nemocnice za ucelom doliecenia. POAF bola diagnos-
tikovana u 188 pacientov (37,8 %), a kardiostimulator bol
z dovodu AVB implantovany 27 krat (5,4 %). AF ostala
permanentna u 59 pacientov (11,9 %). Spontanna verzia
na SR bola zaznamenand v 11 pripadoch (2,2 %), verzia po
aplikacii amiodaronu bola navodena u 98 pacientov (19,7
%) a v 20 pripadoch bolo Uspesne realizované ECV (4 %).

Porovnanie skupin s ventom zavedenym cez PA a PV
potvrdilo Statisticky signifikantné rozdiely v LVEF (54,9 =
8,2-PA,52,9+9,1-PV, p=0,02) a pouzitom druhu chlop-
ne (mechanickd/biologickd protéza, 21/79 % — PA, 29/71
% - PV, p = 0,04). Vyuzitie zavedenia ventu cez PV bolo
spojené s predlzenim ¢asu CPB o 10,6 minuty (p < 0,0001,
95% Cl 7,76-13,75), predlZzenim &asu svorky aorty o 7,7
minuty (p < 0,0001, 95%Cl 5,34-10,16), predlZenim ¢asu
pobytu na ICU o 1,0 den (p = 0,0025, 95% CI 0,34-1,56)
a predlzenim ¢asu hospitalizacie o 1,4 diia (p = 0,003, 95%
Cl 0,34-2,23). Skupina pacientov s ventom zavedenym cez
PV v porovnani so skupinou ventovanou cez PA vykazova-
la 32%-ny narast incidencie POAF (34 % - PA, 45 % - PV, p
= 0,03). V skupine pacientov s ventom zavedenym cez PV
bol zaznamenany aj vyssi vyskyt POAF so spontdnnou kon-
verziou na SR (1 % - PA, 4 % - PV, p = 0,05) (tabulka 2).

Univaria¢nd regresna analyza identifikovala 7 riziko-
vych parametrov vzniku POAF, medzi ktoré patri priemer
LA, anamnéza NCMP, uzivanie B-blokatorov, AF v anam-
néze, koncentracia draslika, ¢as CPB a miesto zavedenia
ventu (tabulka 3). Multivariacnd logisticka regresnd ana-
lyza potom identifikovala priemer LA a iAVA ako rizikové
faktory vzniku POAF (tabulka 4, obr. 2).

Univaria¢na regresna analyza dalej identifikovala 8 ri-
zikovych faktorov vzniku PPOAF, medzi ktoré patri: vek,
priemer LA, LVEF, iAVA, uzivanie Ca-blokatorov, anamné-
za AF, koncentracia draslika v séru a druh pouzitej protézy
(tabulka 5). Multivaria¢nd logistickd regresna analyza po-
tom identifikovala priemer LA, anamnézu AF a NCMP ako
rizikové faktory vzniku PPOAF (tabulka 6, obr. 3).

Diskusia

Vysledky prace potvrdzuju, Ze pouzitie ventu cez PV vedie
k signifikantne vy33ej incidencii POAF (p = 0,04). Dalej vy-
sledky dokumentuju, Ze pouzitie ventu cez PV je spojené
so signifikantnym pred[Zenim ¢asu CPB (p < 0,0001), ako
aj trvania svorky aorty (p < 0,0001). Viacero prac identifi-
kuje préve dlzku CPB ako jeden z rizikovych faktorov vzni-
ku POAF.*'2 Preto nie je prekvapujuce, Ze pouzitie ventu
cez PV vedie v naSom subore k vyssej incidencii POAF. Na-
priek tomu nemézeme jednoznacne povedat, Ze vyssia in-
cidencia POAF pri vente zavedenom cez PV je sposobena
vylu¢ne vplyvom pred(Zenia ¢asu CPB, alebo aj inym me-
chanizmom pri pouziti tejto techniky. Cochrantv-Man-
telv—Haenszellv test potvrdzuje, Ze technika pouzitého
ventu nie je statisticky signifikantnym rizikovym faktorom
vzniku POAF, ak skupinu pacientov rozdelime do 4 skupin
na zaklade dlzky CPB (p = 0,13). Na druhej strane ani ¢as
CPB nie je signifikantny rizikovy faktor vzniku POAF pri sa-
mostatnom hodnoteni skupiny pacientov s ventom zave-
denym cez PV (p hodnota univaria¢nej logistickej regresnej
analyzy: 0,1768) alebo pacientov s ventom zavedenym cez

PA (p-hodnota univaria¢nej logistickej regresnej analyzy:
0,5019). Tieto vysledky koreluju s pracou autorov Yokota
a spol., ktori prezentuju, Zze ¢as CPB, LVEF ani COPD nie su
rizikovymi faktormi vzniku POAF.'* Kohno a spol. taktiez
nenasli Ziadnu korelaciu medzi celkovym ¢asom chirurgic-
kého vykonu, ¢asom CPB alebo ¢asom svorky aorty a vzni-
kom POAF pocas AVR.2 Cas CPB viak ovplyvnil zapalovu
odpoved organizmu ako jeden z rizikovych faktorov vzni-
ku POAF. Nasledujuca studia viak potvrdila, Ze ani pocet
zapalovych buniek neovplyvriuje incidenciu POAF.>

Je vieobecne akceptované, ze vznik AF je podmieneny
spustacmi fungujucimi na réznorodej arytmogénnej baze.
Wakili a spol. dokumentuju, Ze jazvovitost tkaniva pred-
sieni je dolezitym substratom pre indukciu AF. Rovnaki au-
tori uddvaju, Ze dve tretiny AF maju spustac lokalizovany
v PV. Tento typ AF sa prezentuje ako paroxizmalny, spus-
tac-dependentny a reverzibilny alebo liecitelny. Etiologic-
kou podstatou poslednej tretiny AF je fibrotizacia tkaniva
predsieni. Tento typ AF sa prezentuje ako permanentny,
substrat-dependentny, pricom ani zakrok na PV jeho tr-
vanie zvadsa neprerusi.’ Pri zavadzani ventu cez tkanivo
predsieni vznikd v tejto lokalite jazva a fibrotizacia, ako
miesto s pomalym vedenim vzruchu, ¢o predstavuje pred-
poklad pre vznik re-entry.> Nase vysledky v zhode s uve-
denym potvrdzuju, Ze zavedie ventu cez PV je rizikovym
faktorom POAF (p = 0,04), pricom tato technika nema Zia-
den vplyv na vznik PPOAF (p = 0,99). Z vysledkov vyplyva,
ze fibrotizacia v mieste jazvy po implantacii ventu vedie
k vyssiemu riziku vzniku paroxyzmadlnej, spustac-depen-
dentnej AF, ale nemdze ovplyvnit vznik permanentnej,
substrat-dependentnej fibrilacie.

Kohlo a spol. potvrdzuju 36,9%-nu incidenciu POAF po
izolovanej AVR, co koreluje s nasimi vysledkami (37,8 %).8
Yokota a spol. dokumentuju 39%-nu incidenciu POAF po
izolovanej AVR." Literdrne Udaje uvadzaju pooperacnu ap-
likaciu B-blokatorov ako protektivny faktor vzniku POAF,
pricom vynechanie dlhodobej aplikacie B-blokatorov na
druhej strane riziko vzniku POAF zvysuje.®'® Aj Yokota
a spol. uvadzaju pooperac¢nu aplikaciu pB-blokatorov ako
protektivny faktor vzniku POAF." V nasej studii je anam-
néza uzivania B-blokatorov rizikovym faktorom vzniku
pooperacnej AF (p < 0,01). Z vysledkov vyplyva, Ze aj krat-
kodoba absencia uzivania B-blokatorov v dern operacie
a kratko pooperacne moze spdsobit zvysenie rizika vzniku
POAF. Dalej prezentovana $tudia nepoukézala na Ziaden
vplyv uzZivania statinov na vznik POAF. Tento vysledok
koreluje s pracou autorov Carrascal a spol., ktori taktiez
nepotvrdili vplyv statinov na zniZenie incidencie POAF pri
izolovanej operacii chlopni.®

Zvadienie LA je dosledok chronického zvysenia plniacich
tlakov v lavych oddieloch srdca a komorovej diastolickej
dysfunkcie. Mosquera a spol. prezentovali studiu zahrrnu-
juci 2 011 pacientov podstupujucich AVR, pricom autori
identifikuju zvacSenie LA ako nepriaznivy prediktivny fak-
tor dlhodobej mortality (celkovej aj z kardiovaskularnych
pricin)."™ Ini autori potvrdzuju zvacienie LA (velkost LA > 60
mm) ako rizikovy faktor zlyhania procedury MAZE (p < 0,05,
OR 1,72, 95% Cl 1,05-2,81)."® Vysledky prezentovanej studie
dokumentuju rozmer LA ako rizikovy faktor pre POAF (p =
0,01), tak aj PPOAF (p < 0,01). Udaje potvrdzuju, ze rozmer
LA je prediktorom dysfunkcie LA s naslednou poruchou ve-
denia vzruchu. Dalej bol zaznamenany efekt iAVA na riziko
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Tabulka 2 - Porovnanie pacientov s ventom zavedenym cez PA a PV (bold oznacuje statisticky signifikantné rozdiely)

T-test/Fisherov test
(hodnota p)

Nezavislé parametre
Vek (roky)

Pohlavie (muzi/zeny)
BMI (kg/m?)

Priemer LA (mm)

LVEF (%)

iAVA (cm?/m?)

IVSD (mm)

LVD (mm)

Anamnéza IHD
Anamnéza NCMP
Anamnéza COPD
B-blokatory
Ca-blokatory

Statiny

Amiodaron

Propafenon

Digoxin

Anamnéza AF

Blokada prevodového mechanizmu srdca
Koncentracia draslika v séru (mmol/l)
Parametre operacie

Cas CPB (min)

Cas svorky aorty (min)
Mechanicka/biologicka protéza
Velkost protézy (mm)
Skoré revizie

Neskoré revizie
Parametre hospitalizacie
Cas na ICU (dni)

Cas hospitalizacie (dni)
Preklad na iné oddelenie

Smrt

Vent cez PA

66,3 = 10,9 (23-87)
50/50 % (166/165)
30,1 +5,5(17,5-20,9)
43,6 + 6,0 (22-63)
54,9 + 8,2 (23-81)
0,4+0,1(0,1-0,7)
14,7 £ 2,2 (9-26)
48,4 +7,6 (30-75)
23 % (75)

5 % (16)

13 % (43)

70 % (231)

29 % (97)

57 % (189)

4 % (13)

0 % (1)

1% (3)

9 % (29)

5 % (15)
3,7+0,3(2,3-4,5

61,1+ 14,7 (35-126)
51,9 + 12,8 (30-114)
21/79 % (68/263)
22,1+ 1,8(18-32)
3% (11)

4% (14)

3,6 2,6 (2-23)
9,2 +3,5(2-32)
9 % (31)

1% (4)

Pritomnost fibrilacie predsieni a implantacie kardiostimulatora

POAF (spolu)

POAF - spontanna konverzia
POAF - liekova konverzia
POAF - ECV konverzia
PPOAF

Implantacia kardiostimulatora

34 % (114)
1% (4)

18 % (58)
4 % (13)
12 % (39)
6 % (20)

Vent cez PV

66,7 + 9,7 (22-87)
50/50 % (83/83)
29,2 +4,8(19,3-42,1)
43,6 + 6,8 (29-64)
52,9 + 9,1 (20-70)
0,4+0,1(0,2-0,7)
14,2 + 2,1 (8-20)
49,8 +7,4 (28-72)
21 % (35)

7% (11)

12 % (20)

70 % (117)

30 % (50)

52 % (86)

4 % (6)

1% (1)

2% (3)

