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Kontext: Zahajeni srdecni resynchronizacni terapie (cardiac resynchronization therapy, CRT) predstavuje jeden z nej-
narocnéjsich vykon( v invazivni kardiologii. Rozdilna anatomie koronarniho sinu a sloZitost vykonu muze vést k ne-
Uspésné implantaci elektrody, pripadné si mize vyzadat chirurgickou implantaci elektrody do korondrniho sinu.
Metody: Nase studie byla retrospektivni, observacni, s malou skupinou pacientd a kontrol. Pacienti byli vybi-
rani z kandidatd CRT, jimz byla na kardiologickém oddéleni v obdobi mezi ¢ervencem 2020 a bfeznem 2021
do levé komory implantovana elektroda bez zavaddéciho sheathu. Informace o pacientech byly ziskavany
retrospektivnim prohlizenim zdravotnické dokumentace. Popis samotného jednoduchého triku: vicetucelovy
(multipurpose, MP) nebo jakykoli jiny diagnosticky katétr se pres bezpecny ,tear-away” zavadéc zavede do
pravé siné a timto katétrem se kanyluje Usti koronarniho sinu (KS); nasledné se provede angiografické vyset-
feni KS. Do cilové cévy se pfimo zavede tuhy drat (ASAHI Grand Slam 0,014"; 180 cm) nebo se pouzije mékky
drat pro selektivni kanylaci cilovych privodnich cév katétrem a mékky drat se poté nahradi tuhym dratem.
Nasledné se katétr vytdhne pres tuhy vodici drat. Pfes tuhy vodici drat se do KS zavede elektroda pro levou
komoru. Tato elektroda se zavede do cilové srdecni Zily a tuhy drat se vytahne.
Vysledky: Ve viech piipadech (aZ na jednoho, 80letého) se jednalo o muze, ostatni byli ve véku 50-70 let.
U ¢ty pacientll byla stanovena diagnéza ischemické kardiomyopatie, u jednoho kardiomyopatie neische-
mické etiologie. Ctyfi pacienti byli hospitalizovéni, jeden byl ambulantni. U t¥i pacient( byl vykon proveden
z oblasti pravého prsniho svalu. U tfi z péti pacientl bylo planovano pouziti konzervativni techniky, nemohli
jsme vsak provést kanylaci KS ani proniknout zavadétem dostatecné hluboko k zadnim srdec¢nim Zildm. Pro
kanylaci KS nebo cilové Zily jsme jako feseni problému pouzili vyse popsany trik. Pfi kontrolnim vysetreni
pacientll po jednom tydnu a jednom mésici nebyla zjisténa zadna komplikace.
Zavéry: Drat Grand Slam poskytuje oporu elektrodé v KS bez zavadéciho systému a pomdha pfi implantaci
elektrody do levé komory. Abychom ziskali spolehlivé informace o bezpecnosti a u¢innosti popsaného ,,tri-
ku”, je tfeba provadét takové vykony u malych poctli pacientli a nasledné provést i randomizované studie.
© 2022, CKS.

ABSTRACT

Background: Cardiac resynchronization therapy (CRT) is one of the most challenging procedure of invasive
cardiology. Variations of coronary sinus anatomy and complexity of the procedure may result in unsuccessful
implantation or may need surgical implantation of coronary sinus lead.

Methods: This is a retrospective observational case study. The patients were enrolled from the CRT patients
who were implanted LV lead without delivery sheath of cardiology department between July 2020 and
March 2021. Patient information was obtained by retrospective file scanning. Description of tips of the
trick: Multipurpose (MP) or any diagnostic catheter is pushed forward to the right atrium via a tearable safe
sheath. Coronary sinus (CS) ostium is cannulated by the catheter. CS angiography is performed. Stiff wire
(ASAHI Grand Slam, 0.014 inch, 180 cm) is directly advanced into the target vessel or a soft wire is used for
selective cannulation of targeted tributaries by the catheter and soft wire is exchanged with the stiff one.
The catheter is extracted over stiff guidewire. LV lead is advanced over stiff guidewire to CS. LV lead is ad-
vanced into the target cardiac vein and stiff wire is extracted.

