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Cil: Analyzovali jsme preskripci a davkovani zakladni farmakoterapie v ambulantni péci ke konci roku 2022
u pacientl hospitalizovanych mezi lety 2010-2020 pro kardialni dekompenzaci.
Metodika: Uvodni soubor zahrnoval 4 097 pacientd hospitalizovanych pro kardialni dekompenzaci. Z této
inicidlni kohorty jsme u 975 prezivsich pacientl (prdmérny vék 71,9 roku [+ smérodatna odchylka - SD -
10,8], 62,8 % muzu) analyzovali farmakoterapii uvedenou v jejich centrélnim lékovém zaznamu.
Vysledky: Preskripce betablokatort (BB) ¢inila v ambulantni péci 79,6 % a vyznamnéji se nezménila oproti
doporucené preskripci pfi propusténi z hospitalizace (77,5 %). Pokud ovsem budeme pocitat vyhradné BB
s dikazem u chronického srde¢niho selhani, k signifikantnimu vzestupu jejich preskripce doslo (z 61,1 % na
73,6 %). K poklesu preskripce (ze 79 % na 74,8 %) doslo v ambulantni péci u blokatord systému renin-angio-
tenzin-aldosteron (RAAS), markantni vzestup jsme zaznamenali u inhibitor sodiko-glukézového kotrans-
portéru 2 (SGLT2) (z 0,7 % na 20,1 %). K signifikantnimu vzestupu doslo u statint u pacientd s ischemickou
etiologii srde¢niho selhani (z 57,2 % na 63 %) a velmi markantné u preskripce sacubitril-valsartanu u pa-
cientl s ejek¢ni frakci <40 % (z 1,8 % na 23,1 %). Preskripce antagonist(i mineralokortikoidnich receptort
(MRA) se zménila minimalné (45,3 % vs. 43,9 %). Z hlediska davkovani k marginalnimu zvyseni doslo u blo-
katort RAAS, zatimco pokles davkovéni jsme pozorovali u MRA a statind.
Zavéry: Jakkoliv farmakoterapie chronického srdecniho selhani (CHSS) vykazovala v ambulantni péci urcité
dil¢i uspéchy (oproti doporuceni pfi propusténi z hospitalizace), stale jsou zde velké rezervy ke zlepseni.
Toto plati jesté vic pro pouzité davkovani, kdy maximalni doporucené davky uzivalo jen velmi mélo pacien-
t0. NevyuZity potencidl farmakoterapie CHSS se pak ziejmé prinejmensim spolupodili i na relativné Spatné
progndze téchto pacientu.

© 2024, CKS.

ABSTRACT

Aims: We analyzed the prescription and dosage of essential pharmacotherapy in outpatient care at the end
of 2022 in patients hospitalized between 2010-2020 for cardiac decompensation.

Methods: The initial sample included 4097 patients hospitalized for cardiac decompensation. From this
cohort, we analyzed 975 surviving patients (mean age 71.9 [+SD 10.8], 62.8% male) regarding pharmacothe-
rapy in their central medication record.

Results: The prescription of beta-blockers (BB) was 79.6% in outpatient care and did not significantly
change after discharge from hospitalization (77.5%). Taking BB with evidence in chronic heart failure (HF)
only, there was a significant increase in their prescription (from 61.1% to 73.6%). A decrease in prescriptions
(from 79% to 74.8%) occurred in outpatient care in renin-angiotensin-aldosterone system (RAAS) blockers,
while an increase in SGLT-2 inhibitors (from 0.7% to 20.1%). There was a significant increase in statins in
patients with ischemic etiology of HF (from 57.2% to 63%), and markedly in the prescription of sacubitril/
valsartan in patients with an ejection fraction <40% (from 1.8% to 23.1%). Mineralocorticoid receptor an-
tagonists (MRA) changed minimally (45.3% vs. 43.9%). Regarding the recommended dosage, a marginal
increase occurred in RAAS blockers, while we observed a decrease in the dosage of MRA and statins.
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Conclusions: Although pharmacotherapy of chronic HF has shown partial improvements in outpatient care
(compared to the recommendations at hospital discharge), there is still tremendous room for improvement.
Very few patients took the maximum recommended doses. The untapped potential of HF pharmacotherapy
seems to contribute at least to the relatively poor prognosis of these patients.

Uvod mentovana do realné klinické praxe. Zjednodusené rece-

Chronické srde¢ni selhdni (CHSS) predstavuje asi nejzavaz-
né;jsi dlouhodobou komplikaci vétsiny kardiovaskularnich
chorob a jeho prevalence je spolu s mortalitou z kardio-
vaskularnich pFi¢in asi nejpresnéjsim ukazatelem kardio-
vaskularniho zdravi v dané populaci.' V ¢eské populaci
jsme za posledni tfi dekddy zaznamenali do té doby nevi-
dany pokles mortality z kardiovaskularnich pficin, ktery se
také zaroven nejvice propsal do prodlouzeni nasi oceka-
vatelné doby Zivota. Na druhé strané tento pfiznivy trend
ved| pochopitelné jednak ke starnuti populace a dale pak
i ke zhorseni nemocnosti v seniornéjsi ¢asti populace. Pa-
radoxné diky zlepsené lécbé akutnich manifestaci ische-
mické choroby srde¢ni (ICHS) nezanedbatelnou ¢ast této
nemocnosti pocind vyplrovat CHSS. Podobné a neméné
paradoxné se ale na stoupajici prevalenci CHSS podepisu-
je zlep3ené prezivani i v ramci této choroby dané doko-
nalejSimi Ié¢ebnymi moznostmi (pacienti s CHSS Ziji déle,
je jich tudiz vice a jsou zarovern ,vice nemocni”). Podstat-
nou proménnou celkového kardiovaskuldrniho zdravi je
ale také, v jakém skutecném funkénim stavu tito pacienti
prezivaji, coz je rovnéz zasadné determinovano urovni je-
jich chronické lécby.

Posledni desetileti nam pfineslo nadstandardni mnoz-
stvi novych farmakologickych skupin i jinych |é¢ebnych
technologii v oblasti CHSS. Velké mnozZstvi substanci je
také ve vyzkumu a lze predpokladat, Ze fada z nich Uspés-
né vstoupi i do klinické praxe. Je celkem pochopitelné, ze
tato lécba bude v budoucnosti vyZadovat zcela enormni
naklady. Na druhé strané inovace v mediciné je jedinym
racionalnim zpasobem, jak naopak naklady v budoucnos-
ti udetfit. Kupfikladu zdanlivé usetfené naklady na farma-
koterapii se pak obvykle v mnohem vétsi mife generuji
v socidlni oblasti, zejména v péci o invalidizovanou cast
populace.

Zakladni pravidla pro péci o pacienty s CHSS nam po-
dobné jako u jinych kardiovaskuldrnich onemocnéni su-
marizuji pravidelné aktualizované guidelines, ta posledni
pochazeji z roku 2021.2 Z hlediska doporucené farmako-
terapie byla konstituovana skupina lécebnych substanci,
u kterych mame dukaz jejich prinosu z hlediska progndzy
|éCenych pacientl (tj. redukce mortality, rehospitalizaci
pro srdecni selhani, eventudlné i dalSich ukazatel(). Pfi-
slusné guidelines pro tato léciva zavedla pojem GDMT
(quideline-directed medical therapy, vhodny cesky ekvi-
valent nemame). Zakladnim principem preskripce GDMT
je urcitd schematicnost pristupu, kdy pfislusShou medikaci
pacientdim podavame dosti pausalné, a nikoliv na zakla-
dé aktualni symptomatologie CHSS (tj. i pacient, ktery se
prakticky kompletné stabilizoval a je tfeba v daném case
opét asymptomaticky, by mél byt lé¢en v plném rozsa-
hu), prakticky jedinou limitaci by méla byt individualni
tolerance této lécby. Nezbytnou podminkou uUspésnosti
jakékoliv 1é¢ebné strategie vsak je, nakolik byla imple-

no, nestaci jen formulovat, jak ma farmakoterapie CHSS
vypadat, ale museji ji také nékdo pfislusnym pacientim
predepsat a také nalezitym zplsobem naddvkovat. V ne-
posledni fadé museji byt tyto okolnosti néjakym zpUso-
bem dale sledovany a hodnoceny i dlouhodobé dopady
v podobé mortality a morbidity, aby bylo mozno zpétné
urcit, zdali byla pfislusna strategie uc¢inna (a eventualné
ji pfizplsobit). V nasi pfedchozi analyze jsme se pokusili
zjistit, jak vypadala doporucena zakladni farmakoterapie
v dobé propusténi z hospitalizace pro kardidlni dekom-
penzaci a jaky to mélo potencidlni dopad na progndézu
téchto pacientd. Souhrnné bylo mozno konstatovat, Ze
tato doporucena farmakoterapie méla dosti daleko k do-
konalosti, coz zfejmé souvisi i s pomérné nepfiznivou
mortalitou ve sledovaném souboru.® V této navazujici
analyze jsme zase hodnotili, jak bylo s touto farmakote-
rapii dale dlouhodobé nakladano po propusténi z hospi-
talizace v ambulantni sfére.

Material a metodika

Usporadani a studovany soubor

Analyza predstavuje deskriptivni survey pacientt s CHSS,
kde kvalifikujicim kritériem byla hospitalizace pro kar-
didlni dekompenzaci (jako prvni takova pfihoda béhem
minimalné desetiletého obdobi). Formalni stanoveni kar-
didIni dekompenzace jako hlavni diagnézy vedouci k hos-
pitalizaci bylo zalozeno na klinickém dojmu oSetfujiciho
lékare, formalné deklarovaném v propoustéci zprave.
Vsichni zafazeni pacienti byli hospitalizovani ve Fakult-
ni nemocnici Plzer, na jedné z péti tamnich klinik posky-
tujicich internistickou péci, a to v obdobi od 1. 1. 2010
do 29. 9. 2020. Celkem jsme na zakladé informacniho
systému takto identifikovali 9 354 hospitalizaci, coZ ndm
dalo inicialni soubor 5 804 individualnich pacientl (3 550
hospitalizaci probéhlo u stejnych osob jako rekurence sr-
decniho selhdni), u nichZ nedoslo v pfedchazejicich deseti
letech k hospitalizaci pro srde¢ni selhani.

Princip selekce obou definitivnich studovanych soubo-
rd shrnuje obrazek 1. Z inicidlniho souboru 5 804 osob
bylo 1 140 pacientl vyrazeno pro vék vyssi nez 85 let
a 138 po zhodnoceni jejich dokumentace (pokud bylo se-
znéno, Ze srde¢ni selhani pravdépodobné nebylo hlavni
pfi¢inou hospitalizace). DalSich 429 pacientl zemrelo bé-
hem hospitalizace. Prvni hodnoceny soubor tedy predsta-
vovalo 4 097 pacientd propusténych z hospitalizace a je
oznacen jako kohorta 1.

K referencnimu datu 31. 12. 2022 byl dale proveden
prizkum vitalniho statusu pacientl z kohorty 1 a na z&-
kladé udajl v jejich [ékovém zdznamu zhodnocena jejich
chronicka farmakoterapie (v ivahu byly brany léky vyda-
né lékarnou po 29. 9. 2022). Celkem k referen¢nimu datu
zemrelo 2 729 pacientd, u 44 se nepodafilo zjistit jejich vi-
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Identifikovani a zhodnoceni z hlediska kritérii zafazeni (n = 5 804)

Vyrazeni (n = 1278)
o Starsi 85 let (n = 1 140)
e Srde¢ni selhani nebylo pri-

(n=138)

Zafazeni do studie (n = 4 526)

Zemfeli
béhem
hospitalizace
(n =429)

Analyzovéna doporucend farmakoterapie$
(kohorta 1) (n =4 097)

Zemreli
béhem sledo-
vani
(n=2729)

Vyrazeni (n = 393)

e Absence sledovani (n = 44)

e Lékovy zdznam nepfistupny
(n =349)

Analyzovéna predepsana farmakoterapie'
(kohorta 2) (n = 975)

Obr. 1 - Schéma vybéru vzorku pacientti v obou kohortach (dia-
gram STROBE).

§ Pri propusténi z hospitalizace, tj. mezi lety 2010-2020; * ke konci
roku 2022.

talni status (vesmés se jednalo o cizi statni prislusniky, ne-
podchycené v registru obyvatel) a u dalSich 349 osob ne-
bylo moZno vstoupit do Iékového zdznamu s ohledem na
chybéjici souhlas z jejich strany. Finalni soubor, kde mohl
byt proveden screening ambulantni farmakoterapie, tedy
¢ini 975 pacientl a je oznacen jako kohorta 2 (viz obr. 1).

Shér a zpracovani dat

VitalIni status pacientli byl ovéfen v rezii Ustavu zdravot-
nickych informaci a statistiky v centrdlnim registru oby-
vatel CR. Pokud pacient zemfel v obdobi od propusténi
z hospitalizace do 31. 12. 2022, zajimalo nas predevsim
datum Umrti a dale pak i deklarovana primarni pfricina
umrti (jakkoliv tyto udaje nakonec nebyly pro potieby ak-
tudlni analyzy pouzity). Udaje ohledné doporucené far-
makoterapie byly ziskany jednak z propoustécich zprav
z kvalifikujici hospitalizace pro kardialni dekompenzaci
(kohorta 1). Udaj ohledné skute¢né predepisované far-
makoterapie v ambulantni péci (kohorta 2) byl derivovan
z lékového zaznamu pacienta (ke konci roku 2022). Zaji-
mala nas predevsim lé¢ba doporucend dle guidelines pro
CHSS,? zjistovany byly ale i udaje ohledné vsech antihy-
pertenziv, hypolipidemické, antidiabetické, antiagregac-
ni ¢i antikoagula¢ni 1écby, dale pak i suplementace kalia.
U furosemidu, betablokatorl, blokatord systému renin-

-angiotenzin-aldosteron (RAAS, tj. inhibitor angiotenzin
konvertujiciho enzymu ¢i receptoru AT, pro angiotenzin
II), antagonistd mineralokortikoidnich receptort (MRA,
tj. verospiron ¢i eplerenon) a statinG bylo déle zjistovano
i doporucené/predepsané davkovani. Nasledné byly tyto
tridy Iéciv rozdéleny do tfi skupin podle zhruba ekvipo-
tentniho davkovani (do skupiny se standardnim, snize-
nym nebo zvysenym davkovanim); detaily, jak byla jed-
notliva Iéciva pfifazena do téchto skupin, Ize najit v nasi
predchozi publikaci.?

Vsechna dalsi data byla ¢erpana vyhradné z udaji ob-
sazenych v nemocni¢nim informac¢nim systému FN Plzen
(pfedevsim z propoustéci zpravy, ale i dalSich zaznamd),
pricemz detaily tohoto managementu dat jsou v detai-
lu uvedeny jinde.* Stru¢né primarni etiologie CHSS byla
posouzena na zakladé dostupnych informaci i ndzoru
osetrujiciho lékare, vyjddreného v propoustéci zpravé. Za
primdrné ischemickou etiologii CHSS jsme povazovali ty
pripady, kde byl v anamnéze infarkt myokardu, koronar-
ni revaskularizace ¢i angiograficky prikaz alespor 50%
stendzy korondrniho recisté; dale pak hypertenze a/nebo
diabetes, pokud zde nebyla explicitné zminéna jina etio-
logie (typu dilata¢ni, post-tachykardické ¢i pozanétlivé
kardiomyopatie, valvularni choroby, poskozeni myokar-
du onkologickou Ié¢bou ¢i alkoholem ¢&i eventualné jina
ocividna neischemicka etiologie). Hodnota ejekcni frakce
(EF) byla derivovana z popisu echokardiografie realizo-
vaného béhem hospitalizace (coz byla vétsina pripadd) ¢i
z vySetfeni co moznd casové nejblize hospitalizaci a pro
potfeby analyzy podle podskupin byla pouzita hodnota
EF <40 % (a tato podskupina byla oznacena jako srde¢-
ni selhani s redukovanou EF, HFrEF). Pfitomnost fibrila-
ce sini ¢i flutteru byla bud uréena z EKG realizovaného
za hospitalizace, ¢ pokud byla kdekoliv uvedena jako
anamnesticka okolnost. Diabetes mellitus byl uré¢en bud
opét jako deklarovana anamnestickd okolnost, ¢i pfi-
slusnd medikace, eventualné zvysené hodnoty glykemie
nebo glykovaného hemoglobinu béhem hospitalizace.
Ekvivalentnim zpUsobem byla urcena i pfitomnost hyper-
tenze. Nejvy3si zaznamend hodnota kreatininu béhem
hospitalizace byla pouzita pro kalkulaci glomerularni fil-
trace (eGFR) na zakladé rovnice Chronic Kidney Disease
— Epidemiology Collaboration (CKD-EPI) a za rendlni in-
suficienci byly povazovany hodnoty < 30 ml/min/1,73 m?2.
Pfitomnost implantovaného kardioverteru-defibrilatoru
(ICD) byla zjistovana rovnéz na zakladé udajl v nemoc-
ni¢nim informacnim systému, na rozdil od vyse uvedenych
parametrd viak neni vztazena pouze k dobé hospitaliza-
ce, ale i k obdobi pred ¢i po ni.

Pro analyzu dat byla pouzita prevazné jen deskriptivni
statistika pomoci STATISTICA 8 (StatSoft Inc, Tulsa, OK, USA).

Vysledky

V prvni ¢asti analyzy bylo hodnoceno 4 097 pacientt (prd-
mérny vék 70,7 roku [+ SD 10,3], 60,2 % muzu) inicidlné
hospitalizovanych pro dekompenzované srde¢ni selhani
(kohorta 1); zakladni charakteristiky tohoto souboru jsou
uvedeny v tabulce 1 (prvni sloupec). Na zakladé indivi-
dualniho |ékového zaznamu byla ddle znovu zjisténa je-
jich farmakoterapie v ambulantni péci (kohorta 2), pfi-
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¢emz tuto analyzu jsme byli schopni realizovat u 73,6 %
Zijicich pacientd, s trvalym bydlisté na dzemi CR, inicidlné
zahrnutych do kohorty 1.

Z3kladni udaje kohorty 2 v dobé kvalifikujici hospita-
lizace po srdecni selhani udava rovnéz tabulka 1 (druhy
sloupec). Pacienti hodnoceni posléze v kohorté 2 byly
v dobé hospitalizace vyznamné mladsi, vykazovali ale
zhruba stejné slozeni z hlediska pohlavi a kontroly cho-
lesterolu v lipoproteinech o nizké hustoté (LDL chole-
sterolu). Opét pokud pouzijeme profil souboru v dobé
kvalifikujici hospitalizace, kohorta 2 zahrnuje mirné vice
pacientld s ischemickou etiologii CHSS, zatim proporcio-
nalné méné pacientt s HFrEF, hypertenzi, diabetem, fib-
rilaci sini a renalni insuficienci. Naopak ale zase zahrno-
vala vyznamné vyssi zastoupeni pacientd, jimz byl nékdy
v prabéhu doby implantovan ICD.

Medidn doby mezi propusténim z hospitalizace a kon-
trolnim zjisténim farmakoterapie cinil 5,87 roku (mezi-
kvartilové rozpéti [IQR] 3,92-9,01), pficemZz minimalni
doba ambulantni péce, kdy mohlo dojit k Upravé medi-

kace, ¢inila dva roky. Primérny vék v kohorté 2 v dobé
kontrolniho zjisténi farmakoterapie ¢inil 71,9 (= SD 10,8)
roku a v tu chvili se jizZ vyznamné nelisil od kohorty 1
(p = 0,54) (neni uvedeno v tabulce). Proporce ostatnich
zakladnich charakteristik nemohla byt v dobé kontrolni-
ho zjisténi farmakoterapie (tj. ke konci roku 2022) hodno-
cena, nebot pacienti nebyly fyzicky vysetfovani.

Upravy farmakoterapie v ambulantni pé¢i (tj. mezi pro-
pusténim z hospitalizace a kontrolnim zjisténim ke konci
roku 2022) ukazuje prostfedni panel tabulky 1. Pfedevsim
béhem tohoto obdobi opravdu vyrazné klesla proporce
pacientu lécenych furosemidem a naopak vzrostla pro-
porce téch lécenych inhibitory SGLT2 ¢&i inhibitory angio-
tenzinovych receptorl a neprilysinu (ARNI). Vyznamné se
rovnéz zlepsilo zastoupeni pacientd lécenych betabloka-
torem s dukazem u CHSS a statinem, mirné narostla pre-
skripce antikoagulancii a ivabradinu. Naopak k poklesu
doslo v celkové preskripci blokator RAAS (do toho poctu
jsou zahrnuty i ARNI), antiagregancii a mirné (statisticky
nevyznamné) i v pfipadé MRA ¢i digoxinu.

Tabulka 1 - Zakladni charakteristiky souboru v dobé hospitalizace pro srdecni selhani, predepsana farmakoterapie a jeji ipravy

v ambulantni péci

Zékladni charakteristiky v dobé hospitalizace

n
Vék v dobé hospitalizace (roky)
Pohlavi (% muz()

Ischemicka choroba srdec¢ni® (%)
Ejekeni frakce <40 % (%)
Hypertenze (%)

LDL cholesterol > 1,8 mmol/l (%)
Diabetes mellitus (%)

Renalni insuficience (%)
Fibrilace sini nebo flutter (%)
ICD* (%)

Zakladni terapie pfi dimisi (kohorta 1) a v ambulantni péci (kohorta 2)

Furosemid

Betablokatory (viechny)

Betablokatory (s dukazem?®)

Blokatory systému renin-angiotenzin-aldosteron
Antagonisté mineralokortikoidnich receptoru
Inhibitory SGLT2

ARNI

Antiagregancia

Antikoagulancia

Statiny

Ivabradin

Digoxin

Terapie v podskupinach pfi dimisi (kohorta 1) a v ambulantni péci (kohorta 2)

Antiagregancia ¢i antikoagulancia (jen u ICHS)
Antikoagulancia (jen pfi FS/flutteru)

Statiny (jen u ICHS)

ARNI (jen pfi ejekéni frakci <40 %)

ICD* (jen pfi ejekeni frakei < 40 %)

Kohorta 1 Kohorta 2 pt

4097 975 -

70,7 (10,3) 65,4 (19,7) < 0,0001
60,2 62,8 0,12
50,2 51,4 0,0002
67,5 62,3 < 0,0001
89,2 83,1 < 0,0001
62,9 63,0 0,95
67,8 60,2 < 0,0001
22,0 10,6 < 0,0001
488 41,8 <0,0001
14,3 25,5 <0,0001
86,7 58,7 < 0,0001
71,5 79,6 0,15
61,1 73,6 < 0,0001
79,0 74,8 0,005
45,3 43,9 0,44

0,7 20,1 < 0,0001
0,9 15,4 < 0,0001
40,0 30,1 < 0,0001
39,5 46,1 0,0002
47,0 63,0 < 0,0001
33 5,0 0,013
12,6 10,6 0,07
71,6 73,4 0,027
68,0 74,0 0,018
57,2 63,0 < 0,0001
1,8 23,1 < 0,0001
27,3 39,6 < 0,0001

Proporce faktoru (%) ¢i prdmér (smérodatnd odchylka) pro vék.

ARNI - inhibitory angiotenzinovych receptord a neprilysinu; FS - fibrilace sini; ICD — implantovany kardioverter-defibrilator; ICHS - ische-
micka choroba srdecni; LDL - cholesterol v lipoproteinech o nizké hustoté; SGLT2 - sodiko-glukézovy kotransportér 2.

$ Jako predpokladana hlavni etiologicka pfic¢ina srde¢niho selhani (viz metodika); " nejnizsi zaznamenané eGFR (dle CKD-EPI) béhem hospi-
talizace < 30 ml/min/1,73 m? #implantace realizovana pred hospitalizaci, v rémci hospitalizace pro srdecni selhani ¢i kdykoliv jindy;

* bisoprolol, carvedilol, metoprolol-sukcinat nebo nebivolol; ¢ y? test (resp. MannGv-Whitneyho U test pro vék).
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Tabulka 2 - Davkovani zakladni farmakoterapie pfi propusténi z hospitalizace pro srdecni selhani a v nasledné ambulantni péci (%)

(analyza realizovana pouze u kohorty 2)

Bezlécby  Snizena ddvka  Standardnidavka  ZvySena davka p*
Furosemid
Doporuceno pfi propusténis 18,0 13,6 59,8 8,5
Ambulantné predepisovano’ 38,9 12,8 385 9,8 < 0,0001
Betablokatory (vsechny)
Doporuceno pfi propusténi® 16,2 16,8 51,4 15,6
Ambulantné predepisovano® 20,6 12,2 50,0 17,2 0,025
Betablokatory (s dukazem)
Doporuceno pfi propusténis 29,8 15,1 42,6 12,5
Ambulantné predepisovano’ 27,1 11,9 47,2 12,5 0,138
Blokéatory systému renin-angiotenzin-aldosteron
Doporuceno pii propusténis 18,5 25,7 29,0 26,8
Ambulantné predepisovano® 22,6 16,6 32,2 28,6 0,0004
Antagonisté mineralokortikoidnich receptort
Doporuceno pfi propusténis 48,8 4,1 37,4 10,5
Ambulantné predepisovéno® 54,4 2,4 35,9 7,2 0,016
Statiny
Doporuceno pii propusténis 43,9 8,2 24,3 23,6
Ambulantné predepisovano® 37,2 8,9 37,4 16,5 < 0,0001

$PFi propusténi z hospitalizace, tj. mezi lety 2010-2020; " ke konci roku 2022; #y?2 test.

Spodni panel tabulky 1 udavéa podil nékteré zakladni
farmakoterapie, pokud jsou zde urcita specifika z hledis-
ka jejich indikace. Preskripce antikoagulacni lécby je po-
chopitelné vyznamné vyssi u pacientt s fibrilaci ¢i flutte-
rem sini a v prlibéhu sledovaného obdobi téZ i mirné
narostla. Podobny trend lze pozorovat i v pfipadé ARNI
a ICD u pacientl s HFrEF nebo statin u pacientl s ische-
mickou etiologii CHSS.

Tabulka 2 udava upravy davkovani zdkladni farmako-
terapie v ambulantni péci, na rozdil od vyse uvedenych
analyz vsak jiz byla realizovana pouze u kohorty 2. Ke
statisticky vyznamné redukci davkovani doslo predeviim
u lécby furosemidem, a to zejména na vrub obecné nizsi
preskripce i vyrazné méné castéji pouzivané standardni
davky (40-80 mg). K signifikantnimu poklesu vsak doslo
i v pfipadé MRA, a to opét jak z hlediska obecné preskrip-
ce, tak i jejiho proporciondlniho snizeni ve viech tfech
dédvkovacich stratech. Podobné doslo k redukci davkova-
ni i u statind, kde (jiz tak dosti mald) preskripce nejvyssi
davky (80 mg atorvastatinu ¢i jeho ekvivalent) klesla ve
prospéch jen zakladni standardni davky. K urcitému a sta-
tisticky vyznamnému narUstu doslo u blokatord RAAS.

Diskuse

Hlavnim a odividnym vysledkem nasi analyzy je pozna-
ni, ze k Upravé davkovani zakladni farmakoterapie CHSS
(¢i sekundarni prevence ICHS v pfipadé pacientl s ische-
mickou etiologii CHSS) v ambulantni sféfe po propusté-
ni z hospitalizace v praxi pfili§ nedochazi (viz tabulku 2).
Muzeme samoziejmé pouze spekulovat, co je toho pfi-
¢inou, zejména jestli pouziti nejvyssino davkovani léciv
s prokdzanym pfinosem pro pacienty brani v onéch indivi-

dualnich pripadech néjaka objektivni okolnost (napfiklad
v podobé intolerance léciva ve vyssi davce), zda se jedna
spise jen o neduslednost ze strany lékare ¢i nonadherenci
ze strany pacienta. V Uvahu je nutno vzit i ekonomické
aspekty, kde zejména existence jakéhosi (vlastné dosti ne-
oficidlniho) individualniho budgetu ambulantniho |ékare
z hlediska jim ucinéné preskripce hraje bezpochyby mi-
moradné nestastnou roli (ambulantni I1ékar je tak vlastné
financné trestan za to, ze svou praci ¢ini v souladu s ak-
tudlnimi doporucenimi). A nelze samoziejmé zcela vy-
loucit ani vliv urcitého ,, mentalniho nastaveni” naseho
systému zdravotnictvi, kde se pomérné nepfimérené re-
spektuje doporuceni tzv. vyssiho pracovisté a neni zde
déle rozvijet (coz ale neni pouze specifikum CHSS, podob-
ny problém jsme pozorovali napfiklad i v sekundarni pre-
venci po infarktu myokardu).>

Neduslednost v preskripci zakladni farmakologie CHSS
s prokazanym benefitem (GDMT) a jeji poddavkovani
vsak mUze mit dosti fatalni dopad na osud téchto pa-
cientd, coz navic kontrastuje s jejich ocividné nepfiznivou
prognézou. Celkové z naseho tvodniho souboru (kohorta
1) béhem sledovani zemrelo vice nez 66 % pacientd, coz
odpovidalo ~20% mortalité v prvnim roce po propusté-
ni (¢i vice nez 55% mortalité po péti letech). V jiné nasi
analyze téhoZ souboru jsme rovnéz zjistili, Ze prognéza
pacientut byla signifikantné horsi, pokud jim nebyl jiz pfi
propusténi z hospitalizace doporucen blokator RAAS, BB
¢i statin;* urcity vztah k mortalité pacientd jsme nalezli
i z hlediska doporuc¢eného davkovani GDMT.3

Jak jiz bylo feceno, pfic¢inou nedlsledné vedené far-
makoterapie je z nejvétsi ¢asti kombinace dvou jeva. Na
strané jedné je to obvykle fakt, Ze oSettujici (¢i propou-
stéjici) Iékar prislusSnou farmakoterapii pacientovi vibec
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nepredepise ¢i jiz nedojde k jejimu vytitrovani na nejvyssi
tolerovanou déavku. Na strané druhé je to nonadheren-
ce pacienta, ktery casto lé¢bu bud' zcela prestane bréat,
neuziva ji disledné kazdy den &i se brani navyseni davky
(protoze se tzv. jiz citi dobre, a k |é¢bé tudiz nevidi Zadny
dUvod). Samoziejmé nelze pominout ani objektivni pfici-
ny, kdy pfislusnou farmakoterapii nelze pouzit z davodu
jeji intolerance. U pacientl s CHSS je asi nejcastéjsim tim-
to dlvodem relativni hypotenze, kterd toto onemocnéni
mnohdy provazi, a brani tak nasazeni/vytitrovani ptislus-
né medikace, ktera md mnohdy vyznamny hypotenzni
efekt (v praxi se tento jev markantné projevuje napriklad
v pfipadé sacubitril-valsartanu). Druhou velmi obvyklou
pricinou nezahajeni/poddéavkovani pfrislusné medikace
byvaji snizené rendlni funkce daného pacienta (coz byva
velmi obvykly problém u MRA). V naSem souboru samo-
ziejmé nemUzeme plné identifikovat, ktery z vyse popsa-
nych jevu stoji za suboptimalni farmakoterapii u konkrét-
niho pacienta, mnohé vsak lze pfinejmensim odhadnout
a identifikovat, jak by se situace mohla zlepsit.

Prvnim a zcela ocividnym pfiikladem zatim nevyuzitého
potencidlu ke zlepSeni progndzy pacientd s CHSS je pre-
skripce inhibitord SGLT2. Tato Iékova skupina predstavuje
zfejmé nejvétsi ,prekvapeni” posledniho desetileti a v 1é¢-
bé CHSS nyni mame dlkazy jejiho zasadniho pfinosu na-
pfi¢ celym spektrem této choroby (tj. u pacientd s reduko-
vanou i zachovanou EF), a recentné dokonce i z hlediska
srdecniho selhdni prakticky asymptomatickych pacientd
po infarktu myokardu).5” Konsenzus z roku 2023 dokonce
umistil preskripci inhibitord SGLT2 jako uplné prvni krok
v |écbé CHSS se zachovanou ejekéni frakei (HFpEF), nebot
je fakt, Ze tato farmakologicka tfida ma vlastné jako jedina
jednoznacny ddkaz svého prinosu v této skupiné pacien-
ta (u viech ostatnich IécCiv, byt se tfeba bézné pouzivaji,
maji ddkazy néjaké vyhrady). V nasi analyze jsme zjistili,
Ze preskripce této Iékové skupiny narostla u sledovanych
pacientl ze zcela zanedbatelnych 0,7 % pfi propusténi
na asi 20 % v ambulantni péci. To je jisté priznivy vyvoj
a bezpochyby ho Ize pfipsat na vrub faktu, Zze indikacni
kritéria této medikace jsou nyni u CHSS velmi benevolentni
(na rozdil od obdobi pred rokem 2021, kdy byly pacienti
hospitalizovani). Urcité otazky vsak mulze vyvolat fakt, Ze
prakticky vsichni pacienti, ktefi uzivali v.ambulantni péci
(kohorté 2) inhibitor SGLT2, méli zarovern diabetes; je tedy
sporné, kdo (kardiolog nebo diabetolog?) jim tedy vlast-
né onu medikaci predepsal a s jakym primarnim zdmérem
(CHSS nebo diabetes?). Co je viak daleko dulezitéjsi, ze
preskripce pouze u 20 % pacientl je naprosto nedosta-
te¢na. Prakticky jedinou soucasnou indikacni limitaci je jiz
pomérné tézka renalni insuficience (¢GFR méné nez 25 ml/
min/1,73 m?) a takovychto pacientd jsme v naSem souboru
nalezli (pfi pouziti nejnizsi hodnoty eGFR v dobé hospita-
lizace) jen méné nez 6 %. Je tedy zcela realistické, Ze pre-
skripce inhibitort SGLT2 by mohla (idedlné méla) vzrast az
nékam k 90-95 %. To by teoreticky mélo vést k asi 15% po-
klesu rizika umrti z kardiovaskularni pficiny ¢i takika 30%
redukci rizika rehospitalizace pro srdec¢ni selhani.t Takova-
to optimalizace 1écby je velmi jednoduchd (davkovani je
jednotné a tolerance lé¢by pacienty obvykle bezproblémo-
vd) a jiz neni ani neakceptovatelné ekonomicky narocna
(mésicni cena IéCby inhibitorem SGLT2 je aktudlné jiz méné
nez 1 000 K¢).