10 % (17)

4% (7)
3,7+0,3(2,5-4,6)

71,7 = 15,3 (40-120)
59,6 + 13 (35-110)
29/71 % (48/118)
22,5 +3,6 (17-32)

3 % (5)

6 % (10)

4,6 +4,1(2-35)
10,6 + 4,8 (6-36)
7 % (12)

0 % (0)

45 % (74)
4% (7)
24 % (40)
4% (7)
12 % (20)
4% (7)

0,65
1,00
0,07
0,88
0,02
0,98
0,03
0,07
0,73
0,41
0,89
1,00
0,92
0,29
1,00
1,00
0,41
0,62
1,00
0,42

< 0,0001
< 0,0001
0,04
0,12
1,00
0,38

0,0025
0,0003
0,50
0,31

0,03
0,05
0,09
1,00
1,00
0,53

AF - fibrilacia predsieni; COPD - chronickd obstrukéna choroba pltc; CPB - dlZka trvania mimotelového obehu; ECV - elektrokardioverzia;
iAVA - indexovana plocha aortélnej chlopne; ICU - jednotka intenzivnej starostlivosti; IHD — ischemickd choroba srdca; IVSD - hribka me-
dzikomorového septa; LA - lavé predsien; LVD - rozmer lavej komory; LVEF — ejekéna frakcia lavej komory; NCMP - néhla cievna mozgova
prihoda; PA - truncus pulmonalis; POAF —pooperacna fibrilacia predsieni; PPOAF — permanentna pooperac¢na fibrilacia predsient;

PV - pulmonalna zila.
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Tabulka 3 - Univariacna analyza rizikovych faktorov vzniku POAF po AVR (bold oznacuje statisticky signifikantné rozdiely)

Nezavislé parametre
Vek (roky)

Pohlavie (muzi/zeny)
BMI (kg/m?)

Priemer LA (mm)
LVEF (%)

iAVA (cm¥m?)

IVSD (mm)

LVD (mm)
Anamnéza IHD
Anamnéza NCMP
Anamnéza COPD
B-blokatory
Ca-blokatory
Statiny

Amiodaron
Propafenon
Anamnéza AF

Blok prevodového mechanizmu srdca
Koncentracia draslika v séru (mmol/I)

Parametre operacie
Cas CPB (min)
Cas klemu aorty (min)

Technika ventu (PA/PV)
Mechanické/biologicka protéza

Velkost protézy (mm)
Skoré revizie
Neskoré revizie

Parametre hospitalizacie

Cas na ICU (dni)
Cas hospitalizacie (dni)

Preklad na iné oddelenie

Smrt

Bez POAF

66 + 10 (22-87)
51/49 % (145/137)
29,8 +5,3(18,6-45,7)
42,9 + 6,3 (26-64)
54,5 + 8,3 (20-78)
0,4+0,1(0,1-0,7)
14,5 + 2,2 (8-22)
48,8 +7,7 (28-72)
23 % (65)

3 % (9)

14 % (40)

65 % (182)

29 % (82)

52 % (148)

3% (9)

0 % (0)

7 % (19)

5% (13)
3,7+0,3(2,3-4,5)

63 + 16 (35-126)

54 + 13 (30-106)

70/30 % (197/85)
24776 % (68/214)
22 £2(17-28)

3 % (8)

4% (11)

3,5+3,1(2-35)
9,1+ 3,6 (5-36)
7 % (20)

1% (2)

POAF pritomna

67 + 10 (30-87)
48/52 % (90/98)
30,2 + 5,4 (19,6-50,9)
44,4 + 6,1 (22-63)
54 + 8,7 (20-81)
0,4+0,1(0,1-0,7)
14,6 + 2,2 (9-26)
48,6 + 7,6 (30-75)
22 % (41)

9 % (17)

12 % (22)

77 % (144)

30 % (56)

59 % (110)

4 % (8)

1% (1)

13 % (24)

4 % (7)

3,7+ 0,3 (2,4-4,6)

67 + 16 (38-121)
56 + 14 (34-114)
60/40 % (114/74)
21/79 % (39/149)
22 £2(19-32)

3 % (6)

6 % (11)

4,7 +3,5 (2-23)
10,6 + 4,6 (6-32)
10 % (19)

1% (2)

0,26
0,45
0,44
0,01
0,60
0,08
0,60
0,83
0,75
0,01
0.42
< 0,01
0,84
0,20
0,54
0,76
0,03
0,64
0,02

0,03
0,12
0,04
0,39
0,75
0,83
0,33

Pomer
sanci (OR)

1,01
1,15
1,01
1,04
0,99
1,19
1,02
1,00
0,93
3,00
0,80
1.84
1,04
1,28
1,36
1,53
2,03
0,80
0,48

1,01
1,01
1,50
1,21
0,99
1,13
1,53

95% konfidencny
interval (95% CI)

Dolny Horny
0,99 1,03
0,80 1,67
0,98 1,05
1,01 1,07
0,97 1,02
0,03 1,25
0,94 1,12
0,97 1,02
0,59 1,45
1.34 7,20
0,45 1,38
1.22 2,82
0,69 1,56
0,88 1,86
0,50 3,61
0,06 38,87
1,08 3,85
0,30 1,99
0,25 0,89
1,00 1,03
1,00 1,03
1,02 2,22
0,78 1,91
0,91 1,06
0,37 3,30
0,64 3,65

t-test/Fisherov test (hodnota p)

0,0002
0,0001
0,31
1,00

AF - fibrilacia predsieni; COPD - chronickd obstrukéna choroba pltc; CPB - dlzka trvania mimotelového obehu; iAVA - indexovana plocha
aortalnej chlopne; ICU - jednotka intenzivnej starostlivosti; IHD — ischemickd choroba srdca; IVSD - hrubka medzikomorového septa; LA
- lava predsien; LVD - rozmer lavej komory; LVEF - ejek¢nd frakcia lavej komory; NCMP - nahla cievna mozgova prihoda; PA - truncus
pulmonalis; POAF - pooperacna fibrilacia predsieni; PV - pulmonalna zila.

Tabulka 4 - Multivariacna logisticka regresna analyza rizikovych faktorov vzniku POAF po AVR (bold oznacuije statisticky signifikantné rozdiely)
95% konfidencny interval (95% CI)

Parameter Hodnota p Pomer sanci (OR) = =
Dolny Horny
Priemer LA 0,039 1,040 1,002 1,081
iAVA 0,047 0,123 0,015 0,974
Anamnéza NCMP 0,054 2,396 0,986 6,224
B-blokatory 0,149 1,460 0,874 2,473
Statiny 0,717 0,918 0,579 1,456
Anamnéza AF 0,207 1,626 0,762 3,488
Technika ventu (PA/PV) 0,111 1,462 0,916 2,334
Koncentracia draslika v séru 0,203 0,624 0,298 1,289

AF - fibrilacia predsieni; iAVA - indexovana plocha aortalnej chlopne; LA - lavé predsier;; NCMP - nahla cievna mozgova prihoda;
PA - truncus pulmonalis; PV - pulmonalna Zila.
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Tabulka 5 - Univariacna analyza rizikovych faktorov vzniku PPOAF po AVR (bold oznacuije statisticky signifikantné rozdiely)

Pomer 95% konfidencny
Bez PPOAF PPOAF pritomna Hodnota p $anci (OR) interval (95% Cl)
Dolny Horny
Nezavislé parametre
Vek (roky) 66 + 10 (22-87) 69 = 11 (34-86) 0,02 1,04 1,01 1,07
Pohlavie (muzi/zeny) 50/50 % (207/204) 47/53 % (28/31) 0,68 1,12 0,65 1,95
BMI (kg/m?) 29,9 +5,2(18,6-45,7) 30,6 +6,1(19,6-50,9) 0,34 1,03 0,97 1,08
Priemer LA (mm) 43,1 + 6,1 (22-64) 46,3 + 6,6 (33-63) <0,01 1,08 1,03 1,14
LVEF (%) 54,7 + 8,3 (20-81) 51,6 + 8,9 (20-69) 0,01 0,96 0,94 0,99
iAVA (cm?/m?) 0,4+0,1(0,1-0,7) 0,3+0,1(0,1-0,7) 0,03 0,04 0,00 0,78
IVSD (mm) 14,5 + 2,2 (8-26) 14,6 2,1 (10-19) 0,81 1,02 0,89 1,15
LVD (mm) 48,6 + 7,5 (28-72) 49,9 + 8,2 (32-75) 0,22 1,02 0,99 1,06
Anamnéza IHD 22 % (90) 27 % (16) 0,38 1,383 0,70 2,42
Anamnéza NCMP 4 % (18) 3% (2) 0,01 3,42 1,34 8,03
Anamnéza COPD 13 % (55) 12 % (7) 0,74 0,87 0,35 1,90
B-blokatory 69 % (283) 73 % (43) 0,41 1,30 0,71 2,49
Ca-blokatory 31 % (128) 17 % (10) 0,02 0,46 0,21 0,90
Statiny 54 % (223) 59 % (35) 0,46 1,23 0,71 2,16
Amiodaron 3 % (14) 5% (3) 0,52 1,55 0,35 4,92
Propafendn 0% (1) 0 % (0) nehodnotitelné
Anamnéza AF 8 % (31) 20 % (12) <0,01 3,13 1,46 6,38
Blokada prevodového mechanizmu srdca 4 % (18) 3% (2) 0,72 0,77 0,12 2,75
Koncentracia draslika v séru (mmol/I) 3,7 £ 0,3 (2,3-4,6) 3,6 £ 0,3 (2,4-4,4) 0,05 0,41 0,17 0,99
Parametre operacie
Cas CPB (min) 65 + 16 (35-126) 65 + 15 (40-110) 0,79 1,00 0,98 1,02
Cas svorky aorty (min) 55+ 13 (30-114) 54 + 12 (35-96) 0,56 0,99 0,97 1,01
Technika ventovania (PA/PV) 66/34 % (272/139) 66/34 % (39/20) 0,99 1,00 0,55 1,77
Mechanicka/biologicka protéza 24/76 % (100/311) 12/88 % (7/52) 0,02 2,39 1,12 5,92
Velkost protézy (mm) 22 +3(17-32) 22 + 2 (19-25) 0,70 0,98 0,85 1,08
Skoré revizie 3 % (13) 2% (1) 0,50 0,53 0,03 2,73
Neskoré revizie 4 % (18) 7 % (4) 0,44 1,59 0,45 4,44

Parametre hospitalizacie

t-test/Fisherov test (hodnota p)

Cas na ICU (dni) 3,8 +3,1(2-35) 5.6 = 4,3 (2-23) < 0,0001
Cas hospitalizacie (dni) 9,5 + 3,8 (2-36) 11,5 £ 5,8 (6-32) 0,001
Preklad na iné oddelenie 7 % (29) 17 % (10) 0,02
Smrt 1% (3) 2% (1) 0,42

AF - fibrilacia predsieni; COPD - chronicka obstrukéné choroba plic; CPB - dlzka trvania mimotelového obehu; iAVA - indexovana plocha
aortélnej chlopne; ICU - jednotka intenzivnej starostlivosti; IHD — ischemicka choroba srdca; IVSD - hribka medzikomorového septa; LA

- lava predsien; LVD - rozmer lavej komory; LVEF - ejekénd frakcia lavej komory; NCMP - nahla cievna mozgova prihoda; PA - truncus
pulmonalis; POAF - pooperacna fibrilacia predsieni; PV — pulmonalna zZila.

vzniku PPOAF (p = 0,03). Mosquera a spol. v praci uvadzaju
korelaciu velkosti LA, plniacich tlakov lavej komory a stup-
fa zavaznosti AoS.” Mézeme preto predpokladat Ze iAVA
je len etiologicka koincidencia v skupine pacientov so zvac-
Senou LA a naslednym vy$sim rizikom vzniku PPOAF. Ina
praca zasa dokumentuje vplyv zvécSenia LA na incidenciu
NCMP so zvysenym zastupenim kardioembolickych NCMP
u tychto pacientov."” To méze byt aj dévodom signifikant-

ne vyssieho poctu pacientov s anamnézou AF (p < 0,05)
a NCMP (p < 0,05) v skupine pacientov s POAF. Odpoved
na otdzku, ¢i pozitivna anamnéza AF je len koincidenciou
zvadsenia LA ako najdolezitejsieho rizikového faktora vzni-
ku POAF, alebo tieto komorbidity maju aj samostatnu etio-
logicku cestu, viak ostdva nezndma.