Results: All patients were male, one of them is 80 years old and the others 50-70 ages old. Four patients
were suffering from ischemic cardiomyopathy and one from non-ischemic cardiomyopathy. Four patients
were inpatients, one patient was outpatient. Procedure was performed from right pectoral area in three pa-
tients. In three of the five patients, conservative technique was planned, and we were unable to cannulate
CS or to go to a very low posterior cardiac vein with delivery sheath. We used descripted trick to cannulate
CS or targeted vein as a problem solver. One week and 1-month follow-ups of the patients werer uneventful.
Conclusions: Grand Slam wire provides back up to CS lead without delivery system and it can help to implant
LV lead. We need more case series and randomized studies to understand safety and efficacy of the new trick.
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Introduction

Cardiac resynchronization therapy (CRT) is a non-pharmaco-
logical treatment option that improves morbidity and mor-
tality in selected patients with heart failure.™ Despite well-
defined technique of CRT-defibrillator (CRT-D) implantation,
these cases are still challenging due to details of the proce-
dure.? CRT-D implantation is impossible in 5-10% of patients
because of several reasons even in high volume centers with
experienced operators.>> Also, numerous patients who cannot
benefit from CRT because of CS anatomic variations force us to
find new tips and tricks. “Pipe shaped” ostium with narrow os-
tium, too tight upward angulation next to a very low posterior
venous tributary or systolic compression of the posterolateral-
posterior coronary sinus segment are the some of the reasons
of the cannulation problems of CS ostium.® Inability to access
CS ostium is one of the most common causes of implant failure
up to 4%.7° A 0.035-mm diameter teflon J wire, inner catheter,
and contrast dye may be helpful in assisting this process and
steerable ablation catheter may be used to rail delivery sheath
to CS in challenging cases.® Nevertheless, unsuccessful cannula-
tion of CS is the major cause of failing CRT-D implantation.

In these case series of CRT implantation, we present
a problem solution trick to implant coronary sinus lead
without a delivery system.

Methods

This is a retrospective observational case study. The pa-
tients were enrolled from the CRT patients who was im-
planted LV lead without delivery sheath of cardiology
department between July 2020 and March 2021. CRT in-
dications were decided according to ESC Guidelines for
the diagnosis and treatment of acute and chronic heart
failure (2016)."° Patient files were scanned retrospectively.

Description of tips of the trick

Pocket of battery is opened to left/right pectoral area.
Delivery sheath is not used in this LV implantation trick.

Tearable safe sheath is advanced into left/right sub-
clavian vein via Seldinger technique and multipurpose
(MP) or any diagnostic catheter is pushed forward to the
right atrium. MP or diagnostic catheters are thinner and
they can be manipulated easier than delivery sheath by
operators. Coronary sinus (CS) ostium is cannulated by
the catheter. CS angiography is performed by the cath-
eter. Stiff wire (ASAHI Grand Slam, 0.014 inch, 180 cm)
is directly advanced into the target vessel or a soft wire
is used for selective cannulation of targeted tributaries
by the catheter and the soft wire is exchanged with the
stiff one. The catheter is extracted over stiff guidewire.
LV lead is advanced over stiff guidewire to CS. LV lead
is advanced into the target cardiac vein and stiff wire is
extracted.

Results

All patients were male. Four patients were suffering
from ischemic cardiomyopathy and one from non-isch-
emic cardiomyopathy. Four patients were inpatients,
one patient was outpatient. Procedure was performed
from right pectoral area in three patients. In three of
the five patients, a conservative technique was planned,
and we were unable to cannulate the CS. The problem
was solved with descripted trick. In two patients who
signed informed consent, LV lead was implanted via di-
rectly the descripted new trick. Because our experience
shows us the procedure is easier and it takes shorter
time. One-week and 1-month follow-ups of the patients
were uneventful.

The first patient was 68 years old male, single lead
implantable cardioverter defibrillator was implanted 10
years ago. It was infected. Reimplantation was planned
from the right pectoral area 6 months later after the first
implantation as a CRT-D. CRT-D procedure failed due to
an unknown reason. Patient rejected surgical implant.
The procedure was started from right pectoral area, de-
livery system advanced into the right atrium but it did not
come close to CS ostium because of hypertrophic crista
terminalis and angulated CS ostium (Fig. 1A). Delivery sys-

Fig. 1-(A) CS angiography was administrated by MP catheter. Coronary sinus (CS), excessively angulated
CS entrance, and lateral cardiac vein (LCV) were visualized. (B) Final cine angiography of left ventricular
(LV) lead and right ventricular (RV) lead.
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tem was extracted and procedure was completed with the
trick which is descripted. LV lead was implanted to lateral
cardiac vein (LCV) (Fig. 1B).