U ostatnich GDMT Ize identifikovat nevyuzity poten-
ciadl z hlediska optimalizace Iécby ponékud méné jedno-
znacné, a navic efekt 1éCby je zde pravdépodobné vazan
i na davku. Jak jiz bylo feceno, hlavni limitaci u bloka-
torl RAAS (a sacubitril-valsartanu zvlasté) byvaji zacasto
relativné nizké hodnoty krevniho tlaku pacient s CHSS.
Lécba blokatory RAAS byla v nasem souboru pfi dimisi
z hospitalizace doporucena u necelych 80 % a v ambu-
lantni péci preskribovana asi u 75 % pacientl (coz neni
tak uplné 3patny vysledek). Jen 2,2 % pacientl uzivalo
v ambulantni pécdi jina antihypertenziva a zaroverh nemé-
lo predepsany blokator RAAS, tudiz Ize soudit, Ze poten-
cial k obecnému navyseni preskripce této Iékové skupiny
zde jiz neni vysoky a pravdépodobné nardzi na problé-
my s toleranci z hlediska krevniho tlaku téchto pacientu.
Ponékud jind situace byla co do davkovani. Z nasich vy-
sledkd je vidno, Ze urcitd snaha o navyseni davky v ambu-
lantni péci probihala, presto vyssi (uptitrovanou) davku
blokatoru RAAS mélo jen =29 % pacientd. Zaroven jsme
vsak nalezli dalSich asi 8 % pacientq, ktefi sice neuzivali
nejvyssi davku blokdtoru RAAS, ale zaroven uzivali jiné
antihypertenzivum (tudiz prostor ke zlepseni zde jisté jes-
té zGstava). Podobné zdanlivé drobné optimalizace medi-
kace mohou pUsobit z hlediska vyznamu pro konkrétniho
pacienta jako marginalni, nicméné na vétsich souborech
(tudiz i z pohledu globéalniho kardiovaskuldrniho zdra-
vi) Ize pfinos jiz prokazat. Napriklad metaanalyza z roku
2017 s vice nez 9 100 zahrnutymi subjekty prokazala, Ze
lé¢ba vysokou davkou blokatorl RAAS byla provazena asi
0 6 % nizsi celkovou mortalitou nez |é¢ba davkou niz-
kou.® Zvlastni pozornost jsme vénovali skupiné ARNI. Jeji
preskripce v celém souboru byla pfi propusténi z hospita-
lizace pochopitelné velmi nizka, nebot tato |ékova skupi-
na se objevila az v posledni tfetiné sledovaného obdobi
a byla zde dlouho i preskripéni omezeni. Pfesto i na konci
roku 2022, kdy by jiz mél byt pfislusny pfipravek (sacu-
bitril-valsartan) Siroce zndm a prakticky plné dostupny
podobnému typu pacientd, Cinila jeho preskripce v pod-
skupiné HFrEF jen 23 %. Ve studii PARADIGM-HF u pa-
cientd se snizenou EF sniZovala |é¢ba ARNI oproti kon-
vendni terapii RAAS riziko umrti asi o 16 %; pozorovana
byla i vyznamna redukce hospitalizaci pro kardialni de-
kompenzaci (0 21 %)."° Samoziejmé nelze predpokladat,
ze by kazdy pacient s HFrEF mohl v souladu s touto studii
uzivat sacubitril-valsartan, nebot zde opét u fady z nich
narazime na limity dané jejich krevnim tlakem. Presto
jsme vsak v nasem souboru (kohorté 2) identifikovali asi
43 % nemocnych, ktefi brali bud standardni/vysokou dav-
ku blokatoru RAAS, ¢i jiné antihypertenzivum. Lze tedy
davodné predpokladat, Ze dosti velka cast téchto pa-
cientd by pravdépodobné Ié¢bu ARNI tolerovala alespon
v zakladni davce, pokud by jim byla pfedepsana; teore-
ticky potencial preskripce ARNI u HFrEF se tedy pohybuje
nékde mezi 50-65 % pacientl (tj. takrka trikrat vyse, nez
je tomu nyni).

Lécba BB ma u nas tradi¢né silné postaveni i v obou
analyzovanych souborech pacientl (kohorta 1 a 2) byla
jejich preskripce pomérné ptizniva (=78 %, resp. 80 %).
Preskripce BB tak zdanlivé byla v obou nasich souborech
dokonce o néco lepsi nez v pomérné rozsahlém registru
Evropské kardiologické spole¢nosti (ESC) asi 12 400 pa-
cientl s CHSS z 211 evropskych center, kde c¢inila asi 72 %.""
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Davkovani farmakoterapie CHSS

Pfetrvavajicim problémem je vsak ob¢asna volba konkrét-
niho BB, ktery nema dikaz (a tudiz ani registrovanou
indikaci) u CHSS. To mlzZe mit negativni dopad pro paci-
enty, nebot bylo prokdzano, Ze fada typd BB neni pro lé¢-
bu CHSS vhodnd (zejména ty s nizkou kardioselektivitou
a tzv. vnitfni sympatomimetickou aktivitou v 1é¢bé CHSS
vyslovené selhaly).'?'? Je tfeba konstatovat, Ze zatimco pfi
propusténi z hospitalizace bylo BB ,bez dlkazu” prede-
psano asi 16 %, pfi ambulantni kontrole to bylo jiz jen
6 % (tudiz je zde jednoznacny Ustup tohoto jevu). Nadé-
le trva, Ze zdaleka nejcastéjsim predepisovanym BB ,bez
dudkazu” je metoprolol-tartarat. Ten nejen, Ze postrada
indikaci u CHSS, ale dokonce ve studii COMET prokazal asi
0 17 % vyssi riziko mortality nez carvedilol.™ V praxi neni
jakykoliv dGivod predepisovat metoprolol-tartarat, kdyz
mame k dispozici metoprolol-sukcinat (tj. BB s dikazem),
a jedna se tedy o velmi jednoduchou Upravu farmakote-
rapie CHSS s potencidlnim prognostickym pfinosem. Co se
ty¢e davkovani, tak nejvyssi uptitrovanou davku BB ob-
drzelo jen pomérné malo pacientt (necelych 13 %) a pfi
srovndni s |é¢bou doporucenou pfi dimisi k zddnému sta-
tisticky vyznamnému posunu v davkovani nedoslo. Nema-
me bohuzel k dispozici zddnou informaci o tom, v jakém
rozmezi se pohybovaly tepové frekvence (TF) pacientt
v jednotlivych skupinach davkovani BB, tudiz nemlizeme
ani posoudit, nakolik je tedy zvolena individualni davka
adekvatni. To maze byt pomérné klicova otadzka z hledis-
ka progndézy lécenych pacientl s CHSS, nebot bylo pro-
kdzano, ze je nutna titrace davky BB tak, aby se TF pohy-
bovala idealné kolem 60/min. Jinak feceno, maximalniho
potencialu l1é¢by BB dosdhneme az pfi nédlezité kontrole
TF."> Pro Uplnost nutno zminit absenci nesporného dudka-
zu pfinosu BB u HFpEF, coZ ale v praxi neni pfilis brano
v potaz (vice nez tfetina ambulatnich pacientd s HFpEF
méla BB piedepsany). Je fakt, ze jednoznac¢né designo-
vanou studii s BB u HFpEF k dispozici nemame (coz bude
dano predevsim asi tim, Ze v dobé, kdy obecné studie s BB
u CHSS vznikaly, nebyl jesté konsenzus v tom, jak diagné-
zu HFpEF definovat), ¢etné a dosti rozsahlé metaanalyzy
u pacientl s HFrEF signifikantni redukci celkové mortality
spojenou s |écbou BB prokazaly.'®

Komplikované lze posoudit eventudlni nevyuzity po-
tencidl MRA. V zasadé je tato skupina stéle spiSe prefe-
rovana u pacientt s HFrEF (kde ji uzivalo 50,2 %, oproti
33,8 % u HFpEF), jakkoliv dlkazy naznacuji jeji pfinos
pfinejmensim i u pacientd s EF ve stfednim pasmu." Jeji
preskripci viak bezpochyby limituji ddvodné bezpec¢nost-
ni obavy, predevsim z hlediska mozné hyperkalemie. Ta
se sice v intervencnich studiich s MRA™% u CHSS vyskytla
jen pomérné malo (2,5-5,5%), v praxi se ale jevi daleko
vétsim problémem. Takto byl napfiklad zdhy po publikaci
vys$e zminénych studii s MRA u CHSS pozorovan takrka
pétinasobny vzestup pripadd hyperkalemii®® (a i klinicka
zkusenost autorl je v tomto sméru dosti podobna). Asi
43 % pacientd neuzivajicich MRA vykazovalo v nasem
souboru pfinejmensim mirnou az stfedné tézkou renalni
insuficienci (grade 3, tj. eGFR 30-60 ml/min/1,73 m?), kde
je opatrnost s touto lé¢bou jisté namisté, zatimco 15 %
bylo dokonce v pasmu eGFR < 30 ml/min/1,73 m?, kde jsou
MRA jiz vyslovené rizikové. Naproti tomu zase asi 4 %
pacientl neuzivajicich MRA mélo naopak paradoxné pre-
depsanou substituci kalia (tudiz MRA by u nich byly jisté

na zvazeni). | z hlediska davkovani je z nasich vysledk
vidno, Ze ochota predepisovat vyssi davky této lécby je
minimalni a v prdbéhu sledovani jesté naopak vyznamné
klesala. Jako FeSeni tohoto problému bylo napfiklad na-
vrhovano spolupodavani vazacl kalia (napf. patiromer,*'
ktery k ndm zrovna ale prakticky nepronikl). V zasadnéj-
$i prelom lIze ale doufat predevsim s nastupem nové;si
generace MRA s nizkym rizikem hyperkalemie (finerenon
nebo balcirenon).2 V letosnim roce (2024) by napftiklad
mély snad byt k dispozici vysledky studie FINEARTS s fi-
nerenonem u HFpEF, které by mohly teoreticky prinést
prulom tohoto bezpec¢nostniho problému.

Znacné opomijenou lécbu u pacientd s CHSS predstavu-
ji statiny. Ty sice nemaji byt v této situaci podavany pau-
$alné (napf. studie CORONA and GISSI-HF zadny signifi-
kantni pfinos této Iécby u CHSS neprokazaly),*2* nicméné
v pfipadé konkomitantni ICHS (stav po infarktu ¢i koro-
narni revaskularizaci) zGstavaji naopak mandatorni, a na-
vic v té nejvyssi tolerované davce; takovych pacientl bylo
v nasem ambulantnim souboru (kohorta 2) vice nez 51 %.
V této podskupiné ale celych 37 % pacientl lécbu vibec
neuzivalo a jen asi 17 % bylo uptitrovdno na nejvyssi dav-
ku. Paradoxné uzivané davkovani se v ambulantni péci
po propusténi z hospitalizace dokonce jesté i zhorsilo.
Pfitom z rozsahlé evidence v podobé intervencnich studif
vyplyva, Zze u pacientt s chronickou ICHS (tudiz i u CHSS
postischemické etiologie) byla |é¢ba statinem spojena ne-
jen svyznamné nizsim rizikem umrti, ale zaroveri i inciden-
ce srde¢niho selhani.?>2¢ | pfimo na tomto nasem souboru
(kohorté 1) byla lé¢ba statinem, doporucena v dobé pro-
pusténi, spojena s asi 17% redukci rizika pétileté celkové
mortality (a to po plné adjustaci).* Nalezita optimalizace
|écby statinem u pacientd s postischemickym CHSS pred-
stavuje tedy dalsi velmi jednoduché a pfitom zfejmé ucin-
né opatreni, jak celkovou progndézu téchto pacientl zlep-
Sit. Pomérné klicovou proménnou efektivity 1écby GDMT
je také dlslednost, s jakou pacienti pfedepsanou medika-
ci uzivaji (tj. adherence k 1é¢bé). Napriklad retrospektivni
analyza u vice nez 15 000 pacientl po infarktu myokardu
prokazala, Ze pokles adherence k 1é¢bé blokatorem RAAS
(definovany jako méné nez 80 % uzitych davek)? vedl ke
zvyseni rizika umrti asi o 74 %, zatimco u BB to cCinilo asi
50 %. Ekvivalentni dkazy mame i pro pacienty s CHSS.%
Z nasich dat samoziejmé nejsme schopni skute¢nou ad-
herenci pacientd k predepsané medikaci ani odhadnout.
Lze ale takto ilustrovat, Ze i zdanlivé margindlni okolnost
pribéhu farmakoterapie (pacient ,jen” zapomene uzit
v pruméru kazdy paty den své léky) mize mit pomérné
zadvazné dulsledky na celkovou prognézu téchto pacientd,
a ze se tedy i dUslednost v preskripci GDMT jisté vyplaci.
Zatim ani zadny z hodnocenych pacientt s HFrEF nebyl [é-
¢en vericiguatem, coZ dobfe dokumentuje zpozdéni, kte-
ré nastava mezi vydanim formalniho doporuceni néjaké
IéCby a jeho implementaci (tento pfipravek je k dispozici
jisté uz druhym rokem).

Pro Uplnost je tfeba konstatovat i nékterd pfizniva
fakta. Napftiklad asi 74 % pacientd s anamnézou fibrilace
sini nebo flutteru (permanentni ¢i paroxysmalni) v nasem
souboru v dobé ambulantniho screeningu farmakotera-
pie uzivalo antikoagulacni lécbu, coz by bylo nemyslitelné
v dobdch pred nastupem pfimych peroralnich antikoagu-
lancii (kterd mimochodem tvofrila vice nez 70 % této pre-
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skripce). Vice nez 88 % pacientl s identifikovanou post-
ischemickou etiologii mélo provedenou koronarografii,
tudiz u nich byla pfinejmensim zvdZzena moznost revasku-
lariza¢niho vykonu. Rovnéz podil implantovanych ICD je
u pacientl s HFrEF také pomérné priznivy (kdyz vezmeme
v Uvahu ekonomickou narocnost této 1écby i jeji kapacit-
ni moznosti) a az prekvapivé dobre z toho hlediska ob-
stdvame i pfi mezinarodnim srovnani.?® V nasi predchozi
analyze kohorty 1 se rovnéz pritomnost ICD ukazala jako
zdaleka nejsilngjsi nezavisly protektivni faktor z hlediska
prezivani.* V kohorté 2 rovnéz klesla preskripce furosemi-
du (prfedevsim na vrub snizeni proporce standardni dav-
ky), coz asi odrazi relativni stabilizaci pacientd po propus-
téni z hospitalizace.

Limitace studie

Analyzovany soubor predstavuje skupinu pacientl s na-
tolik zadvaznym (pokrocilym) CHSS, Ze si jejich stav vyzadal
hospitalizaci pro kardidlni dekompenzaci. Je tedy jasné,
Ze se jedna o velmi rizikovou skupinu, coZ nakonec ilu-
struje jiz sdm fakt, kolik pacientl zemielo mezi propus-
ténim a screeningem ambulantni medikace na konci roku
2022. Relativni ,kfehkost” takto definované kohorty pa-
cientd vSak mlze vést k tomu, Ze mnoha lécba u nich jiz
nepfipadd v uvahu z dlvodu jeji Spatné tolerance. Lze
tedy spekulovat, Ze v souboru pacientt s CHSS vybranych
Cisté z ambulantni sféry by uroven jejich farmakotera-
pie mohla byt pfiznivéjsi (jakkoliv si v tomto sméru ne-
Ize asi zase cinit pfrilis velké iluze). Screening ambulantni
medikace pacientd na konci roku 2022 (kohorta 2) také
nezahrnoval zadnou formu fyzické kontroly pacientl ¢i
zjistovani dalsich ukazateld. Nékteré zdravotni okolnosti,
které jsme brali pro tuto analyzu v uvahu (tj. napriklad
zarazeni do kategorie EF, pfitomnost ICHS nebo fibrilace
sini, hypertenze nebo diabetu...), tedy vesmés pochazeji
z doby hospitalizace, a mohly se tudiz v prabéhu obdobi
do screeningu na konci roku 2022 déle vyvinout.

Zavery

Celkem s jistotou Ize asi konstatovat, Ze soucasna uro-
ven preskripce zédkladni farmakoterapie u pacientt CHSS
v sobé jesté ukryva mnohy nevyuzity potencial. Velmi na-
snadé jsou jednoducha a prakticky pausalni opatreni typu
preskripce inhibitord SGLT2, statinl v pfipadé ischemické
etiologie CHSS, eventudlné ARNI u HFrEF (pokud to stav
pacientd umozni). S [écbou neni obecné pfilis pracovano
ani po propusténi, a to jak z pohledu doplnéni preskripce
o skutec¢né viechna doporucend GDMT, tak i z hlediska
optimalizace jejich davkovani. Urcita cesta k reseni je jed-
nak v co mozna nejvyssi mife pfislusnou lécbu zahdjit jiz
béhem hospitalizace a ve stejnou dobu co mozna nejlépe
i vytitrovat jeji davkovani. Zlepseni by jisté pfinesla i vys-
$i centralizace podobného typu pacientd v ambulancich
pro srde¢ni selhdni. Pfedevsim je si ale tfeba uvédomit,
Ze nélezité vedena chronicka farmakoterapie predstavuje
nejlepsi (a vlastné takika jedinou) Sanci na prodlouzeni
Zivota téchto extremné rizikovych pacientl a jejich udr-
Zeni v alespon prijatelné kvalité zivota. Naopak jakakoliv

neduslednost (a to jak ze strany osetfujiciho lékare, tak
i vlastniho pacienta) mdze mit pro jejich individualni pro-
gnoézu potencialné fatalni nasledky. Velkou nadéji rovnéz
predstavuje dalsi inovativni farmakoterapie, ktera do
praxe teprve vstupuje Ci je zatim jeSté ve vyvoji.
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Financovani

Predklddana analyza byla realizovdna za grantové pod-
pory fondu Specifického vyzkumu Univerzity Karlovy
(grant SVV 2020-2022, ¢. 260 537) a vyzkumného fondu
Univerzity Karlovy COOPERATIO.

Kromé toho bychom chtéli podékovat ptislusnym pracov-
nikGm Ustavu zdravotnickych informaci a statistiky (UZIS)
a jmenovité pani Jolané Hlavacové za laskavé stanoveni
vitdIniho statusu nasich pacientd, bez ¢ehoz by tato ana-
lyza nebyla mozna.

Prohlaseni autort o etickych aspektech publikace
Vsechny studijni procedury byly provddény v souladu
s principy spravné klinické praxe ve smyslu Helsinské de-

klarace z roku 1984 a pozdéjsich dodatkd. Studijni proto-
kol byl schvalen Etickou komisi Fakultni nemocnice Plzeri.
Se vsemi ziskanymi daty bylo naklddano v souladu se za-
konem na ochranu osobnich udaja a smérnici GDPR Ev-
ropské komise a zpracovana byla vanonymizované podo-
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Kontext: Celosvétové se vyskytujici zoonotickd onemocnéni jako bruceléza zvySuji mortalitu na onemocnéni
srdce i vyskyt malignich arytmii. Variabilita srdecni frekvence (heart rate variability, HRV) se méfi neinvazivné
se spolehlivym vysledkem. Niz$i hodnoty HRV ukazuji na autonomni dysfunkci. K detekci komorovych aryt-
mii se pouZivaji poméry intervalu Tp-e/QT (QT) a korigovaného QT (QTc).
Cil: U pacientt s brucelézou jsme zkoumali vztah mezi autonomni dysfunkci a repolarizaci komor (ventricu-
lar repolarization, VR). Hodnoceni se provadélo neinvazivné mérenim parametri HRV a VR.
Metody: Do studie bylo zafazeno 100 pacientd s bruceldzou; jejich pramérny vék byl 39,2 + 1,1 roku. Kon-
trolni skupinu srovnatelného véku a poméru obou pohlavi tvofilo 100 zdravych dobrovolnikl primérného
véku 44,3 roku. Vypocitavali a zaznamenavali jsme hodnoty Tp-e, QT a QTc i pomér Tp-e/QTc stejné jako
hodnoty HRV.
Vysledky: Pacienti s brucel6zou méli znacné vy3si hodnoty QT _, QTc__, QT . a QTc . nez kontroly. Poméry
rozptylu hodnot Tp-e, cTp-e, Tp-e/QTc a Tp-e byly statisticky vyznamné vyssi u pacientl s brucelézou nez
u kontrolnich jedinct (80,2 + 4,4 a 73,8 + 5,4; p < 0,001, resp. 87,5+ 6,2 a 82,6 + 7,8; p = 0,001, 0,20 + 0,01
a0,21+0,01; p=0,004 2294+ 11,9 a 21,7 £ 10,2). U pacienttd s brucelézou byly nalezeny vyssi poméry LF/
HF béhem dne a béhem noci (p < 0,001). Poméry LF/HF béhem dne a béhem noci ptiznivé korelovaly s hod-
notami Tpe_cQT (r = 0,700; p < 0,001, resp. r = 0,746; p < 0,001).
Zavéry: Pri elektrokardiografickém vysetfeni méli pacienti s brucelézou delsi intervaly Tp-e a vy3si poméry
QT i QTc. U pacientl s brucelézou byly zjistény jisté zndmky zvysené HRV vcetné poméru LF/HF. Byla proka-
zana pfizniva korelace hodnot LF/HF a Tp-e/QTc. Brucel6za mudze pusobit subklinické postizeni srdce a auto-
nomni dysfunkci. Tito pacienti vyzaduji dislednéjsi screening komorovych arytmii.

© 2024, CKS.

ABSTRACT

Background: Global zoonotic diseases like brucellosis increase cardiac mortality and malignant arrhythmias.
Heart rate variability (HRV) measures heart rate non-invasively and reliably. Lower HRV suggests autonomic
dysfunction. The Tp-e/QT interval (QT) and corrected QT (QTc) ratios are used to detect ventricular arrhyth-
mogenesis.

Objective: In brucellosis, we examined the relationship between autonomic dysfunction and ventricular
repolarization (VR). This was done noninvasively by assessing HRV and VR parameters.

Methods: One hundred patients with brucellosis had a mean age of 39.2+1.1 years. One hundred healthy
volunteers with a mean age of 44.3 years made up the control group, which was age and sex matched. We
calculated and recorded Tp-e, QT, QTc, and Tp-e/QTc, as well as HRV values.

Results: Brucellosis patients had considerably greater QT __, QTc__, QT ., and QTc_, than controls. Tp-e,
cTp-e, Tp-e/QTc, and Tp-e dispersion ratios were significantly greater in brucellosis patients compared to the
control group (80.2+4.4 and 73.8+5.4, p <0.001; 87.5+6.2 and 82.6+7.8, p = 0.001; 0.20+0.01 and 0.21+0.01,
p = 0.004; 29.4+11.9 and 21.7+10.2. Patients with brucellosis had greater LF/HF ratios during daylight and
overnight (p <0.001). Daytime and nighttime LF/HF ratios were favourably linked with Tpe_cQT (r = 0.700,
p <0.001, and r = 0.746, p <0.001, respectively).

Conclusions: On electrocardiography, brucellosis patients had longer Tp-e intervals, QT ratios, and QTc ra-
tios. Brucellosis patients had increased HRV traits, including the LF/HF ratio. LF/HF and Tp-e/QTc correlated
favourably. Brucellosis may cause subclinical cardiac engagement and autonomic dysfunction. These pa-
tients need more ventricular arrhythmia screening.
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HRV and Ventricular Repolarization in Brucellosis

Introduction

Brucellosis, a systemic disease, is recognised as the pre-
vailing zoonotic ailment globally. It can be transmitted
to people by various means, including contact with body
fluids, urine, or the consumption of raw foetal tissues from
infected livestock such as sheep, goats, cattle, and pigs.’
Zoonotic illnesses have emerged as a significant concern,
leading to substantial economic losses and public health
challenges in emerging nations, including our own.? Car-
diac involvement manifests as endocarditis, myocarditis,
or pericarditis. The occurrence of isolated cardiac or peri-
cardial involvement is infrequent. Myocardial injury mig-
ht arise from the organism itself, an excessive production
of immunocomplexes, or inflammatory cytokines.?

If the myocardium is affected, it could lead to the de-
velopment of harmful atrial or ventricular arrhythmias
(VA) in the heart’s conduction system, which could end
fatally.*> The presence of pathological alterations in the
myocardium of the atria and ventricles in individuals with
brucellosis can lead to the development of arrhythmias
affecting either the atria or ventricles.” Consequently,
individuals with atrial and VA may have cardiovascular
instability due to potential inadequacies in their medical
therapy.

The QT interval (QT), corrected QT interval (QTc), QT
dispersion (QTd), and transmural dispersion of repolariza-
tion (TDR) can be used to assess cardiac repolarization.®®
The ECG Tp-to-E interval, which measures the time be-
tween the peak and tip of the T wave, is typically used
to measure T-wave dispersion.® However, several studies
have used the Tp-e/QT and Tp-e/QTc ratios as potential
electrocardiographic indicators of ventricular arrhythmo-
genesis."?

The measurement of autonomic nervous system (ANS)
activity is often conducted using a battery of tests assess-
ing cardiovascular autonomic function. Heart rate vari-
ability (HRV) is a readily accessible, non-invasive, and de-
pendable metric that assesses the neural control of heart
rate. A potential indicator of autonomic dysfunction may

be the presence of reduced HRV. HRV has been proven
to be connected with higher cardiovascular disease mor-
tality and morbidity. This association has been widely
acknowledged to be particularly linked to a higher inci-
dence of sudden cardiac mortality and arrhythmia.™

The objective of this study was to examine the prompt
identification of cardiac autonomic dysfunction and the
correlation between autonomic dysfunction and the pos-
sibility of malignant arrhythmias in individuals diagnosed
with brucellosis. In this study, we investigated the poten-
tial of HRV and ventricular repolarization (VR) parame-
ters as a noninvasive approach for assessing brucellosis
patients.

Methods

Study design
The study was a case control study. This study was perfor-
med in compliance with the Declaration of Helsinki.

Study population

This study was conducted with a total population of 100
patients who were diagnosed with brucellosis between
January 2019 and January 2020 and met our study crite-
ria. For the control group, 100 gender- and age-matched
healthy volunteers were randomly selected. The study
protocol was approved by the local ethics committee. An
informed written consent form was requested from each
patient. Brucellosis was diagnosed with bacterial growth
in blood and/or tissue cultures or no growth but a Wright
and/or Coombs Wright test titer of 1/160 or higher. Pa-
tients with a diagnosis of brucellosis and palpitations in
the Infectious Diseases outpatient clinic and ward were
consulted in the cardiology clinic.

A comprehensive assessment was conducted in the car-
diology outpatient clinic, encompassing physical measure-
ments such as weight, height, body surface area, blood
pressure, and peak heart rate. Additionally, electrocar-
diographic and echocardiographic examinations were
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carried out. Standard investigations were prescribed, and
a 24-hour Holter monitor was sought for the purpose of
monitoring the patient’s cardiac rhythm. Exclusions were
made for those with diabetes, hypertension, arrhythmia,
hyperthyroidism, chronic renal failure, migraine, epilep-
sy, or any infectious condition other than brucella, as well
as those using QT-prolonging drugs or drugs that may im-
pact the autonomic nervous system (Fig. 1).

Ambulatory ECG

The acquisition of all full-day Holter recordings was con-
ducted using a two-channel bipolar recorder. All pati-
ents exhibited nearly identical daily routine activities.
A 24-hour continuous recording of ambulatory ECG was
conducted using the DR-512 VX3 ECG recording system
(Century series Holter analysis system; Biomedical Sys-
tems, Maryland Heights, MO, USA). The electrodes were
strategically placed in order to get leads CM2 and CM5. In
the context of the given temporal framework, the period
from 08:00 to 24:00 was conventionally classified as day-
time, while the period from 00:00 to 08:00 was typically
classified as nighttime. The analysis of all recordings was
conducted by a cardiologist with extensive expertise in
the field.

Analysis of HRV

The evaluation of autonomic function in all patients was
conducted by analysing the power spectrum analysis of
RR interval variability. The ECG data underwent digitiza-
tion, wherein they were converted into a digital format
and afterwards saved on a hard disc. The digitization pro-
cess involved sampling the signals at a rate of 500 Hz and
utilising 12 bits of precision. The concurrent recording of
the respiratory signal with the ECG traces was conducted
in order to capture any variations in breathing frequency
and depth.”

Time domain indices

The HRV indices that were assessed include: The stan-
dard deviation of the time interval between successive
normal QRS complexes, also known as the NN interval,
is referred to as SDNN. The SDANN refers to the stan-
dard deviation of the mean NN interval derived from
five-minute recordings collected across a 24-hour dura-
tion. The SDNN index refers to the average value of the
standard deviation of the 24-hour NN interval derived
from a five-minute recording. rMSSD refers to the cal-
culation of the arithmetic mean of the square root of
the difference between consecutive NN intervals. This
particular indicator typically signifies vagal modulation.
The metrics of rMSSD and PNN50 offer insights into the
transient characteristics of HRV and serve as indicators
of rapid fluctuations in heart rate. The SDNN, SDANN,
and SDNN indices exhibit diurnal interactions, but the
impact of heart rate respiration on short-term variations
is limited."” The variable NN50 represents the count of
intervals in which the duration between consecutive NN
intervals exceeds 50 milliseconds (ms). pNN50 refers to
the proportion of NN50 events in relation to the overall
count of NN intervals. The HRV triangle index is a met-
ric derived from the transformation of NN interval data
into a geometric shape.

Frequency-domain indices
The utilisation of power spectral density analysis ena-
bles the decomposition of the HRV signal into distinct
spectrum components and their respective intensities.
The spectrum analysis of short-term or long-term 24-hour
HRV recordings typically spans a duration of 2 to 5 minu-
tes. This approach involves the segregation of the heart
rate data based on its frequency and intensity. Informati-
on regarding various changes in heart rate can be acqui-
red by utilising periodic fluctuations of the heart rate at
different frequencies.™

The power spectral density analysis encompasses the
measurement of four frequencies ranging from 0 to 0.5
Hz. The aforementioned components are classified as
ultra-low frequency (ULF), very low frequency (VLF), low
frequency (LF), and high frequency (HF). The utilisation of
LF, HF, and their corresponding ratios (LF/HF) is prevalent
within these specific frequency bands. There exists a per-
spective that posits frequency analysis as the primary de-
terminant of parasympathetic nervous system function.
The LF/HF ratio exhibits variability in response to fluctua-
tions in LF and HF; however, the majority of research find-
ings indicate that an elevation in the LF/HF ratio signifies
a prevailing influence of sympathetic nervous system ac-
tivity. The correlation between VLF and ULF components
and physiological processes remains uncertain.'

Electrocardiographic and echocardiographic
assessments

Philips affinity 50 ultrasound imaging equipment with
an S4-2 transducer was utilised for echocardiograms. The
subject was in the left lateral decubitus for the paraster-
nal long and short axes and apical 4 and 2 space pictures.
Left atrial, left ventricular end-systolic, and end-diastolic
diameters were determined using two-dimensional ima-
ging. Simpson’s method computed ejection %. For PW
Doppler apical four-chamber view, the sample volume
was at the mitral valve leaflet apex. The maximum early
and late diastolic peak transmitral flow velocity (E and
A) in cm/s were observed at this site. A/E ratio calculated.
E-wave deceleration was ms. Mitral lateral annulus peak
early, late, and systolic wave velocities were determined
using tissue Doppler in apical four-cavity imaging. The
Doppler measured myocardial isovolumetric relaxation
time (IVRT), contraction time, and ejection time in ms. E/
Em was computed.

Tokyo, Japan’s Nihon Kohden ECG recorder has 50
mm/s paper speed and 10 mm/mV voltage sensitivity. Two
blinded cardiologists measured the maximum and mini-
mum QT and Tp-e intervals. We used callipers to measure
QT and Tp to reduce mistakes. Patients with U-waves on
their ECGs were excluded. The time from QRS complex
onset to the T wave end was used to measure the QT in-
terval. For heart rate fluctuations, Bazett's formula was
used to alter the QT interval: QTc = QTV (R-R interval). QT-
max and QTmin were the longest and smallest observed
periods of QT waves in any lead, respectively. The differ-
ence between the longest and shortest QTc intervals was
used to calculate the adjusted QTd. Tp-Te is the time be-
tween the T-wave peak and termination. Precordial leads
were measured at TP-e. Recorded values were used to
calculate Tp-e/QT and QTc ratios.
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Statistical analysis ™

The statistical analysis was done using SPSS 21 for Win-
dows, created in Chicago, IL, USA. Our study examined
statistical analyses with 95% confidence. Categorical va-
riables were analyzed using the Chi-square test and con-
tinuous variables with and without normal distribution
were analyzed using the Student’s T and Mann-Whitney
tests, respectively. Correlations between Tpe_cQT, dayti-
me, and nighttime LF/HF ratios were assessed with Pear-
son’s and Spearman’s correlation coefficients. The signi-
ficance level adopted in the statistical analysis was 5%.

Results

The study included 100 brucellosis patients and 100 he-
althy controls. The proportion of male individuals in the
brucellosis patient group was found to be 56%, whereas
in the control group, this proportion was seen to be 46%.
Upon demographic evaluation of the groups, it was seen
that the data exhibited similarity in all aspects except for
age. The control group had a statistically significant grea-
ter mean age compared to the mild brucellosis group. The
biochemical and hemogram parameters exhibited simila-
rities between the groups. Compared to other groups,
the control group had a statistically significant increase
in systolic blood pressure (SBP). There was no discernible
distinction seen among the groups with regards to echo-
cardiographic characteristics, as indicated in Table 1.

The groups’ electrocardiographic parameters are in
Table 2. The brucellosis group had significantly higher
QT . QTc . QT ., and QTc_, than the control group.
Brucellosis patients had significantly higher Tp-e, cTp-e,
Tp-e/QTc, and Tp-e dispersion ratios compared to the con-
trol group (80.2+4.4 and 73.8+5.4, p <0.001; 87.5+6.2 and
82.6+7.8, p = 0.001; 0.20+0.01 and 0.21+0.01, p = 0.004;
29.4+11.9, and 21.7+10.2, p< 0.001, as shown in Table
2). QTd was not significantly different across groups (p>

* 123 patients who were diagnosed with
brucellosis

e Excluded 23 patients

e Hypertension: 5

¢ Diabetes: 4

e Arrhythmia: 5

¢ Hyperthyroidism: 1

e Chronic renal failure: 1

* Migraine, epilepsy: 1

e Any infectious condition: 3

e Using QT-prolonging drugs: 2

/
N

¢ 100 brucellosis patients remaining after
exclusion criteria

Fig. 3 - Central illustration: investigation of heart rate variability
and ventricular repolarization indexes in brucella patients with pal-
pitations.

0.05). The kappa score’s interobserver reliability was 86%
with a 95% Cl, indicating high agreement.

Intergroup HRV temporal values were not significantly
different (p >0.05). Table 3 shows that the LF/HF ratios
in the brucellosis group were considerably higher during
both daylight and evening (p <0.001). Both daytime and
nighttime LF/HF ratios were positively correlated with
Tpe_cQT (r = 0,700, p <0.001 and r = 0.746, p <0.001, re-
spectively), as shown in Figures 2 and 3.
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Table 1 - Baseline clinical and laboratory characteristics of the study population

Brucellosis (n = 100)

Age, years 39.2+1.1
Gender, male, n (% ) 56 (56)
BMI (kg/m?) 26.3+3.6
SDB (mmHg) 113.9+8.7
DBP (mmHg) 71.6+7.8
HR (beats/min) 73.9+ 1.0
Glucose (mg/dL) 99.5£11.7
BUN (mg/dL) 12.2+2.8
Creatine (mg/dL) 0.83+0.13
T. arm (mg/dl) 192.7+34.0
TG (mg/dl) 143.0+11.5
HDL (mg/dl) 49.5+10.4
LDL (mg/dl) 112.7+£31.9
BKS (103 x pL) 7.0£1.5
Hemoglobin (g/dL) 14.6+1.6
Platelets (x 103/uL) 266.5+40.7
CRP (mg/L) 6.2+1.6
Sedimentation (mm/h) 13.3+6.5
Echocardiography (2D)

LVEF (%) 61.2+2.9
SVEDC (mm) 46.5+2.8
SVESC (mm) 27.5+2.3
IVS (mm) 1.1£0.2
PDC (mm) 0.8+0.1
HAIR (mm) 3.4+0.2
PABP (mmHg) 24.9%2.3
E/A 1.2+0.2

DZ 193.5£32.9
IVRT 72.6+11.3
IVCT 51.1+11.2
ET 286.8+33.6
E/Em 5.8+1.1

Control (n = 100) p-value
44.3+1.0 0.025
46 (46) 0.064
27.6£5.1 0.156
119.3+13.8 0.020
73.0+9.4 0.402
72.5+1.0 0.465
105.1+29.4 0.102
13.4+3.0 0.633
0.83+0.15 0.859
191.5+34.7 0.240
160.0+10.8 0.855
47.1+10.7 0.254
110.8+30.4 0.761
6.8+2.1 0.486
14.2+1.6 0.254
254.4+55.8 0.219
4.2+1.2 0.365
12.8+8.9 0.756
62.0+2.7 0.140
46.6+3.4 0.875
27.7+£2.7 0.671
1.1+0.4 0.936
0.8+0.2 0.837
3.4+0.3 0.932
24.6+2.9 0.232
1.1£0.1 0.104
202.1+22.4 0.132
75.1£11.3 0.260
49.8+11.8 0.845
281.8+35.0 0.463
6.0+1.0 0.324

BMI - body mass index; BUN - blood urea nitrogen; CRP — C-reactive protein; DBP - diastolic blood pressure; DZ - deseleration time; ET -
ejection time; HDL - high density lipoprotein; IVCT - interventricular contraction time; IVRT - interventricular relaxation time; HR - heart
rate; LAD - left atrial diameter; LDL - low density lipoprotein; LVEDC - left ventricular end diastolic diameter; LVEF - left ventricular
ejection fraction; LVESC - left ventricular end systolic diameter; PAD - posterior wall; PAP — pulmonary artery pressure; SBP - systolic blood
pressure; T. arm — total cholesterol; TG - triglycerides; WBC - white blood cell count.