Viacero autorov popisuje vplyv vzniku POAF na pre-
dlzenie ¢asu hospitalizacie, vys3iu incidenciu NCMP pocas
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Obr. 2 - Multivariacna logisticka regresna analyza rizikovych fak-
torov vzniku POAF po AVR. AF - fibrilacia predsieni; iAVA - inde-
xovana plocha aortalnej chlopne; LA - lavé predsiery; NCMP - nahla
cievna mozgova prihoda.

Obr. 3 - Multivariacna logisticka regresna analyza rizikovych fakto-
rov vzniku PPOAF po AVR. AF - fibrilacia predsieni; iAVA - indexo-
vand plocha aortélnej chlopne; LA - lavd predsien; LVEF - ejek¢na
frakcia lavej komory; NCMP - néhla cievna mozgova prihoda.

Tabulka 6 — Multivariacna logisticka regresna analyza rizikovych faktorov vzniku PPOAF po AVR (bold oznacuije statisticky signifikantné rozdiely)
95% konfidencny interval (95%Cl)

Parameter Hodnota p Pomer sanci (OR)
Dolny Horny

Vek 0,444 1,013 0,981 1,049
Priemer LA 0,012 1,076 1,016 1,141
LVEF 0,219 0,977 0,942 1,014
iAVA 0,060 0,043 0,001 1,133
Anamnéza NCMP 0,030 3,153 1,121 8,379
Ca-blokatory 0,059 0,466 0,194 1,027
Anamnéza AF 0,039 2,813 1,057 7,060
Koncentracia draslika v séru 0,233 0,522 0,178 1,522

AF —fibrilacia predsieni; iIAVA - indexovana plocha aortélnej chlopne; LA - [avé predsier;; NCMP — ndhla cievna mozgové prihoda; PA -

truncus pulmonalis; PV - pulmonalna zila.

hospitalizacie a vyssiu hospitaliza¢nu mortalitu.*' V pre-
zentovanej studii bolo potvrdené v skupine so vznikom
POAF predlZenie pobytu pacienta na ICU o 1,2 dfia (p <
0,001) a casu hospitalizacie o 1,5 dria (p < 0,001). Na dru-
hej strane nebol zaznamenany vplyv POAF na narast hos-
pitaliza¢nej mortality.

Vela autorov dokumentuje vplyv vzniku POAF, alebo
pritomnost AF predoperacne, na zhorsenie pooperac-
nych vysledkov a narast dlhodobej mortality.*&1018-20 Ng
druhej strane, Swinkels a spol. vo svojej praci popieraju
vplyv vzniku POAF po AVR pri nastoleni SR do 48 hodin
na dlhodobu mortalitu. Pri pretrvavani AF viac ako 6 tyz-
dnov vSak dochadza k remodelacii predsiene s poklesom
kontraktility a naslednym zvysenym rizikom NCMP, zly-
hania srdca a smrti.”'® Ini autori popieraju vplyv POAF
na mortalitu pri 21-mesa¢nom (n = 300) aj 4,4-ro¢nom
(n = 995) sledovani.?' Z tohto uhlu pohladu je teda vznik
PPOAF pre pacienta ovela rizikovejsie ako vznik POAF
s verziou na SR pocas hospitalizacie. Vysledky dokumen-
tuju ako rizikové faktory vzniku PPOAF vek, zvacsenie LA,
pokles LVEF, nizsiu iAVA, pouzitie biologickej protézy,
pozitivnu anamnézu AF a absenciu uZivania Ca-blokato-
rov. Mé6zeme predpokladat, Ze pouzitie biologickej pro-
tézy je len koincidenciou vyssieho veku pacientov v tejto

skupine, a na samotny vznik PPOAF nema samostatny
dopad. Multivariacna logistickd regresna analyza identi-
fikovala rozmer LA, anamnézu AF a anamnézu NCMP ako
najdolezitejsie rizikové faktory PPOAF. Ini autori uvadza-
ju medzi rizikovymi faktormi PPOAF aj pozitivnu anam-
nézu paroxyzmalnej AF."® Kohno a spol. prezentuju hy-
potézu, Ze napriek tomu, Ze samotnd POAF neovplyvriuje
dlhodobé vysledky a mortalitu, vznik POAF je asociovany
s komorbiditami, ktoré mézu dlhodobé vysledky aj mor-
talitu zna¢ne ovplyvnit.®

Téato $tudia ma viacero limitacii. Prvou je pocet pacien-
tov, ktory je relativne maly (n = 497). Naviac studia obsa-
huje len 188 pacientov s pritomnou POAF, pricom chyba-
juce udaje pri niektorych pacientoch mézu dalej znizovat
silu Statistickej analyzy. Druhou limitaciou je retrospek-
tivnost celej studie. V tretom bode, monitoring pacientov
na chirurgickej jednotke nebol kontinualny, ¢o méze sp6-
sobit nezaznamenanie niektorych kratkych paroxyzmov
POAF. Dalej studia neobsahuje niektoré délezité udaje
pooperacného obdobia (ako aplikaciu niektorych liekov),
ktoré mézu taktiez ovplyvnit vysledky. Poslednym nedos-
tatkom je, Ze Studia neddva odpoved na otdzku, ¢i zvy-
$enie incidencie POAF ovplyviiuje aj dlhodobud morbiditu
a mortalitu pacientov.
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Zaver

Podla nasich vedomosti, je toto prva studia zamerand na
vplyv techniky ventovania srdca na riziko vzniku POAF.
Odrazajuc sa od vysledkov studie mozeme konstatovat, Ze
pouzitie ventu cez PV, v porovnani s ventom cez PA, vedie
k predlzeniu trvania CPB o 10,6 minuty (p < 0,0001, 95%
Cl 7,76-13,35), ¢asu svorky aorty o 7,7 minuty (p < 0,0001,
95% Cl 5,34-10,15), pobytu pacienta na ICU o 1 den (p <
0,005, 95% Cl 0,34-1,57), predlzeniu hospitalizacie o 1,4
dna (p < 0,0001, 95% Cl 0,66-2,23) a taktiez k vyssej in-
cidencii POAF (p = 0,03, OR 1,5, 95% Cl 1,02-2,22). Podla
univariacnej regresnej analyzy rizikové faktory POAF za-
hfriaju zavedenie ventu cez PV (p = 0,04, OR 1,50, 95%
Cl 1,02-2,22). Multivariacna logistickd regresna analyza
identifikovala ako rizikové faktory vzniku POAF priemer
LA (p = 0,04, OR 1,040, 95% CI 1,002-1,081) a iAVA (p
= 0,05, OR 0,123, 95% Cl 0,015-0,974). Rizikové faktory
vzniku permanentnej poopera¢nej AF po AVR zahfna-
ju rozmer LA (p = 0,01, OR 1,076, 95% CI 1,016-1,141),
anamnézu paroxyzmalnej AF (p = 0,04, OR 2,813, 95% ClI
1,057-7,060) a pozitivnu anamnézu NCMP (p = 0,03, OR
3,153, 95% Cl 1,121-8,379).

Prehlasenie autorov o moznom strete zaujmov
Autori deklaruju, Ze nemaju vo vztahu k ¢lanku konflikt
zaujmov.
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Kontext: Cerebralni oxymetrie (rSO,) se jevi jako slibna metoda pro sledovani adekvatnosti dodéavky kysliku
do mozku v priibéhu karotické endarterektomie (CEA). Cilem studie bylo zhodnotit vztah mezi zavaznosti
stendzy kontralateralni (neoperované) karotidy a zménami rSO, v prdbéhu CEA.
Metodika: rSO, byla sledovana u 38 pacientl podstupujicich CEA v regionalni anestezii. Pacienti byli nasled-
né rozdéleni podle pfitomnosti (Gdef) nebo absence (Gnodef) nového neurologického deficitu. Vychozi rsO,
pfed naloZenim svorky (rSO,base), prdmérné (rSO,avg) a minimalni (rSO,min) hodnoty béhem tfi minut po
svorce a zména rSO, béhem tfi minut po naloZeni svorky (ArSO,avg a ArSO,min) byly porovnany mezi obéma
skupinami. Vliv sten6zy kontralateralni karotidy na rSO, byl hodnocen pomoci korelace. Data jsou uvedena
jako median (interkvartilové rozpéti).
Vysledky: Novy neurologicky deficit se vyskytl u ¢tyf pacientl. Neprokazali jsme vyznamny rozdil rSO, mé-
fené na operované strané mezi Gdef a Gnodef: rSO,base bylo 79 (75-87) v Gnodef a 79 (64-90) v Gdef (p
= 0,84), rSO,min 74 (65-81) v Gnodef a 75 (59-90) v Gdef (p = 0,70) a ArSO,min 6 (2-13) v Gnodef a 2 (0-6)
v Gdef (p = 0,15). Podobné jsme nezaznamenali vyznamné rozdily mezi skupinami pro rSO, méfené na
kontralateralni strané. Stendza neoperované karotidy byla rizikovym faktorem pro rozvoj periopera¢niho
neurologického deficitu, ale neprokazali jsme jeji vliv na hodnoty rSO,.
Zavér: Neprokazali jsme zavislost mezi zdvaznosti kontralateralni stendzy karotidy a zménami rSO, v pru-
béhu CEA. Cerebralni oxymetrie nebyla schopna predpovédét rozvoj neurologického deficitu béhem CEA.
© 2019, CKS.

ABSTRACT

Background: Cerebral oximetry (rSO,) seems to be a promising technique for assessment the adequacy of
cerebral oxygen delivery during carotid endarterectomy (CEA). The purpose of this study was to evaluate
the association of the severity of contralateral (non-operated) carotid artery stenosis and the magnitude of
rSO, changes during CEA.

Methods: rSO, was monitored in 38 patients undergoing CEA under regional anesthesia. Patients were re-
trospectively assigned to one of two groups: with (Gdef) or without (Gnodef) change in neurological status.
Baseline rSO, values (rSO,base), average (rSO,avg) and minimal (rSO,min) values during 3 minutes after
clamping, and rSO, change after clamping (ArSO,avg and ArSO,min) were compared between both groups.
The influence of contralateral carotid artery stenosis on rSO, was assessed by correlation. Data are presented
as median (IQR).

Results: Neurologic deterioration has developed in 4 patients. We did not find any statistical difference in
rSO, values between Gdef a Gnodef on operated side - rSO,base was 79 (75-87) in Gnodef and 79 (64-90)
in Gdef (p = 0.84), rSO,min 74 (65-81) in Gnodef and 75 (59-90) in Gdef (p = 0.70), and ArSO,min 6 (2-13) in
Gnodef and 2 (0-6) in Gdef (p = 0.15). Similarly, there was not any difference between groups if rSO, was
measured on contralateral side. We showed that non-operated ACI stenosis was a risk factor for developing
of perioperative neurological deficit, but we did not demonstrate any influence of non-operated ACl steno-
sis severity on rSO, values.