In 80-year-old male, CRT-D implantation was planned
from left pectoral area. CS was cannulated by delivery sys-

Fig. 2 - (A) Angiography of CS by mul-
tipurpose (MP) catheter. Dissected CS
and posterior cardiac vein (PCV) were
visualized. (B) Selective angiography
of PCV by MP catheter, MP catheter
used like a microcatheter and grand
slam stiff wire advanced into vessel
instead of extracted standard soft
wire. (C) LV lead slides over the grand
slam wire. (D) Final cine angiography
of right atrium (RA) lead, RV lead and
LV lead.

Fig. 3 - (A) CS angiography was ad-
ministered by MP catheter. Anterior
cardiac vein (ACV) was not suitable to
implant LV lead. (B) Selective angio-
graphy of PCV by MP catheter. (C) LV
lead slides over the grand slam wire.
(D) Final cine angiography of right
atrium (RA) lead, RV lead, and LV lead.

tem. CS had a valve after posterior cardiac vein. Valve was
tried to be passed by 0.014 inch soft guidewire, hydro-
philic coated 0.035 inch guide wire and 0,038 inch J type
teflon wire and it was unsuccessful. A dissection occurred
in CS (Fig. 2A). We targeted to posterior cardiac vein (PCV)
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Fig. 4 - (A) CS angiography was administrated by delivery catheter. (B) Final cine angiography of
right ventricular (RV) lead and left ventricular (LV) lead that was implanted by novel technique.

Fig. 5 - (A) CS and ACV angiography was administered by MP catheter. (B) LV lead was on the
ostium of CS while it was sliding over the grand slam wire. (C) LV lead was advanced into ACV
accompanied by grand slam stiff wire. (D) Final cine angiography of right atrium (RA) lead, RV
lead, and LV lead.

with 0.014-inch soft wire. It was unsuccessful because CS
had too tight upward angulation next to a very low pos-
terior venous tributary. Delivery sheath was extracted and
we tried descripted trick. MP catheter was used for easy
manipulation and PCV was cannulated. Soft wire (0,014
inch) advanced into PCV and MP catheter advanced into
PCV over soft wire. Selective PCV angiography was ad-
ministered (Fig. 2B). LV lead was advanced into PCV over
the stiff wire (Fig. 2QC) like in descripted technique and
procedure was completed successfully (Fig. 2D).

In a 51-year-old male, CRT-D implantation was planned
from left pectoral area. LV lead implantation was decided
to be carried out with the descripted technique. CS was
cannulated by MP catheter and CS angiography was ad-

ministrated (Fig. 3A). It was not possible to implant the
CS lead to anterior cardiac vein because of the tinny ves-
sel. LV lead was targeted to implant to PCV, soft wire
advanced into PCV and MP catheter advanced into PCV
over soft wire. Selective PCV angiography was adminis-
tered (Fig. 3B). LV lead was advanced into PCV over the
stiff wire (Fig. 3C) like in the descripted technique and the
procedure was completed successfully.

Another patient, 54-year-old male, was on hemodi-
alysis via fistula on his left arm. CRT-D implantation was
planned from right pectoral area. CS was cannulated with
delivery sheath. Blunt CS with early leaving LCV was vi-
sualized (Fig. 4A). LV lead was tried to be implanted to
LCV but it was unsuccessful because of the shortness of
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LCV. PCV could not be cannulated with delivery sheath.
Delivery sheath was extracted and MP catheter was used
for easy manipulation. LV lead was implanted to target
vessel with the descripted technique. (Fig. 4B).

In 62-year-old male, CRT-D upgrade was planned
from right pectoral area. He had two RV lead in his
right ventricle because of broken lead revision. LV lead
implantation was decided to be implanted with the de-
scripted technique. CS was cannulated by MP catheter
and CS angiography was administrated (Fig. 5A). Stiff
wire was advanced into ACV. LV lead was slowly passed
from CS ostium (Fig. 5B, Video 1). Anterior cardiac vein
was targeted to implant LV lead (Fig.5C, Video 1). LV
lead was successfully implanted to anterior cardiac vein
(Fig. 5D).