Discussion

This study is the inaugural investigation into the correla-
tion between HRV and VR parameters among individuals
diagnosed with brucellosis. The findings of our study indi-
cate that individuals diagnosed with brucellosis exhibited
a significantly elevated LF/HF ratio in comparison to the
control group. Furthermore, our research showed that
the Tp-e, cTp-e, Tp-e/QTc, and Tp-e dispersion ratios were
higher in people who had been diagnosed with brucello-

sis compared to healthy people. Nevertheless, a statistica-
Ily significant positive connection was seen between the
LF/HF ratios and Tp-e/QTc.

Cardiac manifestations in cases of Brucella infection
might exhibit a diverse range of clinical presentations,
encompassing endocarditis, myocarditis, or pericarditis.
However, the most prevalent and significant consequence
among these is endocarditis.® The precise understanding
of the relationship between Brucella infection and its im-
pact on morbidity and mortality in the cardiovascular sys-
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Table 2 - Electrocardiographic parameters of the study group

Brucellosis (n = 100) Control (n = 100) p-value
QT (ms) 365.2+19,8 348.7+20.8 0.001
QT .. (ms) 399.5+20.0 385.5+21.4 0.006
QT__ (ms) 390.3+18.7 373.6£25.5 0.001
cQT__ (ms) 427.6+20.6 412.3+£26.5 0.007
Tp-e (ms) 80.2+4.4 73.8+£5.4 <0.001
CTp-e (ms) 87.5+6.2 82.6+7.8 0.001
QTd (ms) 25.1+10.6 23.1£11.7 0.707
Tp-e dispersion 29.4+11.9 21.7+10.2 <0.001
Tp-e/cQT 0.20+0.01 0.21+0.01 0.004

CTp-e - corrected transmural dispersion of repolarization; QTc_, - corrected QT minimum; QTcd - corrected QT dispersion; QTd - QT
dispersion; QT__ - corrected QT__; QT . - QT minimum; Tp-e - transmural dispersion; Tp-e/QT - transmural dispersion of repolarization;
Tp-e/QTc - transmural dispersion of repolarization/corrected QT.

Table 3 - Heart rate variability of the study group

Daytime HRV time analysis Brucellosis (n = 100) Control (n = 100) p-value
SDNN 119.1£34.2 123.9+£33.2 0.552
SDANN 96.6+35.2 103.0+£27.2 0.342
PNN50 9.9+7.7 10.9+9.8 0.568
rMSSD 52.3+62.5 62.7+86.1 0.490
Daytime HRV frequency analysis

Total power (ms?) 9475.6+6144.1 11684.3+7472.3 0.110
ULF power (ms?) 4705.8+3174.2 5765.5+3487.7 0.115
VLF power (ms?) 2504.5+1753.3 3015.9+1928.6 0.169
LF power (ms?) 1741.8+1239.4 1522.2+867.2 0.307
HF power (ms?) 871.9+697.3 840.6+523.7 0.800
LF NUs 54.6+12.2 55.4£12.9 0.756
HF NUs 41.3+9.3 39.4+12.3 0.385
LF/HF ratio 1.9£0.6 1.4+0.4 <0.001
Night HRV time analysis

SDNN 107.5+39.2 117.4+34.2 0.200
SDANN 74.6+42.0 86.9+41.2 0.142
PNN50 17.6+15.6 20.3+17.4 0.418
rMSSD 52.0+24.0 54.1+29.6 0.691
Night HRV frequency analysis

Total power (ms?) 8898.5+5619.5 10279.2+6691.3 0.267
ULF power (ms?) 2295.2+2096.6 3370.9+2053.7 0.368
VLF power (ms?) 2970.8+2373.2 3715.9+3020.7 0.173
LF power (ms?) 1727.8+1506.0 1674.6+£1469.4 0.858
HF power (ms?) 1227.9£1197.3 1275.2+£1356.3 0.854
LF NUs 86.0+17.1 55.5£11.5 0.215
HF NUs 45.4+13.1 43.6+11.0 0.452
LF/HF ratio 1.8+0.5 1.3+0.4 <0.001

HF - high frequency; LF - low frequency; NUs — normalized units; ULF — ultra low frequency; VLF - very low frequency.
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tem remains incomplete. Hence, there is a requirement
for novel approaches to evaluate the risk and identify
early signs of cardiovascular system involvement.

Multiple processes have an impact on the heart tissue
when inflammation occurs. The initiation of apoptosis
in cardiomyocytes is triggered by the activation of cas-
pase-3, while autonomic dysfunction in the heart is a re-
sult of apoptosis in the autonomic centres involving both
neuronal and glial cells.*> Moreover, the infiltration of
immunocytes, particularly macrophages and neutrophils,
as a consequence of inflammation leads to subendocar-
dial haemorrhage and interstitial fibrosis.'

In addition to inducing inflammation, this physiological
response also gives rise to disruptions in the heart’s con-
duction system. Numerous studies have demonstrated
a heightened susceptibility to arrhythmias as a result.
Cardiac myocyte damage may manifest in infectious situ-
ations and can impact the cardiac conduction system even
in the absence of myocardial injury. This is mostly attrib-
uted to the release of pro-inflammatory mediators, which
have the potential to induce the onset of atrial and VA,
ultimately culminating in fatality.®

QTd is a metric used to assess the variability in VR."'8 It
is widely recognised that the presence of extended QTd is
closely linked to the occurrence of severe VA and sudden
cardiac death. The association between prolonged QTd
and life-threatening arrhythmias has been documented
in various clinical scenarios, including inflammation, ad-
ministration of certain antiarrhythmic medications, post-
operative cases of tetralogy of Fallot, hypertrophic car-
diomyopathy, myocardial infarction, valvular disease, and
drug toxicity." In contrast to the aforementioned infor-
mation, our study did not find any statistically significant
disparity between those diagnosed with brucellosis and
those who were deemed healthy.

Some people think that the new Tp-e parameter
in electrocardiography (ECG) could show how the VR
spreads across the myocardium. It has also been seen that
having a high Tp-e interval and Tp-e/QT ratio is connected
to having malignant VA.% In their research, Ozdemir et al.
found that patients with sepsis had significantly higher
amounts of QTc¢, Tp-e, Tp-e/QT, and Tp-e/QTc ratios than
the control group. The authors proposed that the mea-
surement of Tp-e and Tp-e/QT could serve as useful indi-
cators for predicting mortality in individuals diagnosed
with sepsis.?® The current study looked at how cQTmin,
cQTmax, Tp-e, and Tp-e/QTc ratios were higher in people
who had been diagnosed with brucellosis compared to
a healthy control group.

The findings of our study indicate a potential correla-
tion between brucella infection and myocardial inflam-
mation, which in turn may impact the functionality of
the cardiac communication system. It is hypothesised that
there is a positive correlation between elevated Tp-e,
Tp-e/QTc, and Tp-e dispersion ratios in individuals diag-
nosed with brucellosis, leading to an augmentation of VR
heterogeneity and the subsequent occurrence of VA. This
association may contribute to a better understanding of
the underlying pathophysiological mechanisms respon-
sible for arrhythmia development in this patient popula-
tion. Furthermore, the study group did not see any sig-
nificant changes in QTd values during the therapy period.

Further investigation is warranted to ascertain whether
the observed phenomenon is temporary or persistent,
even in the light of the administered medication.

Previous studies have proposed that Tp-e dispersion,
Tp-e/QT ratio, and Tp-e/QTc are more effective indicators
of VR compared to QT parameters.?' In the present inves-
tigation, it was shown that the QTd exhibited an incre-
ment; however, this observed increment did not attain
statistical significance among those diagnosed with bru-
cellosis. This phenomenon could potentially be attributed
to the limited sample size of patients or the observation
that QTd exhibits a delayed deterioration compared to
other parameters associated with VR.

Bruchellosis causes HRV variability, sympathetic over-
activity, or decreased vagal activity. Myocarditis, fibrillary
stress, and fibrosis might disrupt cellular electrical flow
and create aberrant impulses that can trigger reentry
mechanisms and malignant arrhythmias in brucellosis.??
Reduced parasympathetic tone, sympathetic overrelease,
and baroreceptor dysfunction diminish HRV.2 Elderly
hypertensives with autonomic nervous system dysfunc-
tion have decreased parasympathetic tone and increased
sympathetic activity.?* Standardised LF spectral compo-
nent power indicates sympathetic modulation in healthy
adults. LF/HF shows the heart’s sympathovagal balance.?
We believe this is the first HRV investigation in VR-posi-
tive brucellosis patients. More randomised controlled tri-
als are needed to resolve this issue.

Limitations

This study has limitations. Cross-sectional design limited
ventricular arrhythmia follow-up, our study’s principal
weakness. Long-term Holter recording could aid in ven-
tricular arrhythmia detection in these patients. The tiny
sample size and single-centre design were significant dra-
wbacks. More participants in long-term, multicenter trials
may help us understand our findings.

Conclusion

This study demonstrated that brucellosis had greater car-
diac involvement than previously considered, perhaps
subclinical. The ECG can quickly measure Tp-e dispersion,
Tp-e/QT ratio, and Tp-e/QTc to forecast atrial and VA in
these patients. These ECG anomalies in brucellosis pati-
ents need further prospective studies to establish their
long-term prognosis and the prevalence of arrhythmias in
recovered individuals. Additionally, HRV measurements
in brucellosis patients could be part of a thorough car-
diovascular regulation assessment. This study shows that
brucellosis patients should see at least one cardiologist
for clinical or subclinical cardiac involvement.
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Kontext: Stratifikace rizika u syndromu Brugadovych (Brugada syndrome, BrS) predstavuje i nadéle znacny
problém. Cilem této studie bylo zméfit vstupni intervaly na klidovém elektrokardiogramu (EKG) kohorty
portugalskych pacientl a jejich pribuznych prvniho stupné, u nichz byla stanovena diagndza BrS, a identifi-
kovat EKG parametry spojené se vznikem srdecnich piihod v obdobi deseti let.
Metody: Byla provedena prospektivni studie, v niz bylo vySetfeno 107 portugalskych pacientt spolu s ptibuz-
nymi prvniho stupné, u nichz byla stanovena diagndéza BrS a ktefi byli sledovéni po dobu deseti let s cilem
zaznamenat jakoukoli srde¢ni pfihodu. Byly vytvoreny podskupiny spontanniho typu (spontaneous type 1,
SB), indukovatelného typu (inducible type 1, IB) a s normalnim EKG. Souhrnny sledovany parametr srdecnich
pfihod zahrnoval néhlou srde¢ni smrt (SCD), implantaci kardioverteru-defibrilatoru (implantable cardiover-
ter-defibrillator, ICD) a vhodné (adekvatni) vyslani vyboje z ICD.
Vysledky: Celkem u 15 % pacientl byla stanovena diagnéza SB a u 10 % pacientl byl diagnostikovan IB;
pramérny vék ucastnikd studie byl 29,9 + 16 let; 51 % z nich byli muzi. Pacienti se SB a IB vykazovali statis-
ticky vyznamné del3i intervaly PR neZ jedinci s normalnim EKG (p < 0,01, resp. p = 0,02). Zadné rozdily v in-
tervalu PR mezi podskupinami SB a IB nebyly zjistény (p = 0,93). Srde¢ni pfihody byly zaznamenany u 41,5 %
pacientl se SB a 18,2 % pacientt s IB. U pacientl s normalnim EKG a s normélnim vysledkem provokacniho
testu s flecainidem nebyla zaznamenéna zadna srdecni pfihoda. Po adjustaci na rodinnou anamnézu SCD
a pfi pozitivnim vysledku genetického testu predstavoval interval PR nezavisly prediktor ¢asnéjsiho vzniku
srdecni pfihody (HR 1,06; 95% Cl 1,02-1,10; p < 0,01). U pacientt s PR > 200 ms byla prlimérna doba do vzniku
srdecni prihody statisticky vyznamné kratsi, pficemz optimalni mezni hodnota pro predikci srdecni prihody
byla 180 ms.
Zavér: Interval PR predstavuje na vstupnim EKG zdznamu vyznamny parametr spojeny se vznikem srdecnich
pfihod pfi BrS. Pro presné stanoveni individualniho rizika se doporucuje zaradit do klinického algoritmu
interval PR.

© 2024, CKS.

ABSTRACT

Background: Risk stratification in Brugada syndrome (BrS) remains challenging. The aim of this study was to
evaluate the baseline intervals in resting ECG of a cohort of Portuguese patients with first-degree relatives
diagnosed with BrS and to identify ECG parameters associated with cardiac events (CE) over a 10-year period.
Methods: Prospective study assessing 107 Portuguese patients with first-degree relatives diagnosed with
BrS and followed over a decade to detect CE. Subgroups included spontaneous type 1 (SB), inducible type 1
(IB), and normal ECG. CE were a composite endpoint comprising of sudden cardiac death (SCD), implantable
cardioverter-defibrillator (ICD) implantation and appropriate ICD shocks.

Results: 15% patients with SB and 10% patients with IB, mean age was 29.9+16 years; 51% were male. SB
and IB patients exhibited significantly higher PR intervals than those with normal ECG (p <0.01, p = 0.02,
respectively). There were no differences in PR interval between SB and IB (p = 0.93). CE occurred in 41.5% of
SB and in 18.2% of IB patients. No CE in patients with normal ECG and normal flecainide provocative test.
PR interval was an independent predictor of earlier CE (HR 1.06 Cl 95% [1.02-1.10]; p <0.01), adjusted to
familiar SCD and positive genetic test. Mean time for a CE was significantly shorter in patients with PR >200
ms and the optimal cutoff value for predicting CE was 180 ms.

Conclusion: The PR interval is a significant parameter in basal ECG associated with CE in BrS. Considering
the PR interval in the design of clinical algorithms is recommended for accurate individual risk assessment.
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Background

Brugada syndrome (BrS) is an inherited ion channel disor-
der distinguished by a unique electrocardiographic (ECG)
pattern showing J point elevation of 0.2 mV with coved
ST elevation and T wave inversion in at least one right
precordial ECG lead, positioned in the second, third or
fourth intercostal spaces. This condition is associated with
a higher risk of sudden cardiac death (SCD) in the absence
of detectable structural heart disease. The ECG pattern
can occur spontaneously or be inducible by exposure to
drugs such as sodium channel blockers or fever.!

Implantable cardioverter-defibrillator (ICD) is indi-
cated in patients with aborted SCD or with syncopal epi-
sodes due to ventricular arrythmia.' Risk stratification in
asymptomatic patients is challenging. Some features such
as ECG abnormalities or inducibility of sustained ventricu-
lar arrythmias in programmed electrical stimulation (PES)
studies appear to be associated with a higher risk of SCD.?
Fragmented QRS (fQRS), prolongation of PR and QRS in-
tervals or right bundle branch block are described in lit-
erature as being related to a higher risk.? Nevertheless,
the assessment of the independent prognostic efficacy of
these baseline ECG abnormalities in long-term follow-up
is lacking solid evidence.

The primary aim of this study is to evaluate the resting
ECG of a cohort of Portuguese patients with first-degree
relatives diagnosed with BrS and to identify ECG param-
eters associated with cardiac events (CE) over a 10-year
period.

Methods

Study design and patient recruitment

We conducted a prospective, longitudinal, observational,
single-center study that included 107 consecutive pati-
ents with first-degree relatives diagnosed with Brugada
syndrome (BrS). These patients underwent three routine
ECGs in 2009 for screening of type 1 BrS at a Portuguese
center. The diagnosis of index patients was made inciden-
tally during these routine ECG examinations.

ECG analysis

All subjects underwent a standard 12-lead and a high-le-
ad ECG, following specific measurement criteria (paper
speed 25 mm/s, gain of 10 mm/1 mV and filter of 0.05-150
Hz) for the initial identification of a spontaneous type 1
Brugada pattern. The type 1 Brugada pattern was defi-
ned as a prominent coved ST-segment elevation display-
ing J-point amplitude or ST-segment elevation >2 mm, fo-
llowed by a negative T wave in right precordial leads (V,
to V,). Quantitative ECG parameters of interest included
heart rhythm, PR interval (ms), QRS duration (ms), QTc
interval (ms), RR interval (ms), QRS axis calculation and
presence of fQRS. Conditions that could produce a Bruga-
da-like pattern were excluded.

Patients with a normal baseline ECG were submitted to
provocative test with flecainide to diagnose an induced
type 1 Brugada pattern based on the clinician judgment
at the time. The flecainide provocative test was conduct-
ed following established literature guidelines, involving

intravenous infusion of flecainide 2 mg/kg over a dura-
tion of 10 minutes, accompanied by concurrent electro-
cardiographic monitoring.

All patients were submitted to genetic testing with an
NGS panel (CNV analysis) for the diagnosis of BrS.

Electrophysiological study

A PES was performed whenever it was deemed appro-
priate, according to the family history and clinician dis-
cretion. The PES followed a protocol comprising progra-
mmed ventricular stimulation at the right ventricle apex
with two pacing cycle lengths (600 and 400 ms) and the
introduction of up to three ventricular extrastimuli with
a minimum coupling interval of 200 ms. A positive test
result was defined as the induction of sustained ventricu-
lar arrythmia lasting for more than 30 seconds or requi-
ring termination due to hemodynamic compromise. The
detection of inducibility during programmed ventricular
stimulation was regarded as a valid indication for ICD im-
plantation before the initiation of follow-up.

Clinical follow-up

After subgroup stratification (spontaneous type 1, indu-
cible type 1 or normal ECG) patients were submitted to
clinical follow-up for 10 years. CE were a composite end-
point comprising of SCD, cardiac syncope, detected arrhy-
thmic events and appropriate ICD shocks. Clinical records
were used to identify time until event and type of event.

Data management and statistical analysis
Categorical variables were characterized by determining
the absolute and relative frequencies, and the continuous
variables were expressed as central tendency and disper-
sion measures according to their distribution after nor-
mality testing with the Shapiro-Wilk and Kolmogorov-
Smirnov test was performed.

The Chi-squared test was used for between-group com-
parisons of the categorical variables. To assess differences
in the distribution between continuous variables, paramet-
ric or non-parametric tests were used according to the type
of distribution (Mann-Whitney U test and t-student test
for two groups, and Kruskal-Wallis and ANOVA test were
used to compare between more than two groups).

A survival analysis was performed through the Ka-
plan-Meier method to analyze CE (single event) over the
10-year follow-up period according to the presence of
first-degree atrioventricular block. A Cox regression was
employed to study the hazard impact of variables on the
time until cardiac event occurs.

SPSS 29.0 was used for statistical analysis, with a 5%
significance level for hypothesis testing.

The study protocol was approved by the Institutions’
Ethics Committee and conforms to the 1975 Declaration
of Helsinki. A patient consent form was signed for every
participant in the study.

Results

Patient characteristics and ECG parameters
A total of 107 patients, from three different families,
underwent ECG for screening of BrS in our department in
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the year of 2009. No phenocopies of Brugada pattern were
identified. In 12.7% (16) a spontaneous type 1 Brugada pa-
ttern was detected and in 10% (11) the ECG was normal
but a provocative test with flecainide was positive.

The parameters in baseline ECG that significantly differ
between groups were PR interval and QRS interval (Table 1).

Both patients with spontaneous type 1 Brugada pat-
tern (202.5+32.8 vs 150.2+29.3 ms; p <0.01) and induced
type 1 Brugada pattern (177.3+33.5 vs 150.2+29.3 ms; p
= 0.02) had significantly higher PR intervals in compari-
son with patients with normal ECG. No differences were
found in PR interval between patients with spontaneous
and induced type 1 Brugada pattern (p = 0.93).

QRS interval was significantly higher in patients with
spontaneous type 1 Brugada pattern in comparison with
patients with normal ECG (110.0+16.3 vs 89.5+15.6 ms; p
<0.01). No differences were found between other groups
regarding QRS interval.

SCN5A mutations were identified in 34.6% (n = 37) of
patients, among whom 4.7% (n = 5) had a normal ECG
and tested negative on provocative flecainide testing,
while 9.3% (n = 10) had a normal ECG and did not un-
dergo provocative testing.

EPS was performed in 63% (16) patients with sponta-
neous type 1 and in 55% (6) patients with induced type
1 Brugada pattern. No differences were found between
spontaneous or induced Brugada pattern regarding AH
(p = 1.0) and HV (p = 0.52) intervals. Three patients had
a positive EPS study, all of them with spontaneous type 1
Brugada pattern, leading to ICD implantation.

Clinical follow-up
No patients were lost in follow-up. CE at the 10-year fo-
Ilow-up occurred in 7.5% of the study population. Among

patients with a type 1 Brugada pattern, CE occurred in
35.7% (5) of cases. Specifically, 3 patients underwent ICD
implantation due to arrhythmic events/syncope, 1 patient
experienced an appropriate ICD shock, and 1 SCD.

In patients with an induced type 1 Brugada pattern,
20% (2) experienced CE (2 patients underwent ICD im-
plantation due to an arrhythmic event). No CE were re-
ported in the population with a normal ECG.

The mean time taken for a CE to happen was 302
months (95% confidence interval 298 to 305). The time to
the event was significantly shorter in the group with PR
>200 ms (p <0.01) (Fig. 1).
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Fig. 1 - Kaplan-Meier curve showing the association between first-
-degree atrioventricular block and clinical outcomes. Blue line - PR
interval <200 ms; green line — PR interval >200 ms.

Table 1 - Patients’ characteristics and baseline ECG evaluation according to the subgroup of Brugada syndrome study

Spontaneous type 1

Inducible type 1

Variables Brugada pattern Brugada pattern x‘o:ggl) = p-value
(n=16) (n=11)

Patients’ characteristics

Age (years) Median (IQR) 31.0+£16.2 34.5+£12.3 28-29+16.4 0.76*

Male sex, n (%) 11 (68,80%) 5 (45.50%) 39 (48.80%) 0.32%

History of syncope, n (%) 1(6.30%) 1(9.10%) 1(3.80%) 0.17*

Positive genetic test, n (%) 15 (93.80%) 7 (63.60%) 15 (18.80%) <0.01*

Ir-leils;c;;yesfnst(l‘;)c;en cardiac death in the first degree 2 (15.4%) 2 (20.00%) 0 (0.00%) <0.01*

ECG parameters

PR interval (ms) Median (IQR) 202.5+32.8 177.3+33.5 150.2+29.3 <0.01%

QRS interval (ms) Median (IQR) 110.0+16.3 100.0+28.4 89.5+15.6 <0.01*

QTc interval (ms) Mean (SD) 397.6+41.3 392.8+28.4 409.8+29.3 0.76°

Fragmented QRS, % (n) 4 (25.00%) 4 (36.40%) 25 (31.30%) 0.81*

EPS parameters

AH intervals (ms) Mean (SD) 106.3+34.9 88.5£9.2 1.00%

HV intervals (ms) Mean (SD) 48.2+9.9 45.2+6.3 0.52%

ICD - implantable cardioverter-defibrillator; IQR - interquartile range; SD - standard deviation; # Kruskal-Wallis test, * Chi-squared test;

$ ANOVA test, * independent t test.
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Fig. 2 - ROC curve analysis for the multivariate logistic regression
analysis and discriminant analysis models. Blue line — family history
of sudden cardiac death (AUC 0.681); red line — spontaneous type 1
Brugada pattern in basal ECG (AUC 0.764); green line - positive genetic
test (AUC 0.723); purple line — PR interval in basal ECG (AUC 0.898).

Multivariate Cox regression analysis demonstrated that
PR interval was an independent predictor of earlier CE (HR
1.06 95% Cl [1.02-1.10]; p <0.01) (Table 2), adjusted to oth-
er significant clinical variables such as familiar SCD, spon-
taneous type 1 Brugada pattern, and positive genetic test.

The Receiver Operating Characteristic curve (ROC)
analysis demonstrated that the PR interval exhibits

a highly predictive effect concerning CE (area under
the curve [AUC] 0.896; p <0.01; 95% CI 0.79-1.00). In
the multivariate analysis, the PR interval (AUC 0.896)
emerged as a superior predictor of CE when compared
to familial SCD (AUC 0.681), spontaneous type 1 Bruga-
da pattern (AUC 0.764), and positive genetic test (AUC
0.723) (Fig. 2).

The optimal cutoff value for predicting CE, deter-
mined by maximizing Youden'’s index (J = 0.581; sensitiv-
ity 87.5%; specificity 92.4%), was identified at 180 ms in
our analysis of the diagnostic test results.

Discussion

This study offers a detailed long-term follow-up of indivi-
duals with BrS, emphasizing the significance of ECG para-
meters in assessing risk, particularly the PR interval.

In BrS, the SCN5A gene is frequently implicated, with
loss-of-function mutations linked to an elevated risk of
bradycardia and atrioventricular (AV) conduction disor-
ders.? First-degree AV block on the baseline ECG is iden-
tified as an independent predictor of severe arrhythmic
events, serving as a valuable prognostic marker.**> This
block may indicate a heightened risk due to a more pro-
nounced reduction in sodium current (INa), leading to in-
creased myocardial electrical instability.® Yet, there’s un-
certainty regarding BrS patients with a normal PR interval
or without first-degree AV block, and their risk during
follow-up.” This study establishes that the risk threshold
falls below the level for a first-degree atrioventricular

Table 2 - Clinical and ECG characteristics by family

Variables
Patients’ characteristics
SCN5A mutation, n (%)

CE events 10-year follow-up, n (%) 2 (5.6%)
ECG parameters

Normal ECG and negative provocative test, n (%) 10 (27.8%)
Normal ECG and provocative test not performed, n (%) 15 (41.7%)
Spontaneous type 1 BrP, n (%) 5 (13.9%)
Inducible type 1 BrP, n (%) 6 (16.7%)

Family 1 (n = 36)

11 (30.6%)

Family 2 (n = 49) Family 3 (n = 22)

22 (44.9%) 4(18.2%)
6 (12.2%) 1(4.5%)

6 (12.2%) 2(9.1%)
31 (63.3%) 16 (72.7%)
9 (18.4%) 2(9.1%)
3(6.1%) 2(9.1%)

BrP — Brugada pattern in ECG.

Table 3 - Multivariate Cox regression for predictors of time to cardiac events

Variables p-value
PR interval <0.01
-QRS 0.41
Induced type 1 0.03
Spontaneous type 1 0.02
Positive genetic testing 0.05
Familiar history of SCD <0.01

95% confidence interval

HR
Lower Upper

1.06 1.02 1.10
0.39 0.04 3.72
60.86 1.62 2 283.15
139.36 1.96 9912.75
39.56 1.05 1486.02
79.87 3.85 1657.64

HR - hazard ratio; SCD - sudden cardiac death.
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block, but questions about dynamic PR interval fluctua-
tions and their correlation with developing prolonged PR
intervals or first-degree AV blocks in successive follow-
ups remain unanswered.

Consistent with existing literature, our findings em-
phasize the predictive value of a family history of SCD,
the presence of spontaneous type 1 Brugada pattern, and
positive genetic testing as robust indicators for anticipat-
ing CE.2* Symptomatic patients weren’t in our study, but
syncope is a clear risk factor acknowledged by various
studies. Within 4 to 7 years after being diagnosed with
BrS, 17% to 62% of patients may experience an arrhyth-
mic event that can lead to SCD.8°

Besides first-degree AV block,® other ECG markers
have been identified as indicators of increased risk in
asymptomatic BrS patients. These include fQRS," pro-
longed QRS,'"'? ST-segment elevation after exercise,'
a prolonged T-peak-T-end interval,' prominent R wave
in aVR (aVR sign),"™'® wide and deep S wave in lead
I and I1,"'® the presence of T-wave alternans.' Our study
found that a prolonged QRS was linked to the diagnosis
of BrS but did not indicate a worse prognosis. Addition-
ally, the presence of fQRS was not associated with ar-
rhythmic events in our study. These findings underscore
the need for a better understanding of the risk stratifi-
cation in this population and the importance of devel-
oping improved tools.

In this cohort, a positive PES was not associated with
CE over a decade of follow-up. The use of PES to evaluate
the risk of asymptomatic BrS patients remains a topic of
debate and is challenging to determine [1], with varying
findings in the literature.'8202" Adverse events in asymp-
tomatic BrS patients are relatively low,?*2" and implanta-
tion of prophylactic ICD in this group is not without risk.?
ICD implantation may be considered in selected asymp-
tomatic BrS patients with inducible ventricular fibrillation
during PES (recommendation IlIb)." The PRELUDE registry
in the United States, studying 308 patients over an av-
erage of 34 months, found that induced ventricular ar-
rhythmias didn’t identify high-risk patients.®2 Conversely,
an Italian study of 404 asymptomatic patients over 20
years revealed that PES was valuable in predicting rhyth-
mic events, particularly in those with a type 1 Brugada
pattern, whether spontaneous or induced by sodium
channel blockers.?

BrS has a higher prevalence in males, and there’s a scar-
city of studies on risk stratification in women.?*% Our
population, predominantly female, supports these find-
ings also in this gender.

Conclusion

In this population, a longer PR interval was identified
as the most significant ECG parameter associated with
a higher risk of adverse outcomes in first-degree relatives
diagnosed with BrS and followed for over 10 years. The
PR interval, with its independently predictive capability
for adverse arrhythmic events, coupled with its practicali-
ty and widespread availability, establishes it as a valuable
tool for augmenting the precision of risk stratification in
individuals with BrS.

Limitations

The present study has limitations predominantly related
to inclusion of only a small cohort of a single center in
Europe. It is also important to refer that not all patients
with normal ECG were submitted to provocative test and
selection for PES study was performed only based on clini-
cal judgment. The study does not include patients with
type 2 and type 3 BrS.
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Kontext: Z hlediska vefejného zdravi pfedstavuje prediabetes jeden z hlavnich rizikovych faktord pro rozvoj
diabetu 2. typu. Index obnovy srde¢ni frekvence (heart rate recovery index, HRRI) je nezavislym ukazatelem
autonomnich funkci a prediktorem rozvoje kardiovaskularnich onemocnéni (KVO). Cilem naseho vyzkumu
bylo stanovit hodnotu HRRI u jedincl s prediabetem.
Metody: Do studie bylo zafazeno 400 pacientd navstévujicich kliniku kardiologie: 164 (41 %) Zen a 316
(59 %) muzd. Podle Bruceho protokolu museli vSichni Gcastnici absolvovat zatézové EKG vysetfeni na bézec-
kém pésu. Pribéh obnovy srdecni frekvence se zaznamenéva 1, 2, 3 a 5 minut po zatéZovém testu, pficemz
se odecita maximalni srdecni frekvence jedince na konci testu od hodnoty namérené béhem 1, 2, 3 a 5 minut
zotavovani.
Vysledky: Obé skupiny mély podobné hodnoty délky zatéze, metabolického ekvivalentu (metabolic equiva-
lent of task, MET), maximalni srdecni frekvenci i vstupni a maximalni hodnoty systolického a diastolického
krevniho tlaku i zmény téchto dvou parametru (p > 0,05). Hodnoty HRRI po 1, 2, 3 a 5 minutéch byly vyssi
u pacientd, ktefi prodélali onemocnéni covid-19 (p < 0,001).
Zavéry: Prediabetes md statisticky vyznamny vliv na hodnotu HRRI. Prediabetes muize pUsobit na nervovy
i kardiovaskularni systém.

© 2024, CKS.

ABSTRACT

Background: Prediabetes is a major public health risk factor for type 2 diabetes. The heart rate recovery
index (HRRI) shows autonomic function and predicts cardiovascular disease (CVD) independently. The ob-
jective of the research was to assess the HRRI in individuals with prediabetes.

Methods: The study comprised 400 cardiology clinic patients, 164 (41% female) and 316 (59% male). The
Bruce protocol required treadmill stress ECGs for all patients. After the stress test, HRRIs were collected at
1, 2, 3, and 5 minutes. HRRI is calculated by subtracting the subject’s maximal exercise HR at the end of the
session from HR after 1, 2, 3, and 5 minutes of recovery.

Results: Both groups had a similar exercise time, METs, max. HR, baseline, max., and change in SBP and DBP
(p >0.05). HRRIs were higher in COVID-19 patients than controls at 1, 2, 3, and 5 minutes (p <0.001).
Conclusions: Prediabetes has a significant influence on the HRRI. Prediabetes has the potential to impact
neural-cardiovascular systems.

Introduction

rise before type 2 DM, according to recent research. IFG is
3-5% in 20-44-year-olds and 20-30% in 65-74-year-olds.

By 2030, 470 million individuals would have impaired glu-
cose tolerance (IGT) and impaired fasting glucose (IFG),
often known as prediabetes. Type 2 diabetes affects 200
million individuals globally. Decreased B-cell activity and
increased insulin resistance characterise type 2 DM. Each
year, 5-10% of prediabetics develop diabetes and the
same percentage reverse their glucose levels. IFG and IGT

IFG affects men more; however, this changes with age.'?
Heart rate recovery index (HRRI) measures heart rate
decreases following exercise stress testing. Blood pres-
sure (BP), HR, and elecetrocardiography (ECG) normalise
during HR recovery. Left ventricular dysfunction and de-
creased exercise capacity slow HR recovery. It takes 9 min-
utes. HR drops dramatically in the first 30 seconds after
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activity and then slows. This decline can be prevented by
early atropine, suggesting vagal activation. The primary
objective of this study was to assess the HRRI in individu-
als with prediabetes.>*

Patients and methods

Between June 1 and November 1, 2016, 200 people with
prediabetes and an equal number of healthy volunteers
of the same gender signed up for the study at the cli-
nic. Every participant had normal blood pressure and no
heart disease. Current guidelines were used to diagno-
se prediabetes.” In prediabetics, fasting blood sugar was
5.6-6.9 mM and HbA, was 5.7-6.4%.% A local ethics co-
mmittee approved this. All study participants provided
informed consent.

Age, sex, and cardiac risk factors were collected from
all participants. Excluded patients had cardiovascular dis-
ease (CVD) (arterial hypertension [HT], heart failure [HF],
thyroid dysfunction, atrial fibrillation [AF], myocardial in-
farction [MI], or severe heart valve disease), chronic renal
disease or impaired estimated glomerular filtration rate,
malignant neoplastic diseases, chronic obstructive lung
disease (COPD), or liver diseases.

An M-mode echocardiogram was performed using
Vivid E9 equipment (Bioject Medical Technologies Inc.,
Portland, OR, USA) in the left lateral decubitus position.