Conclusion: We did not prove any association between the severity of contralateral carotid artery stenosis
and the magnitude of rSO, changes during CEA. Cerebral oximetry was not able to predict the development
of neurologic deficit during CEA.
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Introduction

Carotid artery disease causes approximately 10 to 20% of
strokes."? Carotid endarterectomy (CEA) has been estab-
lished as an effective treatment for patients with athe-
rosclerotic carotid stenosis. This procedure can significantly
reduce risk of subsequent stroke in symptomatic patients
and in selected group of asymptomatic patients.> However,
according to current literature, the perioperative stroke
occurs in more than 2% of patients undergoing CEA.* This
is usually caused by either cerebral hypoperfusion or em-
bolism during surgery. Routine periprocedural placement
of an intraluminal shunt to prevent cerebral ischemia car-
ries its own risk of intimal damage or stroke caused by
embolism.>¢ Therefore, it is important to identify patients
who are at high risk of developing severe neurological
complications during carotid clamping and who are likely
to benefit from selective shunting. The real-time clinical
evaluation in awake patient still remains the simplest and
the most accurate way to monitor the change in neurologic
status.”® However, this approach can be applied only when
regional anesthesia is used. Monitoring devices, such as
transcranial doppler (TCD), electroencephalography (EEG)
or somatosensory evoked potentials (SSEP) have been tes-
ted for many years but have serious logistic limitations and
disadvantages. So far, no single monitoring technique is
reliable enough to predict perioperative stroke during CEA
under general anesthesia.’

Various studies have indicated that the use of cerebral
oximetry, based on the principles of near-infrared spec-
troscopy (NIRS), is useful in determining cerebral ischemia
during CEA. As first described by J6bsis in 1977, NIRS is
a non-invasive technique that allows continuous moni-
toring of cerebral hemoglobin oxygenation (rSO,). There
are suggestions that information provided by this device
may significantly improve patient outcome by preventing
neurological dysfunction.” 2 Unfortunately, the evidence
to define clear cut-off value for presence of perioperative
cerebral ischemia is limited. Therefore, at this time NIRS
cannot be used as a standard monitoring technique for
prevention of perioperative stroke from CEA."

Many patients undergoing CEA for their symptomatic
internal carotid artery disease have multiple atheroscle-
rotic lesions throughout their extracranial cerebral ar-
teries." Consequently, significant contralateral carotid
stenosis could be an important factor that affects the
magnitude of change in rSO,. The circle of Willis (CW), the
most important vascular structure, functions as collateral
source of perfusion following occlusion of either internal
carotid system or basilar system, but its compensatory po-
tential in keeping the cerebral perfusion at a sufficient
level can be blunted in individuals with diffuse athero-
sclerosis. It has been previously demonstrated that the
functional configuration of the CW reflects the degree of
internal carotid artery obstruction. To our knowledge,
no studies describing the impact of significant contralat-
eral carotid stenosis on intraoperative cerebral ischemia
development have been done.

The aim of this prospective observational study was
to evaluate the influence of contralateral carotid artery
disease on intraoperative changes in rSO, in patients un-
dergoing elective CEA. In addition, we investigated the

reliability of rSO, changes during CEA to detect clinical
neurological deterioration.

Material and methods

Patients and monitoring

The study was approved by the Ethics Committee of St.
Anne’s University Hospital. Since this is an observational
study, the Ethics Committee waived the requirement for
obtaining informed consent. Consecutive patients under-
going elective CEA in regional anesthesia were enrolled
into the study. All patients received standard medica-
tion; antihypertensive drugs were continued on the day
of surgery, with the exception of angiotensin-converting
enzyme inhibitors. No preoperative sedation was admin-
istered.

An ipsilateral single-shot cervical plexus block (deep
and superficial) was performed using 20 ml and 10 ml
of 0.5% bupivacaine.'® If the patient complained of pain
during surgery, supplemental 1% trimecaine was admin-
istered directly into the wound by the surgeon. If this
measure was not sufficient, 5-10 pg of intravenous sufen-
tanil was administered. Any other sedation that could po-
tentially affect intraoperative evaluation of neurological
function was avoided. Invasive blood pressure, five-lead
electrocardiogram with ST segment analysis, peripheral
hemoglobin saturation, and regional cerebral oxygen
saturation (rSO,) were continuously monitored during
operation.

The INVOS 5100c cerebral oximeter (Somanetics Corpo-
ration, Troy, MI, USA) was used for rSO, monitoring from
the time of admission to the operating room to discharge
to the postoperative care unit. According to the manufac-
turer’s instructions, two cerebral oximeter sensors were
placed on the forehead, one on each side of the midline
for bilateral recordings. By this placement, signal is re-
ceived from tissue perfused by the anterior (ACA) and the
middle cerebral artery (ACM). Measured rSO, values were
continuously recorded for later offline analysis. The use
of cerebral oximeter device did affect neither standard
surgical technique nor anesthesia management and no
change in clinical management occurred based on the
rSO, readings.

During the time of carotid occlusion, neurologic func-
tion was assessed regularly by determining the level of
consciousness and by patient’s ability to respond to ver-
bal commands and exhibit normal motor strength in the
contralateral upper extremity. Within the first 3 minutes
after clamping, neurological examination was performed
every 20 seconds. After that, testing interval was ex-
tended to 5 minutes. Inability to respond appropriately
to verbal commands, unconsciousness, slurring of speech,
or development of motor weakness were considered as a
new neurologic deficit and led to insertion of shunt and
conversion from regional to general anesthesia.

Data collection and statistical analysis

From the cerebral oximeter recordings for each and every
patient the following rSO, parameters were calculated:
baseline rSO, value was defined as the average rSO, over
a 3 minutes period before the common carotid artery
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(CCA) clamping (rSO,base), minimal rSO, value detected
during the first 3 minutes after clamping (rSO,min), while
mean cross clamp was the average rSO, value over this
period (rSO,avg). To suppress inter-subject variability in
rSO,base values and to allow comparison of rSO, varia-
tions after carotid clamping, rSO, change (ArSO,) from
baseline to rSO,min and r50O,avg were calculated using
the formulas: ArSO,min = rSO,base — rSO,min; ArSO,avg =
rSO,base - rSO,avg

The magnitude of the computed change after cross-
clamp is expressed in percentage points. After comple-
tion of the study, patients were assigned to one of two
groups: those who did not show a change in neurologi-
cal status (Gnodef), and those who did (Gdef). Statistical
analysis was performed using the Statistica 13 software
(Statsoft Inc., Tulsa, OK, USA). A non-parametric Mann-
-Whitney U test was used for post hoc comparisons of all
the measured and calculated rSO, values between both
groups of patients. The impact of contralateral carotid
stenosis severity on rSO, values and changes after clamp-
ing was evaluated by correlation. A p value of < 0.05 was
considered significant. ROC (receiver operating charac-
teristic) curves were created for each rSO, parameter and
AUC (area under curve) were calculated. All data are pre-
sented as median (IQR).

Results

38 consecutive patients (28 men and 10 women) aged be-
tween 61 and 78 years were enrolled. Patient’s comorbidi-
ties and risk factors are presented in Table 1. No neurolo-
gic changes were observed in 34 patients (Gnodef, 89.5%),

Table 1 - Comorbidities and risk factors

Male/Female 28/10
Risk factors
Hypertension 32 (84.2%)

12 (31.6%)
31(81.6%)

Diabetes mellitus

Hypercholesterolemia

Smoking 18 (47.4%)
Atherosclerosis presentation
Coronary artery disease 18 (47.4%)

Peripheral arterial disease 16 (42.1%)

Cerebrovascular disease (CEA indication)

Asymptomatic 18 (47.4%)
Transient ischemic attack 2 (5.2%)
Stroke 18 (47.4%)
Degree of ipsilateral stenosis

<70% 38 (100%)
>70% 0 (0%)
Degree of contralateral stenosis

<70% 27 (71.1%)
>70% 11 (28.9%)
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Fig. 1 - Comparison of the lowest rSO, values during the first 3
minutes after carotid clamping (rSO,min) between patients with
and without neurologic deficit. Box-and-whisker plots represent
median, quartiles and range; triangles represent individual values.
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Fig. 2 — Comparison of drop in rSO, during the first 3 minutes after
carotid clamping (ArSO,min) between patients with and without
neurologic deficit. Box-and-whisker plots represent median, quarti-
les and range; triangles represent individual values.

whereas neurologic deterioration occurred in 4 patients
(Gdef, 10.5%) during the first 3 minutes after carotid clamp-
ing. In two of these patients change in neurologic status
resolved shortly after declamping and the operation was
completed after conversion from regional to general an-
esthesia and insertion of intravascular shunt. Surgery was
cancelled in the remaining two patients due to persisting
neurologic symptoms. Overall, CEA was completed succe-
ssfully in 36 patients. The duration of surgery was 135 mi-
nutes (123 to 143). All the 38 patients left the hospital wit-
hout a clinically detectable, new neurologic deficit.

The numerical values of rSO, and AUC for all 38 pa-
tients with bilateral monitoring are shown in Table 2.
We have found no significant difference in any of rSO,
values among patients with neurological deficit versus
those without neurological deficit. In addition, there was
no significant difference between the two groups when
either ipsilateral or contralateral values of rSO, were com-
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Fig. 3 - Ability of rSO, parameters measured on operated and contralateral side to predict neurologic
deficit during CEA. Expressed as receiver operating characteristic curves.
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Fig. 4 - Correlation between drop in rSO, during the first 3 minutes
after carotid clamping (ArSO,min) and severity of non-operated ca-
rotid artery stenosis.

pared. Fig. 1 shows the comparison of minimal rSO, mea-
sured during the first 3 minutes after clamping in patients
developing and not developing cerebral ischemia, Fig. 2
shows the comparison of rSO, drop (ArSO,min) and ROC
curves are shown in Fig. 3.

From the four patients who developed cerebral
ischemia after carotid artery clamping, three had contra-
lateral ACI occlusion (> 70% stenosis; detected by ultra-
sound). In such patients with more than 70% stenosis of
contralateral ACI, we have observed a trend to develop
perioperative neurological deficit (OR 9.75, Cl 0.89-107.3,
p = 0.0627). Conversely, no significant relationship was
found between increasing degree of contralateral carotid
stenosis and the baseline value or the magnitude of rSO,
change on both frontal lobes. For illustration, the corre-
lation between the minimal value of rSO, and severity of
non-operated carotid artery stenosis is shown in Fig. 4.
Both hospital and ICU length of stay were significantly
lower in the group without intraoperative neurological
deficit. The median length of hospital stay in the group
without deficit was 8 days (7 to 9) and 12 days (9 to 18)
in the deficit group (p = 0.043). The median length of ICU
stay in the group without deficit was 3 days (2 to 4) and
10 days (5 to 17) in the deficit group (p = 0.008).