Discussion

Technological developments in the field of interventional
cardiology have increased the life expectancy of cardi-
ology patients. Due to the needs of surviving patients,
the number of patients who have been implanted with
a cardiac implantable device is increasing day by day."
CRT-D implantation procedure is a complex procedure
and a variation of coronary sinus anatomy can make
a successful implantation of CRT-D harder or impossible.'?
LV lead implantation is the most important and one of
the most challenging part of the procedure.? Cannula-
tion of CS, implantation of LV lead, and tearing the CS
delivery sheath without dislocation of the lead are the
parts that make the procedure challenging. Real life data
show that primary implantation of the LV lead into the
venous tributary of CS is unsuccessful in up to 10% of pa-
tients.>*'3 Causes of unsuccessful CRT-D implantation are
due to stenotic or occluded thoracic venous system, dif-
ficult coronary sinus access, tortuous and stenotic venous
tributaries, tiny venous tributaries, right-sided implants
and persistent left superior vena cava syndrom.™ Many
cases of CRT fail in CS cannulation, the first step of LV
lead implantation.”®

In this trick, CS ostium is cannulated with the MP cath-
eter easier than with delivery sheath and “Pipe shaped”
ostium with narrow ostium, too tight upward angula-
tion next to a very low posterior venous tributary are not
on road of CS cannulation. Delivery sheaths are made 9
French (F) in the market. This diameter of the catheter
inhibits it to go to coronary sinus. But in this trick we used
a 5F or 6F diagnostic catheter to cannulate CS and they
can be manipulated easily. After the stiff wire advanced
into targeted vein, LV lead easily goes from CS ostium
angulations. We are sure that newly developed stiffer
wires with proximal tips will support LV lead better. After
angiography of CS, soft wire guidance may be used for
selective cannulation of targeted tributary. And stiff wire
can be helpful to make straighten the tortoise tributar-
ies. Compared with the conservative method, one of the
advantages of the technique is no possibility of disloca-
tion of the LV lead while tearing the delivery sheath. This
technique provides practitioners an easy access to CS and
probably less dissection of CS because of not using deliv-
ery sheath.

Also, this trick is a good alternative in CRT-D cases ap-
plied via right subclavian vein. This is because, in cases
applied via right subclavian vein are more challenging to
cannulate CS ostium, compared via left subclavian vein.
Right subclavian vein and CS ostium are in the same plane
in cardiac anatomy, that's why stiff wire is more support-
ive to implant LV lead. Generally, practitioners hesitate to
use stiff wires. But grand slam wire is used also in conser-
vative technique for angulated tributaries. Soft tip of the
wire makes it safer. As it was shown in our experiences,
using this wire does not cause complications and it is safe.
It is helpful to implant LV lead in tortuous, stenotic, and
tiny tributaries of CS." Descripted trick is an alternative
solution for difficult coronary sinus access, tortuous and
stenotic venous tributaries, tiny venous tributaries, right-
sided implants.

Disadvantages of the technique

Despite stiff wires, especially Grand Slam (ASAHI; 0,014
inch) are good supporters for LV lead, they are still un-
successful to support LV lead in severely angulated side
branches of CS.