Table 1 - Characteristics of the study population

Controls Prediabetes p-value
(n = 240) (n = 240)

Age (years) 59.2+0.3 60.1x0.2 0.712
Gender, male, n (%) 150 166 0.152
BMI (kg/m?) 26.1+0.2 28.2+0.3 <0.001
Clinic systolic BP (mmHg) ~ 121.4+6.3  122.1+5.8 0.709
Resting diastolic BP 75.3+5.5 76.1£1.3 0.852
(mmHg)

Fasting plasma glucose 25.8+4.4 111.5+4.7 <0.001
(mg/dL)

HbA, (%) 4.7+0.2 6.2+0.2 <0.001
Cre (mg/dL) 0.82+0.2 0.87+0.1 0.156
TG (mg/dL) 177.1£3.8  198.5+3.2 0.004
HDL-C (mg/dL) 39.6+0.8 34.1£1.2 0.012
LDL-C (mg/dL) 101.8+.3.4  128.3+5.7 0.022
TC (mg/dL) 144.6£7.0  193.6+6.8 0.005
WBC (103 x pL) 7.3+2.1 8.6+2.8 0.512
Hgb (g/dL) 14.2+1.3 14.3+1.2 0.834
Ejection fraction (%) 54.1+0.6 53.7£0.7 0.774
Resting HR (beats/min) 86.4+1.2 88.2+1.0 0.362

Bold values indicate statistical significance.

BMI - body mass index; BP - blood pressure; Cre - creatinine; HbA,
- glycolized hemoglobin; HDL - high-density lipoprotein; Hgb -
hemoglobin; HR - heart rate; LDL - low-density lipoprotein; TC -
total cholesterol; TG - triglyceride; WBC - white blood cell.

Images were collected using the American Society of
Echocardiography (ASE) criteria.” Data on patients’ demo-
graphics were recorded following a physical examination.
Participants were assessed for smoking status using pack
years. Everyone's blood glucose, lipid profile, and creati-
nine were recorded.

Cardiac stress testing
All participants underwent Bruce Protocol treadmill stress
ECGs. For 48 hours before the test, medicines that might
impact the results were stopped. The chest was shaved
and alcohol-cleaned for artefact-free recording. The stre-
ss test used a Schiller CS-200 (Schiller AG, Baar, Switzer-
land). We measured BP and ECG every 3 minutes throu-
ghout the stress test and at the 1st, 2nd, 3rd, and 5th
minutes of recovery after baseline. The American Heart
Association (AHA) recommends 85% maximal HR to cease
treadmill stress testing.®

After the stress test, HR, rest (systolic BP [SBP], dia-
stolic BP [DBP]), exercise duration, capacity, maximal
(HR, SBP, DBP), and HRRIs were measured after 1, 2,
3, and 5 minutes of recovery. When calculating HRRI,
one subtracted their maximum exercise HR at the end
of the exercise from their HR at 1, 2, 3, and 5 minutes
of recovery.

Statistical analysis

Statistics were performed using Statistical Package for
the Social Sciences (SPSS) 24.0 (Armonk, NY, USA). Data
normality was confirmed using the Kolmogorov-Smir-
nov test. Mann-Whitney U and student’s t-tests com-
pared study groups’ means and medians. Percentages
were used for chi-square tests. The significance level
was p <0.05.

Table 2 - Exercise testing results among groups

Controls Prediabetes p-value

(n = 240) (n = 240)
Duration of exercise (min)  12.1+1.3 12.6+1.1 0.752
METs 12.4+1.2 12.1+1.5 0.758
Max. HR (beats/min) 176.5+6.3 170.2+5.4 0.556
Baseline SBP (mmHg) 110.4+6.7 113.6+7.8 0.314
Baseline DBP (mmHg) 70.2+2.4 72.2+2.6 0.516
Max. SBP (mmHg) 163.4£8.0 166.2+8.2 0.438
Max. DBP (mmHg) 81.1+6.9 84.9+6.5 0.678
SBP changes (mmHg) 40.0 (15-88) 41.4 (5-113) 0.456
DBP changes (mmHg) 7 (-9-45) 10 (-19-68) 0.474
HRRI1 35.1£5.3 23.8+7.3 <0.001
HRRI2 53.1+6.1 40.2+6.8 <0.001
HRRI3 61.2+6.5 50.1+7.5 <0.001
HRRI5 65.4+6.1 57.6+8.0 <0.001

*Student’s t-test, Mann-Whitney U test. p-value <0.05.

HRRI - heart rate recovery index; max. DBP — maximum diastolic
blood pressure; max. HR — maximum heart rate; max. SBP — maxi-
mum systolic blood pressure; MET — metabolic equivalent.
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Results

Table 1 shows study group baselines. The prediabetic and
control groups had mean ages of 60.1+0.2 and 59.2+0.3
years, respectively. Both groups had similar age, sex dis-
tribution, blood pressure, and HR (p >0.05). From controls
to prediabetics, fasting glucose and HbA, _levels increased
(p <0.001). Significantly higher body mass index (BMI) in
the prediabetic group compared to the control group (p
<0.001). Prediabetics had slightly increased TC, TG, HDL,
and LDL, respectively (p = 0.005, 0.004, 0.012, and 0.022).
Creatinine, white blood cell (WBC), and hemoglobin
(Hgb) showed a similar trend (p <0.05). LVEF were similar
between groups (p >0.05).

Between groups, exercise duration, metabolic equiva-
lent of tasks (METS), maximum HR, baseline, maximal,
and change in SBP and DBP were comparable (p >0.05).
HRRIs increased in prediabetes (p <0.001) at 1, 2, 3, and 5
minutes (Table 2).

Discussion

We found higher HRRIs at 1, 2, 3, and 5 minutes in predia-
betes patients than controls. A meta-analysis of 20 studies
found that nondiabetic glucose levels (100 mg/dL fasting
plasma glucose and 140 mg/dL 2nd-hour glucose) were
linked to 1.33 and 1.58 times more cardiovascular events
than 75 mg/dL levels.

Although contradictory, some studies have connected
IGT to autonomic dysfunction. Patient demographics,
glucose dysmetabolism, and autonomic function testing
cause study variability. Fourteen trials linked pre-diabetes
to autonomic dysfunction.® Four of these 14 trials and
two others included both IFG and IGT, eight only IGT, four
solely IFG, and the KORA 54 trial had a second IFG cate-
gory.'? Despite variability, early glucose dysregulation de-
creases autonomic function, especially cardiovagal HRV
indices. Early DAN typically alters cardiovagal responses.
Isak et al.”? found no difference between IGT and NGT
people. In studies comparing IFG with IGT, IGT was associ-
ated with more autonomic dysfunction.”> Combined IFG
and IGT cause more severe autonomic neuropathy.™

In a population-based sample of healthy people, fast-
ing plasma glucose was strongly associated with abnor-
mal HRRI, even after correcting for confounding factors.
Those with resting heart rates >80 bpm had the highest
connection between fasting plasma glucose and HRRI.
Abnormal HRRI predicted death and impaired fasting
glucose in normal plasma glucose patients. Fasting plas-
ma glucose and low fitness were no longer linked after
adjusting for confounding variables.'

We believe this is the first study to examine predia-
betes and irregular HRRI. Previous investigations used
power spectral analysis of heart rate variability to assess
autonomic dysfunction and diabetes. Parasympathetic
and sympathetic cardiac impacts may be distinguished
by heart rate variability and frequency. Diabetes and de-
creased fasting hyperglycemia reduced heart rate vari-
ability in the Framingham Heart Study.™

Our study yields several crucial findings. Prediabetes
was strongly associated with abnormal HRRI, a reliable

autonomic dysfunction indicator, and all-cause mortality
prediction.™ It's uncertain how prediabetes causes irreg-
ular HRRI. Vagal reactivation drives post-exercise heart
rate reduction. Poor HRRI indicates parasympathetic
issues. In the Framingham Heart Study, fasting plasma
glucose lowered vagal tone. Even minor glucose metab-
olism problems may disturb sympathetic and parasym-
pathetic balance, according to our results. High glucose
levels may alter autonomic function. Plasma insulin may
cause autonomic neuropathy. Plasma insulin promoted
vagal, sympathetic, and baroreflex activity, whereas
weight loss decreased insulin levels and improved auto-
nomic function.™

Recent studies demonstrate that obesity increases
prediabetes and BMI. Food, exercise, and behavioural in-
terventions may significantly reduce prediabetics’ body
weight and diabetes risk.” Prediabetics showed higher
BMIs in our study. Lipid investigations showed higher
LDL, TG, and TC and reduced HDL in prediabetics.’® Our
study found similar results.

Endothelial dysfunction, Ml history, poor lipid profile,
and poorly controlled diabetes lower HRRI." Our findings
showed that LDL-C and HDL-C varied across groups de-
spite identical coronary risk factors. There was no asso-
ciation between these characteristics and the HRRI score.

Sympathetic hyperactivity increases circulatory preload
and hemodynamic stress, leaving patients prone to CVD."
To avoid ischemic arrhythmia, parasympathetic activity
lowers HR and BP."® Healthy and unhealthy cardiovascular
function is controlled by the autonomic nervous system.
Nishime et al.” found that individuals who failed to drop
their HR by more than 12 beats in the first minute after
exercise (HRRI at 1 minute in 20% of healthy middle-aged
people is 12 beats per minute) had a fourfold higher mor-
tality risk over five years. Unusual HRRI predicted 2.58
times more mortality in 5200 healthy persons.

Study limitations

This research has several limitations. First, prediabetes
and HRRI may be less correlated due to the small patient
pool. Second, individuals without coronary angiography
cannot rule out subclinical coronary artery disease. Our
patients exhibited no echocardiographic signs of ischemic
heart disease and were asymptomatic. Third, we cannot
confirm the proportion of prediabetics who developed
diabetes. Lastly, the stress test did not evaluate HRV or
baroreceptor sensitivity, which are indications of auto-
nomic response. For broad clinical usage of HRRI, larger
studies are needed.

Conclusions

After 1-5 minutes of recovery, prediabetics showed lower
HRRI. The neuro-cardiovascular system may be harmed
by prediabetes. Understanding how prediabetes impacts
HRRI requires further research.
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Funkce srdecnich komor je v klinické praxi zasadnim parametrem rozhodujicim o progndze, indikaci k [écbé
a hodnoceni efektivity terapie u fady kardiovaskularnich onemocnéni. Ackoliv jiz existuje celd rfada inva-
zivnich a neinvazivnich metod jejiho hodnoceni, tyto metody maji své limitace. Jednim z moznych zpGsobU
hodnoceni srdecni funkce je také méreni myokardialni prace, které Iépe odrazi eficienci prace komory, po-
kud ji vztdhneme napf. k srde¢nimu vydeji. Toto méreni nicméné dfive vyzadovalo provedeni invazivniho
katetrizacniho vysetfeni. V nedavné dobé ale byla vyvinuta novéa metoda hodnoceni myokardialni prace
pomoci spojeni echokardiografického deformacniho zobrazeni a neinvazivniho méfeni krevniho tlaku.' Tato
metoda vychazi z poznatku ze studie autort Sugy a spol., kde je pro hodnoceni prace levé komory vyuzivana
tlakové-objemova kfivka. Tu Ize ziskat pomoci invazivniho méfeni a v minulosti se jiz prokazala byt vhod-
nou metodou k hodnoceni celkové mechanické energie srde¢ni komory.2 Zminéna nova echokardiografickd
metoda nahrazuje invazivné ziskané hodnoty tlaku a objemu velicinami méfenymi pomoci neinvazivnich
vysetfovacich metod. Hodnoceni myokardialni prace touto metodou bylo doposud publikovano u celé fady
ziskanych srdec¢nich onemocnéni, kde se prokazala byt stejné spolehlivou v hodnoceni srdecni funkce jako
jiné metody, v¢etné invazivniho méreni.">’

© 2024, CKS.

ABSTRACT

Ventricular function is a fundamental parameter in clinical practice when it comes to prognosis, indication
for treatment, and evaluation of effectiveness of applied therapy in a variety of cardiovascular diseases.
Even though there already exists a whole range of invasive and non-invasive methods of its evaluation, all
these methods have their limitations. One of the possible means of evaluation of ventricular function is the
measurement of myocardial work which enables to assess myocardial work efficiency if related, for example,
to cardiac output. This has, however, required performing an invasive study in the past. Recently, a new me-
thod of myocardial work evaluation was introduced using a combination of echocardiographic deformation
imaging and non-invasive blood pressure measurement." This method follows the findings from a study by
Suga et al., where a pressure-volume loop was used for evaluating left ventricular work. This loop can be
acquired by invasive measurements, and it has proven itself to be a feasible method to evaluate total me-
chanical energy of the ventricle. The new echocardiographic method replaces invasively acquired values of
pressure and volume by variables measured using non-invasive techniques. Evaluation of myocardial work
by this method has already been published in many acquired heart diseases, where it has proven itself to be
just as reliable in evaluating heart function as other methods, including invasive measurement.'3”7
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Uvod

Srdecni prace je definovana jako sila nutna k premisténi
ur¢itého objemu krve proti uré¢itému odporu, jenz je vy-
jadren tlakem nutnym k jeho prekondni. Tuto praci lze
proto vyjadfit souc¢inem tlaku a premisténého objemu.?
Kardialni energetikou, specificky energetikou srdecnich
komor, se zabyval Hiroyuki Suga, ktery ve své praci z roku
1990 predstavil a revidoval koncept umozZnujici pfimé
hodnoceni celkové mechanické energie kontrakce levé
komory a jeji kvantifikaci pomoci vypoctu plochy tlakoveé-
-objemové kfivky.2 Méreni vychazejici z tohoto konceptu,
zalozené na modelu elastance ménici se v ¢ase (modelu
srdecni komory), ale v praxi u clovéka vyzaduje prove-
deni invazivniho katetriza¢niho vysetfeni s cilem méfrit
zmény tlaku a objemu levé komory v ¢ase.?® V nedavné
dobé byla vyvinuta metoda vychazejici z téhoz koncep-
tu, eliminujici nevyhodu v podobé invazivity, zaloZzena na
kombinaci deformacniho echokardiografického vysetreni
(speckle-tracking echokardiografie) a neinvazivniho mé-
feni krevniho tlaku pomoci manzety.® Vyuziti této meto-
dy bylo poprvé popsano v préci dr. Russella a spol. z roku
2012, na niz navazali dalsi autofi s moznosti jejiho vyuziti
v ruznych oblastech klinické praxe.” V tomto ¢lanku se
zaméfime na podstatu nového konceptu méreni myokar-
dialni prace a shrneme dosavadni dokumentované po-
znatky o vyuZiti této metody v praxi.

Hodnoceni myokardialni prace drive

Ve své praci zamérené na energetiku srde¢ni komory po-
psal Suga na zakladé modelu elastance ménici se v Case
(zastupujici srde¢ni komoru) moznost vypoctu srdecni
prace, respektive celkové mechanické energie srde¢ni ko-
mory, jako plochy tlakové-objemové krivky. Své vysledky
potvrdil mimo jiné také korelaci s myokardialni spotre-
bou kysliku.? Tlakové-objemovou kfivku lze ziskat inva-
zivnim katetriza¢nim vy3etfenim s mérenim zmén tlaku
a objemu srdec¢ni komory v redlném case. Mimoto existuji
také metody hodnotici myokardidlni praci nepfimo na
zékladé hodnoceni systolické a diastolické funkce srdce
- napft. ejekéni frakce. Tyto metody maji ovsem svoje limi-
tace. Ejek¢ni frakce, jejiz spolehlivost se odviji od kvality
méreni konkrétnim vysetfujicim, je zatizena vysokou in-
terobservacni variabilitou. Pouziti samotné speckle-trac-
king echokardiografie zase nezohledriuje ve svém hodno-
ceni dotizeni (afterload).®

Nova metoda hodnoceni myokardialni prace

Kvali vyse zminénym nevyhodam ostatnich metod hod-
noceni prace srdecni komory byla v roce 2012 vyvinuta
Russellem nova metoda, ktera tyto nevyhody eliminova-
la."® V roce 2013 byla tato metoda stejnym tymem poprvé
pouzita k méreni promarnéné prace u dyssynchronie levé
komory pti kompletni blokadé levého Tawarova ramén-
ka.™

Princip

Neinvazivni metoda hodnoceni myokardidlni prace v sobé
spojuje dvé vysetfovaci metody — speckle-tracking echo-
kardiografii a neinvazivni méreni krevniho tlaku.’

) P—N
AVC

AVO

‘Myokardialni prace -

- Tlak (mm Hg)

=l

Strain (%)

MVO

Y

Obr. 1 - Schéma tlakové-strainové kfivky LK.® AVC - uzavér aortalni
chlopné; AVO - otevieni aortalni chlopné; MVC - uzavér mitralni
chlopné; MVO - otevieni mitrélni chlopné.

Metoda vychdzi z poznatkl o tlakové-objemovych
krivkach a jejich vyuziti k vypoctu srdecni prace, kdy jsou
ale invazivné ziskané veli¢iny nahrazeny veli¢inami ziska-
nymi neinvazivné.? Zakladem pro neinvazivni hodnoceni
myokardialni prace je sestaveni tlakové-strainové krivky
(obr. 1), ktera je obdobou tlakové-objemové krivky. Uda-
va vztah téchto dvou veli¢in v ¢ase v pribéhu srde¢niho
cyklu a jeji plocha odpovida hodnoté myokardidlni prace.
Tato kfivka je sestavena na zakladé empirické referencni
tlakové kfivky, vytvofené podle dat o tlaku v levé komore
ziskanych z fady invazivnich méfeni a normalizované po-
dle doby trvani jednotlivych fazi srdec¢ni revoluce. Horni
hranice tlakové amplitudy kfivky se odhaduje z neinvaziv-
né namérené hodnoty systolického krevniho tlaku, ktera
zastupuje maximalni tlak v levé komore. Pfredpokladem
prfesného méreni myokardidlni prace je absence gradien-
tu na vytokovém traktu levé komory a aortdlni chlopni.
Dale je kfivka u konkrétniho pacienta pfi analyze rovnéz
adjustovana podle délky trvani jednotlivych fazi srdecni-
ho cyklu, ziskané z ¢asovani uzavéru a otevieni mitralni
a aortalni chlopné pomoci echokardiografie. Data o strai-
nu vyplyvaji ze speckle-tracking analyzy.'®

Speckle-tracking echokardiografie je ultrazvukova me-
toda spocivajici ve sledovani specifickych ultrazvukovych
vzord v myokardu (tzv. speckles) a analyze jejich pohybu
v Case. Takto lze ziskat data o rychlosti deformace myo-
kardu komory béhem srde¢niho cyklu (strain rate), ze kte-
rych lze integraci plochy pod kfivkou hodnot strain rate
vypocitat strain, tedy pomérnou miru deformace v pro-
centech. Deformacni parametry Ize hodnotit ve ¢tyfech
zakladnich smérech — longitudinalnim, cirkumferencial-
nim, transverzalnim a radialnim, z nichz pfi hodnoceni
myokardialni prace pouzivdme strain ve sméru longitudi-
nalnim. Na zdkladé této analyzy jsou nasledné sestaveny
krivky zavislosti strainu na ¢ase v jednotlivych segmentech
komory, vyjadtujici miru zkraceni ¢i prodlouzeni kardio-
myocytl daného segmentu béhem srdecni revoluce. Seg-
menty myokardu, které se béhem systoly zkracuji, maji
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GS=-22.9%

Obr. 2 - Speckle-tracking analyza ve ¢tyrdutinové projekci. Ohrani¢ena oblast pohybujiciho se
myokardu levé komory. (A) Myokard levé komory rozdéleny na jednotlivé segmenty s ciselnou
hodnotou strainu v kazdém z nich. (B) Kfivka vyobrazujici hodnoty strainu pro jednotlivé segmen-
ty. (C) Analyza byla provedena v systému GE EchoPAC verze 204.57.0.745.

Analysis Work

GS=-22.2%

Obr. 3 - Kfivky zobrazujici hodnoty strainu pro jednotlivé segmenty myokardu levé komory ve
vsech tfech projekcich potiebnych pro analyzu myokardialni prace. (A) Diagram bull's eye plot
zobrazujici hodnoty strainu v jednotlivych segmentech levé komory. (B) Analyza byla provedena

v systému GE EchoPAC verze 204.57.0.745.

negativni hodnotu longitudinalniho strainu, na rozdil od
prodluzujicich se segmentd s hodnotou pozitivni.®'-3

Metodologie

Samotnd analyza zalina provedenim béZného echokar-
diografického vysetfeni na pfistroji disponujicim zabudo-
vanym specidlnim softwarem pro méreni myokardialni
prace. Zékladem je echokardiograficky zaznam ve trech
projekcich — apikalni ctyfdutinovd a dvoudutinova pro-
jekce a projekce v apikalni dlouhé ose, z nichz v kazdé
provedeme speckle-tracking analyzu. Prvnim krokem je
ohraniceni oblasti zdjmu (obr. 2) — tedy pohybujiciho se
myokardu levé komory, od septa po volnou sténu, ktery je
nasledné roz¢lenén do jednotlivych segmentld myokardu
levé komory. Software sdm nabidne mozné ohraniceni ob-

lasti zajmu, které Ize pak upravovat tak, aby bylo méreni
co nejpresnéjsi. V projekci v dlouhé ose by mély byt z ob-
lasti zdjmu vyrazeny papilarni svaly a vytokovy trakt levé
komory. Do analyzované oblasti by rovnéz nemél byt zahr-
nut perikard.>'3'4 V ohranicené oblasti je poté provedena
analyza, jejimz vystupem jsou kfivky vyjadrujici zavislost
strainu, tedy miry deformace, v daném segmentu na case,
a také tzv. bull’s eye plot, tedy diagram vyobrazujici levou
komoru rozdélenou do jednotlivych segmentt a hodnoty
strainu v kazdém z nich (obr. 2, 3). Vysledny strain v longi-
tudindlnim sméru (globalni longitudinalni strain, GLS) se
poté vyuzije ve vypoctu myokardialni prace.>"

Nasledné je nutné podle echokardiografického 2D
zdznamu oznacit dobu otevieni a uzavéru jednotlivych
chlopni (obr. 4). V pfipadé levé komory se jedna o oznace-
ni otevieni a uzavéru mitralni a aortalni chlopné v projek-
ci v apikalni dlouhé ose.®
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Obr. 4 - Proces oznaceni nacasovani otevirani a uzavirani jednotlivych chlopni. (A) Kolonka pro
doplnéni hodnoty krevniho tlaku. (B) Analyza byla provedena v systému GE EchoPAC verze

204.57.0.745.

Obr. 5 - Diagram bull’s eye plot zobrazujici hodnoty myokardialni prace (A), efektivity myokar-
dialni prace (B) a tlakové-strainova kiivka (C) u pacienta s Wolffovym-Parkinsonovym-White-
ovym syndromem s levou lateralni pfidatnou spojkou pied provedenou katetrizacni ablaci. V pfi-
padé tlakové-strainové kiivky odpovida zelend kfivka pouze vybranému segmentu (v tomto pfi-
padé segmentu v misté komorové inzerce spojky) a cervena kfivka viem segmentiim soucasné.
Zelena segmentalni kivka je zcela patologicka a odpovida casné aktivaci komorového myokardu
v misté spojky s vysokym podilem promarnéné prace s nizkou efektivitou 42 % (viz dale v textu)
na rozdil od segmenttl vzdalenych od spojky, které maji efektivitu myokardialni prace vyssi nez 90
%. Analyza byla provedena v systému GE EchoPAC verze 204.57.0.745.

Poslednim krokem je vloZeni neinvazivné namére-
ného krevniho tlaku do softwaru (obr. 4).° V pripadé
pfitomnosti obstrukce vytokového traktu levé komory,
napf. u aortalni stendzy, kdy nelze nahradit systolicky
tlak v levé komore neinvazivnim systolickym arterial-
nim tlakem, je nutné k neinvazivné zmérenému krev-
nimu tlaku pfipoditat také stfedni gradient na aortalni
chlopni.

Veskeré zdznamy echokardiografického vysetreni by
mély byt zaznamendny s ohledem na dostatecné casové
rozliseni speckle-tracking analyzy s frekvenci 40-80 snim-
ka za sekundu (frames per second, fps).>™

Vystupem analyzy je opét diagram ,bull’s eye plot”,
tedy diagram vyobrazujici levou komoru rozdélenou do
jednotlivych segmentl, tentokradt zobrazujici hodnoty
myokardialni prace (myocardial work index) a efektivity
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myokardialni prace (myocardial work efficiency) v jed-
notlivych segmentech, a dale také tlakové-strainovou
kfivku, jejiz plocha odpovidd vykonané myokardidlni
praci levé komory (obr. 5). Tuto kfivku je opét mozno
zobrazit globdlné pro celou komoru nebo pro jednotlivé
segmenty.®

V ramci analyzy je mozné vypocitat i dalsi veliciny mimo
samotnou myokardidlni praci (global work index, GWI).
Mezi nejvyznamnéjsi patfi celkovad konstruktivni (global
constructive work, GCW) a promarnéna prace (global was-
ted work, GWW) a z nich odvozen3, jiz zminéna efektivita
myokardialni prace (global work efficiency, GWE). Definice
jednotlivych veli¢in jsou popsany v tabulce 1.°

Referencni hodnoty

Za ucelem stanoveni referen¢nich hodnot myokardial-
ni prace a pfidruzenych veli¢in byla provedena jiz fada
studii, z nichz prvni evropskou velkou multicentrickou
prospektivni studii byla studie NORRE (Normal Referen-
ce Ranges for Echocardiography), publikovana v Europe-
an Heart Journal v roce 2019. Do studie bylo zarfazeno
226 zdravych subjektd, Gcastnilo se celkem 23 pracovist
a cilem bylo vymezit normalni hodnoty GWI, GCW, GWW
a GWE u zdravych dospélych a zkoumat vliv véku a pohla-
vi na tyto hodnoty.” Vysledné referencni hodnoty z této
studie zobrazuje tabulka 2 nize.

Dalsi studie, publikovana v casopise Circulation, ana-
lyzovala myokardialni praci u celkem 1 827 zdravych
subjektd, se zaméfenim na stanoveni referencnich hod-
not pro GWI, GCW, GWW a GWE, jejich zavislost na véku
a pohlavi a jejich hodnoty s ohledem na miru kardiovas-
kuladrniho rizika u konkrétniho subjektu. Vysledné refe-
rencni hodnoty ukazuje tabulka 3.

Co se tyce pediatrickych norem, v roce 2021 byla pub-
likovdana monocentrickd prospektivni studie zabyvajici se
echokardiografickymi referencnimi hodnotami neinvaziv-
né mérené myokardidlni prace u déti a také sledovanim
zavislosti téchto hodnot na véku, pohlavi a dalSich klinic-
kych faktorech. Do studie bylo zafazeno 212 zdravych
jedinct s normalni systolickou a diastolickou funkci (ma-
ximalné s mirnou valvuldrni regurgitaci) a jinak normal-
nim fyzikalnim nalezem a EKG, bez kardiovaskularnich
rizikovych faktord, u nichz byla mérena GWI, GCW, GWW
a GWE pomoci tlakové-strainovych kfivek. V souboru ne-
byl zaznamenan signifikantni rozdil v myokardialni praci
napfi¢ vékovymi skupinami nebo mezi pohlavimi. Vysled-
ky studie shrnuje tabulka 4."

Vyhody a nevyhody

Hlavni vyhodou nové metody stanoveni myokardialni
prace je jeji neinvazivita. Vysetfeni je tedy pro pacienty
setrnéjsi, Ize jej dle potreby opakovat a sledovat dyna-

Tabulka 1 - Zakladni mérené veliciny v analyze myokardialni prace, jejich definice a jednotky®

Nazev velic¢iny
Myokardialni prace
/ index myokardialni prace

(global work index = GWI = myocardial work index
= MWI)

Konstruktivni prace
(global constructive work = GCW = myocardial
constructive work = MCW)

Promarnéna prace
(global wasted work = GWW = myocardial wasted
work = MWW)

Efektivita myokardialni prace
(global work efficiency = GWE = myocardial work
efficiency = MWE)

Definice Jednotka
Celkova préace odvedena v dobé od uzavéru po otevieni mitralni 0

N TP et M A mmHg%
chlopné, odpovidajici plose tlakové-strainové kfivky
Celkova prace prispivajici k ejekci krve, tedy prace kardiomyocyt(,
které se zkracuji béhem systoly a prodluzuji béhem izovolumické mmHg%
relaxace
Celkova préce, ktera nepfrispiva k ejekci krve, tedy prace kardio-
myocytd, které se prodluzuji béhem systoly a zkracuji proti uzavie- mmHg%

né aortalni chlopni

Pomér celkové konstruktivni prace ku souctu celkové konstruktivni

a promarnéné prace %
GWE = GCW / (GCW + GWW)

Tabulka 2 - Referencni hodnoty pro dospélé u jednotlivych parametri myokardialni prace stanovené ve studii NORRE'

Obé pohlavi Muzi Zeny
(n =226) (n = 85) (n = 141) p-hodnota
A e 1896 + 308 1849 £ 295 1924+313 0,07
Primér = SD
GCW (mmHa%) 2232 331 2228 295 2234+ 352 0,9
Pramér = SD
GWW (mmHg %)
AL, 78,5 (53-122,2) 94 (61,5-130,5) 74 (49,5-111) 0,013
0,
GWE (%) 96 (94-97) 95 (94-97) 96 (94-97) 0,026

Median (IQR)

GCW - celkova konstruktivni prace (global constructive work); GWE - celkova efektivita myokardialni prace (global work efficiency);
GWI - index myokardialni préace (global work index); GWW - celkova promarnénd préce (global wasted work); IQR — mezikvartilové rozpé-

ti; SD — smérodatna odchylka.
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Tabulka 3 - Referencni hodnoty pro dospélé u jednotlivych parametrt myokardialni prace a jejich rozdily u jednotlivych pohlavi

publikované v roce 20221

Obé pohlavi Muzi Zeny

(n=1827) (n=711) (n=1116) p-hodnota
GWI (mmHg?%) 2118 277 2062 + 269 2155 + 275 <0,001
Pramér = SD

0,
HEL L e ) 2262 + 283 2229 + 275 2283 + 286 <0,001
Pramér + SD
GWW (mmHg%) ' . .
Medién IQR) 64 (47-89) 60 (42-84) 68 (49-93) <0,001
0,

Sz (L) 97,1 (96,0-97,9) 97,2 (96,0-98,0) 97,0 (95,9-97,9) <0,001

Median (IQR)

GCW - celkova konstruktivni prace (global constructive work); GWE - celkové efektivita myokardialni prace (global work efficiency); GWI
- index myokardialni prace (global work index); GWW - celkovad promarnénd prace (global wasted work); IQR — mezikvartilové rozpéti; SD

- smérodatnd odchylka.

Tabulka 4 - Referencni hodnoty parametri myokardialni prace u déti"

Obé pohlavi Muzi
(n=212) (n =100)
Vék (roky) L L
Median (IQR) 9(6-12) 8(6-12)
AR 33,6+ 12,8 33,2 £ 14,0
Pramér + SD
Vyska (cm)
Promér + SD 134,2 £ 19,5 133,1%£20,9
EF LK (%)
Primér = SD SrEs st
GLS (%)
Pramér + SD -21,3+15 -21,3+1,5
Systolicky tlak
(mm Hg) 1039 104 £ 10
Primér = SD
L) 1688 +219 1699 + 211
Prumér = SD
S0l ({iilrlefad) 1959 + 207 1961 + 206
Pramér = SD
0,
Sl il cfi) 61,1+30,9 60,4 + 31,9
Prumér + SD
0,
GWE (%) 96,5+ 1,4 96,5+ 1,4

Primér = SD

?;?’1 12) p-hodnota
9 (7-15) 0,03
34,0+ 11,7 0,64
135,2 + 18,2 0,44
64 +3 0,58
-214+1,6 0,57
102 +8 0,14
1679 + 226 0,51
1958 £210 0,93
61,6 + 30,1 0,77
96,4+ 1,4 0,60

EF - ejek¢ni frakce; GCW - celkova konstruktivni prace (global constructive work); GLS - globalni longitudinalni strain; GWE - celkova efek-
tivita myokardialni prace (global work efficiency); GWI - index myokardidlni prace (global work index); GWW - celkové promarnéna prace
(global wasted work); IQR - mezikvartilové rozpéti; LK — levd komora; SD - smérodatna odchylka.

miku vyvoje myokardidlni prace v souvislosti s terapeu-
tickymi zasahy. Na rozdil od samotné speckle-tracking
echokardiografie zohledriuje také afterload zastoupeny
neinvazivné mérenym krevnim tlakem.?

Hlavni nevyhodou této metody, zminénou uz Rus-
sellem, je, Ze se nejednd o pfimé méreni myokardialni
prdce, ale pouze o odhad zaloZeny na vypoctu plochy
ktivky odvozené z empirické standardizované referen-
¢ni krivky. DalSim problémem pfispivajicim k nepfres-
nosti méreni myokardialni prace je absence zakfiveni
a tloustky stény, pfipadné jinych anatomickych variaci,

ve vypoctu.>®1° Podobné je nevyhodou i fakt, Ze metoda
nezohledriuje absolutni zménu end-diastolického obje-
mu komory, napf. po interven¢nim odstranéni objemové
zatéze. Hodi se tedy ke srovnani stavu pred intervenci
a po intervenci pouze tehdy, pokud nedoslo ke zméné
objemu komory.

Dal3i limitaci této metody je nezbytnost vysoké kvality
echokardiografického vysetieni pro zachovani presnos-
ti nasledného méreni, jakoZz i mozné ovlivnéni vysledku
manudlnim vybérem oblasti zdjmu pro speckle-tracking
analyzu.'®
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Dosavadni studie
Popsand novd metoda hodnoceni myokardialni prace
byla zatim vyuzita k hodnoceni srdecni funkce u fady
ziskanych srdec¢nich onemocnéni u dospélych pacientd,
kde se jevila jako uzZite¢nd a srovnatelnd s jinymi bézné
uzivanymi metodami. Napfiklad studie autort Jain a spol.
z roku 2020 se zabyvala hodnocenim myokardidlni pra-
ce u pacientud s tézkou aortdlni stenézou podstupujicich
katetriza¢ni nahradu aortalni chlopné. Tato studie se za-
méfrila také na problém s hodnocenim tlaku v levé komo-
fe u téchto pacientll, s navrhovanym fesenim v podobé
pfipocitani sttedniho gradientu na aortalni chlopni k ne-
invazivné namérenému systolickému tlaku pro zvyseni
presnosti analyzy.* Prace autor Vecera a spol., publiko-
vana v roce 2016, se zaméfila na predikci odpovédi na
resynchronizacni terapii pomoci parametrd myokardialni
prace.? Boe a spol. se zase ve své studii zaméfrili na vyuziti
analyzy k identifikaci pacientl s akutni koronarni okluzi
pfi akutnim koronarnim syndromu bez elevaci useku ST.
Samostatnou kapitolou je hodnoceni myokardialni
prace pravé komory, kterd ma zcela odlisné vlastnos-
ti nez komora leva. Pravd komora ma kupfikladu tenci
sténu a nizsi komorovou elastanci. Touto problematikou
se zabyvali napfiklad Butcher a spol. ve studii publikova-
né v roce 2020, kterd si kladla za cil prozkoumat vztah
mezi neinvazivnim odhadem myokardidlni prace pravé
komory a invazivnimi hodnotami ziskanymi z pravostran-
né srdecni katetrizace. Ackoliv studie zaznamenala nizsi
hodnotycelkovémyokardidlniprace, konstruktivnimyokar-
dialni prace i efektivity myokardidlni prace pravé komory
u pacientu se srde¢nim selhanim, a naopak vy3$si hodnoty
promarnéné prace pravé komory, byla to pouze globalni
konstruktivni prace pravé komory, ktera korelovala s in-
vazivnimi mérenimi.”