Discussion

To our knowledge, this is the first study reporting a re-
lationship between a degree of non-operated carotid
stenosis and a change of rSO, during CEA. Although,
non-operated ACI stenosis was a risk factor for develop-

Table 2 - Comparison of cerebral oximetry (rSO,) values, both measured and calculated, between patients with and without change in

neurological status during carotid endarterectomy

Operated side (ipsilateral)

Non-operated side (contralateral)

Without neurological ~ With neurological AU Without neurological ~ With neurological AU

deficit deficit ROC  deficit deficit ROC
rSO,base 79 (75-87) 79 (64-90) 0.8365 0.54 77 (74-87) 79 (69-88) 0.8725 0.53
rSO,min 74 (65-81) 75 (59-90) 0.6966 0.47 74 (70-82) 65 (61-76) 0.4201 0.69
r5S0,avg 76 (67-82) 77 (62-91) 0.8365 0.46 76 (74-82) 72 (67-79) 0.3198 0.66
ArSO,min 6 (2-13) 2 (0-6) 0.1519 0.28 4 (1-7) 6 (5-15) 0.2166 0.70
ArSO,avg 4 (0-10) 0(0-3) 0.1667 0.28  2(0-5) 3(2-9) 0.3434 0.65
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ing perioperative neurological deficit, we did not de-
monstrate any influence of contralateral carotid artery
stenosis on rSO, values measured neither on ipsilateral
nor contralateral side of the forehead. Our expectations
that patients with severe degree of contralateral stenosis
have lower baseline rSO, and more pronounced decrease
of rSO, after carotid cross-clamping have not been confir-
med. Insufficient sensitivity of rSO, in cerebral ischemia
detection is supported by a fact that three of four pa-
tients with developed neurological deficit had confirmed
contralateral ACI stenosis. This finding is consistent with
results of meta-analysis published in 2013 which showed
on more than 28 thousands of patients, that contralateral
carotid stenosis increases the risk of perioperative stroke
(OR 1.65) and death (OR 1.76)."7 Moreover, we did not
find any difference in rSO, values between patients with
and without intraoperative neurological deficit and thus,
we were not able to define a critical threshold which
could reliably predict development of cerebral ischemia.

In fact, our findings are consistent with other previ-
ously published studies. A major challenge of most stud-
ies utilizing intraoperative NIRS during CEA has been
defining the sensitivity and specificity of changes in
rSO, as correlated with either clinical signs of cerebral
ischemia or other neuromonitoring modalities.®'®2?' The
main area of research interest was to determine the
threshold rSO, during CEA that correlates with clinical
signs of cerebral ischemia and allows to predict the need
for shunt placement. So far, several studies of NIRS have
failed to identify an ischemic threshold with adequate
sensitivity and positive predictive value. In 99 patients un-
dergoing CEA in regional anesthesia Samra et al. have es-
tablished a 20% relative decrease of rSO, from baseline as
a threshold for prediction of adverse neurological events.
This cut-off point was determined to have a sensitivity of
80% and a specificity of 82%." Similarly, Hirofumi et al.
determined that reduction in rSO, of 16-18% from base-
line was a predictor of cerebral ischemia during CEA."™
The results of a large retrospective study analyzing data
from 594 patients undergoing CEA in general anesthesia
showed that previously described 20% drop in rSO, has a
high specificity of 98% but concurrently a very poor sen-
sitivity of 30%. The authors concluded that optimal cut-
off is 12% decrease in rSO,, but this threshold provided
only a mediocre sensitivity of 75% and positive predictive
value of 37%.%°

There are several potential factors explaining the dis-
crepancy between cerebral oximetry and clinical findings
in carotid surgery. Firstly, it is the location of the sensor
on the forehead over the frontal lobes. Since rSO, reflects
predominantly tissue perfusion of prefrontal cortex, re-
gional hypoperfusion affecting ACM circulation may be
hardly detectable.?? Secondly, NIRS has a limited ability to
distinguish between intracranial and extracranial chang-
es in oxygenation. In other words, the signal can be con-
taminated by blood flow in extracranial tissues.? Finally,
a threshold for hypoxic injury, and thus for intervention,
is difficult to precisely define because of a wide normal
baseline range varying between 50% and 85%.%

A major limitation of this study was the low number
of included patients (n = 38). Similarly, a relatively high
frequency of neurological complications observed in this

study was also caused by the small sample size. The long-
-term rate of periprocedural neurologic complications in
a combined cohort of elective and early CEA in our center
is less than 2%, which is comparable with a value of 1.5%
found in a recent meta-analysis of elective CEA.?

Conclusions

Although non-operated ACI stenosis was a risk factor for
development of perioperative neurological deficit, we
were not able to demonstrate any association between
the severity of contralateral ACI stenosis and the magni-
tude of rSO, changes during CEA. Moreover, the cerebral
oximetry failed to detect the occurrence of perioperative
cerebral ischemia. Therefore, we cannot recommend this
method for routine monitoring in CEA surgery.
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Cil: Pfi narozeni existuje komunikace mezi pravou a levou komorou, tato komunikace viak po narozeni
zmizi. V nékterych piipadech komunikace pretrvava a komory nemohou fungovat nezavisle na sobé. Tato
abnormalita pdsobi problémy, napriklad hypertenzi, a komplikuje praci srdecnich chlopni. Cilem této studie
bylo analyzovat zmény v napéti a deformaci stény zptisobené umisténim zaplaty na junkci a zajisténi opti-
malizované geometrie zaplaty.
Metody: Pro tento Ucel byly metodou konecnych prvki (finite element, FE) vypracovany modely dvou typu
kruhovych a eliptickych zaplat se shodnymi materidlovymi vlastnostmi, nasledné byly vypocitany a srovnany
vysledky téchto dvou rliznych geometrii.
Vysledky: Pri stejnych hranic¢nich a zatézovych podminkach vysledky ukézaly, Ze elipticka zéplata je spojena
s mensim napétim stény a je bezpecna pro pouziti v komorach ve srovnani s kruhovou zaplatou.
Zavér: Vysledky této studie maji vyznam nejen pro stanoveni miry napéti a deformace stény po nasiti zapla-
ty, ale i pro zajisténi optimalizované geometrie spojené s nizsi incidenci komplikaci.

© 2019, CKS.

ABSTRACT

Purpose: At birth, there is a communication between the right and left ventricles, but this communication
disappears after the birth. In some cases, the communication has been continued and ventricles cannot ope-
rate independently on each other. This abnormal communication causes problems, such as hypertension and
heart valves complications. The purpose of this study was to analyse alterations in stress and strain caused by
placement of a patch on junction and offering optimized geometry for it.

Methods: For this purpose, finite element (FE) models of two types of circular and elliptical patches with the
same material properties were established and the results of these two different geometries were calculated
and compared.

Results: Considering the same boundary and loading conditions, the results revealed that the elliptical patch
triggers less stresses and is safe to use in ventricle compared to the circular one.

Conclusion: The results of the concurrent study have implications not only for understanding of the magni-
tudes of the stress and strain because of a patch but also for providing an optimized geometry which brings
about less complications.
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Introduction

In the recent years, the use of computer-assisted sur-
gery design procedures is becoming more popular in the
clinical decision-making process to replace empirical and
often risky clinical experimentation to examine the effi-
ciency and suitability of various reconstructive procedures
in diseased hearts. According to the American Heart Asso-
ciation (AHA), congenital heart defects (present at birth)
are the most common type of birth defect. They affect 8
out of every 1 000 newborns.?

Tetralogy of Fallot (TOF) is a congenital heart defect
which is classically understood to involve four anatomical
abnormalities. It is the most common cyanotic heart de-
fect and the most common cause of blue baby syndrome.?
TOF is usually a right-to-left shunt, in which higher resist-
ance to right ventricular outflow results in more severe
cyanosis symptoms.*®> According to the National Heart,
Lung, and Blood Institute (NHLBI), TOF affects roughly
five out of every 10,000 babies. The defect is found equal-
ly among boys and girls. TOF causes low oxygen levels in
the blood, which can cause skin to have a bluish-purple
color (cyanosis). Another common sign of TOF is a heart
murmur. A heart murmur is an extra or unusual sound
that a doctor might hear while listening to the heart. The
sound occurs because the heart defect causes abnormal
blood flow through the heart. For this purpose, doctors
use a material, namely patch, to eliminate this communi-
cation.® In this study, at first, two ventricles were consid-
ered without patch and modeling by using the average
pressure, then, two different kind of patches (circular and
elliptical) were considered to study and compare to each
other.

Methods

In this study the right ventricle (RV), left ventricle (LV), scar
tissue, and patch materials were assumed to be hyper-
elastic, isotropic, nearly incompressible, and homogene-

\si\’.‘-
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ous.””"" The governing equations for the structure models
are (summation convention is used)'>'¢ as follows:

(1

PV =035, Lj=123 sum over j
(2)

Ejj = M i,j,a =123 sum over a

where o is the stress tensor, ¢ is Green'’s strain tensor, v is
solid displacement vector, subscript tt in vi, tt indicates
the second-order time derivative, f i,j stands for deriva-
tive of the function with respect to the jth variable, and p
is material density.

For the sake of simplicity, LV was included as a struc-
ture-only model with the same material parameters used
for both the LV and RV tissues. The elastic modulus and
Poisson’s ratio of the right and left ventricles were con-
sidered to be 600 kPa and 0.27, respectively. Geometrical
modeling for the right and left ventricles was elliptical
hollow with height of 13 cm and its cross-sectional diame-
ter was 6 cm. Two types of circular and elliptical patches
were considered for analyzing. Diameter of circular patch
is considered to be 4 cm. In addition, for elliptical patch
large and small diameters were assumed to be 4 and 5.1
cm, respectively. With regard to the materials used for
patch which usually was dacron, teflon, bovine pericardi-
um, autologous pericardium, we considered dacron with
the modulus of elasticity and Poisson’s ratio were taken 8
MPa and 0.32, respectively (Fig. 1).'>"7

Results and discussions

Heart without patch

In a healthy heart, the pressure in the LV is higher than in
the RV,'®2 hence, in the first model without using patch
and while the right and left ventricles work independent-
ly, the average pressure in the right and left ventricle
were 20 and 120 mmHg, respectively. Contours of stress

Fig. 1 - (A) The 2D model of ventricles. (B) The stress and (C) strain contours in a healthy ventricle without patch from the side and top views.
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Fig. 2 - (A) Stress and (B) strain contours in a healthy ventricle with a circular patch. (C) Stress and (D) strain contours
in a healthy ventricle with an elliptical patch.

and strain are illustrated in Fig. 1B and 1C. Because of the
pressure difference, changes of stress and strain in the
LV were significant compared to the RV. Fig. 1C indicates
wall between the two ventricles which was deformed and
distorted because of the effect of the pressure difference
as we expected, considering that at the end of ventricles,
cross-section is smaller than the rest, and more strain is
observed at that area.

Heart with patches

Circular patch: In this case, as already noted, for blocking
the communication between the two ventricles we used
circular patch with a diameter of 4 cm at the junction. In
this case, same as that of the previous case, the average
pressure in the RV and LV were set to be 20 and 120 mm
Hg, respectively. As shown in Fig. 2 we can understand
that because of the shape of the patch, profiles of stress
and strain are relatively symmetrical.

Elliptical patch: It is used with a large diameter and
small diameter of 5 cm and 4 cm, to prevent contact be-
tween the two ventricles. Fig. 2 shows the contours of
stress and strain. Although the elliptical patch compared
to the circular one induces asymmetric profile, the maxi-
mum amount of stress and strain are lower than in the
circular one. The maximum stress in the circular patch

rises up to 195 kPa, while this value in elliptical patch is
133 kPa. It can be easily seen from the results that by us-
ing the elliptical patch, stress and strain created at the
junction, is less than in the circular one.