Conclusion

Grand Slam wire provides back up to LV lead without de-
livery system. We need more case series and randomized
studies to compare the safety and efficacy of the trick. It
can be used in selected cases. To invent new stiff wires
with longer hydrophilic and soft distal tips and stiffer
proximal tips can provide extra back up.
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Uvod: Téhotenstvi u pacientek s preexistujici kardiomyopatii se systolickou dysfunkci levé komory srde¢ni
nebo po ortotopické transplantaci srdce (OTS) je rizikové pro matku i dité. Proto je ve vétsiné pfipadl nedo-
porucujeme. Avsak ve vybranych piipadech Ize téhotenstvi nechat probéhnout s védomim zvyseného rizika.
Cilem této prace je analyzovat soubor pacientek se srdecnim selhanim nebo po transplantaci srdce, které
Uspésné absolvovaly téhotenstvi a porod Zivého plodu béhem sledovéni na nasem pracovisti.
Metody: Pacientky jsme retrospektivné identifikovali v klinickém informacnim systému IKEM a zpracovali
jsme jejich klinicka data a vysledky pomocnych vysetieni.
Vysledky: Celkem jsme zaznamenali devét téhotenstvi u osmi Zen s preexistujici kardiomyopatii. Ve vétsiné
pfipadu slo o dilatacni kardiomyopatii (Sest pacientek, 75 %). Ejekcni frakce levé komory (EF LKS) byla v me-
zich normy nebo lehce snizend v 56 % pripadl (pét téhotenstvi), stredné snizend ve dvou pripadech (22 %)
a v pasmu tézké dysfunkce ve dvou dalsich pripadech (22 %), kde jsme téhotenstvi nedoporucovali. Nebylo
doporuceno ani téhotenstvi u Zeny s hypertrofickou kardiomyopatii a silné pozitivni rodinnou anamnézou
zahrnujici Umrti bratra na srdecni selhdni a OTS u matky. Pozdéji byla v rodiné zjisténa Danonova nemoc.
Béhem téhotenstvi s preexistujici kardiomyopatii a v nasledujicim roce po porodu jsme zaznamenali dvé
dekompenzace srde¢niho selhani, jednu dekompenzaci arterialni hypertenze a dvé tranzitorni ischemic-
ké ataky. Kardiovaskularni pfihoda komplikovala pét téhotenstvi (55 %). Ve ctyfech pripadech (44 %) byl
pozorovan pokles EF LKS > 10 % po roce sledovéni. V pozdéjsim obdobi byla u Zeny s Danonovou nemoci
nutnd srdecni transplantace, nedoslo k Zadnému Umrti. Déle jsme zaznamenali ¢tyfi porody po OTS, které
mély kromé jedné epizody preeklampsie nekomplikovany priibéh s narozenim ¢tyt hypotrofickych, ale jinak
zdravych déti. Median od OTS do porodu byl 68 mésict. Dalsi sledovani bylo bez vyznamnéjsich komplikaci,
Zeny jsou nazivu se sledovanim 49-118 mésict po porodu.
Zavéry: Diky moderni [é¢bé srdecniho selhdni je mozné nechat probéhnout téhotenstvi i u zen s neische-
mickymi kardiomyopatiemi a dysfunkci levé komory srdecni. Téhotenstvi je mozné také u vybranych zen
po OTS, nicméné vzhledem k sloZité biologické situaci a prognostickym aspektlim jej u téchto pacientek
nedoporucujeme.

© 2022, CKS.

ABSTRACT

Introduction: Pregnancy in females with pre-existing cardiomyopathy with left-ventricular systolic dysfunc-
tion and/or after heart transplantation is associated with risks for both the mother and the child. Thus, it
is not recommended in the majority of patients. However, in selected cases, with awareness of the risks,
pregnancy may be considered. We aimed to analyse a group of patients with heart failure and/or after
heart transplantation (HTx) who were pregnant and gave birth to a living new-born during follow-up in
our institution.
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Methods: Patients were found in the clinical database of IKEM retrospectively. Clinical and para-clinical data
were analysed.

Results: Nine pregnancies in eight females with pre-existing cardiomyopathy were identified. Most patients
had dilated cardiomyopathy (75%), their left-ventricular ejection fraction (LVEF) was normal or mildly redu-
ced in 56%, moderately reduced in 22%, and severely reduced in 22%. Pregnancy was not recommended
in females with severe left-ventricular systolic dysfunction and also in a female with hypertrophic cardio-
myopathy and a strong family history with death due to heart failure in her brother and necessity of HTx in
her mother, which was subsequently diagnosed with Danon disease. During pregnancies with pre-existing
cardiomyopathy and twelve months postpartum we recorded two episodes of decompensated heart failure,
one episode of decompensated arterial hypertension and two transient ischemic attacks. Taken together,
cardiovascular events complicated 55% of these pregnancies. We observed a decrease in LVEF >10% in 44%
of pregnancies after one year. Subsequently, the female with Danon disease required HTx. There was no
maternal death. In addition, we recorded four deliveries after HTx, which were except of one episode of
preeclampsia uncomplicated and gave birth to four hypotrophic, but healthy babies. Median time from HTx
to delivery was 68 months, subsequent period was uneventful, all four females are alive with a follow-up of
49-118 months after delivery.