Myokardialni prace v détské kardiologii

metoda své uplatnéni. Napfiklad Aly a spol. se ve své
studii z roku 2021 zabyvali vyuzitim hodnoceni myokar-
didlni prace pomoci této metody u détskych pacientl
s dilata¢ni a hypertrofickou kardiomyopatii.'® Dalsi stu-
die kolektivu z Univerzity Johnse Hopkinse z roku 2022
srovndvala pouzitelnost neinvazivniho hodnoceni myo-
kardialni prace v hodnoceni funkce levé komory s kon-
ven¢nimi markery srde¢ni funkce u détskych pacientu
s hypertenzi.?® Studie autort Borrelli a spol. prokazala
signifikantné snizené parametry myokardidlni prace
u pacientd s Wolffovym-Parkinsonovym-Whiteovym
(WPW) syndromem, a to i v pfipadé normalni ejekéni
frakce a globdlniho longitudindlniho strainu levé ko-
mory. Ddle také prokdazala negativni korelaci délky
trvani komplexu QRS s celkovou efektivitou myokar-
didlni prace (myocardial work efficiency, MWE) a pozi-
tivni korelaci s celkovou promarnénou praci (myocardial
wasted work, MWW). Tato studie proto podpofila sys-
tematické pouziti myokardidlni prace ve sledovéani dét-
skych pacientd s WPW syndromem.?' Studie zamérenad
na détské pacienty po transplantaci srdce, publikovana
autory Pradhan a spol. v roce 2021, prokdazala u téch-
to pacientl negativni korelaci mezi u¢innosti myokar-

diadlni prace a pfitomnosti korondrni vaskulopatie, kte-
réa se standardné diagnostikuje pomoci koronarni an-
giografie.? Studie autorl Sabatino a spol. se zaméfila
na pacienty s Kawasakiho chorobou, u nichZ prokazala
snizeni parametrd myokardidlni prace (index myokar-
didlni prace [myocardial work index, MWI], celkova
konstruktivni prace [myocardial constructive work,
MCW] a MWE) navzdory normalni ejekcni frakci levé
komory a normdlnimu GLS, a povaZuje proto hodnotu
myokardidlni prace za senzitivnéjsi indikator myokar-
didlni dysfunkce u pacientd s Kawasakiho chorobou se
zachovanou ejek¢ni frakci a GLS levé komory.?3

Obecné vérime, ze novd metoda neinvazivniho sta-
noveni myokardidlni prace mUze v détské kardiologii
v budoucnu pomoci hodnotit efektivitu provedenych
intervenci u pacientt s vrozenou srdecni vadou a za po-
moci kardiovaskularniho modelovani také predikovat
efektivitu planovanych intervenci, jesté pred jejich usku-
te¢nénim.?* Napfriklad u pacientd s asymptomatickou ko-
morovou preexcitaci by mohla pomoci pfi rozhodovani
o indikaci profylaktické ablace s ohledem na riziko roz-
voje patologické remodelace levé komory. Potencidl ma
také vyzkum v oblasti vyuziti méfeni myokardialni prace
v kvantifikaci miry dyssynchronie pravé komory.

Diskuse

Popsana novd metoda neinvazivniho stanoveni myokar-
didIni prdce ma potencidl zaradit se mezi dalsi hojné po-
uzivané neinvazivni metody hodnoceni srde¢ni funkce
pomoci echokardiografie. V budoucnu Ize navic ocekavat
dalsi zjednoduseni analyzy pomoci automatizace jednot-
livych krokd. Nesmime ale zapominat na jeji vy$e zminéné
limitace. Problém vyvstdva mimo jiné v souvislosti se si-
tuacemi, kdy dochazi po provedené intervenci ke zméné
objemu komory, ktera pfi klasickém méreni pomoci tla-
kové-objemové krivky logicky ovlivni velikost vypoctené
myokardialni prace. PFi pouziti strainu vSak neni objem
komory zohlednén a faktické snizeni myokardidlni prace
napf. po zmenseni objemu komory pfi zachovani stejné
miry deformace myokardu nebude zohlednéno. V tomto
sméru by mohla pomoci indexace vypoctené prace pomo-
ci echokardiograficky zmérenych objemd komor pred in-
tervenci a po intervenci. Data k takovému postupu vsak
zatim chybéji.

Také nutno zminit, Ze studie zabyvajici se hodnocenim
myokardialni prdce se zamérovaly doposud predeviim
na dospélé pacienty se ziskanymi onemocnénimi srdce
a v mensi mife na pediatrickou populaci s vrozenymi sr-
decnimi vadami. Bylo by proto vhodné rozsifeni analyzy
také na tuto skupinu pacientd.

Dalsi specifickou situaci je jiz zminéné hodnoceni myo-
kardidlni prace pravé komory. Jak jiz bylo uvedeno, vzhle-
dem k rozdildm v geometrii pravé komory oproti komore
levé mlze byt hodnoceni myokardialni prace pravé ko-
mory nepresné. PfestoZe jiz existuji studie zabyvajici se
touto problematikou (napfiklad uvedend prace Butchera
a spol., kde je spolehlivost metody prokazovana korelaci
s tepovym objemem), dostatecné dlikazy o vyuZitelnosti
této metody pro hodnoceni prace pravé komory zatim
dostupné nejsou.’
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Co se tyce rozdilt v referen¢nich hodnotach u zminé-
nych dvou studii u dospélych pacientd, odliSnosti mohou
mit hned nékolik pfi¢in. Rozdily mohou byt vysvétleny
napr. odliSnostmi v metodologii (rozdilny software pro
analyzu myokardidlni prace, rozdily mezi odhady naca-
sovani otevirani a uzavirani chlopni). Studie NORRE na-
vic aplikovala prisnéjsi kritéria pfi definovani zdravého
subjektu. U jedincd zarazenych do studie NORRE také
byly zaznamenany celkové nizsi hodnoty krevniho tla-
ku (systolicky tlak 116 + 12 vs. 124 [116-131] mm Hg,
diastolicky tlak 73 + 8 vs. 74 [69-79] mm Hg), coZ mohlo
pfispét k nizs§im hodnotam GWI a GCW pozorovanym
ve studii NORRE. Rozdily mohly byt ovlivnény také dal-
simi faktory na strané pacientl (napf. srde¢ni frekvence
atd.).'®

Zavér

Neinvazivni analyza myokardidlni prace je novd metoda
hodnoceni srde¢ni funkce kombinujici speckle-tracking
echokardiografii a neinvazivni méreni krevniho tlaku.
Vyhodou této metody je predeviim absence nutnosti in-
vazivniho vysetieni a zohlednéni afterloadu. Nevyhodou
je predevsim vysokd narocnost z hlediska kvality vyset-
feni, mozna interobservacni ale i intraobserva¢ni varia-
bilita vysledkl, kterou by také bylo v budoucnu vhodné
u této metody vyhodnotit. Dalsi nevyhodou je chybéjici
zohlednéni pfipadné zmény objemu pfi méfeni myokar-
didlni prace pred srdecni intervenci a po srdecni interven-
ci. Zajimavou se do budoucna jevi simulace myokardialni
prace pomoci pocitacového modelovani v predikci efektu
planovanych intervenci. Novd metoda mé proto poten-
cial zaradit se do bézné uzivaného echokardiografického
instrumentaria a v budoucnu se stat nedilnym nastrojem
diagnostiky a eventudlné i predikce vyvoje stavu myokar-
du u celé fady pacientu.
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ABSTRACT

Atrial fibrillation is the most common sustained arrhythmia in patients with hypertrophic cardiomyopathy.
The review article focuses on the complex mechanisms of development of atrial fibrillation in this subgroup
of patients and on specific aspects of treatment (anticoagulation therapy and rhythm control). The final part
focuses on the arrhythmia’s effect on clinical symptomatology and prognosis of patients with hypertrophic
cardiomyopathy.

Uvod

Fibrilace sini (FS) je nejcastéjsi setrvalou arytmii u pa-
cientld s hypertrofickou kardiomyopatii (HCM).'-3 Jeji pre-
valence je v populaci pacientl s HCM vyrazné vyssi nez
v béZné populaci srovnatelného véku, dle rdznych zdroju
se pohybuje kolem 20 %."*S FS je spojeno zejména riziko
rozvoje srdecniho selhani a tromboembolickych kompli-
kaci, které mohou zhorSovat prognézu pacientd s HCM.>¢
Proto je zcela zasadni FS u pacientt s HCM ¢asné diagnos-
tikovat a zahdjit jeji adekvatni terapii.

Mechanismus rozvoje fibrilace sini u HCM

Hlavnim patofyziologickym mechanismem vedoucim
k rozvoji FS je dilatace a dysfunkce levé siné (LS). Vyssi ob-
jem a snizena kontraktilita LS jsou nezavislymi prediktory
rozvoje FS.”®

Diastolickd dysfunkce a zvyseny plnici tlak hypertro-
fické levé komory (LK) jsou jednou z pficin dilatace LS.

Zhorsené plnéni LK souvisi se stupném hypertrofie, ab-
normalnim uspofadanim myocytd a mnozstvim fibrézy
v myokardu. Bylo prokdzano, ze s vy$sim podilem pozd-
niho syceni gadoliniem (late gadolinium enhancement,
LGE) LK jako nepfimym ukazatelem fibrézy stoupa inci-
dence FS.°

Dalsi pfi¢inou zvétSovani rozmérl LS je mitralni regur-
gitace (MR), kterd u pacientd s HCM vznika kvali struk-
turalnim abnormalitdam mitrdini chlopné a obstrukci ve
vytokovém traktu levé komory (left ventricular outflow
tract obstruction, LVOTO). Nejcastéjsim mechanismem
rozvoje MR je LVOTO, kterd je pfitomna zhruba u dvou
tfetin pacientl s HCM. PFi rychlé ejekci krve skrze vyto-
kovy trakt LK (LVOT) zuzeny hypertrofickym interventri-
kularnim septem (IVS) dochazi ke vzniku turbulentniho
proudéni a nasavani (obvykle prodlouzenych) cipd mit-
ralni chlopné a zavésného apardtu smérem k IVS a rozvoji
tzv. dopiedného pohybu mitrdlni chlopné (systolic an-
terior motion, SAM, obr. 1). Protoze SAM piedniho cipu
je obvykle vyraznéjsi nez cipu zadniho, koaptacni zéna
chlopné se posouvd smérem k IVS, rozviji se defekt
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Obr. 1 - Schéma dopredného pohybu pfedniho cipu mitralni chlop-
né (systolic anterior motion, SAM) - tok krve pfes ztizeny vytoko-
vy trakt levé komory (LVOT) vytvafi turbulentni proudéni a nasava
abnormalné prodlouzeny predni cip mitralni chlopné smérem do
LVOT, kde tvoii dynamickou obstrukci. IVS - interventrikularni sep-
tum; LK - leva komora; LS - leva sifi; SAM - dopredny pohyb mitralni
chlopné (systolic anterior motion).

koaptace a vznika typicky excentrickd regurgitace pod
zadni cip mitralni chlopné. Tize MR je dynamicka, stejné
jako LVOTO, zavisla na analogickych hemodynamickych
parametrech (hypovolemie, vazodilatace, systémovy tlak,
tepova frekvence, pozitivné/negativné inotropni medika-
ce)."

Zhruba 10-20 % MR u pacientt s HCM vznika na pod-
kladé primarniho postizeni mitralni chlopné ¢i subvalvu-
larniho aparatu bez pfitomnosti SAM a LVOTO."? Pokud
regurgitacni jet (tryska) nesméruje typicky pod zadni cip
pfi SAM, je tfeba vzdy peclivé dovysetfit moznost primar-
ni mitralni vady. Z abnormalit samotné chlopné je typické
prodlouzeni cipl mitrdini chlopné (zejména predniho),
cipy chlopné mohou byt ztlustélé, s restriktivnim pohy-
bem ¢i prolapsem. Muzeme se setkat i s dilataci mitral-

niho anulu. Casto jsou pfitomny abnormality papilarnich
svald, které jsou typicky hypertrofické, s posunem blize
k predni sténé LK, mohou byt bifidni i vice rozeklanég,
akcesorni nebo maji atypické upony (nezfidka do IVS
s podilem na subvalvularni obstrukci). Vzacnosti neni ani
ruptura slasinky mitralni chlopné, kterd vznika v dusledku
mechanického stresu nebo myxomatézni degenerace.™

Kromé hemodynamickych faktord mohou mit vliv na
remodelaci levé siné i faktory genetické (obr. 2).* Geny
zodpovédné za rozvoj HCM jsou rozdilné exprimovany
v tkanich komor a sini.”™ V mensich studiich bylo uvadéno,
Zze u konkrétnich genetickych variant (v sarkomerickych
i nesarkomerickych genech), které mohou byt asocio-
vany s remodelaci a fibrotizaci tkané LS, maze byt vyssi
pravdépodobnost rozvoje FS.'*'® VV recentni mezinarodni
studii v8ak nebyl prokazan vyznamny rozdil v prevalen-
ci FS u pacientl s pozitivnim genotypem (prikaz pato-
genni nebo pravdépodobné patogenni mutace) proti
pacientdm s negativnim genotypem (15,0 % vs. 13,5 %,
p = 0,1)." Byla vypracovdna i polygenni rizikova skére
(polygenic risk score, PRS), jez vyuzivaji kombinace bo-
dovych polymorfismG (single-nucleotide polymorphism,
SNP) v populaci. PRS maji dle proponentt ambici zpresnit
odhad rizika fady kardiovaskularnich onemocnéni vcet-
né arytmii, nicméné dosud nebyla validovana u pacientl
s HCM . 20-23

Diagnostika

V diagnostice FS se u pacientd s HCM nelze spoléhat
pouze na klinickou symptomatologii, protoze az 25 %
pacientd mlze mit klinicky némé epizody arytmii, kte-
ré mohou mit zavazné konsekvence, zejména ve smyslu
tromboembolickych pfihod.?*?> U pacientl s implantova-
nymi pristroji (trvaly kardiostimulator — TKS ¢i implanta-
bilni kardioverter-defibrildtor — ICD) Ize pamét pristroje
vyuzit jako dlouhodobou EKG monitoraci. Dvoudutino-

A
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~
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Obr. 2 - Schéma faktort vedoucich k rozvoji fibrilace sini u pacientt s hypertrofickou kardiomyopatii. LVEDP - end-
-diastolicky tlak v levé komore; LVOTO - obstrukce ve vytokovém traktu levé komory. Upraveno podle odkazu™.
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prijmu pro primozachyt fibrilace sini.

Priklad pacienta: Pacientka T. S., narozena v roce 1976, hypertroficka kardiomyopatie byla diagnosti-
kovana v roce 2015. Pacientka je pravidelné dispenzarizovana, vcetné echokardiografického vysetre-
ni — rozmér levé siné 50 mm, bez obstrukce ve vytokovém traktu levé komory, diastolickd dysfunkce
II. stupné. Pacientka symptomaticka ndmahovou dusnosti NYHA Il. Evaluace pro ucely skére HCM-AF
probéhla v roce 2023. S odstupem nékolika mésict byla pacientka vySetfena akutné na urgentnim

Rozmeér levé siné: 50 mm — + 16 bodu
Vék v dobé diagnozy: 39 let — + 9 bodu
Vék v dobé evaluace: 47 let - + 12 bodu

Symptomy srdecniho selhani: ano — + 3 body

Skore HCM-AF celkem: 40 bodu

Nizké riziko (< 1 % rocné): 17 a méné bod

Stredni riziko (1-2 % rocné): 18-21 bodu

| Vysoké riziko (> 2 % ro¢né): 19 a vice bodt

Obr. 3 - Priklad vypoctu rizika rozvoje fibrilace sini — skore HCM-AF u pacienta v praxi dle odkazu .

vé pristroje, které jsou schopny snimat sifiovou i komo-
rovou aktivitu, jsou v diagnostice FS logicky presné;jsi.?
Sinova elektroda detekuje epizody rychlé sifové akce
(atrial high-rate episodes, AHRE, frekvence > 175/min),
které mohou odpovidat (a dle klinické zkusenosti obvyk-
le odpovidaji) FS. Nicméné k definitivni diagnéze FS je
nutno splnit diagnosticka kritéria dle soudobych guide-
lines Evropské kardiologické spole¢nosti (ESC) — na EKG
zaznamenana absence vin P a nepravidelny interval R-R.?’
Jednodutinové pfistroje informaci o aktivaci sini postra-
daji, diskriminace mezi supraventrikuldrni a komorovou
tachykardii je tedy zaloZena na nepfimych zndmkach ze
signalu z pravé komory (frekvence arytmie, morfologie
elektrokardiogramu, pravidelnost intervalu R-R, rychlost
nastupu arytmie apod.).?®3° Pro subkutanni ICD, které
postradaji moznost stimulace a snimaji pouze EKG sig-
nal z podkozi, byly vyvinuty diskrimina¢ni systémy, jez
zahrnuji podobné parametry jako u jednodutinovych pfi-
stroju.3'32 U ostatnich pacientd je nutnd periodickd am-
bulantni EKG monitorace. V evropskych doporucenych
postupech pro diagnézu a management HCM z roku 2014
se doporucuje 48hodinovd ambulantni monitorace EKG
kazdych 6-12 mésict u pacientd s HCM s rozmérem levé
siné > 45 mm.* Podobné konkrétni doporuceni tykajici
se monitorace rytmu k diagnostice FS u pacientd s HCM
neni zminovano v novych doporucenych postupech pro
kardiomyopatie z roku 2023, ani v doporucenych postu-
pech pro diagnézu a management FS z roku 2020.7:34
V americkych postupech je uvedeno 12svodové EKG jako
soucast periodického sledovani kazdé 1-2 roky. Holterov-
ské 24- nebo 48hodinové monitorovani ma byt zvazeno
u pacientt s HCM a rizikovymi faktory FS (doporuceni ve
tridé Ila) a muze byt zvazeno u pacientu bez rizikovych
faktorud pro rozvoj FS (doporuceni ve tfidé lib).?

Pro zlepseni predikce rozvoje FS, a tim optimalizaci
diagnostiky a terapie, bylo vyvinuto rizikové skére HCM-
-AF.3> Pacienti jsou déleni do skupin s nizkym rizikem (<
1 % ro¢né, < 17 bodu), se stfednim rizikem (1-2 % ro¢né,
18-21 bodUl) a vysokym rizikem rozvoje FS (> 2 %, > 22
bodU). Model zahrnuje nasledujici proménné — velikost

LS, vék v dobé diagndzy, vék v dobé klinického vysetreni
a pritomnost symptomu srde¢niho selhani (obr. 3). Autofri
skoére validovali na externi kohorté pacientt a senzitivitu
a specificitu porovndvali s uzitim rozméru LS jako predik-
toru prevalence FS. Hodnota skore HCM-AF > 22 méla sen-
zitivitu 58 % a specificitu 66 % oproti rozméru levé siné
> 45 mm se senzitivitou 35 % a specificitou 81 %. Pri
porovnani s dalSimi modely byla konkordance skére
HCM-AF nejvyssi (0,7 u skére HCM-AF vs. 0,61 u skére
CHA,DS,-VASc vs. 0,58 u rozméru levé siné nad 45 mm).*

Specifika terapie fibrilace sini u HCM

Terapie fibrilace sini ma dva zakladni aspekty: i) prognos-
ticky, tzn. prevence tromboembolickych pfihod a preven-
ce rozvoje srdecniho selhani; ii) symptomaticky, se zamé-
fenim na kontrolu rytmu ¢i frekvence arytmie. Obé slozky
terapie maji u pacientt s hypertrofickou kardiomyopatii
svoje specifika.

Snizeni rizika tromboembolismu
Riziko tromboembolickych pfihod, zejména cévni mozko-
vé pfihody (CMP), kterd mize mit fatalni ¢i invalidizujici
nasledky, mlze byt u pacientd s HCM a soucasnou FS az
osmkrat vyssi nez u pacientd bez diagnostikované aryt-
mie." Na rozdil od béznych pacientt s nevalvularni fibri-
laci sini u pacientt s HCM nelze k rizikové stratifikaci uzit
skore CHA,DS,-VASc, protoZe i u pacientd s nizkym skoére
CHA,DS,-VASc je riziko CMP pfi HCM vysoké.*3 Jednim
z duavodl nefunkcnosti tohoto nejpouzivanéjsino sko-
rovaciho systému je fakt, Ze v minulosti nebyli pacienti
s HCM zahrnuti v klinickych studiich tykajicich se trombo-
profylaxe.® Dalsi zasadni informaci je, ze riziko CMP neni
z4avislé na tom, zda se FS vyskytuje ve formé paroxysmalni
nebo perzistujici, u paroxysmalni formy pak riziko neni
zavislé na poctu zachycenych epizod arytmie.™

V guidelines ESC z roku 2014 byla doporucena anti-
koagula¢ni terapie warfarinem s cilovou hodnotou me-
zinarodniho normalizovaného poméru (INR) 2-3 u vSech
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pacientd s HCM a FS pfi absenci kontraindikace antiko-
agulacni terapie (doporuceni ve tfidé I). Pro pfima per-
ordlni antikoagulancia (DOAC) v tu dobu nebyl dostatek
dat a byla doporucena pouze u pacientl s labilnim INR ¢i
nemoznosti pravidelnych kontrol INR.3 V neddvnych do-
porucenich ESC z roku 2023 je uvedeno, Ze v bézné popu-
laci s FS je preferovano uziti DOAC, ale u pacientu s kar-
diomyopatiemi neexistuji randomizované studie, které by
pfimo srovnavaly uziti warfarinu a DOAC.3* Nicméné z ob-
servacnich studii se zd4, Ze jsou DOAC bezpecna a efektiv-
ni v prevenci CMP i u pacientd s HCM.*’

Ovlivnéni symptomatologie
U pacientd s HCM se FS mUze projevit pomérné drama-
ticky jako akutni zhor$eni dusnosti, nebo dokonce plicni
edém. Hlavni roli hraje ztrata sifového pfispévku a zkra-
ceni diastoly pfi arytmii s rychlou odpovédi komor, coz
zkrati plnéni noncompliantni levé komory, a tim vede
ke zvyseni plnicich tlakd.?” Ke zlepSeni symptomatologie
a kvality zivota se snazime u pacient( udrzet sinusovy ryt-
mus (pokud vék a komorbidity dovoli) ¢i snizit frekvenci
epizod FS farmakoterapii nebo katetriza¢ni ablaci.?”

Amiodaron je nejefektivnéjsi antiarytmikum k udrze-
ni sinusového rytmu, nicméné nebyva lékem prvni volby
(a to zejména u mladsich nemocnych) pro svoje multi-
orgdnové nezddouci ucinky."*® Dalsi moznosti je uziti
sotalolu, ktery v observacni studii prokazal svoji efektivi-
tu — sinusovy rytmus byl udrzen u 74 % pacientd po jed-
nom roce a u 50 % pacientl po trfech letech. Nezadouci
ucinky vedly k vysazeni u minima pacientl (2,2 %).3 Ini-
ciace terapie sotalolem obvykle probihd za hospitalizace
vzhledem k nutnosti monitorace srdecniho rytmu a délky
intervalu QT, zaroveni je nutnd dlsledna pravidelnd kon-
trola iontogramu a renalnich funkci.®® Kromé vyse uvede-
nych je mozné uziti disopyramidu a dofetilidu, které vsak
v podminkach CR t.¢. nejsou k dispozici.'*' Siroce uzivana
antiarytmika I. tfidy propafenon a flecainid nejsou u pa-
cientd s HCM doporucovany kvili proarytmogennimu
efektu u pacientt se strukturdlnim onemocnénim srdce.?

V pfipadé, Ze je pacient symptomaticky navzdory far-
makoterapii, netoleruje farmakoterapii ¢i preferuje pri-
marné invazivni feSeni, pfistupujeme ke katetriza¢ni
ablaci — v prvni dobé obvykle izolaci plicnich zil. Efektivita
katetriza¢ni ablace je u pacientt s HCM nizsi nez v bézné
populaci, recidiva arytmie je po prvni ablaci zaznamena-
na do jednoho roku po vykonu zhruba u poloviny pacien-
t0.442 Nicméné v pripadé kombinace antiarytmické tera-
pie a opakovanych komplexnich katetriza¢nich ablaci je
stabilni sinusovy rytmus Uspésné udrzen zhruba u 70 %
pacientq.*4

Podobné jako u pacientl podstupujici kardiochirurgic-
ky vykon je u pacientd s obstrukéni HCM a FS s indikaci
k myektomii mozné chirurgicky vykon rozsifit o procedu-
ru Cox-Maze k odstranéni arytmie.* V soucasnosti uzivana
procedura Cox-Maze IV kombinuje radiofrekvencni ablaci
a kryoablaci. Kromé izolace plicnich zil a ablace v levé sini
je provedeno i nékolik abla¢nich linii v pravé sini.* Zaro-
ven je obvykle provadén podvaz ¢i resekce ouska levé siné
ke snizeni rizika tromboembolismu. Chirurgickd terapie
nez katetrizacni ablace - recidiva FS nebyla zaznamendna
po jednom roce u zhruba 90 %, po tfech letech u 70 %
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Obr. 4 - Graf srovnani symptomu a progndzy pacientd s fibrilaci
sini a hypertrofickou kardiomyopatii v roce 20014 a v roce 2017.3%
CMP - cévni mozkova pfihoda; NYHA - New York Heart Association.
Pfevzato a upraveno podle odkazu .

pacientd.**#” Nicméné je tfeba vzit v Uvahu, Ze chirurgic-
ka myektomie, v nékterych pripadech spojena s plastikou
mitralni chlopné a mitralniho apardtu, vede sama o sobé
k normalizaci hemodynamickych pomér(, a tim tedy dale
vyznamné ovliviiuje patofyziologii arytmie.*4®

Progndza pacient s HCM a fibrilaci sini

Prognéza pacientd s HCM a FS je ovlivnéna zejména
trombembolickymi komplikacemi a rozvojem srdec¢niho
selhani. Ve studiich s daty z doby zhruba pred vice nez
20 lety méli pacienti s FS vys$si mortalitu neZ pacienti se
sinusovym rytmem,®'> rozdil byl ddn zejména umrtim
v dusledku CMP nebo progrese srdecniho selhdni.* Stejné
jako se v case zlepSuje progndéza pacientd s HCM v du-
sledku novych mozZnosti diagnostiky a Ié¢ebnych postupu,
zlepsuji se i moznosti antiarytmické terapie a intervencni
lécby FS.* Déle musime vzit v Uvahu fakt, Zze v historic-
kych kohortdch HCM pacientll neznamenala diagnéza
FS pfi HCM automatické nasazeni antikoagula¢ni terapie
u viech pacient(.* V soucasné dobé je doporucena anti-
koagula¢ni terapie u vsech pacientd s HCM a FS, pokud
nemaji kontraindikaci.?*** S implementaci modernich te-
rapeutickych postupt v expertnich centrech® vyznamné
klesla morbidita a mortalita pacientt s FS ptri HCM (az
12krat)." Oproti historickym kohortam* se prevalence
CMP snizila 3,5nasobné a dafi se vyznamné lépe kontrolo-
vat symptomy (prevalence tfidy NYHA III/IV je 4,6x nizsi)'
(obr. 4).

Zaveér

Etiologie rozvoje FS je u pacientd s HCM multifakto-
ridlni, na viné jsou faktory hemodynamické, metabolic-
ké i genetické. Vzhledem k riziku rozvoje CMP, zhorseni
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klinické symptomatologie a progndzy je nutné FS casné
diagnostikovat a zahdjit adekvatni terapii — zejména anti-
koagula¢ni. Nasazeni antikoagula¢ni terapie je (na rozdil
od ostatnich populaci pacientt, kde vyuzivame skérovaci
systémy) indikovano u viech pacienttd s HCM jiz pfi prvni
epizodé FS, pokud nemaji jasnou kontraindikaci. S rozvo-
jem modernich terapeutickych postupt, které umoznuji
efektivnéjsi kontrolu rytmu ¢i frekvence, dochazi v mo-
derni ére ke zlepSovani prognézy pacientl s HCM a FS.
V expertnich centrech tak maze byt morbidita a mortali-
ta pacientl s FS srovnatelna s pacienty bez této arytmie.
Velka ¢ast pacientt mlze byt bezpec¢né sledovana ambu-
lantnimi kardiology, pfi neuspéchu farmakoterapie nebo
komplikacich 1écby je zasadni reference do expertniho
centra ke komplexnim intervencim a nastaveni optimalni
antiarytmické terapie.
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ABSTRACT

There is a scarcity of studies on active forms of muscle activity as monotherapy for the reduction in the volu-
me of the edema. One of the major challenges is the use of an isolated method to enable the evaluation of
exercises as monotherapy for an immediate and long-term reduction in edema. The only study encountered
is an evaluation immediately after muscle activity. Passive exercise can reduce the edema as monotherapy,
but better results are achieved when combined with compression mechanisms. The maintenance of compre-
ssion after exercises or activities enables achieving better results.

Introduction

Lymphedema is a clinical condition resulting from the
accumulation of macromolecules in the interstitial space,
with the consequent accumulation of liquids. This condi-
tion may be primary or secondary. Patients with primary
lymphedema are born with a deficient lymphatic system,
whereas secondary lymphedema occurs due to a damage
occurring to the lymphatic system some time in life.'2
Lymphedema is classified in clinical stages. In Stage |,
lymphedema worsens throughout the day but is reversed
with rest. In Stage Il, the condition is not reversed even
with several days of rest. Stage Ill (elephantiasis) consti-
tutes the most severe cases. The prevalence of chronic
edema in the population is 1.33 per every 1000 individuals
and this figure increases to 5.4 per every 1000 individuals

older than 65 years of age. Regarding secondary lymph-
edema, the main causes are neoplasms, trauma, inflam-
matory processes, infectious processes and filariasis,>* the
latter of which is the most common cause, affecting ap-
proximately 120 million people throughout the world.>

Diagnosis

The diagnosis of lymphedema is based on a clinical history,
physical examination and complementary exams, when ne-
cessary. The detailed, specific patient history and physical
examination should investigate the evolution of signs and
symptoms, episodes of infection, the presence of skin le-
sions, trauma, Stemmer sign in lymphedemas and edema
other parts of the body reported by the patient."® The most
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widely used complementary exams are volumetry, circum-
ference measurements, bioelectrical impedance analysis
and lymphoscintigraphy. Other exams, such as ultrasono-
graphy, magnetic resonance, and computed tomography,
detect the presence of edema, but are less specific.5’

Lymphedema and treatment

There is no consensus on a single therapy for the tre-
atment of lymphedema. A combination of therapies is su-
ggested, generally including manual or mechanical lym-
phatic drainage, compression mechanisms, and exercises,
the aim of which is to improve the quality of life of affec-
ted individuals.®® In recent years, however, novel thera-
peutic options have been developed by Godoy & Godoy,
such a cervical lymphatic therapy, mechanical lymphatic
therapy with an electromechanical device that performs
passive muscle activity, lymphomyokinetic exercises and
handcrafted, laced stockings/sleeves in grosgrain (non-
-elastic) fabric for use on the lower and upper limbs.?°

Lymphomyokinetic exercises and activities

There is a scarcity of studies on active forms of muscle
activity as monotherapy for the reduction in the volume
of the edema. One of the major challenges is the use of
an isolated method to enable the evaluation of exercises
as monotherapy for an immediate and long-term reduc-
tion in edema. The only study encountered is an evalua-
tion immediately after muscle activity.”® The study eva-
luated active exercises of plantar flexion and extension
in the lying position, compared to rest and raising the
limbs. All three alternatives led to a reduction in volume,
but the reduction was greater when the individual was
at rest compared to the active exercises and the greatest
reduction occurred when the limb was raised. This study
showed that active exercises reduce the volume of the
edema less than rest and that the effect of gravitational
pressure is a factor to consider in the prescription of exer-
cises.®

Venolymphatic return depends on the integrity and
trophism of the musculature. The calf muscles constitute
a venolymphatic pump and are therefore one of the tar-
gets of active exercises to improve trophism. However,
no articles are found in the literature that evaluate this
approach. The aim is to maintain trophism without hy-
pertrophy.

The type of exercise and how this muscle group is used
is fundamental to the stimulation of venolymphatic re-
turn. A study evaluating venous return by puncturing the
medial vein of the hallux and measuring systolic pressure
every 0.5 seconds found a change that walking led to
a variation in venous pressure ranging from 10 to more
than 150 mmHg, whereas the range when using an exer-
cise bike was only around 20 mmHg, demonstrating prac-
tically a lack of effective plantar flexion and extension
stimulus with the latter modality, in which the calf muscle
pump is not well utilized."

Joint range of motion is normally compromised in indi-
viduals with lymphedema due to the increase in volume

of the limb, which constitutes another limiting factor
regarding the function of the calf muscle pump. There-
fore, improving joint mobility is fundamental, which is
achieved through the reduction of edema in venolym-
phatic disease.>'? The two studies cited report that gravi-
tational pressure and the type of muscle activity exert an
influence on the functioning of the muscle pump. Three
basic aspects regarding exercises are expected: the imme-
diate reduction in volume, long-term maintenance, and
the maintenance of muscle trophism.

The type of exercise (passive or active) is another aspect
to consider. Passive exercise normally reduces the edema,
whereas active exercise improves muscle trophism. In
a study evaluating passive plantar flexion and extension,
the researchers punctured the medial vein of the hallux
and measured dynamic pressure every 30 seconds. In the
lying position, changes in pressure ranged from 8 to 77
mmHg, whereas this range was 10 to 150 mmHg in the
standing position.'®'* Therefore, the gravitational effect
is the main aspect influencing the variation in pressure.

A study investigating the effect of one hour of therapy
using an electromechanical device (RAGodoy®) that per-
forms passive plantar flexion and extension found a sig-
nificant reduction in the volume of the limb immediately
after the session.™ Another study (in publication phase)
used the same device two hours per day for two weeks
and found a reduction after each session; an increase in
volume was found during a subsequent session in com-
parison to the end of the previous session, but the volume
was lower than that at the beginning of the previous sec-
tion. At the end of the two weeks, a statistically signifi-
cant reduction was detected. Elastic stockings placed be-
low the knee after the sessions and worn throughout the
entire day led to better maintenance of the results at the
end of the two weeks, with a greater reduction in com-
parison to patients who did not wear elastic stockings.
Therefore, the use of a compression mechanism leads to
a better result after the reduction in the volume of the
limb achieved through passive exercises for mechanical
lymphatic drainage (RAGodoy® device) or a session of
manual lymphatic drainage.’” Another study evaluated
the adjustment of the elastic stocking during treatment
with passive exercises (RAGodoy®) found a superior re-
sult."* Therefore, a set of small details is fundamental for
achieving the best result.

With regards to the activity of walking as monotherapy
for the treatment of lymphedema, a study found that an
increase in the volume of the limb can occur, but a reduc-
tion occurs when walking is performed with compression
stockings. Several studies in the literature have shown
that this combination of therapies enables a reduction in
volume in cases of lymphedema and venous disease.":'8

Regarding active exercises as monotherapy for the low-
er limbs, no studies have described a long-term reduction
in the volume of the limb. However, such a reduction is
possible with passive exercise as monotherapy.''® When
combined with a well-adjusted compression mechanism,
a synergic effect occurs with passive and active (walking)
exercises.'*"° The type of exercise, muscle group, and gravi-
tational pressure all exert an influence on the results.

A study evaluating intermittent changes in pressure
at the stocking/skin interface measured every 30 seconds
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for 12 consecutive hours found that an individual spends
several hours per day without any calf muscle activity, but
when it occurs, it generates an intermittent variation in
pressure, thereby facilitating venolymphatic return.?-2
The combination of muscle activity and a well-adjusted
compression mechanism enables reducing the volume
of the lymphedema. A hand-crafted laced compression
stocking made from grosgrain (non-elastic) fabric allows
the constant adjustment of the stocking to accompany
the reduction in the edema, enabling the transformation
of activities of daily living and walking into a form of
treatment for lymphedema.??*2* Thus, exercises and daily
activities can serve a lymphomyokinetic purpose, leading
to a reduction in the volume of the edema.?®

Physical activity is defined as any body movement pro-
duced by skeletal muscles with an increased energy ex-
penditure, such as household, labor, and leisure activities,
exercise and sports.?®% Such activities can be strategically
programmed to improve health and can be transformed
into occupational exercises.?>?® Exercises are structured
muscle activities to improve physical fitness and health
with no competitive purpose. In the treatment of lymph-
edema, muscle exercises and activities of daily living play
a fundamental role in maintaining the functional aspects
of the limb and reducing the edema.