Conclusion

Our research in fact is a preliminary attempt to identify
heart with simplified model and considering the patch
which located between two ventricles. The changes in the
stress and strain caused by placement of a patch on junction
were investigated and offered optimized geometry for it.
For this purpose, two types of circular and elliptical patch
with the same material were used. Finally, the results revea-
led that by using the elliptical patch, stress and strain indu-
ced at the junction, are less than that of the circular one.
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Hyperacute T waves in inferior leads as a dynamic sign
of evolving STEMI
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Uvod: Elektrokardiogram (EKG) je bézné pouzivanym nastrojem v diagnostice akutniho infarktu myokardu.
Mezi EKG znamky akutni ischemie myokardu mohou jako nej¢asnéjsi a jedina EKG znamka infarktu myokar-
du s elevacemi useku ST (STEMI) patfit vysoké a Siroké viny T, oznacované rovnéz jako hyperakutni viny T.
Cil: Zddraznit vyznam ¢asného rozpoznani hyperakutnich vin T jako ekvivalentu STEMI s cilem zabranit dal-
$imu poskozeni myokardu odpovidajici écbou.
Kazuistika: Na oddéleni urgentniho pfijmu byla pro bolest na hrudi dopravena 65leta zena. Vysetreni EKG
prokézalo pfitomnost vysokych a Sirokych T vin ve spodnich svodech, inverzi T viny ve svodech D,-aVL a de-
presi Useku ST ve svodech V,-V-V,. Bolest na hrudi témé&F plné vymizela po podani kyseliny acetylsalicylové,
ticagreloru a sublingvalnim uziti nitroglycerinu; zaroven doslo k vymizeni vysokych vin T a zmirnéni deprese
Useku ST ve svodech V,-V-V,. Priblizné o 15 minut pozdé&ji doslo u pacientky k recidivé bolesti na hrudi
s naslednou tézkou hypotenzi a sinusovou bradykardii. Emergentni koronarografické vysetieni prokdzalo
kompletni tromboticky uzavér stfedniho segmentu pravé koronarni tepny (RCA). Byla provedena balonkova
angioplastika s umisténim Iékového stentu v postizené tepné.
Zavér: Hyperakutni vysoké a Siroké symetrické viny T jsou prechodné, a nejsou tedy Castym jevem, mohou
viak pFedstavovat prvni EKG dlkaz Gplného uzavéru koronarni tepny a transmuralni ischemie. Casné rozpo-
znéni tohoto tvaru EKG kfivky je naprosto nezbytné pro stanoveni diagndzy a optimalni 1é¢bu pacientt se
STEMI, zaloZzenou na okamzité reperfuzi primarni angioplastikou.

© 2019, CKS.

ABSTRACT

Introduction: Electrocardiogram is a commonly used tool in the diagnosis of acute myocardial infarction.
Among ECG signs of acute cardiac ischemia, tall and broad-based T waves, called hyperacute T waves, may
be the earliest and the only ECG sign of ST-elevation myocardial infarction (STEMI).

Objective: To underline the importance of early recognition hyperacute T waves as one STEMI equivalent in
order to prevent further damage to the myocardium by appropriate treatment.

Case report: A 65-year-old female was admitted to the emergency department for chest pain. An electrocar-
diogram revealed the presence of tall and broad-based T waves in inferior leads, T-waves inversion in D1-
aVL and ST-segment depression in V4-V5-V6. Aspirin, ticagrelor, and sublingual nitroglycerin almost fully
resolved the patient’s chest pain which coincided with the resolution of the tall T waves and improvement of
ST-segment depression in V4-V5-V6. Approximately 15 min later, the patient experienced recrudescence of
chest pain followed by severe hypotension and sinus bradycardia. Emergent coronary angiography disclosed
a complete thrombotic occlusion in the mid-right coronary artery (RCA). Balloon angioplasty and placement
of a drug-eluting stent in RCA was performed.

Conclusion: Hyperacute tall and broad-based symmetric T waves are transient and thus uncommonly seen,
but they can be the very first ECG evidence of total coronary occlusion and transmural ischemia. Early re-
cognition of this ECG pattern is crucial to ensure diagnosis and optimal treatment of patients with STEMI,
which consist in immediate reperfusion by primary angioplasty.
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Hyperacute T waves in inferior leads as a sign of STEMI

Introduction

According to ECG presentation, acute coronary syndromes
are classified as STEMI (i.e. ST-segment elevation acute myo-
cardial infarction) and NSTEMI (i.e. non-ST-segment ele-
vation acute myocardial infarction).! Whereas ST-segment
elevation (STE) is an indication for immediate coronary
reperfusion, in NSTEMI a tailored invasive approach is re-
commended.? Transient tall, broad-based and symmetric T
waves have been occasionally described immediately before
the occurrence of anterior STEMI.>* We report herein the
case of a patient with acute complete thrombotic occlusion
in the mid-right coronary artery (RCA) and atypical ECG fin-
ding of transient hyperacute T waves in inferior leads.

Case report

A 65-year-old female was admitted to the emergency
department (ED) for chest pain. An ECG recorded two

months before admission was normal (Fig. 1). Upon arri-
val to the ED, her vital signs were within normal limits.
Cardiac and lung fields auscultation revealed normal
heart and breath sounds. An ECG showed the presence of
tall, broad-based, and symmetric T waves associated with
T waves inversion in D1-aVL and down-sloping ST-seg-
ment depression in leads V4-V5-V6 (Fig. 2). A transtho-
racic echocardiogram obtained immediately in the ED in-
dicated overall preserved left ventricular systolic function
(ejection fraction, 62%).

Based on the clinical data collected, the patient
was initially diagnosed with suspected NSTEMI and
treated with aspirin, ticagrelor, and nitrates with sub-
sequent complete resolution of symptoms. A new ECG
showed normalization of the tall T waves and improve-
ment of ST-segment depression in V4-V5-V6 (Fig. 3).
Approximately 15 min later, the patient experienced
recrudescence of chest pain and hemodynamic insta-
bility with severe hypotension and sinus bradycardia
resolved by atropine and saline solution infusion. The
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Fig. 1 - ECG obtained 2 months before admission showing normal sinus rhythm without ST segment or T
wave abnormality.

Fig. 2 - ECG at presentation. Note the presence of tall and broad-based T waves in inferior leads, T-waves
inversion in D1-aVL and ST-segment depression in V4-V5-V6.
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depression in V4-V5-V6.

Fig. 4 - Coronary angiography showing a complete thrombotic oc-
clusion in the mid-right coronary artery.

patient was sent to the cardiac catheterization labora-
tory for urgent coronary angiography. She was found
to have a complete thrombotic occlusion in the mid-
(RCA), treated by aspiration and conventional balloon
angioplasty and drug eluting stent implantation (Figs.
4 and 5). After percutaneous coronary intervention,
ECG showed only non-specific ST segment-T wave ab-
normalities (Fig. 6). The echocardiographic images ob-
tained post-revascularization confirmed normal left
ventricular systolic function with only mid-to-distal
hypokinesis of the inferior wall, probably related with
stunned myocardium. The rest of patient’s hospital stay
was uneventful.

Fig. 3 - ECG after medical treatment showing resolution of the tall T waves and improvement of ST-segment
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Fig. 5 - Coronary angiography showing RCA after successful coro-
nary angioplasty and stenting.

Discussion

Patients presenting to the ED with chest pain are evalu-
ated by taking patient’s history, examination, serial ECGs
and repeated assessment of hemodynamic status. Nume-
rous important clinical decisions rely on the emergency
physician’s and cardiologist’s ability to interpret the ECG
which immediately impacts on management decisions.®
STE is a marker of transmural ischemia secondary to acute
coronary artery occlusion with an indication for imme-
diate coronary reperfusion. Unfortunately, a significant
number of patients with acute myocardial infarction, do
not show STE on the ECG.%” Other ECG abnormalities may
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Hyperacute T waves in inferior leads as a sign of STEMI
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Fig. 6 — ECG after percutaneous coronary intervention showing only non-specific ST segment-T wave abnor-

malities.

Fig. 7 - The ST/T falls directly on an ideal line marked from J point (where the QRS ends and the ST segment
begins) and the apex of the ST-segment/T-wave complex (non-concave morphology).

be associated with occlusion of an epicardial coronary ar-
tery, the so-called STEMI-equivalents. Hyperacute T waves
in >2 contiguous leads, amplitude >0.50 mV and 1.0 mV
in the limb and precordial leads, respectively,® are transi-
ent and thus uncommonly seen, but they can be the very
first ECG evidence of total coronary occlusion and trans-
mural ischemia. This ECG pattern, often associated with
reciprocal ST segment depression in other electrocardio-
graphic leads, typically evolves quickly into a classic STEMI
pattern and must be considered as a dynamic sign of evol-
ving STEMLI. In our patient case, the dynamic ECG sequen-
ce of transient tall, broad-based T waves, amplitude >0.50
mV in inferior leads and reciprocal T waves inversion in
D1-aVL, associated with right clinical context (chest pain
followed by hemodynamic instability), was key to the dia-
gnosis of a critical, acute ischemic occlusive coronary lesi-
on (STEMI vs NSTEMI). The patient’s initial clinical and ECG
responses to antianginal and antiplatelet therapy in the
ED suggest dynamic changes in blood flow secondary to
a sequence of events: acute thrombosis, transient recana-
lization, complete re-occlusion of the affected coronary
artery, and may explain the absence of STE progression
and the preserved left ventricular systolic function shown
by the echocardiogram. As an alternative, the presence of
collateral circulation or a balanced coronary circulation,
confirmed by coronary angiography, may have modulated

myocytes action potential changes in response to ischemia
and preserved epicardial electrical activity thus preventing
the occurrence of ST-segment elevation.® Genzlinger et al.
suggest analyzing the morphology, concave or non-con-
cave, of the ST segment in order to distinguish between
ischemic and benign forms of T-wave changes such as ear-
ly repolarization.' In our patient’s case, the ST/T segment
falls directly on an ideal line marked from J point and the
apex of the ST-segment/T-wave complex (Fig. 7). This non-
-concave morphology, in the right clinical setting, is 97%
specific for identifying STE morphology in AMI. Lastly,
while hyperacute T waves pattern in anterior precordial
leads have often been described,”'? to our knowledge
a so impressive high amplitude dynamic T-waves pattern
in all inferior leads, related with thrombotic acute occlusi-
on in the RCA, is not so frequently reported and therefore
it is important for the emergency physicians and cardiolo-
gists to recognize this high-risk ECG marker of STEMI.

Conclusion

Our patient’s case underscores the importance of hypera-
cute T waves in inferior leads as an electrocardiographic
sign of early acute coronary syndromes. The emergency
physicians and cardiologists ability to interpret this very
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early dynamic ECG sign of evolving STEMI, not only in an-
terior but also in inferior leads, early and still in presence
of hemodynamic stability, may impact on decision making
and prognosis.
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Popisujeme pfipad, kdy bylo snizeni davky peroralniho pfimého inhibitoru faktoru Xa rivaroxabanu samot-
nym pacientem spojeno s neobvyklou tromboembolickou komplikaci v podobé akutniho infarktu myokardu
s elevacemi Useku ST (ST-segment elevation myocardial infarction, STEMI) pfi nestabilnich rendlnich funkcich
a odhadované glomerularni filtraci pohybujici se v i mimo rozmezi, kdy se doporucuje snizeni davky riva-
roxabanu. Popisovany pfipad zdlrazruje dulezitost spravného davkovani rivaroxabanu u pacientd, jejichz
doporuceny davkovaci rezim se pohybuje v blizkosti meznich hodnot, protoze je sice dobfe znamo riziko
krvaceni pfi poklesu hodnot CrCl < 30 ml/min, ale zda se, Ze v pfipadé zlepSeni hodnot CrCl hrozi zase ne-
bezpedi poddavkovani. Vzhledem k vyse uvedenému je tieba peclivé zvazit bud alternativni postup, nebo
dasledné monitorovéni renélnich funkci, aby se predeslo potencidlné zivot ohrozujicim komplikacim v du-
sledku poddavkovéni novych peroralnich antikoagulancii.

© 2019, CKS.

ABSTRACT

We report a case in which self-prescribed dose reduction of the orally active, direct factor Xa inhibitor,
rivaroxaban, was associated with the unusual thrombo-embolic complication of acute ST-segment eleva-
tion myocardial infarction (STEMI) in the setting of a fluctuating renal function and estimated glomerular
filtration falling in and out of the range where dose reduction of rivaroxaban is suggested. The case high-
lights the importance of dosing of rivaroxaban in those patients who sit around the recommended dosage
regimen cut offs as they are well known to be at risk of bleeding should their CrCl fall <30 mL/min, but they
also appear at risk of under-dosing should their CrCl improve. Due to the above-mentioned issue, careful
consideration should be given to either alternative choices or close renal function monitoring, to avoid po-
tentially life-threatening complications due to under-dosing of new oral anticoagulants.

ance to rivaroxaban, with the last dose taken more than

We report a case in which dose reduction of the orally
active, direct factor Xa inhibitor, rivaroxaban, was associ-
ated with the unusual thrombo-embolic complication of
acute ST-segment elevation myocardial infarction (STEMI).
A 74-year-old woman presented with sudden onset cen-
tral chest pain and ST-segment elevation in the inferior
leads of her initial ECG (Fig. 1A). Salient medical history
included distant breast cancer with ongoing tamoxifen,
hypertension, stage lll chronic kidney disease (CKD) and
permanent atrial fibrillation (AF), for stroke risk reduc-
tion due to AF, she was prescribed rivaroxaban. Admission
blood tests revealed a creatinine clearance (CrCl) of 52 mL/
min (Cockcroft-Gault) and normal aPTT, PT, and INR. She
had experienced recurrent epistaxis six months prior and
given a labile CrCl hovering between 40 and 60 mL/min,
a decision was made then to reduce her dose of rivaroxa-
ban to 15 mg. The patient reported less than ideal compli-

24 h leading up to her current presentation.

Our patient underwent emergent primary percuta-
neous intervention. Coronary angiography revealed an
acute occlusion of the mid segment of the Left Circum-
flex (LCx) artery (Fig. 1B) with otherwise angiographically
‘smooth’ left anterior descending and right coronary ar-
teries. Manual aspiration thrombectomy was performed
with a 6Fr Export catheter (Medtronic, Minneapolis, USA)
retrieving a large burden of soft, acute thrombus (Fig.
1D) with subsequent improvement of coronary flow. As
residual thrombus was still evident, further aspiration was
performed revealing an angiographically ‘smooth’ cul-
prit site without evidence of underlying atherosclerotic
plaque rupture (Fig. 1E). The patient had complete resolu-
tion of chest pain, together with normalization of her ST
segments.
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Fig. 1 - (A) ECG demonstrating ST elevation in inferior-lateral leads, (B, C) angiography show-
ing acute occlusion of the Left Circumflex and obtuse marginal arteries, (D) acute thrombus
extracted on manual aspiration, (E) post manual thrombectomy angiography showing non-
-obstructive left coronary system.

Transthoracic echocardiography demonstrated akinesia
of her anterolateral wall with overall moderate left ven-
tricular dysfunction and no evidence of left ventricular
thrombus. In view of a past history of breast cancer, com-
puted tomography imaging and biomarkers for recurrent
malignancy were unrevealing. The cause for the extensive
intracoronary thrombus was attributed to AF and in the
setting of a labile CrCl, under-dosing of her Xa inhibitor
was the most likely culprit and thus was switched to war-
farin with enoxaparin bridging. The patient remains well

at 6-month follow up with a stable INR and no further
bleeding or thromboembolic episodes.

Discussion

Based on earlier pharmacokinetic studies the phase Ill tri-
al for rivaroxaban (ROCKET AF)" included a reduced dose
for patients with a CrCl 30-49 mL/min and the phase IlI
studies for apixaban (AVERROES vs. aspirin and ARISTOT-
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LE? vs. warfarin) included a composite of serum creatinine,
age and weight to qualify for the reduced dose. In the
phase Il study of dabigatran (RE-LY) however, both do-
ses of dabigatran (110 mg and 150 mg) were trialled in
a blinded fashion, thus exposing patients with a normal
GFR to a ‘reduced’ dose and those with renal impairment
to the ‘standard’ dose. Evaluated in pre-specified groups,
event rates in those with preserved renal function (CrCl
>80 mL/min) who received the 110 mg dose (0.94%/year) were
higher than those who received the 150 mg dose (0.75%/year)
intimating they were likely to have been under-dosed.

This observation has important implications for those
patients who sit around the recommended dosage regi-
men cut-offs as they are well known to be at risk of bleed-
ing should their CrCl fall <30 mL/min, but they also appear
at risk of under-dosing should their CrCl improve. A num-
ber of guidelines recommend at least annual review of re-
nal function although in the setting of labile readings, this
should be more frequent. Indeed with persistently low or
labile CrCl readings, most Society Guidelines recommend
moving back to warfarin given the ability to measure
therapeutic concentrations and attenuate bleeding risk.
If a DOAC remains the preferred option in the setting of
renal impairment, apixaban may be advisable as it is least
renally cleared and its composite use of age and weight
may provide a complete stratification of bleeding risk.

SEZNAM INZERENTU

As this case documents, DOAC dosing at each end of
the spectrum should be approached with caution. Our pa-
tient’s renal function had slowly improved over 6 months,
and coupled with patient concerns over bleeding, was
switched to a well-intentioned, but ultimately subthera-
peutic dose of rivaroxaban leaving her at risk for systemic
embolisation.
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Vrozené anomalie koronarnich tepen nejsou casté a v prevazné vétsiné jsou diagnostikovany ndhodné pfi
koronarografickém vysetieni nebo pfi pitvé. Mezi nejvzacnéjsi takové anomalie patfi jedina koronarni tep-
na. Pro urceni jeji klinické vyznamnosti je velmi dulezité zjistit jeji prabéh (interarteridlni, intraseptalni,
prepulmondlni nebo retroaortalni). Pro pacienta je pfi objeveni takové necekané anomaélie koronarnich
tepen nesmirné dulezité stanovit spravnou diagnézu; pfitom je vzdy na lékafi provadéjicim angiografické
vySetieni, aby presné urcil misto odstupu tepny a jeji pribéh. Aby kardiologové dokazali anomalie koronar-
nich tepen snadno identifikovat, museji se seznamit se zékladnimi fakty.
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Jedina korondrni tepna
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ABSTRACT

Congenital coronary artery anomalies are uncommon and the vast majority is diagnosed incidentally during
coronary angiogram or necropsy. A single coronary artery is one of the most rarely seen coronary artery
anomalies. Determination of its course (inter-arterial, intra-septal, pre-pulmonic or retro-aortic) is very im-
portant regarding its clinical significance. Avoiding the misdiagnosis of an unsuspected anomalous coronary
artery is critical to the patient and it is always the angiographer’s responsibility to accurately define the
origin and course of the vessel. Cardiologists should be aware of simple clues in order to easily identify
coronary anomalies.

Keywords:
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Coronary anomaly
Single coronary artery

ischemia on nuclear stress testing. She had no significant
medical history and physical examination was unremarka-
ble. Electrocardiographic and echocardiographic findings
were unrevealing. No origin of the coronary ostium aris-
ing from the left sinus Valsalva (LSV) could be imaged by

Congenital coronary artery anomalies are uncommon and
the vast majority is diagnosed incidentally during corona-
ry angiogram or necropsy."? Single coronary artery (SCA)
anomaly is rare, with incidence estimated at approxima-
tely 0.03-0.07%, and approximately 20 possible variations

of SCA have been described.®> Determination of its course
(inter-arterial, intra-septal, pre-pulmonic or retro-aortic) is
very important regarding its clinical significance.3* Whi-
le the pre-pulmonic, intra-septal, and retro-aortic courses
are considered to be benign, the inter-arterial course is
often associated with an increased risk of sudden cardiac
death.”® The SCA with double courses is a rare congenital
anomaly of the coronary circulation.5”

A 65-year-old female patient referred to our hospital
with the complaints of atypical chest pain but mild apical

the conventional coronary angiography (Video 1, http://e-
-coretvasa.cz/suppl/2019-4-439-1.avi). A SCA originating
from the right sinus of Valsalva (RSV) with a pre-pulmonic
left anterior descending artery (LAD) and a retro-aortic
left circumflex artery (LCX) was detected (Fig. 1, Video 2
http://e-coretvasa.cz/suppl/2019-4-439-2.avi and Video 3
http://e-coretvasa.cz/suppl/2019-4-439-3.avi).
Categorization of solitary SCA based on anatomy can
be either classified as anomaly of the abnormal “origin”
or as anomaly of abnormal “course” by the scheme propo-
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Single coronary artery with double coronary courses

The subtypes depending on the aberrant pathways to reach its proper vascular of
territory of the anomalous LAD.

pulmonary trunk

Cc Cristal, coursing through the crista

Type  Definition Course

A Antenor ‘o the rght ventricular Prepulmonic (known as also precardiac)
outflow tract

B Between the aorta and Interarterial (known as also preaortic)

Intraseptal (known as also subpulmonic

supraventricularis portion of the or septal)
intramuscular cource through he
upper portion of the
infraventncular septum
D D-orsal or posterior to the aorta Retroaortic (known as also retrocardiac)

Clues
If the first branch arising from the long LAD is
the conal or infundibular branches

Curvature of long LAD
Antero-cranial convex

Postero-cranial convex

Antero-caudal concave If the first branch arising from the long LAD

is the septal branch

Postero-caudal concave Aortic root sign or Page's sign

Fig. 1 - Left anterior oblique (LAO) and right anterior oblique (RAO) angiogram shows single coronary artery with prepulmonic left anterior

descending (LAD) artery and retroaortic circumflex artery. Ao - aorta.

sed by Lipton et al.® According to Lipton’s classification,
SCA can be described using a three-character coded no-
menclature in which the first alphabet represents ostial
location, second number represents anatomical distri-
bution, and third character represents the course of the
transverse trunk.® Depending on the location of the coro-
nary ostium, the congenital anomaly is classified as “R”
type (originating from the RSV) and “L" type (originating
from the LSV). Based on the anatomy of the coronary ar-
teries, it is classified as type | to lll;

m In type |, there is a solitary dominant artery. The
vessel follows the course of normal left or right co-
ronary artery with a continuation into the missing
artery’s territory (R-1 type as solitary dominant right
coronary artery [RCA], and L-I type as solitary domi-
nant left coronary artery).

m In type Il, one coronary artery arising from the pro-
ximal portion of other normally located opposite co-
ronary artery.

m In type lll, the both LAD and LCX arise separately

from the proximal part of a normal RCA. There is an ab-
sence of the left main coronary artery (LMCA).®8

In current case, the LAD and LCX had separate origins
from the proximal part of the normally located RCA (Vi-
deo 2 http://e-coretvasa.cz/suppl/2019-4-439-2.avi). In
general, this anomaly has no clinical significance unless
atherosclerotic coronary artery disease superimposes. Ho-
wever, both LAD and LCX's courses are important. When
the LAD and/or LCX originate from the proximal RCA or
right sinus of Valsalva (RSV) (type Il or type Ill), these ano-
malous vessels take 1 of 4 aberrant pathways to reach its
proper vascular territory. These 4 pathways are as follows;

= type A (Anterior to the right ventricular outflow tract
— “pre-pulmonic, conal or anterior free wall course
with anterocranial convex curvature”),

= type B (Between the aorta and pulmonary trunk-"in-
ter-arterial course with posterocranial convex curva-
ture” “inter-arterial course”),

m type C (Cristal or Septal, coursing through the crista
supraventricularis portion of the intramuscular cour-
se through the septum, along the floor of the right
ventricular outflow tract, — “intra-septal course with
anterocaudal concave curvature” “septal course”),
and
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m type D (Dorsal or Posterior to the aorta- “retroaortic
course” with posterocaudal concave curvature and
the “aortic root” or Page’s sign).

Of the 4 pathways of the anomalous course of corona-
ry arteries, only inter-arterial variant is considered dange-
rous, and is associated with exertional angina, syncope,
and sudden cardiac death. In current coronary anomaly
was classified as type Ill SCA with a pre-pulmonic LAD and
a retro-aortic LCX according to Lipton’s scheme of classi-
fication.