Due to the physiology of venolymphatic return, every
exercise and muscle activity requires a greater amount of
blood, consequently leading to greater capillary filtra-
tion. Therefore, the limb may either increase or decrease
in volume after such activities. Considering this response,
Godoy & Godoy suggest the term therapeutic lympho-
myokinetic exercise and activity when a reduction in vol-
ume of the lymphedema occurs after the execution of
such activities.?®

The main objectives of exercises and activities of daily
living during treatment for lymphedema are the mainte-
nance of muscle trophism, the enhancement of joint mo-
bility, and a reduction in edema. Considering these three
goals, there are different types of exercise with different
energy expenditures. Thus, a good exercise for the reduc-
tion in edema may not be adequate for the maintenance
of muscle trophism. Such an analysis is fundamental when
choosing the best type of exercise.

When the goal is therapeutic (exercises used as a form
of treatment for lymphedema), the aim is to identify and
enhance the physiological mechanisms involved. When
therapeutic exercises are prescribed for lymphedema,
one must follow the principles that govern the dynamics
of venolymphatic drainage and physiological responses
to exercise to avoid complications, such as an increase
in edema. Another important aspect to consider in the
therapeutic approach is the use of compression mecha-
nisms combined with exercises, with a specific analysis of
the type of material and therapeutic response to deter-
mine whether a positive or negative synergic effect will
be achieved.

Conclusion

Active exercises as monotherapy to reduce edema in ca-
ses of lower limb lymphedema are not described in the

literature. However, such exercises may be useful when
combined with compression mechanisms, provided such
mechanisms are adjusted well to each patient. Passive
exercise can reduce the edema as monotherapy, but be-
tter results are achieved when combined with compre-
ssion mechanisms. The maintenance of compression after
exercises or activities enables achieving better results. The
maintenance of muscle trophism is suggested to improve
the function of the calf muscle pump, but the reduction
in volume is the initial priority.
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Plavanim indukovany plicni edém je akutni, potencidlné Zivot ohrozujici stav, ktery ma pfi vcasné, sprav-
né diagndze a terapii dobrou progndzu. Postihuje fyzicky aktivni jedince, ¢astéji zeny, béhem sportovnich
aktivit, jako jsou plavani ¢i potapéni. Klinickymi projevy jsou nahle vznikla dusnost, kasel, hypoxemie. Jsou
identifikovany rizikové faktory, mezi které patfi i dosud nediagnostikované kardialni onemocnéni. Z toho
vyplyva duleZitost preventivnich vysetteni u fyzicky aktivnich jedinc.

© 2024, CKS.
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ABSTRACT

Swimming induced pulmonary edema is an acute, potentially life-threatening condition that has a good pro-
Keywords: gnosis with early, correct diagnosis and therapy. It affects physically active individuals, more often women,
Pulmonary edema during sports activities such as swimming or diving. Clinical manifestations are sudden shortness of breath,
Swimming cough, hypoxemia. Risk factors are identified, including previously undiagnosed cardiac disease. This implies
Triatlon the importance of preventive examinations for physically active individuals.
Uvod a spol.,>podle které bylo ve Spojenych statech americkych

Plavanim indukovany plicni edém (swimming induced
pulmonary edema, SIPE) je ndhle vznikly, potencidlné
Zivot ohrozujici stav projevujici se dusnosti, kaslem, he-
moptyzou a hypoxemii. Jednd se o stav vznikly plsobe-
nim faktord zevniho prostredi, kdy kombinace pUsobeni
chladné vody, pohybového a psychického stresu vyvola
patologickou reakci kardiovaskuldrniho aparatu. Dochazi
ke klinickému obrazu akutniho plicniho edému (obdobné
jako vyskovy edém plic — high altitude pulmonary edema
[HAPE], fyzickou aktivitou indukovany edém — exercise in-
duced pulmonary edema [EIPE], ponofenim vznikly plicni
edém — immersion pulmonary edema [IPE]). SIPE byl iden-
tifikovan pti plavani, Snorchlovani ¢i potapéni.'V pripadé
spravné diagndzy a adekvatni terapie dochazi k rychlému
Ustupu symptomu. Odhadovana prevalence mezi triat-
lonisty je 1,4 %.2 Za povsimnuti stoji prace autord Moon

a v Kanadé mezi lety 2008-2015 identifikovano 58 umrti
bé&hem triatlonového tréninku ¢&i zavodu, z toho 42 pripa-
dud bylo v plavecké ¢asti.

Popis pripadu

Pacientka, 47 let, amatérska sportovkyné, byla prijata
na urgentni pfijem s ndhle vzniklou dusnosti a kaslem.
Anamnesticky prodélala hlubokou Zilni trombdézu s plic-
ni embolii pfed dvéma lety (jeden rok antikoagulovana,
koagulopatie vyloucena), jinak bez dalSich zndmych one-
mocnéni, nekuracka, sportovkyné s velmi dobrou fyzickou
zdatnosti. Obtize zacaly téhoZ dne v plavecké casti triat-
lonového zavodu, kdy se po uplavani 200 m v neoprenu
v pfirodni vodé (teplota vzduchu 25 °C, teplota vody 17 °C)
objevil tlak na hrudi spojeny s vyraznym zhorSenim dechu,
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Obr. 1 - Vstupni EKG,
koncetinové svody.

Obr. 2 - Vstupni EKG,
hrudni svody.

nasledné v cyklistické &asti kasel s expektoraci rizového
sputa, pro ktery byla nucena zavod ukoncit a vyhledat
lékare. PFi prevozu netolerovala horizontalu. Na urgent-
nim pfijmu pacientka jiz popisovala pozvolny ustup obti-
zi, hodnoty vitalnich funkci byly v normé. Elektrokardio-
gram byl bez ischemickych zmén (obr. 1, 2), na vstupnim
skiagramu hrudniku byla popséna zhrubéld bronchovas-
kuldrni kresba (obr. 3), laboratorné elevace vysoce senzi-
tivniho troponinu I (hsTPI, 2 500,5 ng/l, norma < 47 ng/l),
N-termindlni fragment natriuretického propeptidu typu
B (NT-proBNP) 306,0 ng/l a D-dimert (1,5 mg/l), déle leh-
kd leukocytéza a neutrofilie bez elevace C-reaktivniho
proteinu (CRP). Pacientka byla pfijata na l0zko intenzivni
péce, kde byla doplnéna CT angiografie plicnice s vylou-
¢enim plicni embolizace, ale zjistény zmény charakteru
odeznivajiciho plicniho edému (obr. 4). Echokardiografic-
ky zcela normalni nalez na obou komorach i chlopnich,

s normalni ejek¢ni frakci levé komory bez poruch kineti-
ky. V kontrolni laboratofi byla zachycena dynamika hsTPI
s elevaci a ndslednym poklesem, bez vzestupu zdnétlivych
parametrl. V diferenciadlni diagnéze byl zvaZzovan akutni
koronarni syndrom, proto doplnéna selektivni koronaro-
grafie s normalnim nédlezem na obou véncitych tepnéch.
V této fazi byla pacientka propusténa ve stabilizovaném
stavu do domaciho prostfedi. Ambulantné byla doplnéna
magneticka rezonance srdce s normalnim nalezem, dale
spiroergometrie, kdy reakce krevniho tlaku na statickou
i dynamickou zatéz byla normotonicka, zdatnost nadpra-
mérna (4,8 W/kg, 16,7 MET, VO, __ 38,5 ml/min/kg), EKG
bez arytmii, beze zmén uUseku ST. Na zdkladé anamnézy,
klinického obrazu a provedenych vysetreni byl stav uza-
vien jako plavanim indukovany plicni edém. Pacientka je
v daldim sledovani asymptomaticka, bez nutnosti medika-
ce, nadale se vénuje sportovnim aktivitam.
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Plavanim indukovany plicni edém

Obr. 3 - Skiagram hrudniku se zhrubélou bronchovasku-
larni kresbou.

Obr. 4 - CT hrudniku s obrazem odeznivajiciho plicniho
edému.

Diskuse

Diagnostickd kritéria SIPE jsou nahle vznikla dusnost, ka-
sel, hemoptyza ¢i tlak na hrudi vzniklé pfi plavani ¢i bez-
prostfedné po ném, hypoxemie (saturace O, < 92 % nebo
alveolo-arteridlni kyslikovy gradient > 30 mm Hg), radiolo-
gické znamky alveoldrnihof/intersticidlniho plicniho edému
mizejici do 48 hodin. Dale nedoslo k aspiraci vody, k laryn-
gospasmu ani predchazejicimu infekénimu onemocnéni.’?

Patofyziologicky mechanismus je vysvétlovan aktivaci
sympatiku béhem zatéze, pUsobenim hydrostatického
tlaku a vlivem nizsi teploty vody, kdy dochazi k perifer-
ni vazokonstrikci na koncetinach a redistribuci krve do
velkych cév hrudniku. Redistribuce muze byt akcentova-
na tésnym neoprenem a zvysenou télesnou ndmahou.
Nasledné dochazi ke zvyseni zilniho navratu, zvysené-
mu preloadu obou komor, ke zvyseni tepového objemu’

a zvydeni tlaku v plicnich cévach. Ten vede k drobnym
rupturam alveolokapildrni membrany s naslednou extra-
vazaci do plicnich alveold.'#

Rizikovymi faktory pro vznik SIPE jsou arteridlni hyper-
tenze preexistujici ¢i dosud nediagnostikovanad,® preexistu-
jici srde¢ni onemocnéni — hypertrofie ¢i snizena poddajnost
levé komory, chlopenni vady, (typicky napf. dynamicka
mitralni insuficience), Zenské pohlavi, vyssi vék, hydratace
a uziti minerall pred sportovnim vykonem, nizsi teplota
vody, pouziti neoprenu, dlouhd vzdalenost, prodélana epi-
zoda SIPE (riziko rekurence se udava 13-75 %),® uzivani ry-
biho oleje,” inicidlné nizsi plicni objemy a pratoky.’

Prvnim terapeutickym opatfenim je okamzité opusté-
ni vody, svléknuti neoprenu a zajisténi tepelného kom-
fortu. Dalsi terapie se fidi klinickym obrazem, moZnosti
je poloha vpolosedé, oxygenoterapie, podani diuretik
a B,-agonistd." Klinicky stav se zpravidla upravi do 48 ho-
din. Jako prevence je mozné zvazit sildenafil nebo v pfi-
tomnosti arteridlni hypertenze dihydropyridinové bloka-
tory kalciového kanalu.'®

Zaveér

SIPE je akutni, malo bézny stav vznikly v souvislosti
s plavanim v pfirodni vodé, ktery mlze vést k akutnimu
ohrozeni Zivota. S narustajici popularitou outdoorovych
sportovnich aktivit a zdvodéni v extrémnich podminkach
muUzeme ocekavat zvyseny vyskyt plicniho edému ze ze-
vniho prostredi.

Prognéza pacientd, ktefi prodélali SIPE, je dobra, vétsi-
nou nedochazi k poskozeni plicnich funkci, difuzni kapa-
city NO, toleranci zatéZze ani k rozvoji plicni hypertenze
v reakci na hypoxemii.®

V managementu diagnostiky a terapie SIPE je klicové
vylouceni preexistujictho onemocnéni kardiovaskuldrniho
systému. Je doporucovano provedeni preventivni spor-
tovni prohlidky u sportovcd nad 35 let pred zahajenim
tréninku na zavody s potencidlnim rizikem vzniku plicni-
ho edému. Pomérné zasadni je informovanost odborné
verejnosti, sportujici komunity a zejména slozek partici-
pujicich na zdravotnim zajisténi sportovnich akci, pfi kte-
rych hrozi riziko rozvoje SIPE.

Prohlaseni autorli o mozném stretu zajmu
Zadny stret zajma.

Financovani
Zadné.

Prohlaseni autort o etickych aspektech publikace
Autofi prohlasuji, Ze kazuistika byla vypracovdna podle
etickych standard.

Informovany souhlas
Pacient byl fddné informovan a vyslovil souhlas s uverej-
nénim pfipadu v rdmci kazuistického sdéleni.
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SOUHRN

Akutni koncetinova ischemie (acute limb ischemia, ALIl) pfedstavuje zasadni hrozbu pro Zivotaschopnost
koncetin vyzadujici urgentni revaskulariza¢ni intervence. V této kazuistice popisujeme pfipad 47leté Asiatky
s bilateralni ALl v dasledku tézké mitralni stendzy (MS) revmatické etiologie a fibrilace sini (FS) se zanedba-
nou Upravou mezinarodniho normaliza¢niho poméru (INR). Pacientka byla privezena do nemocnice s ndhlou
klidovou bolesti obou dolnich koncetin, jiz namodralych a naprosto bez ¢iti. Echokardiografické vysetreni
prokézalo tézkou MS revmatické etiologie spolu s trombem v ousku levé siné. CT angiogram odhalil témér
UpIné obturujici trombus v misté odstupu horni bfisni aorty. Okamzité byla provedena bilateralni trombo-
embolektomie, po niz doslo ke zlepseni stavu, a pacientka byla nakonec propusténa z nemocnice ve stabili-
zovaném stavu. Pro optimalni vysledek v ptipadé ALl zahrnujicich soucasné MS a FS jsou absolutné nezbytné
vhodna antikoagulacni terapie, disledné monitorovani INR a pouziti vhodné strategie k ndhradé chlopné.
© 2024, CKS.

ABSTRACT

Acute limb ischemia (ALI) poses a critical threat to limb viability, necessitating urgent revascularization in-
terventions. This case report discusses a 47-year-old Asian woman with bilateral ALI due to severe rheumatic
mitral stenosis (MS) and atrial fibrillation (AF), with neglected international normalized ratio (INR) control.
The patient presented with sudden bilateral leg pain at rest, accompanied by bluish discoloration and sen-
sory loss. Echocardiographic findings indicated severe rheumatic MS along with a thrombus in the left atrial
appendage. The computed tomography angiogram revealed a near-total thrombus originating from the
upper abdominal aorta. Immediate bilateral thromboembolectomy was performed. Subsequent improve-
ments were observed, and the patient was eventually discharged in stable condition. Proper anticoagulant
therapy, vigilant INR monitoring, and a strategic approach to valve replacement are crucial for optimizing
outcomes in cases of ALl involving concurrent MS and AF.

Introduction

sequent to the abrupt cessation of blood supply.? Urgent
revascularization interventions are crucial to maintain the

Acute limb ischemia (ALI) is an emergency vascular con-
dition capable of threatening limb viability.'postrando-
mization ALl hospitalization. Baseline factors associated
with ALl were identified using Cox proportional hazards
modeling. Models with ALI hospitalization as a time-de-
pendent covariate were developed for secondary out-
comes of major adverse cardiovascular events (myocardial
infarction, cardiovascular death, ischemic stroke This phe-
nomenon arises due to the insufficient timeframe for the
establishment of compensatory neovascularization sub-

viability of the limb.

The etiology of ALl is predominantly attributed to ar-
terial occlusion resulting from thrombosis of an existing
diseased artery (40%) and arterial embolism (30%).2 The
coexistence of mitral stenosis (MS) with atrial fibrillation
(AF) increases the risk of cardiac embolization.? Inad-
equate achievement of the recommended international
normalized ratio (INR) through the utilization of oral an-
ticoagulant (OAC) potentially predisposes to thromboem-
bolic events, such as acute limb ischemia. In this report,

Address: Muhammad Aditya, MD, Pusat Pelayanan Jantung Terpadu Building at Mayjen Prof. Dr. Moestopo Street Number 6-8, Airlangga, Surabaya, Indonesia,

60286, e-mail: adite.ppdskardio.unair@gmail.com
DOI: 10.33678/c0r.2024.039

Please cite this article as: Aditya M, Mahmudah TR, Suryawan IGR. Bilateral Acute Limb Ischemia due to Severe Rheumatic Mitral Stenosis and Atrial Fibrillation with Neglected Inter-

national Normalized Ratio Control. Cor Vasa 2024;66:444-447.



M. Aditya, T. R. Mahmudah, | G. R. Suryawan

we present a case of bilateral acute limb ischemia second-
ary to severe rheumatic mitral stenosis and atrial fibrilla-
tion due to neglected INR control. Written consent was
obtained from the patient before collecting her medical
information.

Case description

A 47-year-old Asian woman was referred from a rural hos-
pital due to the sudden onset of bilateral leg pain at rest
that had been experienced for 3 days prior to admission.
The complaint was accompanied by tingling sensations
and sensory loss extending up to the ankles. No motor dis-
turbances were observed. Bluish discoloration extended
up to the ankles on both legs, with no evidence of tissue
loss (Fig. 1). As initial therapy, the referring hospital admi-
nistered a bolus of 5,000 units of unfractionated heparin
(UFH), followed by a continuous infusion of 1,000 units per
hour, and 30 mg of ketorolac injection every 8 hours.

The patient has a history of severe mitral stenosis ac-
companied by atrial fibrillation, which was only diag-
nosed in the last 3 months. Since then, the patient has
been regularly taking 2 mg of warfarin once a day, 2.5
mg of bisoprolol once a day, and 40 mg of furosemide
pro re nata. There is no record of INR measurements dur-
ing warfarin treatment, and dose titration of warfarin
has never been performed.

The patient is fully conscious with a blood pressure
of 124/84 mmHg, a heart rate of 94 beats per minute
irregularly, a respiratory rate of 18 breaths per minute,
and a body temperature of 36.7 °C. A Grade II/IV diastol-
ic murmur was audible at the cardiac apex. Pulse in the
femoral artery extending to the dorsalis pedis artery of
both lower limbs was not palpable. Both legs from the
ankles downward felt cold. The pulse oximetry device
was unable to detect oxygen saturation in the digits of
both feet.

The electrocardiogram exhibited atrial fibrillation. The
chest X-ray disclosed cardiomegaly with a dual atrial con-
tour. The laboratory assessment revealed an out-of-range

Fig. 1 - Bluish discoloration extended up to the ankles on both legs,
with no evidence of tissue loss.

Fig. 2A - Transthoracic echocardiography in the parasternal
long-axis view showed calcified anterior and posterior mitral
leaflets (arrow).

Fig. 2B - Transthoracic echocardiography in the parasternal
short-axis view showed calcified and thickened anterior and
posterior mitral leaflets (asterisk) with commissural fusion (ar-
row).

INR of 1.7. Transthoracic echocardiography displayed
thickened mitral leaflets with commissural fusion, indica-
tive of severe rheumatic mitral stenosis (mitral valve area
planimetry 1.15 cm) (Figs 2A and 2B). There was a mild
mitral regurgitation, as well as aortic and tricuspid re-
gurgitation, coupled with left atrial (LA) dilation. Both
normal left ventricle systolic function (ejection fraction
of 68%) and normal right ventricle systolic function were
observed. Doppler ultrasound was conducted, detecting
a thrombus without flow in the right common femoral
artery (Figs 3A and 3B). Meanwhile, the left common
femoral artery exhibited slow flow. Subsequent to these
findings and due to suspicions of a thrombus extend-
ing to the abdominal aorta, an immediate computed
tomography angiogram (CTA) was performed. The CTA
revealed a near-total thrombus originating from the up-
per abdominal aorta at the level of the 3rd lumbar ver-
tebrae, with a distance of 2.6 cm from the bifurcation
(Fig. 4). Furthermore, near-total thrombi were observed
in the right common iliac artery (approximately 5.0 cm
in length), the right external iliac artery (approximately
13.8 cm in length), the right internal iliac artery (approxi-
mately 4.2 cm in length), and the left common iliac artery
(approximately 2.6 cm in length).
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Fig. 3A - Doppler ultrasound of the right common femoral artery
showed thrombus (asterisk) without flow.

Fig. 3B — Doppler ultrasound of the left common femoral artery
showed slow flow.

Fig. 4 - The computed tomography in the front view (left panel)
and lateral view (right panel) revealed a near-total thrombus
originating from the upper abdominal aorta at the level of the 3rd
lumbar vertebrae with a distance of 2.6 cm from the bifurcation
(yellow arrow), while nearly complete thrombi were observed in
the right common iliac artery (red arrow), encompassing the right
external iliac artery and the right internal iliac artery, as well as in
the left common iliac artery (blue arrow).

Fig. 5 - Transesophageal echocardiography revealed the presence
of a thrombus within the left atrial appendage (arrow) along with
spontaneous echocontrast in the left atrium (asterisk).

The patient was diagnosed with Rutherford grade Ilb
ALl Subsequently, urgent bilateral thromboembolecto-
my was performed, followed by the initiation of warfarin
bridged with heparin. After the surgery, the patient un-
derwent a 5-day rehabilitation period and demonstrated
improvements in both legs. The patient could ambulate
without pain or tingling sensations. Both legs were warm
to touch with no sensory loss. Peripheral pulse oximetry
readings showed 98% in both extremities.

A day prior to discharge, transesophageal echocar-
diography was conducted, revealing calcification and
thickening of the anterior and posterior mitral leaflets
with severe mitral stenosis, accompanied by mild mitral
regurgitation, mild aortic regurgitation, and mild tricus-
pid regurgitation. A 3.1 x 1.9 cm thrombus was detected
in the left atrial appendage, accompanied by LA sponta-
neous echocontrast (Fig. 5). On the 8th day of treatment,
the patient was discharged in good condition, without
complaints, with an INR of 2.4 on warfarin. Subsequently,
the patient received regular follow-up care at our hospi-
tal’s outpatient clinic. The next step in the management
plan is mitral valve replacement; however, the patient is
still unwilling to undergo the valve replacement surgery.

Discussion

Acute limb ischemia is characterized by a sudden decrease
in perfusion to the limb.* This condition can lead to nerve,
muscle, and skin damage, with amputation rates ranging
from 10-15%.2 Immediate revascularization is necessary
to preserve limb viability.

In the observed case, there was extensive thrombosis
affecting the abdominal aorta, right common iliac, right
internal and external iliac arteries, as well as the left com-
mon iliac artery. The occurrence was suspected to be a re-
sult of embolism inducing vascular stasis (Virchow’s triad)
and inflammatory reactions, consequently initiating sub-
sequent thrombotic processes.>® Evaluation of hyperco-
agulable conditions, such as thrombophilia screening,
may be considered.®’

The initial management that can be undertaken in-
cludes providing adequate analgesia and the intravenous
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administration of UFH.*® The UFH is administered as an
intravenous bolus of 70-100 international units per kilo-
gram of body weight, followed by an infusion with a dos-
age adjusted according to the patient’s response.® Acti-
vated partial thromboplastin time should be monitored
during the administration of UFH. ALI patients in non-
vascular centers should be promptly transferred to a vas-
cular center to facilitate revascularization procedures.

Revascularization strategies can take the form of ei-
ther endovascular or surgical approaches.?® Endovascular
techniques that can be performed include catheter-direct-
ed thrombolysis (for Rutherford grade lla ALl), percuta-
neous thromboaspiration (with or without thrombolysis),
and percutaneous mechanical thrombectomy.?48 Throm-
bolysis typically requires time, and the ischemic process
continues during thrombolysis, making it not indicated
for Rutherford grade Ilb ALI.® Percutaneous mechanical
thrombectomy is indicated for Rutherford grade Ilb due
to its shorter reperfusion time compared to catheter-
directed thrombolysis.? Surgery is recommended for pa-
tients with thromboembolism, Rutherford Ilb, non-viable
limbs, or those who are not candidates for thromboly-
sis.2® Surgical interventions may involve thrombectomy
using a balloon catheter (Fogarty) or bypass surgery.

The coexistence of mitral stenosis (MS) and atrial fibril-
lation (AF) increases the risk of thromboembolic events.3?
Transesophageal echocardiography should be performed
after an embolic episode. Oral anticoagulant (OAQ) is
necessary to prevent thromboembolism. Monotherapy
with oral anticoagulant is recommended for post-surgery
ALl patients requiring long-term oral anticoagulation.*
In patients with rheumatic mitral stenosis and atrial fi-
brillation / a history of previous emboli / thrombus in the
left atrium, anticoagulation with vitamin K antagonists
(VKAs) is recommended.?The use of non-vitamin K antag-
onist oral anticoagulants is not recommended in patients
with AF and moderate to severe mitral stenosis.

Warfarin (VKA) is a commonly used oral anticoagulant.
The use of VKA requires monitoring through the measure-
ment of INR. The target INR that should be achieved with
VKA usage is between 2 and 3 to prevent both thrombo-
embolic events and bleeding incidents.” INR values below
the target range place the patient at risk of thromboem-
bolism, while excessively high INR values can elevate the
risk of bleeding. INR values exceeding 4.5 pose a signifi-
cant risk of bleeding."'the 2012 guidelines of the Ameri-
can College of Chest Physicians discourage administration
of vitamin K. At the study hospital, it was observed that
vitamin K was frequently prescribed for patients with INR
of 4.5 or higher and no bleeding. Objectives: To compare
efficacy and safety outcomes between holding warfa-
rin alone and holding warfarin with administration of
vitamin K and to compare these outcomes among vari-
ous doses and routes of vitamin K administration in non-
critical care inpatients experiencing supratherapeutic INR
without evidence of bleeding. Methods: This single-cen-
tre retrospective chart review involved non-critical care
inpatients with supratherapeutic INR (4.5-8.9

Mitral valve replacement surgery is the established
management for patients with severe rheumatic mitral
stenosis who are not suitable candidates for percutane-
ous mitral commissurotomy.’® The presence of severe

valvular thickening and subvalvular fibrosis with leaflet
tethering necessitates mitral valve replacement as the
preferred therapeutic option.? Bioprosthetic valves can
be considered for patients with limited access for INR
monitoring or an inability to regulate VKA.? In our case,
the patient was not willing to undergo valve replacement
surgery. Patients in such a condition are at a high risk of
recurrent thromboembolic events. Hence, it is crucial to
consistently motivate the patient to undergo mitral valve
replacement during each outpatient visit.

Conclusions

Acute limb ischemia can occur as a secondary result of
coexisting rheumatic mitral stenosis and atrial fibrillation
with poorly controlled INR. Proper anticoagulant thera-
py, INR monitoring, and valve replacement strategy are
crucial for optimizing outcomes in ALI cases involving MS
and AF.
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Koronarni pistél (coronary artery fistula, CAF) je nepfilis ¢asto se vyskytujici spojka mezi epikardidlni ¢asti
koronarni tepny na jedné strané a bud srde¢nim oddilem (anglicky coronary cameral fistula, CCF), nebo s
velkou srdecni cévou, napfiklad plicnimi tepnami nebo Zilami na strané druhé. Protoze je vétsina pacientl
v prvnich dvou dekédéch Zivota asymptomatickych, zUstava tato anomélie dlouhodobé skryta; symptomu a
komplikaci za¢ina pribyvat aZ po tieti dekadé Zivota. Soudi se, Ze primarnim patofyziologickym problémem
u koronarnich pistéli je jev oznacovany jako korondrni steal syndrom. Symptomy zaviseji na rozsahu steal
(,,vykradani krve urcené pro srdce”) nebo shuntu. Popisujeme pfipad 70letého muze se symptomy srde¢niho
selhdni, u néhoz byla nasledné pomoci angiografického vysetieni stanovena diagndza koronarni pistéle.

© 2024, CKS.

ABSTRACT

Coronary artery fistulae (CAF) are uncommon epicardial connections between coronary vessels and either a
heart chamber, known as coronary cameral fistula (CCF), or the major vessels of the heart, such as pulmonary
arteries or veins. Most patients remain asymptomatic in the first two decades, thus making their presence
all the more concealed. Following the third decade, occurrence of both symptoms and complications rises.
The primary pathophysiological issue in coronary fistulae is believed to be the coronary steal phenomenon.
The symptoms experienced are contingent on the extent of steal or shunt. We report the case of a 70-year-
-old man presenting with symptoms of heart failure, subsequently diagnosed with a coronary artery fistula

Steal phenomenon through angiography.

Introduction

Coronary artery fistulae (CAF) are uncommon epicardial
connections between coronary vessels and either a cardiac
chamber, known as coronary cameral fistula (CCF), or the
major vessels of the heart, such as pulmonary veins or ar-
teries. Coronary artery fistulae (CAF) constitute a rare and
major coronary anomaly, found in approximately 0.1% of
the general population, accounting for 0.4% of all con-
genital cardiac malformations. Typically, these anomalies
are incidentally discovered during coronary angiography.
Most patients remain asymptomatic in the first two de-
cades, thusmaking their presence all the more concealed.
Following the third decade, occurrence of both symptoms
and complications rises. The primary pathophysiological
issue in coronary fistulae is believed to be the coronary

steal phenomenon. The symptoms experienced are con-
tingent on the extent of steal or shunt. We present the
case of 54-year-old man with heart failure symptoms who
was later found to have a coronary artery fistula on an-

giography.

Case report

A male patient, aged 70 years, presented at the clinic with
complaints of fatigue and shortness of breath during mo-
derate to vigorous activity over the last few months. These
complaints manifest during activities such as ascending
and descending stairs and diminish with rest. The patient
has a history of diabetes mellitus and atrial fibrillation.
Despite the current therapy, the patient did not experien-
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Fig. 1 - Coronary angiography. (A) LM; (B) LCx accompanied by fis-
tula (black arrow) from proximal segment; (C) LAD; (D) RCA.

ce significant improvement in their symptoms, prompting
them to seek a change in healthcare providers. Tran-
sthoracic echocardiography revealed a reduction in left
ventricular function with global hypokinesis (EF 40%).
Valves were within normal limits, and no abnormal color
jet turbulence was observed. Subsequently, the patient
received a diagnosis of ischemic cardiomyopathy (ICM).
Following that, the patient underwent a cardiac cathete-
rization examination, revealing challenges in evaluating
the left main (LM). The left anterior descending (LAD)
was found to be normal, while the left circumflex (LCx)
was dominant and exhibited a fistula to a major blood
vessel. Additionally, the right coronary artery (RCA) was
noted to be small (Fig. 1).

Fig. 2 - Sequential CTA (A-D) images showing a fistula (black arrow)
extending from the LCx towards the RPA.

For a more detailed view of the coronary anatomy and
fistula, a computed tomography angiography (CTA) ex-
amination was performed (Fig. 2). The results indicated
left coronary artery dominance, a short LM, mild stenosis
in the LAD, and a vascular malformation with the pres-
ence of a fistula extending from the LCx to the right pul-
monary artery (RPA).

The patient then also underwent an MRI examination
with results of late gadolinium enhancement (LGE) non
specific mid myocardial fibrosis at basal septum with re-
gional hypokinesia of the septum. MRI impression as non
ischemic cardiomyopathy with a global reduced left ven-
tricle ejection fraction (EF) of 39.8%. In conclusion, pa-
tients that previously diagnosed with Ischemic Cardiomy-
opathy (ICM) exhibiting symptoms of heart failure may
not necessarily have coronary artery disease. Instead, the
patient’s symptoms seem to be attributed to a coronary
steal phenomenon induced by coronary arteriovenous
fistula (CAF). Subsequently, a transcatheter coiling clo-
sure procedure was carried out. Upon evaluation three
months post-coiling, the patient reported an improve-
ment in symptoms, and there was an observed increase
in the EF to 45%.

Discussion

A fistula of coronary artery is characterized by the forma-
tion of an abnormal connection between the coronary
arteries of the heart and either the pumonary or systemic
circulation. The term “coronary-cameral fistula” specifi-
cally refers to the communication between the coronary
arteries and heart chambers.! Although most coronary
fistulas are congenital anomalies, acquired fistulas have
been documented in cases of trauma, as complications
arising from coronary artery bypass surgery, and in cer-
tain instances of Takayasu's arteritis.?

Coronary artery fistula’s incidence is often underre-
ported, with some studies suggesting it to be less than
1%. Said et al. observed that 69% of unilateral fistulae
originated from the left coronary artery (LCA), while 31%
originated from the RCA. Among the LCA-originating fis-
tulae, approximately 29% were traced back to the left
circumflex artery (LCx). Notably, only 4% of LCx-originat-
ing fistulae terminated in the left ventricle, whereas the
majority (81%) concluded in the pulmonary artery/right
atrium/right ventricle, aligning with the findings in our
case.?

Coronary artery fistulas typically remain asymptomatic
during the initial two decades, particularly if they have
a minor hemodynamic impact. However, beyond this
timeframe, the frequency of symptoms and complica-
tions tends to increase.* The hemodynamic consequences
are contingent upon factors such as the pressure gradient
across it, the volume of shunt flow, and the size of the
fistula." While the majority of fistulas is small and does
not induce significant alterations, a sizable fistula with
an excessive flow into the right heart has the potential
to cause volume overload, leading to pulmonary hyper-
tension. The redirection of blood through a fistula can
also trigger a coronary steal syndrome/phenomenon, re-
sulting in a reduction of blood flow to the myocardium
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and leading to myocardial ischemia with accompanying
symptoms.>

Complications associated with coronary artery fistulas
encompass atrial fibrillation, heart failure, thrombosis”
and embolism, endocarditis/fendarteritis, aneurysm, and
fistula rupture, arrhythmia, and sudden death. Although
thrombosis within the fistula is uncommon, it has the
potential to precipitate acute myocardial infarction.®
Moreover, there have been reported instances of the
spontaneous rupture of an aneurysmal fistula, resulting
in hemopericardium.®

A study conducted by Said and Werf in 2007 included
13 patients experiencing angina pectoris in the absence
of coronary heart disease (CHD), with seven of them ex-
hibiting objective evidence of coronary insufficiency. The
research highlighted that increased myocardial work
during exercise leads to microvasculature dilation, up to
4-5 times, to augment coronary blood flow, known as
coronary flow reserve (CFR). In CAF-Associated Angina,
there is an elevated basal coronary blood flow, resulting
in decreased CFR. At rest, myocardial perfusion is suf-
ficient. However, during exercise, the myocardium may
experience inadequate perfusion because CFR cannot be
increased. The study clarifies a continuous flow pattern
characterized by higher velocity during the systole phase
compared to diastole in the CAF originating from the
LAD coronary artery to the pulmonary artery. This obser-
vation was made after assessing the flow velocity within
the coronary arteries and the fistula. A high average peak
flow velocity (APV) at baseline was found by intracoro-
nary Doppler flow monitoring, along with a loss of CFR.”

Following successful percutaneous transcatheter em-
bolization (PTE) from the right coronary artery (RCA) to
the fistula-associated angina (FAK), CFR could recover to
normal, accompanied by a reduction in baseline APV. As
a result, the study concludes that persistently elevated
basal coronary flow, even in the absence of coronary ar-
tery narrowing, has adverse effects on CFR. This condition
can potentially lead to angina pectoris in individuals with
relatively normal coronary artery conditions. Moreover,
in patients with CAF accompanied by mild coronary ste-
nosis, angina symptoms may develop prematurely.”?

Physical examinations often reveal a continuous mur-
mur, the degree and location of which can vary signifi-
cantly depend on the position and size of the coronary
fistula. Many patients, however, may have a normal
physical examination. Large fistulas with substantial flow/
shunts may manifest signs and symptoms of early conges-
tive heart disease. Angina, exertional dyspnea, syncope,
and palpitations are among the various symptomatic
manifestations.®

Doppler echocardiography-2D proves highly beneficial
in revealing the dilatation of coronary arteries that are
impacted, and color flow mapping is a useful tool for lo-
cating drainage. However, determining the anatomical
details of the fistula can be challenging with this tech-
nique. In color Doppler flow imaging, significant flow can
be observed at the origin or even along the blood vessels,
with the flow into the right heart chamber it can also be
visualized."®

Cardiac catheterization and angiography serve as
methods for evaluating fistulas. Catheterization is em-

ployed to assess the hemodynamics of the fistula, while
cardiac catheterization is the preferred modality for vi-
sualizing the structure and flow patterns of the coronary
arteries. In most cases, intracardiac pressure is normal,
and shunt flow is typically small. Using selective coronary
arteriography or aortography, the anatomy of the fistula
can be examined in more detail, providing information
about its size, origin, course, presence of stenosis, and
drainage sites."