Since even experienced angiographers have difficulty
finding and delineating the true course of some anoma-
lous vessels, a thorough method is required before ma-
king a definitive diagnosis. The course of the anomalous
coronary can invasively be identified by angiography af-
ter insertion of a catheter into the pulmonary artery and
another into the aorta,® or by the “dot and eye method"*
in coronary angiography or noninvasively by computed
tomography angiography.'® In 1985, Ishikawa et al. follo-
wed by Serota et al.*in 1990 proposed a series of coronary
angiographic criteria intended to define the relationship,
along the initial course, between the anomalous vessel
and the aorta and the pulmonary artery. These authors
attempted to identify the different courses on the basis
of the orientation of the “loop” formed by the anoma-
lous coronary artery with the rest of the coronary tree? or
by applying the concept of the “dot” (visualization of the
contrast column of the coronary artery anomaly which,
because of the turn it makes, adopts the morphology of
a dot).*In a 30° right anterior oblique (RAO) view, before
turning to the apex at the midseptum, the LAD will pass
left and upward (forming the upper half of the “eye” -
anterocranial convex loop-curvature) in an anterior free
wall (pre-pulmonic or conal course) while it will pass left
and downward (forming the lower half of the “eye” -
anterocaudal concave loop-curvature) in an intra-septal
course. In case of an inter-arterial course the vessel will
describe a cranial posterior loop before turning anteriorly
towards the anterior interventricular sulcus in a RAO or
LAO views (posterocranial convex curvature). The intra-
-septal course is also favored by the presence of phasic
systolic compression of this segment similar to a myocar-
dial bridge and proximal branching into septals. It is im-
portant to define the branching of an aberrant long LAD
correctly as a septal artery (in always intra-septal cour-
se) or a conus artery (pre-pulmonicconal course) despite
both may have anterocranial curvature-loop. In current
case, the conus artery was an important clue for the pre-
-pulmonic LAD course (Video 2 http://e-coretvasa.cz/sup-
pl/2019-4-439-2.avi). Recognition of this variant and di-
fferentiation among the possible courses of the ectopic
branch is essential for patient management. For all artery

pathways that travel behind the aorta, the RAO projecti-
on during aortography or coronary angiography will vi-
sualize the artery on end and appear as a radio-opaque
“dot” posterior to the aorta. Although the most impor-
tant point for anomalous courses of coronary arteries is
identifying the benign posterior or malignant anterior
“dots” in the RAO view; this method was not useful in
current case due to double separate courses of the SCA
(Video 3).There was not another associated cardiac ano-
maly or coronary obstructive lesions. Cardiologists should
be aware of simple clues in order to easily identify coro-
nary anomalies.
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Oldrich Eliska

LYMFOLOGIE

‘ : i

Teoretické zaklady a klinicka praxe

Cena: 2 250 K¢.

Snad se nemylim, ale lymfologie dosud svoji ceskou
ucCebnici neméla. V roce 2014 sice nakladatelstvi Grada
Publishing vydalo monografii, jejimiz editory byli Michael
Foldi a Ethel Foldi (Urban a Fischer, skupina Elsevier, 7. vy-
dani, 720 stran, ISBN 978-80-47-4300-4), slo vSak o preklad
zahrani¢ni monografie.

Hlavnim a jedinym autorem této knihy je profesor
MUDr. Oldfrich Eliska, DrSc., profesor Anatomického usta-
vu 1. lékarské fakulty Univerzity Karlovy v Praze a chirurg,
¢len vyboru Ceské lymfologické spole¢nosti CLS JEP.

Profesora Elisku ¢tenafi znaji jako autora anatomic-
kych stati v Kardiologii prof. MUDr. Michaela Ascherman-
na, DrSc., a ve Vazologii autort doc. MUDr. Debory Kare-
tové, CSc., a MUDr. Miroslava Chocholy, CSc. Autor knihy
je jediny, za to je uvedeno 13 recenzentu (?).

Jednotlivé kapitoly jsou fazeny v tomto poradi: Histo-
rie objevu lymfatického systému (22 s.), Morfologicko-fy-
ziologické podklady lymfatického systému (88 s.), Anato-
mie lymfatického systému (52 s.), Proximdlni koncetina
(12's.), Hrudnik (50 s.), Lymfatické cévy a uzliny bfisni du-
tiny a panve (88 s.), Distalni koncetina, trup, zada (22 s.),
Nadory a malformace lymfatického systému (38 s.), Lymf-
edém (54 s.), Chylézni reflex (12 s.), Filariézni lymfedém
(6 s.), Lymfedém a lymfologicka péce (6 s.), Terapie lymf-
edému (40 s.), Lymfoscintigrafie (18 s.), Erysipel jako
komplikace lymfedému (4 s.), Lipedém (16 s.) a Technika
manualni lymfodrenaze (22 s.). Anatomicko-fyziologicka
¢ast ma rozsah 335 stran, klinicka ¢ast 304 stran. Odbor-
nou &ast uzaviraji cesky a anglicky souhrn, rozsahly se-

Oldfich Eliska: Lymfologie

Praha: Galén, 2018, 715 s.
Vydani prvni, format 205 x 283 mm, vazany vytisk, barevny.
ISBN 978-80-7493-2387-6.

znam literatury (64 s.) a seznam pouzitych zkratek. Vécny
rejstfik o rozsahu deseti stran textovou ¢ast knihy ukon-
Cuje. Odborny text je doprovazen nékolika sty velmi kva-
litnich, vétsinou barevnych obrazkd, fotografii a grafu.
Po informacni strance je kniha na vysoké odborné urovni.

Autorova profese anatoma se na obsahu i stylu textu
zietelné projevila.

Text je psan velmi dobrou cestinou, lehce se ¢te a bude
se i dobre pamatovat, (pre)bohatd obrazova dokumentace
usnadriuje pochopeni anatomickych souvislosti a vztah(.

Protoze jde o prvni moderni monografii tohoto obo-
ru napsanou v cestiné, zaslouzi si jeji autor, prof. MUDr.
Oldfich Eliska, DrSc., uznani. Také po formalni strance je
mozné knihu pochvalit: text je bezchybny, obrazové ilu-
strace jsou reprodukovany s maximalni presnosti a véro-
hodnosti. Nakladatelstvi Galén, které tuto naro¢nou mo-
nografii vydalo, ji vypravilo s pfikladnou peclivosti.

Komu knihu doporucit?

Samoziejmé predevsim lymfologim, angiologlm,
angiochirurgtim, plastickym chirurgim a rehabilita¢nim
pracovnikiim. Urcité do ni mohou nahlédnout ti, ktefi
se budou chtit/muset poucit ve slozitéjsich situacich
onemocnéni lymfatického systému.

Prof. MUDr. Jan Petrasek, DrSc., Ill. interni klinika,
1. Iékarska fakulta Univerzity Karlovy

a Vseobecna fakultni nemocnice v Praze,

e-mail: jvpetr@quick.cz
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Jarmila Drabkova, Sofia Hajkova

Nasledna intenzivni

mlada fronta

Cena: 604 Kc¢.

Autorkami referované knihy jsou doc. MUDr. Jarmila
Dréabkova, CSc., dlouholetd vedouci Oddéleni chronické
resuscitacni a intenzivni péce (OCHRIP, Oddéleni nasled-
né intenzivni péce/dlouhodobé intenzivni osetfovatelské
péce [NIP/DIOP]) ve Fakultni nemocnici v Praze-Motole,
a Mgr. Sofa Hajkova, MSc., vrchni sestra NIP/DIOP ve
Fakultni nemocnici v Praze-Motole.

Odborny obsah knihy tvofi 27 samostatnych kapitol.
Po PFedmluvé (5 s.) a Uvodu (4 s.) byly zafazeny v tom-
to poradi: 1. Intenzivni medicina a intenzivni péce - je-
jich budoucnost (8 s.), 2. Pojem nésledné intenzivni péce
a dlouhodobé intenzivni oSetfovatelské péce (11 s.),
3. Kontinuita dalsi a pokracujici 1é¢by a péce (8s.), 4. Tym
pracovist nasledné intenzivni péce a dlouhodobé osetro-
vatelské péce (20 s.), 5. Perzistentni — chronicka kriticka
choroba - novy fenomén (7 s.), 6. Klinicky obraz a jeho
trajektorie v akutni i v ndsledné fazi intenzivni péce (8s.),
7. Akutni a dlouhodobé obdobi po nahlé prihodé kritické
intenzity (20 s.), 8. Hendikepuijici a limitujici stavy (7 s.),
9. Pridruzené choroby, komorbidita, polymorbidita (12s.),
10. Strategie, epikrizy, rozhodovani (10 s.), 11. Dekondi-
ce... moznosti a meze rekondice (15 s.), 12. Pobyt a bez-
pecnost pacienta v nasledné intenzivni péci/dlouhodobé
intenzivni oSetfovatelské péci (12 s.), 13. Biologické rytmy
a vliv nemocni¢niho prostfedi (22 s.), 14. Monitorace
a sledované veliciny a parametry (14 s.), 15. Uméla plicni
ventilace — volba, sledovani, monitorace (50 s.), 16. Umé-
la vyziva (41 s.), 17. Skoérovaci systémy a indexy (24 s.),
18. Rozhodovani v nasledné intenzivni mediciné (21 s.),
19. Rehabilitace a jeji slozky, indikace, moZnosti a postu-
py (34 5s.), 20. Komunikace a spoluprace s pacientem a ro-
dinou v nasledné péci (22 s.), 21. Domaci intenzivni péce

Jarmila Drabkova, Sona Hajkova:
Nasledna intenzivni péce
Praha: Mlada fronta, edice Postgradualni mediciny, 2018. 507 s.

Vydani prvni, format 160 x 240 mm, vazany vytisk, barevny.
ISBN 978-80-204-4470-7.

(26 s.), 22. Vyznamné momenty v konecné fazi Zivota
(11 s.), 23. Komplikace v nasledné intenzivni péci (55 s.),
24. Dalsi spolupracovnici v péci o pacienty v nasledné in-
tenzivni péci a dlouhodobé intenzivni oSetfovatelské péci
(8 s.), 25. Postintenzivni péce (24 s.), 26. Soucasné udaje,
klinické zkusenosti, komentované kasuistiky a mozna po-
uceni (9s.) a 27. Klinické zkuSenosti, komentované kasui-
stiky a mozna pouceni (16 s.).

Samostatné kapitoly Nejcastéji pouzivané anglicizmy
(4 s.), Zkratky (6 s.), Zdravotnickd dokumentace (14 s.),
Cesky a anglicky souhrn (2 s.), medailony autorek (2 s.),
seznam zkratek (10 s.) a rejstfik (9 s.) knihu uzaviraji.

Pékna cestina, pregnantni vyjadrovani, jednota vyrazl
a logi¢nost posloupnosti jsou hlavni dlvody, proc se text
dobre a lehce ¢te. Obrazové ilustrace jsou minimalni.

Komu knihu doporucit?
Neni pochyb o tom, Ze kniha je urcena predevsim (ne vak
vyhradné) véem intenzivistm. Pfedpoklada nejen teore-
tické znalosti, ale predevsim praktické zkusenosti v oboru
intenzivni péce a intenzivni oSetfovatelské péce. Neni
souborem navodu k diagnostice a 1écbé kritickych stava
a technice jednotlivych vykond, ale narysem koncepce
oboru - nésledné intenzivni péce.

Kniha by méla zajimat i nelékarské pracovniky — zdra-
votni sestry, fyzioterapeuty, klinické psychology a pracov-
niky pracovist paliativni mediciny.

Prof. MUDr. Jan Petrasek, DrSc., Ill. interni klinika,
1. Iékarska fakulta Univerzity Karlovy

a Vseobecna fakultni nemocnice v Praze,

e-mail: jvpetr@quick.cz
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