Although coronary angiography remains the gold
standard for coronary artery imaging, there are situa-
tions in which it may not always be clear where the fistula
originated or how it relates to the surrounding cardiac
structures. The ability to observe and measure abnormal
tortuous vessels with angiography in a single plane can
be challenging. In such cases, noninvasive methods such
as CT and MRI can be employed to complement coronary
angiography.’? CT can offer high-resolution anatomical
images through ECG-gated reconstruction. These images
can reveal an enlarged fistula and assess for thrombus
formation or aneurysmal dilatation in the blood vessels.
Three-dimensional CT volume-rendered pictures offer
a thorough view of the vascular and heart anatomy. CT
is regarded as a beneficial alternative for coronary angi-
ography. However, it's important to note that one of the
main limitations of CT is radiation exposure.'

In this particular case, echocardiography failed to de-
tect a fistula, while a CT examination revealed a clear
image of a coronary artery fistula. CT enables excellent
anatomical imaging with high resolution, facilitating the
identification of the fistula’s origin, course, location, and
diameter. The discovery of a coronary artery fistula in this
case was unexpected, aligning with existing literature
that often characterizes this lesion as being diagnosed
incidentally.™

Therapeutic intervention, such as transcatheter clo-
sure (TCC) or surgical ligation is typically undertaken in
patients with symptomatic fistulas or those experienc-
ing complications. These complications may include left
ventricular volume overload, left ventricular dysfunction,
large left-to-right shunting, congestive heart failure,
myocardial ischemia, and efforts to prevent endocarditis
or endarteritis."

The preferred method for closing a fistula is percuta-
neous transcatheter closure, as it is a less invasive proce-
dure that can help avoid potential surgical complications.
However, in cases where the anatomy of the fistula is not
conducive to transcatheter closure, especially if the fistula
is tortuous or large in size, surgical closure is recommend-
ed." Presently, there is no unanimous agreement on the
treatment of asymptomatic patients. However, elective
closure of fistulas is advised in children aged older than
3 to 5 years due to the heightened risk of complications
in this age group. Additionally, elective closure is recom-
mended for cases in which fistulas arise from the proximal
segments of the coronary arteries. This recommendation
is based on the susceptibility of these fistulas to aneurysm
formation and rupture.'®

Having a comprehensive understanding of the fistula’s
anatomy is critical when considering closure via trans-
catheter. The fistula’s body usually acts as the designated
landing zone for the selected closure device. It is impera-
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tive to avoid specific sites, such as the fistula ostium, the
fistula termination, or the native coronary vessel. Landing
the device in or interfering with the native coronary ves-
sel can lead to complications such as in situ thrombosis,
spasm, or dissection. The choice of closure devices is de-
termined by the size of the fistula. Hydrophilic vascular
coils are usually the preferred initial option when deal-
ing with fistulas that have a diameter of less than 5 mm.
In cases where the fistula measures more than 5 mm in
diameter, the use of patent ductus occluders or vascular
coils is a common practice. This careful consideration of
anatomy and device selection is crucial for the success and
safety of the transcatheter closure procedure.

Conclusion

A coronary artery fistula is an anomaly of the coronary
arteries that can be either congenital or acquired. While
most patients may remain asymptomatic, large and high-
-flow fistulas can lead to symptomatic presentations and
even life-threatening complications. Imaging modalities,
such as contrast-enhanced CT-angiography, can accurate-
ly depict the anatomy of the fistula, although the gold
standard for diagnosis remains diagnostic coronary ca-
theterization. In the management of symptomatic pati-
ents, transcatheter fistula closure is a preferred treatment
modality. The techniques employed should be appropria-
te for the size and location of the coronary artery fistula,
taking into consideration the patient’s size. The successful
closure of coronary artery fistulas through transcatheter
interventions is crucial in addressing symptoms and pre-
venting potential complications.
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Tato kazuistika popisuje zkusenosti s katetriza¢ni implantaci bioprotézy MyVal (Meril Life Sciences) s cilem
odstranit tézkou insuficienci biologické mitraini chlopné, k jejiz degeneraci doslo v pribéhu nepretrzitych
vojenskych operaci a s tim souvisejicich leteckych poplachli a vypadkl proudu, coz komplikovalo logistiku
popisovaného vykonu.

© 2024, CKS.

ABSTRACT

The following clinical case presents the experience of using the MyVal (Meril Life Sciences) transcatheter
biological aortic valve prosthesis to eliminate severe insufficiency of a degenerated mitral valve (MV) bio-
prosthesis, which occurred in the context of constant military operations, related air alerts, and power ou-
tages, which complicated the logistics of this procedure.

Introduction

Clinical case

One of the most common diseases of the heart valve ap-
paratus is mitral valve (MV) disease, which is diagnosed
with a frequency of about 10%." This article presents the
case of using the MyVal (Meril Life Sciences) transcathe-
ter biological aortic valve prosthesis to eliminate severe
insufficiency of a degenerated mitral valve bioprosthesis,
which occurred in the context of constant military opera-
tions, related air alerts, and power outages, which compli-
cated the logistics of this procedure.

The 70-year-old patient K. was admitted to the State
Institution “Heart Institute of the Ministry of Health of
Ukraine” with complaints of severe shortness of breath
during physical activity and at rest for 4 months, and un-
productive cough. According to the patient, due to the
occupation of her village by Russian troops, she was una-
ble to seek assistance earlier and receive proper medical
care, which led to an exacerbation of her condition. An-
thropometric data on admission: height — 157 cm, weight
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Table 1 - Relevant past interventions with outcomes

Year  Events

2010  Successful MV prosthetics with Hancock 2 — 27 mm bioprosthesis for severe mitral insufficiency, posterior leaf mitral valve

detachment, chordal damage

2020  Successful transcatheter closure of paraprosthetic mitral valve fistula with Occlutech PLD occluder

2021  Severe form of COVID-19, with severe respiratory failure - SpO, <85%, which required artificial lung ventilation

2022 Repeated appeal to the State Institution “Heart Institute of the Ministry of Health of Ukraine” with the above complaints

- 58 kg, BMI - 23,53 kg/cm?. The medical history of the
disease is shown in Table 1.

A general clinical blood test and biochemical analysis
without any special features. NT-proBNP level — 1496 ng/
ml (normal 0-125). According to the electrocardiogram:
sinus rhythm, correct; PQ interval — 0.14 s; QRS complex —
0.08 s, not extended; pathological Q waves — absent.

Echocardiography (EchoCG) data: aortic valve — tricus-
pid, maximal Ap = 10 mm Hg, regurgitation — 1+; mitral
valve — bioprosthesis, severe eccentric regurgitation along
the posterior-lateral wall of the left atrium, Ap = 21/6
mmHg; tricuspid valve — normal leaves, mild regurgitation;
left atrium — 5.8 cm, volume/volume index — 121 cm3/75 ml/
m?; right atrium — volume/volume index — 48 cm3/30 ml/m?;
right ventricle — 3.5 cm; pulmonary hypertension (PH) — 48
mmHg; left ventricular end-diastolic volume (LVEDV) - 90
ml, left ventricular end-systolic volume (LVESV) - 33 ml; left
ventricular ejection fraction (LVEF) — 63%; interventricular
septal thickness — 1.2 cm, posterior wall - 1.0 cm.

Fig. 1 - Left ventriculography showing mitral valve insufficiency be-
fore implantation (left). Left ventriculography without mitral valve
insufficiency after implantation (right).

Fig. 2 - The results of TEEchoCG before implantation of the bioprosthesis: Eccentric regurgitation on the MV bioprosthesis

According to the results of computed tomography
with intravenous contrast, the left ventricular outflow
tract (LVOT) was 337.3 mm?2.

Given the high risk of repeat surgery (EuroSCORE II
— 7.98%, STS — 9.209%), a decision was made to trans-
catheter implant a balloon-expandable biological aortic
valve prosthesis into the degenerated mitral valve pros-
thesis.

The intervention was postponed 2 times due to missiles
attack. The operation was performed as follows: after
intercostal thoracotomy and U-shaped sutures, a pouch
suture was made at the apex of the LV and the apex was
punctured with a needle, followed by insertion of a work-
ing J-shaped guide through the valve into the left atrium
with the placement of a 14Fr introducer. Then a tempo-
rary rhythm driver is connected. Due to the absence of
effective contraction (rapid ventricular pacing) of the left
ventricle, a 24.5 mm diameter MyVal balloon-expandable
valve was implanted.

The intervention was performed under the control of
angiography (Philips AZURION) (Fig. 1) and transesopha-
geal echocardiography (Figs. 2 and 3).

The early postoperative period was not complicated.
After 1 day in the intensive care unit, the patient was
transferred to the ward. The control computed tomogra-
phy showed that the Neo LVOT was 143.6 mm?, the aorto-
mitral angle was 57.9°, which was considered an accept-
able risk of LVOT obstruction after ViV-TMVR.

The patient was discharged in a satisfactory condition
on the 8th day after the intervention. The HF functional
class according to NYHA decreased from class IllI-IV to
class Il. A visit 3 months later revealed no significant ab-
normalities according to the EchoCG. HF grade = Il FC ac-
cording to NYHA.

e

(left). Prolapse of the anterior leaf of the MV bioprosthesis (right).
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Fig. 3 - The results of TEEchoCG after implantation of the bioprosthesis: MV bioprosthesis (left). No regurgitation
(right).

Conclusion

The use of transapical transcatheter prosthetics of the de-
generated mitral valve with the MyVal aortic prosthesis
together with a detailed CT analysis with contrast can be
considered as the main treatment method in high-risk pa-
tients.
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Clanek obsahuije kritiku Doporu¢eného postupu pro lé¢bu endokarditidy, ktery vydala Evropska kardiologic-
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ABSTRACT

The article contains criticism of the 2023 ESC Guidelines for the management of endocarditis, which was
published by the European Society of Cardiology in autumn 2023 and which was translated into Czech and
published in the Cor et Vasa journal in spring 2024. The Guidelines contain a number of formal and factual
mistakes in the field of antibiotic prophylaxis and treatment. The author of the critical comments advises
Czech doctors not to accept the recommended regimens of antibiotic prophylaxis and therapy without prior
consultation with the local antibiotic center or antibiotic consultant.

Evropska kardiologicka spolec¢nost vydala na podzim 2023
novy doporuceny postup pro diagnostiku a Iécbu infekéni
endokarditidy," ktery byl nasledné prejiman jednotlivymi
narodnimi odbornymi spole¢nostmi. Autorsky tym sesta-
val z 25 odbornikd z raznych zemi. Bohuzel vétsina z nich
byli kardiologové a jen jediny clovék (prof. J. M. Miro)
zastupoval odbornost infektologickou a mikrobiologic-
kou. Tento vybér je v pfimém rozporu s principem dekla-
rovanym v kapitole 4, podle néhoz je diagnostika a Ié¢-
ba infekcni endokarditidy (IE) mezioborovou zaleZitosti.
Dusledkem tohoto nevyvazeného usporadani autorského
tymu jsou nepresnosti a chyby, které se tykaji antibiotické
|écby.

Evropsky doporuceny postup byl prelozen do cestiny
a vysel v Cor et Vasa na jare 2024.2 Evropska kardiologicka
spolecnost obecné nedovoluje doporucené postupy mé-
nit nebo doplfovat poznamkami prekladatell, coZz musel
kolektiv prekladatelt respektovat. Formalni i vécné ne-
dostatky v oblasti antibiotické Iécby, které byly pfitomny

v anglickojazy¢ném originale, se tak ocitaji i v ¢eském pre-
kladu. Tento text si klade za ukol ceské ¢tenare upozornit
a varovat pred neuvazenym prebirdnim doporucenych an-
tibiotickych rezima.

Pfipominky ke kapitole 3 (prevence a profylaxe IE)
V oddilu 3.3.1 je v tabulce 6 (str. 120) popsdna antibioticka
profylaxe u stomatologickych vykon(. Tato profylaxe je
zamérena proti oralnim (viridujicim) streptokoklm. Neni
pochyb o tom, Ze nejvhodnéjsim pfipravkem je amoxicilin,
pfi nutnosti parenteralniho podani je analogicky lékem
prvni volby ampicilin. Jako alternativu lIze pouzit cefalo-
sporiny 1. generace, a to peroralni (cefadroxil) nebo pa-
renterdlni (cefazolin). Cephalexin, ktery je v evropskych
guidelines doporucovén, neni v CR registrovany. Ceftri-
axon je cefalosporin 3. generace, ktery patfi k zaloznim
antibiotikim a nema byt pouzivan k profylaxi.

Jestlize neni mozné pouZzit penicilinové ani cefalospori-
nové antibiotikum, typicky kvili pfedchozi alergické reak-
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Tabulka 6 - Profylakticky antibioticky rezim u vysoce rizikovych

stomatologickych vykont

Situace Jedna davka 30-60 minut
Antibiotikum pfed vykonem
Dospéli Déti
Neni alergie amoxicilin 2 g p.o. 50 mg/kg p.o.
na penicilin 24qi "
I~ gi.m.nebo 50 mg/kgi.v.
nebc? " L i.v. nebo i.m.
ampicilin
cefazolinnebo  1gi.m.nebo 50 mg/kg i.v.
ceftriaxon iv. nebo i.m.
Alergie na cephalexin®® 2 gp.o. 50 mg/kg p.o.
perk;|c|l|n azitromycin
nebo i nebo 500 mg p.o. 15 mg/kg p.o.
ampicifin claritromycin
<45 kg:
2,2 mg/kg
doxycyclin 100 mg p.o. p.o.
> 45 kg:
100 mg p.o.
cefazolinnebo  1gi.m.nebo 50 mg/kg i.v.
ceftriaxon® i.v. nebo i.m.

i.m. — intramuskularng; i.v. - intravendzné; p.o. - peroralné.

2 Nebo jiné peroralni cefalosporiny prvni nebo druhé generace

v ekvivalentnich davkach pro dospélé a déti.

b Cefalosporiny by nemély byt podavany u pacientd s anamnézou
anafylaxe, angioedému nebo koZnich projevu (urtika, kopfivka) po
penicilinu nebo ampicilinu.

ci, Ize podle doporuc¢eného postupu podat makrolidova
antibiotika (azitromycin nebo claritromycin), pfipadné
tetracyklinové antibiotikum doxycyclin. K tomu je nut-
né pripomenout, Ze makrolidova antibiotika maji nizsi
ucinnost nez amoxicilin.?=> Doxycyclin je pfi [é¢bé strepto-
kokovych infekci nespolehlivy a bézné neni uvadén jako
Iék volby;®” kromé toho jako tetracyklinové antibiotikum
neni vhodny pro podavani détem do osmi let véku.

Mezi doporucenymi antibiotiky naopak chybi clinda-
mycin, ktery byl v dfivéjSich guidelines®® vzdy uvadén;
tento pfistup je zdvodnén obavami z klostridiové koliti-
dy (Clostridioides difficile infection, CDI). Kli¢ovy vyznam
méla rozsahla retrospektivni studie z Velké Britanie, po-
dle niz bylo v letech 1969-2014 zaznamenano 15 umrti po
profylaktickém jednordzovém podani clindamycinu, pfi-
¢emz hlavni pfi¢inou umrti byla pravé klostridiova koliti-
da. Autofi dokonce spocitali, Ze profylaxe clindamycinem
je spojena s rizikem umrti 12,6/milion profylaxi a s rizikem
méné vyznamnych nezadoucich piihod 149,1/milion pro-
fylaxi.’® Nicméné je mozno oponovat, Ze citovany vyzkum
probihal v dobég, kdy jesté nebyla dobfe podchycena &as-
na diagnostika CDI a zaroven nebyla k dispozici moderni
|écba. Strach z CDI byl v té dobé opravnény.' Nejucinnéjsi
antibiotikum pro terapii CDI, fidaxomicin, bylo uvedeno
na svétovy trh az v roce 2015. V soucasné dobé pfi sprav-
né vedené lécebné péci je vsak riziko umrti na CDI mini-
malni.’>'* Obavy z jednorazového podani clindamycinu,
které jsou vyjadreny v doporucenych postupech, nejsou
sdileny dalSimi odborniky: clindamycin je nadale doporu-
Covan k profylaxi IE jako alternativa aminopenicilind v re-
centnich renomovanych ucebnicich.'4

Pfipominky ke kapitole 7 (antimikrobidlni terapie IE),
oddily 7.1-7.9

Cislovani oddilG uvnitf kapitoly neodpovidéa anglickojazy¢-
nému originalu, protoZe text ¢eského doporuceného postu-
pu byl podle pozadavku CKS zkréacen priblizné na polovinu.
Cislovani a obsah tabulek viak zUstal zachovan podle pa-
vodniho znéni. Pfipominky se proto tykaji jen tabulek.

Pfipominky k tabulce Komentovana doporuceni 7 — Do-
porucend ATB lécba endokarditidy zplsobené viridujici-
mi streptokoky a Streptococcus gallolyticus (str. 137-138)
Tabulka je pro svou rozsahlost Spatné prehlednd a jeji
usporadani je zmatec¢né. Navic obsahuje nékteré kontro-
verzni udaje:

e Jiz ndzev tabulky je zavadéjici: ,Doporucend ATB lé¢-
ba endokarditidy zplGsobené viridujicimi streptokoky
a Streptococcus gallolyticus, dobfe citlivymi k peni-
cilinu”. Ve skutecnosti viak druhd polovina tabulky
popisuje rezimy vhodné pro |é¢bu endokarditid zpu-
sobenych streptokoky, které maji snizenou citlivost
k penicilinu.

V tabulce ani v textu doporuceného postupu neni
specifikovano, kde lezi hranice mezi streptokoky
dobre citlivymi a streptokoky se snizenou citlivosti.
V dFivéjsich doporucenych postupech®? byla tato hra-
nice definovdna na zékladé hodnot minimalnich inhi-
bi¢nich koncentraci (MIC).

Jako jedna z lé¢ebnych mozZnosti je uvddén amoxicilin
i.v., coz odpovida praxi v nékterych evropskych zemich.
V podminkach CR je viak zavedeno, Ze pro intravendz-
ni terapii se pouzivd ampicilin, zatimco amoxicilin je
vzhledem k dobrému vstifebdvani z gastrointestinaini-
ho traktu (GIT) vyhrazen pro peroralni l1écbu.

Neni jasné, pro¢ ddvkovani pro dospélé pacienty je
u nékterych antibiotik (amoxicilin, gentamicin) vzta-
7eno na hmotnost pacienta, ale u jinych je uvedena
celkova denni davka bez vztahu k hmotnosti (penici-
lin G, ceftriaxon).

Davkovani ceftriaxonu pro dospélé pacienty cini 2 g/
den, pro déti 100 mg/kg/den. To znamena, Ze dité
o hmotnosti 40 kg by dostalo dvakrat vétsi davku nez
dospély ¢lovék.

U gentamicinu je nabizena moznost podavani intra-
muskuldrné, prestoze je zfejmé, ze pacient dostavaji-
ci soucasné jesté dalsi nitrozilné podavana antibioti-
ka musi mit zajistény Zilni vstup.

Davkovani gentamicinu a zejména vancomycinu je
formulovano 3 mg/kg/den, resp. 30 mg/kg/den, coz
neodpovida soucasnym standarddm. Standardnim
postupem v soucasné dobé je podani Uvodni nasy-
covaci davky a nasledné monitorovani koncentraci,
s Upravou davkovani podle naméfenych hodnot. Ne-
mocnice, které takovou sluzbu neposkytuji, nema-
ji 1écit IE, stejné jako nemocnice, které nedisponuiji
echokardiografii.

Biologicky polocas penicilinu ¢ini 30 minut, biolo-
gicky poloc¢as ampicilinu nebo amoxicilinu 60 minut.
Neni proto logické, jestlize se v druhé &asti tabulky
piSe, Ze penicilin se ma podavat v intervalech ¢tyr az
Sesti hodin (nebo kontinualni infuzi), zatimco amoxi-
cilin (ampicilin) ma byt podavan vyhradné v rezimu
Sesti dennich davek.
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Komentovana doporuceni 7 - Doporucena ATB lécba endokarditidy zptsobené viridujicimi streptokoky a Streptococcus gallolyticus,

dobite citlivymi k penicilinu

Doporuceni Trida Urovent
Antibiotikum  Dévkovani u dospélych Dévkovani u déti doporuceni  dikazd
Standardni i.v. Iécba; doba lécby: NVE 4 tydny, PVE 6 tydnt
penicilin G 12-18 miliond j./den? ve 4-6 davkach 200 000 j./kg/den ve 4-6 davkach

nebo v kontinualni infuzi
amoxicilin 100-200 mg/kg/den ve 4-6 davkach 100-200* mg/kg/den ve 4-6 davkach
ceftriaxon 2 g/den v jedné davce 100 mg/kg/den v jedné davce

Zkracena lécba s penicilinem G, amoxicilinem, ceftriaxonem v kombinaci s gentamicinem jen pro pacienty s nekomplikovanou NVE
zpusobenou viridujicimi streptokoky a Streptococcus gallolyticus u pacientti s normalnimi renalnimi funkcemi. Doba lécby: 2 tydny

penicilin G 12-18 miliont j./den? ve 4-6 davkach 12-18 miliont j./den? ve 4-6 davkach nebo v kon-
nebo v kontinualni infuzi tinualni infuzi

amoxicilin 100-200 mg/kg/den ve 4-6 davkach i.v. 100 mg/kg/den ve 4-6 davkach i.v.

ceftriaxon 2 g/den v jedné davce 100 mg/kg/den v jedné davce

gentamicin® 3 mg/kg/den i.v. nebo i.m. v jedné davce® 3 mg/kg/den v jedné davce nebo ve 3 stejné
rozdélenych davkach®

Doporucena ATB lécba endokarditidy zplsobené viridujicimi streptokoky a Streptococcus gallolyticus se snizenou citlivosti k penicilinu

Lécba NVE zpUsobené viridujicimi streptokoky a Streptococcus gallolyticus: penicilin G, amoxicilin, ceftriaxon v kombinaci s gentamicinem
se podava 4 tydny, prvni 2 tydny soucasné s gentamicinem

penicilin G 24 miliond j./den ve 4-6 davkach nebo v kontinualni infuzi
amoxicilin 12 g/den i.v. v 6 davkach

ceftriaxon 2 g/den i.v. v jedné davce

gentamicin 3 mg/kg/den i.v. nebo i.m. v jedné davce®

Lécba PVE zpUsobené viridujicimi streptokoky a Streptococcus gallolyticus: penicilin G, amoxicilin, ceftriaxon v kombinaci
s gentamicinem se podavaji 6 tydn(, prvni 2 tydny soucasné s gentamicinem

penicilin G 24 miliond j./den ve 4-6 davkach nebo v kontinualni infuzi
amoxicilin 12 g/den i.v. v 6 davkach
ceftriaxon 2 g/den i.v. v jedné davce

gentamicin® 3 mg/kg/den i.v. nebo i.m. v jedné davce®
Alergie na beta-laktamy

U pacientu s NVE zpisobené viridujicimi streptokoky a Streptococcus gallolyticus a alergii na beta-laktamy
je doporucen vancomycin© po dobu 4 tydnu

Davkovani antibiotika u dospélych

vancomycin® 30 mg/mg/den ve 2 davkache

Davkovani antibiotika u déti

vancomycin® 30 mg/mg/den ve 2 davkache

Lécba PVE: vancomycin se podava 6 tydnd, prvni 2 tydny soucasné s gentamicinem
Davkovani antibiotika u dospélych

vancomycin® 30 mg/kg/den ve 2 dévkache

gentamicin® 3 mg/kg/den v jedné davce®

Dévkovaéni antibiotika u déti

vancomycin® 30 mg/kg/den ve 2 davkache

gentamicin® 3 mg/kg/den v jedné davce®

2Zahajovaci doporucené dévky jsou nizsi, mohou byt zvyseny. " Maximalni davka je 240 mg/den. Vysoké davky jsou spojeny se zvysenym
rizikem nefrotoxicity. Jednou tydné je tfeba monitorovat funkci ledvin a sérové koncentrace gentamicinu. Pfi podani jedné denni davky by
mély byt koncentrace pfed davkou (trough) < 1 mg/l a po ddvce (peak; 1 hodinu po injekci) by mély byt sérové koncentrace ~10-12 mg/l.
¢Koncentrace vancomycinu v séru by mély dosahovat 10-15 mg/l na Urovni pfed podanim davky (trough), i kdyz néktefi odbornici doporu-
Cuji zvysit davku vancomycinu na 45-60 mg/kg/den i.v. ve 2 nebo 3 rozdélenych davkéch, aby se dosahlo sérovych koncentraci vancomycinu
v trough (C_. ) 15-20 mg/l jako u stafylokokové endokarditidy. Davka vancomycinu by viak neméla prekrocit 2 g/den, pokud nejsou moni-
torovéany sérové koncentrace a pokud je nelze upravit tak, aby bylo dosazeno vrcholové plazmatické koncentrace 30-45 pg/ml 1 hodinu po
ukonceni i.v. infuze antibiotika.
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¢ U endokarditid zpUsobenych streptokoky se snizenou beta-laktamovych antibiotik je lécba tim ucinnéjsi,
citlivosti k penicilinu se jako kompenzace vzdy poda- ¢im |épe je pokryt cely davkovy interval. Davka 2 g
vaji vys$si davky beta-laktamovych antibiotik. Doporu- neni vysokd, proto je spolehlivéjsi podavat cefazolin
¢end denni davka 2 g ceftriaxonu je v tomto pripadé po 3esti hodinach.
pfilis nizkd a mlze zpusobit selhani [écby. e Pfidani gentamicinu k dal$im antibiotikdm pfi lé¢bé
e \Véta obsazena v legendé: ,Maximalni davka (gen- protézové endokarditidy neni zdUvodnéno. Pfinos
tamicinu) je 240 mg/den,” je nesprdvna, protoze pfi dvoutydenniho podavani aminoglykosida v lécbé
|é¢bé nemocnych s vysokou hmotnosti neumoznuje stafylokokovych endokarditid nikdy nebyl prokazan
dosazeni uc¢innych koncentraci. a rovnéz u stafylokokovych infekci na rozdil od infek-
e\ legendé je i dalsi nekorektni vyrok: ,Koncentrace ci streptokokovych a enterokokovych nikdy nebyla
vancomycinu v séru by mély dosahovat 10-15 mg/I prokdzana synergie mezi beta-laktamovymi antibio-
na urovni pred podanim davky (trough), i kdyz né- tiky a aminoglykosidy.
ktefi odbornici doporucuji zvysit ddvku vancomycinu e U pacientl s endokarditidou nativni chlopné (NVE)
na 45-60 mg/kg/den i.v.” To je alibistickd formulace, zpusobenou meticilin-citlivymi stafylokoky se pfi
ktera do guidelines nepatfi. Doporuceny postup ma alergii na penicilinovd antibiotika doporucuje po-
slouzit jako voditko pro klinické lékare, proto by mél dat cefazolin, pfipadné zvazit podani daptomycinu
obsahovat jednoznacna stanoviska. s kombinaci s ceftarolinem ¢i fosfomycinem. Jako al-
ternativa vSak neni zminén vancomycin s odtvodné-
Pfipominky k tabulce Komentovana doporuceni 8 Do- nim, ze jde o mélo spolehlivy Iék. U endokarditid vy-
poruceni pro antibiotickou Iécbu infekéni endokarditidy volanych meticilin-rezistentnimi stafylokoky (MRSA)
zpusobené Staphylococcus spp. (str. 139-141). | tato ta- je v8ak vancomycin ponechdn jako Iék volby.
bulka je nepfehledna a obsahuje kontroverzni tvrzeni: * Udajna nespolehlivost vancomycinu je zdlivodnéna
e Jako zastupce protistafylokokovych penicilint zde fi- vysledky ze studie na pokusnych kralicich, v niz byl
guruje (flu)cloxacilin, o oxacilinu neni v tabulce zmin- efekt antibiotik hodnocen po tfech dnech podavani
ka; v CR je to viak nejvice pouzivany zéstupce této (citace 309 v originalnim anglickojazy¢ném textu).
skupiny. Autofri této studie viak nevzali v vahu, ze vancomy-
e Davkovani cefazolinu v osmihodinovych intervalech cin je pomalu pusobici antibiotikum, takze po trech
neni optimalni. | kdyz deklarovany polocas cefazoli- dnech lé¢by nemUze byt smysluplné srovndvan s be-
nu ¢ini 1,5-2 hodiny, plati poucka, Ze pfi podavani ta-laktamy.’®

Komentovana doporuceni 8 - Doporuceni pro antibiotickou Iécbu infekéni endokarditidy zplisobené Staphylococcus spp.

Doporuéeni Trida Uroven
doporuceni  dikazi

IE zplisobena meticilin-senzitivnim Staphylococcus aureus

U pacientt s NVE zpUGsobenou meticilin-senzitivnimi stafylokoky se doporucuje podavat (flu)cloxacilin nebo
cefazolin po dobu 4-6 tydnu v nasledujicim davkovani:

Davkovani a zplsob podéni antibiotika u dospélych

(flu)cloxacilin? 12 g/den i.v. ve 4-6 davkach

cefazolin® 6 g/den i.v. ve 3 davkach

Dévkovéni a zpusob podani antibiotika u déti

(flu)cloxacilin® ~ 200-300 mg/kg/den i.v. ve 4-6 rovnomérné rozdélenych davkach
cefazolin® 300-600 mg/kg/den ve 3-4 davkéch

U pacientt s PVE zpUsobenou meticilin-senzitivnim Staphylococcus aureus se doporucuje podavat (flu)cloxaci-
lin nebo cefazolin s rifampicinem po dobu nejméné 6 tydnli a gentamicinem po dobu 2 tydnU v nasledujicich
davkach:

Davkovani a zplsob podéni antibiotik u dospélych
(flu)cloxacilin? 12 g/den i.v. ve 4-6 davkach

cefazolin 6 g/den i.v. ve 3 davkéch
rifampicin 900 mg/den i.v. nebo peroralné ve 3 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 (preferované) nebo 2 davkach

Dévkovani a zptisob podani antibiotik u déti

(Flu)cloxacilin® ~ 200-300 mg/kg/den i.v. ve 4-6 stejné rozdélenych davkach

cefazolin® 300-600 mg/kg/den ve 3-4 davkéch
rifampicin 20 mg/kg/den i.v. nebo peroralné ve 3 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 (preferované) nebo 2 davkach

Pokracovani na dalsi strané
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Alergie na beta-laktamy

U pacientd s NVE zpUsobenou meticilin-senzitivnimi stafylokoky, ktefi jsou alergicti na penicilin, se doporucuiji
nasledujici davky cefazolinu po dobu 4-6 tydnu:

Davkovani a zplsob podani antibiotik u dospélych
cefazolin 6 g/den i.v. ve 3 davkach
Dévkovéni a zpusob podani antibiotik u déti
cefazolin® 300-600 mg/kg/den ve 3-4 davkach

U pacientu s PVE zpUsobenou meticilin-senzitivnimi stafylokoky, ktefi jsou alergicti na penicilin, se dopo-
rucuje cefazolin v kombinaci s rifampicinem po dobu nejméné 6 tydnd a gentamicinem po dobu 2 tydnu
s pouzitim nasledujicich davek:

Dévkovéni a zpusob podani antibiotik u dospélych

cefazolin® 6 g/den i.v. ve 3 davkach

rifampicin 900 mg/den i.v. nebo peroralné ve 3 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 (upfednostiiované) nebo 2 davkach
Davkovani a zplsob podani antibiotik u déti

cefazolin 300-600 mg/kg/den ve 3-4 davkach

rifampicin 20 mg/kg/den i.v. nebo peroralné ve 3 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 (upfednostiované) nebo 2 davkach

U pacientd s NVE zplsobenou meticilin-senzitivnimi stafylokoky, ktefi jsou alergicti na penicilin, Ize zvazit
pouziti daptomycinu v kombinaci s ceftarolinem nebo fosfomycinem.

Davkovani a zplsob podani antibiotika u dospélych

daptomycin 10 mg/kg/den i.v. v 1 davce
ceftarolind 1800 mg/den i.v. ve 3 davkach
NEBO NEBO

fosfomycin® 8-12 g/den i.v. ve 4 davkach

U pacientu s PVE zpusobenou meticilin-senzitivnimi stafylokoky, ktefi jsou alergicti na penicilin, Ize zvazit po-
uziti daptomycinu v kombinaci s ceftarolinem nebo fosfomycinem nebo gentamicin s rifampicinem po dobu
nejméné 6 tydnd a gentamicinu po dobu 2 tydnl s pouzitim nasledujicich davek:

Davkovani a zplsob podani antibiotika u dospélych
daptomycin 10 mg/kg/den i.v. v 1 davce

ceftarolind 1800 mg/den i.v. ve 3 davkach

NEBO NEBO

fosfomycin® 8-12 g/den i.v. ve 4 dévkach

rifampicin 900 mg/den i.v. nebo peroralné ve 3 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 (upfednostiiované) nebo ve 2 davkach

IE zptisobena meticilin-rezistentnimi stafylokoky

U pacientd s NVE zplsobenou meticilin-rezistentnimi stafylokoky se doporucuje podavat vancomycin po dobu
4-6 tydn( v nésledujicich davkach:

Davkovani a zplsob podani antibiotik u dospélych
vancomycin' 30-60 mg/kg/den i.v. ve 2-3 dévkéch

Davkovani a zplsob podéni antibiotik u déti
vancomycin® 30 mg/kg/den i.v. ve 2-3 rovnomérné rozdélenych davkach

U pacienttd s PVE zpusobenou meticilin-rezistentnimi stafylokoky se doporucuje vancomycin s rifampicinem
po dobu nejméné 6 tydnl a gentamicin po dobu 2 tydnl s pouzitim nésledujicich davek:

Davkovani a zplsob podani antibiotik u dospélych
vancomycin® 30-60 mg/kg/den i.v. ve 2-3 davkach

rifampicin 900-1 200 mg/den i.v. nebo peroralné ve 2 nebo 3 rozdélenych davkach
gentamicin? 3 mg/kg/den i.v. nebo i.m. v 1 (upfednostiiované) nebo 2 dévkach
Davkovani a zplsob podéni u déti

vancomycin' 30 mg/kg/den i.v. ve 2-3 stejné rozdélenych davkach

rifampicin 20 mg/kg/den i.v. nebo perordlné ve 2 nebo 3 rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 (upfednostiiované) nebo 2 dévkéach

Pokracovani na dalsi strané
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U pacientd s NVE zplisobenou meticilin-rezistentnimi stafylokoky Ize zvazit kombinaci daptomycinu s (flu)cloxa-
cilinem, ceftarolinem nebo fosfomycinem s pouZitim nasledujicich davek:

Davkovani a zplsob podéni antibiotika u dospélych

daptomycin 10 mgr/kg/den i.v. v 1 davce

(flu)cloxacilin? 12 g/den i.v. v 6 dévkach ¢
NEBO NEBO

ceftarolind 1800 mg/den i.v. ve 3 dévkéch

NEBO NEBO

fosfomycin? 8-12 g/den i.v. ve 4 dévkach

IE - infek¢ni endokarditida; i.m. — intramuskularné; i.v. - intravendzné; j. - jednotky; NVE - endokarditida nativni chlopné; PVE - protézova
endokarditida.

2 (Flu)cloxacilin se nedoporucuje, pokud méa pacient alergii na penicilin.

®Maximalni davky 240 mg/den. Vysoké déavky jsou spojeny se zvysenym rizikem nefrotoxicity. Jednou tydné je tfeba monitorovat rendini
funkce a sérové koncentrace gentamicinu. Pfi podani jedné denni déavky by mély byt koncentrace pred davkou (trough)

< 1 mg/l a po déavce (peak; 1 hodinu po injekci) by mély sérové koncentrace dosahovat ~10-12 mg/I.

¢Cefazolin mGze nahradit (flu)cloxacilin pouze u pacientli s hypersenzitivnimi reakcemi na penicilin jiného nez strednédobého typu.

4Vysoké davky ceftarolinu mohou byt po 2 tydnech spojeny s rizikem leukopenie. Ceftarolin mGze nahradit (flu)cloxacilin pouze u pacientd
s reakcemi precitlivélosti na penicilin jiného nez stfedné zdvazného typu.

¢U pacientu se srde¢nim selhanim maze vysokd zatéz sodikem spojend s uzivanim fosfomycinu vést k akutnimu srde¢nimu selhani.
fKoncentrace vancomycinu v séru by mély dosahovat 10-15 mg/l na Urovni pifed podanim davky (trough), i kdyz néktefi odbornici doporu-
Cuji zvysit davku vancomycinu na 45-60 mg/kg/den i.v. ve 2 nebo 3 rozdélenych davkach, aby se dosahlo sérovych koncentraci vancomycinu
(C,,) 15-20 mg/l jako u stafylokokové endokarditidy. Davka vancomycinu by viak neméla pfekrocit 2 g/den, pokud nejsou monitorovany
sérové koncentrace a pokud je nelze upravit tak, aby bylo dosazeno maximalni plazmatické koncentrace

* Pro |é¢bu endokarditid vyvolanych MRSA je jako i ampicilin jsou pfiblizné stejné vahové ucinné a maji

jedna z moznosti doporuceno podani daptomycinu stejné spektrum pusobeni. Neni proto jasné, proc je

s cloxacilinem. U¢innost této kombinace viak neby- davkovani amoxicilinu vyjadfeno v mg/kg/den, zatim-

la prokazana a ani teoreticky neni divod ocekavat co davkovani ampicilinu v g/den. Rovnéz neni jasné,

v tomto pfipadé synergii. pro¢ davkovani amoxicilinu u déti ma byt polovi¢ni

proti ampicilinu.

Pfipominky k tabulce Komentovana doporuceni 9 — Do- e Neni jasné, proc se ceftriaxon pfi endokarditidé zpU-

poruceni pro antibiotickou Iécbu infekéni endokarditidy sobené enterokokem citlivym ke gentamicinu ma

zpusobené Enterococcus spp. (str. 141-143). | proti uda- davat jen intravenézné, zatimco je-li plivodcem re-

jim v této tabulce je mozné vznést vyhrady: zistentni enterokok (high level aminoglykoside resi-
e Jiz v pozndmkach ke komentovanému doporuceni stance, HLAR), je mozZna i intramuskularni aplikace.

7 pisu, ze v nasich podminkach se amoxicilin nepo- e Podavani ceftriaxonu, gentamicinu nebo ertapene-

uziva pro parenteralni lé¢bu. Nicméné amoxicilin mu intramuskuldrné je nelogické, jestlize je pacient

Komentovana doporuceni 9 - Doporuceni pro antibiotickou lécbu infekéni endokarditidy zptisobené Enterococcus spp.

Doporuéeni Trida Uroven
doporuceni  duikaza

Kmeny citlivé na beta-laktamy a gentamicin

U pacientt s NVE zplGsobenou non-HLAR Enterococcus spp. se doporucuje kombinace ampicilinu
nebo amoxicilinu s ceftriaxonem po dobu 6 tydnt nebo s gentamicinem po dobu 2 tydn( s pouzitim
nasledujicich davek:

Davkovani a zplsob podéni antibiotika u dospélych

amoxicilin 200 mg/kg/den i.v. ve 4-6 davkach
ampicilin 12 g/den i.v. ve 4-6 davkach
ceftriaxon 4 g/den i.v. ve 2 davkach

gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 davce

Davkovani a zplsob podéni antibiotik u déti

ampicilin 300 mg/kg/den i.v. ve 4-6 stejné rozdélenych davkéach
ceftriaxon 100 mg/kg i.v. ve 2 davkach

gentamicin? 3 mg/kg/den i.v. nebo i.m. ve 3 stejné rozdélenych dévkéch
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U pacienttd s PVE a u pacientl s komplikovanou NVE nebo > 3 mésice trvajicimi pfiznaky zpusobenymi non-
-HLAR Enterococcus spp. se doporucuje kombinace ampicilinu nebo amoxicilinu s ceftriaxonem po dobu
6 tydnud nebo s gentamicinem po dobu 2 tydnd s pouzitim nésledujicich davek:

Davkovani a zplsob poddni antibiotik u dospélych
amoxicilin 200 mg/kg/den i.v. ve 4-6 davkach
ampicilin 12 g/den i.v. ve 4-6 davkach
ceftriaxon 4 g/den i.v. ve 2 davkach
gentamicin? 3 mg/kg/den i.v. nebo i.m. v 1 dévce
Dévkovani a zplsob podéni u déti

ampicilin 300 mg/kg/den i.v. ve 4-6 rovnomérné rozdélenych davkach
amoxicilin 100-200 mg/kg/den i.v. ve 4-6 davkach
ceftriaxon 100 mg/kg/den i.v. ve 2 davkéch

gentamicin? 3 mg/kg/den i.v. nebo i.m. ve 3 rovhomérné rozdélenych davkach
Vysoka rezistence k aminoglykosidiim®

U pacientt s NVE nebo PVE zplsobenou HLAR Enterococcus spp. se doporucuje kombinace ampicilinu nebo
amoxicilinu a ceftriaxonu po dobu 6 tydn( s pouzitim nasledujicich davek:

Davkovani a zplsob podani antibiotik u dospélych
ampicilin 12 g/den i.v. ve 4-6 davkach
amoxicilin 200 mg/kg/den i.v. ve 4-6 davkéch
ceftriaxon 4 g/den i.v. nebo i.m. ve 2 davkach

Déavkovani a zpusob podani u déti

ampicilin 300 mg/kg/den i.v. ve 4-6 stejné rozdélenych davkach
amoxicilin 100-200 mg/kg/den i.v. ve 4-6 davkach
ceftriaxon 100 mg/kg i.v. nebo i.m. ve 2 davkach

Beta-laktam-rezistentni Enterococcus spp. (E. faecium)

U pacientu s IE zplsobenou beta-laktam-rezistentnimi Enterococcus spp. (E. faecium) se doporucuje podavat
vancomycin po dobu 6 tydn( v kombinaci s gentamicinem po dobu 2 tydn( v nasledujicich davkach:

Davkovani a zplsob poddni antibiotik u dospélych

vancomycin 30 mg/kg/den i.v. ve 2 davkach

gentamicin 3 mg/kg/den i.v. nebo i.m. v 1 davce

Davkovani a zplsob podani antibiotik u déti

vancomycin 30 mg/kg/den i.v. ve 2-3 rovhomérné rozdélenych dévkach
gentamicin 3 mg/kg/den i.v. nebo i.m. v 1 dévce
Vancomycin-rezistentni Enterococcus spp.¢

U pacientu s IE zplsobenou Enterococcus spp. rezistentnim v(ci vancomycinu se doporucuje pouzivat ndsle-
dujici davky daptomycinu v kombinaci s beta-laktamy (ampicilinem, ertapenemem nebo ceftarolinem) nebo
fosfomycinem:

Davkovani a zplsob podani antibiotika u dospélych
daptomycin 10-12 mg/kg/den i.v. v 1 davce

ampicilin 300 mg/kg/den i.v. ve 4-6 stejné rozdélenych davkach
fosfomycin 12 g/den i.v. ve 4 davkach

ceftarolin 1800 mg/den i.v. ve 3 davkach

ertapeneme 2 g/den i.v. nebo i.m. v 1 davce

Davkovani a zplsob podani u déti
daptomycin 10-12 mg/kg/den i.v. v 1 dévce (podle véku)

ampicilin 300 mg/kg/den i.v. ve 4-6 rovnomérné rozdélenych davkach

fosfomycin 2-3 g/den i.v. v 1 davce

ceftarolin 24-36 mg/kg/den ve 3 davkach

ertapeneme 1 g/den i.v. nebo i.m. v 1 dévce (pokud je mladsi 12 let, 15 mg/kg/davku [maximalné 500 mg]

dvakrat denné)
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HLAR - vysoka rezistence na aminoglykosidy; IE — infek¢ni endokarditida; i.m. — intramuskularné; i.v. - intravendzné; NVE - endokarditida
nativni chlopné; PBP - protein vézajici penicilin; PVE - protézova endokarditida.

2 Maximalni davky 240 mg/den. Vysoké davky jsou spojeny se zvysenym rizikem nefrotoxicity. Jednou tydné je tfeba monitorovat rendini
funkce a sérové koncentrace gentamicinu. Pfi podani jedné denni dévky by mély byt koncentrace pred davkou (trough) < 1 mg/l a po dav-
ce (peak; 1 hodinu po injekci) by mély sérové koncentrace dosahovat ~10-12 mg/I.

b Vlysoka rezistence na gentamicin: pokud je mikrob citlivy na streptomycin, nahradte gentamicin streptomycinem v davce 15 mg/kg/den ve
dvou stejné rozdélenych davkach.

¢ Beta-laktamova rezistence: (i) pokud je zplisobena produkci beta-laktaméazy, nahradte ampicilin ampicilin-sulbaktamem nebo amoxicilin
amoxicilin-klavulanatem; (ii) pokud je zpUsobena zménou PBP5, pouZzijte rezimy zalozené na vancomycinu.

4 Multirezistence na aminoglykosidy, beta-laktamy a vancomycin: navrhovanymi alternativami jsou (i) daptomycin 10 mg/kg/den plus bud’
ampicilin 200 mg/kg/den i.v. ve ¢tyfech az Sesti davkach, ertapenem (2 g/den i.v.), ceftarolin (600 mg/8 h i.v.), nebo fosfomycin

(3 9/6 h i.v.); ii) linezolid 2x 600 mg/den i.v. nebo perorainé po dobu > 8 tydn( (sledovat hematologickou toxicitu); iii) quinupristin-dalfo-
pristin 3x 7,5 mg/kg/den po dobu > 8 tydn(. Quinupristin-dalfopristin neni Gcinny proti E. faecalis; iv) pro ostatni kombinace (daptomycin
plus ertapenem nebo ceftarolin nebo fosfomycin). Konzultace infektologa.

¢ Vysoké davky ertapenemu mohou zpusobit epileptické krece.

soucasné lécen parenteralné podavanym aminopeni-
cilinem, a ma tedy zaveden Zilni vstup.

e Je pozoruhodné, Ze gentamicin je dospélym pacien-
tdm doporuceno poddvat v jediné denni davce, za-
timco déti ho maji dostavat ve tfech rovhomérné roz-
délenych davkach. Pri¢inou je zifejmé skutecnost, Zze
gentamicin byl pdvodné rozepisovan do tfi dennich
davek. V 90. letech minulého stoleti bylo prokazano,
Ze |é¢ba once daily je vyhodnéjsi, nikdo vsak neové-
fil, ze to plati i pro détskou populaci. Proto zustalo

vysokymi davkami daptomycinu; o ceftarolinu zde
neni ani zminka.'®

e Fosfomycin se obvykle podava tak, Zze se zvolena den-
ni davka aplikuje rozdélené ve dvou az trech dil¢ich
davkach. Neni jasné, proc se v 1écbé enterokokové
endokarditidy mé fosfomycin podavat dospélym roz-
délené ve ctyfech dil¢ich davkach a détem v jediné
ddvce. A proc¢ se détem md podavat davka 2-3 g bez
ohledu na hmotnost.

pediatrické davkovani v plvodnim modu, i kdyz neni
Zzadny dlvod pro predstavu, Ze by u déti mély vtomto
ohledu platit jiné zdkonitosti nez u dospélych osob.

V terapii endokarditid zpUsobenych vancomycin-re-
zistentnimi enterokoky je jednou z moznosti podani
daptomycinu v kombinaci s ceftarolinem. Ceftarolin

Pfipominky k tabulce Komentovana doporuceni 10 — Do-
poruceni pro antibiotické rezimy pro pocatecni empi-
rickou lécbu infekéni endokarditidy (str. 144). Ani tato
tabulka neni v originalnich guidelines dobfe napséana.
Kromé vytek uvedenych vyse jsou zde nasledujici zdvazné
nedostatky:

je vsak antibiotikum vyvinuté specidlné proti metici-
lin-rezistentnim stafylokokdm a podle platné doku-
mentace neni ucinny proti enterokokdm.” V textu
originalnich evropskych guidelines je na podporu po-
davani ceftarolinu v této indikaci uveden odkaz na
citaci 369; to vsak je studie na krysach, u nichz byla
experimentdlni enterokokova endokarditida Iécena

eV Uvodu tabulky je véta ,U pacientd s komunitné
ziskanou NVE nebo pozdni PVE (= 12 mésict po ope-
raci) je tfeba zvazit podani ampicilinu v kombinaci
s ceftriaxonem nebo s (flu)cloxacilinem a gentami-
cinem v nasledujicich davkach:” - z této formulace
neni ziejmé, jakou kombinaci kdy pouzit. Nejcastéj-
$im vyvolavatelem endokarditidy jsou v soucasnosti

Komentovana doporuceni 10 — Doporuceni pro antibiotické rezimy pro pocatecni empirickou lécbu infekéni endokarditidy (pred identifikaci

patogenu)?
Doporuéeni Trida Uroven
doporuceni  dikazi

U pacientt s komunitné ziskanou NVE nebo pozdni PVE (> 12 mésicd po operaci) je tfeba zvazit podani ampici-
linu v kombinaci s ceftriaxonem nebo s (flu)cloxacilinem a gentamicinem v nasledujicich davkach:

Pozn. prekl.: U pacientt s komunitné ziskanou IE nativni chlopné nebo pozdni protézovou IE (> 12 mésict po
operaci) je doporucena jedna z kombinaci 1) ampicilin + oxacilin + gentamicin nebo 2) ampicilin + oxacilin +
ceftriaxon.

Davkovani antibiotika a zptsob podani u dospélych

ampicilin 12 g/den i.v. ve 4-6 davkach

ceftriaxon 4 g/den i.v. nebo i.m. ve 2 davkach

(flu)cloxacilin 12 g/den i.v. ve 4-6 davkach

gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 davce

Davkovani a zpusob podani u déti

ampicilin 300 mg/kg/den i.v. ve 4-6 stejné rozdélenych davkach

ceftriaxon 100 mg/kg i.v. nebo i.m. v 1 dévce

(flu)cloxacilin 200-300 mg/kg/den i.v. ve 4-6 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. ve 3 rovnomérné rozdélenych davkach

lla C

Pokracovani na dalsi strané
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U pacientl s ¢asnou PVE (< 12 mésicli po operaci) nebo s nozokomialni a non-nozokomialni IE spojenou se zdravotni
péci Ize podat vancomycin nebo daptomycin v kombinaci s gentamicinem a rifampicinem pfi pouziti nasleduijicich
dévek:

Davkovani a zplsob podani antibiotik u dospélych
vancomycin® 30 mg/kg/den i.v. ve 2 davkach
daptomycin 10 mg/kg/deni.v. v 1 davce

gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 davce lib c
rifampicin 900-1 200 mg i.v. nebo peroralné ve 2 nebo 3 davkach

Déavkovani a zpusob podani u déti

vancomycin® 40 mg/kg/den i.v. ve 2-3 stejné rozdélenych davkach

gentamicin® 3 mg/kg/den i.v. nebo i.m. ve 3 stejné rozdélenych davkéch

rifampicin 20 mg/kg/den i.v. nebo perorélné ve 3 stejné rozdélenych dévkach

Alergie na beta-laktamy

U pacientd s komunitné ziskanou NVE nebo pozdni PVE (> 12 mésicl po operaci), ktefi jsou alergicti na penici-

lin, cefazolin nebo vancomycin, Ize v kombinaci s gentamicinem zvazit pouziti nasledujicich davek:

Davkovani a zplsob poddni antibiotika u dospélych

cefazolin 6 g/den i.v. ve 3 davkach

vancomycin® 30 mg/kg/den i.v. ve 2 davkach IIb c

gentamicin® 3 mg/kg/den i.v. nebo i.m. v 1 dévce

Déavkovani a zpusob podani u déti

cefazolin 6 g/den i.v. ve 3 davkach

vancomycin® 40 mg/kg/den i.v. ve 2-3 stejné rozdélenych davkach
gentamicin® 3 mg/kg/den i.v. nebo i.m. ve 3 stejné rozdélenych davkach

BCNIE - infek¢ni endokarditida s negativni hemokulturou; IE - infekéni endokarditida; i.m. — intramuskularné; i.v. — intravendzné; NVE -
endokarditida nativni chlopné; PVE - protézova endokarditida.

2 Jestlize je pocatedni kultivace krve negativni a neni klinickéd odpovéd, je tfeba zvazit etiologii BCNIE (viz oddil 7.10) a rozsifeni spektra
antibiotik na patogeny negativni na kultivaci krve. Pokud je indikovana kardiochirurgicka operace, Ize provést molekularni diagnostiku.

> Maximalni davky 240 mg/den. Vysoké davky jsou spojeny se zvysenym rizikem nefrotoxicity. Jednou tydné je tfeba monitorovat rendini
funkce a sérové koncentrace gentamicinu. Pfi podani jedné denni davky by mély byt koncentrace pred dévkou (trough) < 1 mg/l a po dév-
ce (peak; 1 hodinu po injekci) by mély byt sérové koncentrace ~10-12 mg/l.

<Koncentrace vancomycinu v séru by mély dosahovat 10-15 mg/l na urovni pfed podanim davky (trough), i kdyz néktefi odbornici dopo-
rucuji zvysit davku vancomycinu na 45-60 mg/kg/den i.v. ve 2 nebo 3 rozdélenych déavkach, aby se doséhlo sérovych koncentraci vanco-
mycinu v trough (C ) 15-20 mg/l jako u stafylokokové endokarditidy. Davka vancomycinu by viak neméla prekrocit 2 g/d, pokud nejsou
monitorovany sérové koncentrace a pokud je nelze upravit tak, aby bylo dosazeno vrcholové plazmatické koncentrace 30-45 pg/ml 1 h po
ukondeni i.v. infuze antibiotika.

stafylokoky. Kdyby o3etfujici IékaF v souladu s timto
doporucenim zvolil kombinaci ampicilin + ceftriaxon,

fektologické spole¢nosti’ nebo na webovych strankach
Spole¢nosti infekéniho lékatstvi CLS JEP:2

bude terapie u vice nez 50 % pacientd nevhodn4,
protoze ani ampicilin, ani ceftriaxon nepatii mezi
protistafylokokova antibiotika.

o Pfi |écbé casné PVE povazuji za vhodné rozliSovat,
jestli jde o subakutni endokarditidu, kterd vznikla
s odstupem tydnd az mésicl po operaci, nebo zda ma
pacient akutni endokarditidu, kterd se vyvinula krat-
ce po vykonu a probiha pod obrazem sepse.

e | kdyZ je pacient propustén z nemocnice a doléceni
endokarditidy se déje v domdacich podminkach, zU-
stava dohled nad Ié¢bou v kompetenci nemocnicnich
specialist( a ti jsou naddle za prubéh i vysledky lé¢-
by odpovédni. U takto zdvazné a komplexni nemoci
neni mozné predat odpovédnost za mimonemocnic-
ni 1é¢bu do rukou praktického lékare. To znamena,
Ze pacient vdomacim prostfedi musi zlstat v trvalém

e Jestlize ma pacient alergii na beta-laktamova anti-
biotika a neni pfipojena zadnd upresnujici specifika- téna moznost konzultaci v reZimu 24/7 a samoziejmé
ce, nemUlze dostat ani peniciliny, ani cefalosporiny, i mozZnost urgentni rehospitalizace v pfipadé potre-
tedy ani cefazolin. by.

Pacient musi s pfevedenim na ambulantni l1é¢bu sou-

hlasit a musi byt prokazatelné a adekvatné poucen

o rizicich zvoleného postupu a o nutnosti dodrzovat

[é¢ebny rezim.

Zdravotnicky persondl (Iékafi i sestry), ktery bude am-

bulantni 1é¢bu IE provadét, musi byt pro tuto ¢innost

nalezité vycvicen. Organizace této formy Iécby musi
byt podrobné popsana v provoznim fadu pfislusného
pracovisté.

kontaktu se ¢leny nemocni¢niho tymu, musi byt zajis-

Pfipominky k oddilu 7.10 — Ambulantni a domaci Ié¢ba IE
(str. 143-146).

Tento oddil zasluhuje zvlastni pozornosti, protoZe vzbu-
zuje dojem, Ze stabilizované pacienty s infekéni endokar-
ditidou Ize jednoduse a levné dolécit ambulantni cestou.
K tomuto lakavému scéndfi je potfeba dodat nékolik
upresnujicich informaci; podrobnéjsi rozbor a inspiraci
Ize nalézt napf. v doporucenych postupech Americké in-
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Tabulka S7 - Kombinace antibiotik pro prevedeni na peroralni antibiotickou lécbu

Meticilin-rezistentni E. faecalis

CoNS

linezolid 2x 600 mg
kyselina fusidovd 2x 750 mg
linezolid 2x 600 mg
rifampicin 2x 600 mg

Meticilin-senzitivni

S. aureus a CoNS
(flu)cloxacilin 4x 1 g
rifampicin 2x 600 mg
(flu)cloxacilin 4x 1 g
kyselina fusidova 2x 750 mg
moxifloxacin 1x 400 mg
rifampicin 2x 600 mg
linezolid 2x 600 mg
rifampicin 2x 600 mg
linezolid 2x 600 mg
kyselina fusidova 2x 750 mg

amoxicilin 4x 1 g
moxifloxacin 1x 400 mg
amoxicilin 4x 1 g
linezolid 2x 600 mg
amoxicilin 4x 1 g
rifampicin 2x 600 mg
linezolid 2x 600 mg
moxifloxacin 1x 400 mg

linezolid 2x 600 mg
rifampicin 2x 600 mg

Penicilin-rezistentni
streptokoky

linezolid 2x 600 mg
rifampicin 2x 600 mg
moxifloxacin 1x 400 mg
rifampicin 2x 600 mg
linezolid 2x 600 mg
moxifloxacin 1x 400 mg

Penicilin-senzitivni
streptokoky

amoxicilin 4x 1 g
rifampicin 2x 600 mg
amoxicilin 4x 1 g
moxifloxacin 1x 400 mg

amoxicilin 4x 1 g
linezolid 2x 600 mg

linezolid 2x 600 mg
rifampicin 2x 600 mg

linezolid 2x 600 mg
moxifloxacin 1x 400 mg

CoNS - koaguldza-negativni stafylokoky.

e Antibioticka l1é¢ba musi byt nastavena tak, aby bylo
dosazeno spolehlivého baktericidniho ucinku vici
plvodci nemoci. Perordlni léc¢ba je obecné méné
spolehlivd nez |é¢ba parenteralni, coz neni dano jen
problematikou vstfebdvani farmak z GIT, ale také
pristupem pacienta k 1écbé. Vybér vhodného pfiprav-
ku se tedy ma opirat o znalost MIC, ¢ili kvantitativné
vyjadrené citlivosti mikroba k antibiotikiim, a rovnéz
o kvalifikovany odhad farmakokinetiky pouzitych
antibiotik u daného pacienta. Zaroven je nutné po-
soudit, zda je pacient redlné schopen domdci l1é¢bu
v domluveném rozsahu dodrZovat.

Pfipominky k tabulce S7 - Kombinace antibiotik pro pre-
vedeni na peroralni antibiotickou Iécbu (str. 145)
Tabulka nabizi fadu antibiotickych kombinaci pro ambu-
lantni 1é¢bu infekéni endokarditidy, nejsou viak zminény
razné okolnosti, které realny vybér pfipravk( vyznamné
omezuji:

¢ Kyselina fusidova je v CR registrovana jen ve formé
krému a kapek pro lokalni aplikaci, nikoli v tabletové
formé nebo pro nitroZilni podavani. Cloxacilin v CR
rovnéz neni registrovan.

e Lécebné rezimy zahrnujici podavani antibiotika v pra-
videlnych Sestihodinovych intervalech pacienti v pra-
xi malokdy dodrzuji. U beta-laktamovych antibiotik
(amoxicilin, oxacilin, flucloxacilin) je pritom dodrzo-
vani spravnych intervall nezbytnou podminkou pro
uspésnou lécbu. Naroc¢nost dodrzovani lé¢ebného re-
Zimu je jesté umocnéna kombinaci beta-laktamové-
ho antibiotika s rifampicinem, ktery vyzaduje uzivani
pfisné nala¢no.

* Pfi poddvani rifampicinu je nutné pamatovat na moz-
nost rlznych Iékovych interakci; u polymorbidnich
pacientu s rozsahlou medikaci mdze byt takova tera-
pie problémem.

Kromé téchto formalnich a organizacnich problémd je
vSsak mozné vznést i ryze odborné namitky vi¢i nékterym
doporuc¢enym rezimam:

e Dicloxacilin se vstfebavd z GIT nejlépe ze viech izo-
xazolyl-penicilind, ale presto neuplné (dicloxaci-
lin 74 %, flucloxacilin 61 %, cloxacilin 50 %, oxaci-
lin 30 %), takze davkovani perordlné podavaného
flucloxacilinu (4 g/den) ma priblizné ctyrikrat nizsi
ucinnost ve srovnani s doporuc¢ovanou parenteralni

léCbou flucloxacilinem (12 g/den).?" Tyto zavéry vy-
chazejici z porovnani farmakokinetickych/farmako-
dynamickych (PK/PD) parametrd obou antibiotik byly
potvrzeny klinickou studii, pfi niz byly |é¢ebné rezimy
s peroralnim dicloxacilinem vyhodnoceny jako nedo-
state¢né pro ambulantni l1é¢bu stafylokokové endo-
karditidy.?

e Rifampicin snizuje vstfebavani linezolidu z GIT, takze
jeho vyuzitelnost klesd az o 50 %.% Lécba kombinaci
rifampicin + p.o. linezolid by proto méla byt kontro-
lovana monitorovanim koncentraci linezolidu v krvi.

Zaveér

Evropska doporuceni pro diagnostiku a lécbu infek-
¢ni endokarditidy obsahuji v oblasti antibiotické terapie
fadu nepresnosti i zavaznych nedostatkd. Jejich striktni
dodrzovani by mohlo vést k poskozeni pacienta. Doporu-
Cujeme proto neprebirat navrhované zpusoby lé¢by bez
predchozi konzultace s mistnimi odborniky v oblasti in-
fekéniho Iékarstvi, mikrobiologie a klinické farmacie.

V soucasnosti se jiz pfipravuje Doporuceny postup an-
tibiotické [écby infekéni endokarditidy, ktery bude garan-
tovan Spole¢nosti infekéniho Iékafstvi CLS JEP, Spole¢nosti
pro lékafskou mikrobiologii CLS JEP a Ceskou odbornou
spole¢nosti klinické farmacie CLS JEP. V tomto doporuce-
ném postupu se budeme snazit vyvarovat chyb, které jsou
obsazeny v guidelines Evropské kardiologické spole¢nosti.
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Docent MUDr. Petr Némec, CSc., MBA, oslavil 70. narozeniny

V srpnu letodniho roku oslavil sedmdesaté narozeniny
pan docent Petr Némec, feditel Centra kardiovaskularni
a transplantacni chirurgie v Brné a prednosta Kliniky kar-
diovaskularni a transplantacni chirurgie Lékarské fakulty
Masarykovy univerzity v Brné.

Po maturité v rodném Blansku byl Petr Némec pfi-
jat na Fakultu vSeobecného lékarstvi Univerzity Karlovy
v Praze, kterou uspésné dokoncil v roce 1979. Po promoci
nastoupil na Il. chirurgickou kliniku Fakultni nemocnice
u sv. Anny v Brné. V roce 1984 slozil prvni atestaci z chi-
rurgie a Uspésné obhdjil kandidatskou disertacni praci.
Jiz jako mlady chirurg oplyval zru¢nosti a pili a projevo-
val velky zajem o nové moderni operacni metody. Proto
mu jako jedinému chirurgovi z kliniky bylo nabidnuto,
aby se vénoval kardiochirurgii a organovym transplan-
tacim. Nastoupil tedy na nové zfizené kardiochirurgické
a transplantacni oddéleni, kde se pod vedenim pana pro-
fesora Jana Cerného podilel na programech transplantaci
jater, ledvin a srdce a na rozvoji kardiochirurgie. Atesta-
ci z kardiochirurgie slozil v roce 1991 uz jako ¢len tymu

samostatného Centra kardiovaskularni a transplantacni
chirurgie v Brné (CKTCH). V nésledujicich letech absolvo-
val fadu zahranicnich stdzi v Evropé a ve Spojenych sta-
tech americkych.

V roce 2002 se presunul do Olomouce poté, co byl
jmenovan primarem nové vzniklého kardiochirurgického
oddéleni a pozdéji se stal prednostou Kardiochirurgické
kliniky Fakultni nemocnice Olomouc. Na pocatku tohoto
obdobi habilitoval na Lékarské fakulté Masarykovy uni-
verzity v Brné (LF MU) obhdjenim habilitacni prace na
téma Mechanické srdec¢ni podpory.

Po navratu do Brna v roce 2007 se stava feditelem
CKTCH a od roku 2020 je prednostou nové ustavené Kli-
niky kardiovaskuldrni a transplanta¢ni chirurgie LF MU.

Petr Némec ma vyznamny podil na rozvoji kardiochi-
rurgie a zavadéni novych progresivnich operac¢nich me-
tod a postupl, jako je rozvoj programu mechanickych
srde¢nich podpor, zdchovnych operaci aortalni chlopné,
Sirokého spektra miniinvazivnich a hybridnich vykona,
strukturdlnich transkatétrovych intervenci a dalSich. Za-
roven je autorem vice nez 150 publikaci a prednes| pres
250 odbornych prednasek. Jako resitel nebo spoluresitel
se podilel na 21 vyzkumnych pracich nebo grantovych
projektech.

Jeho aktivni ¢lenstvi v odbornych spolecnostech je také
velkym pfinosem, ktery byl mnohokrat ocenén.

Po tfi funkéni obdobi byl pfedsedou Ceské spole¢nosti
kardiovaskularni chirurgie CLS JEP a také ¢lenem vyboru
Ceské transplantac¢ni spole¢nosti. Za svuj siroky odborny
zabér od kardiovaskularni pres transplantacni chirurgii
a kardiologii obdrzel medaili profesora Libenského a v le-
tosnim roce ziskal Cenu za celoZivotni pfinos v kardiologii
od Ceské kardiologické spole¢nosti.

VazZeny pane docente, mily Petre,

radi bychom Ti podékovali za vse, co jsi udélal a stale dé-
188 pro pacienty, studenty, pro své kolegy a pro chod ce-
lého CKTCH. Do dalsich let Ti pfejeme prfedevsim pevné
zdravi, aby sis mohl v pIné mife uZivat nejen prace, ale
i Casu se vSemi svymi blizkymi.

Ad multos annos,

prof. MUDr. Jan Cerny, CSc.;
MUDr. Petr Fila, Ph.D.
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Lieberman

DOPAMIN

Molekula, ktera uréuje osud lidstva

Daniel Z. Lieberman a Michael E. Long:
Dopamin. Molekula, ktera urcuje osud lidstva

Z anglického origindlu The Molecule of More: How a Single Chemical in Your
Brain Drive Love, Sex, and Creativity — and Will Determine the Fate of the
Human Race. Nakladatelstvi BebBella Books 2018, prelozil Pavel Pechacek.

Praha, Dokoran a Argo, 2023, 301 stran.

Prvni vydani v ¢eském jazyce, format 140 x 207 mm,
cernobily vytisk, vazana vazba.

ISBN: 978-80-7675-135-4 (Dokoran).

ISBN: 978-80-4257-0 (Argo).

Cena: 399 K¢.

Titul této knihy mne upoutal, vZzdyt jsem se dvanact let
zabyval problematikou katecholaminl, a tedy i dopa-
minu. Samoziejmé jsem si védom, Ze klinickd endokrino-
logie se zabyva zcela jinymi aspekty funkci dopaminu nez
autor této monografie. Ale tim vic mne zajimalo, jaké ma
fyziologické funkce latka, kterou znam jen jako ,flek” na
papirovém chromatogramu.

Dovolte, abych nejprve predstavil autory. Daniel Z. Lie-
berman je profesorem lidské evolu¢ni biologie, klinické
psychiatrie a behaviordlnich véd na Univerzité George
Washingtona. Je autorem vice nez 100 publikaci, mno-
hych zvefejnénych v ¢asopisech Nature a Science. Michael
E. Long vystudoval fyziku na Vanderbiltové univerzité. Je
autorem velkého mnozZstvi pfednasek pro ¢leny Kongre-
su, ministry americké vlady, guvernéry a diplomaty. U¢i
na Georgetownské univerzité ve Washingtonu, D.C.

Pfedesilam, ze nejde o védecké dilo, ale populdrné-ve-
deckou publikaci. Kniha predstavuje sedm kapitol v tom-
to poradi: 1. Laska (30 s.), 2. Drogy (40 s.), 3. Nadvlada
(58 s.), 4. Kreativita a silenstvi (40 s.), 5. Politika (34 s.),
6. Pokrok (34 s.) a 7. Harmonie (16 s.). Seznam doporuce-
né literatury (24 s.) a dvousloupcovy rejstiik (7 s.) texto-
vou (ast uzaviraji. Text je ilustrovan péti jednoduchymi
schematickymi obrazky.

Dopamin je multifunkénim hormonem, ktery maji
v mozku vsichni savci, ale Zddny ho nema tolik jako ¢lo-
vék. Hraje vyznamnou roli v citu zvaném laska, v sexu, ra-
dosti i zarmutku i v drogové zavislosti. Ma vliv na lidské
chovani. Néktefi védci dopamin prekftili na ,molekulu
Stésti”.

Ackoliv do knihy jsou zahrnuty vysledky nejzajimavéj-
Sich pokustd, zdaly se mi zavéry nékterych az pfilis spe-
kulativni. Mimoto v nékterych pasazich musel autor pfi-
stoupit k rdzné hlubokému zjednoduseni, aby text zUstal
srozumitelny i pro laickou verejnost. Je oviem nutné vzit
na védomi, Ze nékteré védy (biologie, fyziologie, medi-
cina) nepfinadeji vzdy jednoznacné a ,kfistalové cisté”
vysledky. A neni zcela vyjimecné, Ze vysledky nékterych
studii si dokonce protife¢i. Udélat z nich jednoznacné
platné zavéry je obtizné. Bohuzel stale plati, Ze porozu-
mét lidskému chovani je nesnadné a nékdy i nemozné.

Autor vybral nékteré zajimavé cinnosti centralni ner-
vové soustavy, kde se jevi vliv dopaminu jako dominantni
nebo vyznamny. Viechna vybrana témata jsou velmi za-
jimava, pékné zpracovana. Pfeklad do cestiny nebyl jisté
lehky, ale je srozumitelny i bezchybny a je psan péknou
cestinou.

Komu knihu doporucit?

V3em, ktefi maji zajem o fyziologii dusevni ¢innosti, tedy
nejen lékardm. Proto doporucuji viem, kdo se chtéji
poucit — ja jsem tu knihu precetl a nenudil jsem se ani
okamzik.

Prof. MUDr. Jan Petrasek, DrSc.,

Il interni klinika, 1. Iékarska fakulta Univerzity
Karlovy a Vseobecna fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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