Conclusions: Contemporary therapeutic modalities of heart failure lead in most patients with dilated cardio-
myopathy to at least temporary improvement of left-ventricular systolic function outside the range of severe
systolic dysfunction, which enables in selected cases birth of living fetus. Pregnancy is possible also in highly
selected females after HTx. However, due to their complicated biological situation and prognostic aspects,

Pregnancy

we do not recommend pregnancy in this setting.

Uvod

Prvni Uspésné téhotenstvi dva roky po ortotopické
transplantaci srdce (OTS) pro dilatacni kardiomyopatii
(DKMP) bylo popsdno v roce 1988 u dvacetileté zeny.'
Zlepseni prognézy mladsich nemocnych s kardiomyopa-
tiemi, po korekci vrozenych srde¢nich vad nebo po OTS
vedlo v poslednich letech k nartstu populace Zen v repro-
dukénim véku, které uvazuji o téhotenstvi i v pfitomnos-
ti srde¢niho onemocnéni.? Nékteré typy kardiomyopatii
jako napfiklad neobstrukéni formy hypertrofické kardio-
myopatie nebo kompletné korigované vrozené srdecni
vady nepredstavuji vyznamnéjsi prekazku k uspésnému
dokonceni téhotenstvi. Vyrazna rizika vsak pretrvavaji
u pacientek s preexistujici systolickou dysfunkci levé ko-
mory srdecni (LKS), nej¢astéji pfi DKMP nebo u pacientek
po OTS.># Problematice gravidity u téchto nemocnych je
vénovana tato prace.

Pacientky s DKMP ohroZuje v téhotenstvi predevsim
zvy$ena hemodynamicka zatéz a retence tekutin. DalSim
problémem je také nutnost vysazeni teratogennich [éku
nezbytnych pro |é¢bu srdecniho selhani, predevsim inhi-
bitord systému renin-angiotenzin. Z téchto ddvodd maji
pacientky v téhotenstvi zvysené riziko srdecniho selhani,
zavaznych arytmii, tromboembolickych nebo krvacivych
komplikaci.>® U Zen po OTS muze navic dojit k imuniza-
ci Zeny nebo k poklesu biologické dostupnosti imuno-
supresiv s rozvojem akutni, pfipadné chronické rejekce
transplantatu, k vzniku preeklampsie a renalniho selha-
ni.>"3 Rizika pro plod zahrnuji zejména moznost spontan-
niho potratu (15-30 % téhotenstvi po OTS), hypotrofii
plodu, pfedcasny porod a teratogenni plsobeni 1€kl jak
bé&hem téhotenstvi, tak laktace. Pokud je matka nositel-
kou geneticky podminéné kardiomyopatie, onemocnéni
mUze zdédit také plod a nékteré typy kardiomyopatie se
mohou casné manifestovat.’ Pfi planovani téhotenstvi
je treba zvazit kromé klinickych a laboratornich nalezud
také odhadovanou Zivotni prognézu matky a jeji socidlni
zazemi.

Téhotenstvi je proto jednoznac¢né kontraindikovdno
u zen s DKMP v pfitomnosti tézké systolické dysfunkce
LKS (s ejekeni frakci < 30 %), vyraznéjsi symptomatologie
(NYHA 1l a IV) nebo mechanické srde¢ni podpory.?® U Zen
po OTS téhotenstvi ve vétsiné pripadl také nedoporucu-
jeme. Téhotenstvi lze po OTS zvaZovat jen u vybranych
Zen, které maji nékolik let po operaci normalni funkci
$tépu, nemaji evidenci o probéhlé nebo pritomné akutni
nebo chronické rejekci transplantatu, jsou normotenzni,
maji normalni renalni funkci a funkéni rodinné zazemi.
U obou skupin pacientek je tfeba vysadit teratogenni
léky. Po OTS je imunosuprese udrzovana kombinaci tacro-
limu a prednisonu s vysazenim mykofenolat mofetilu.>'

Cilem této prace je analyzovat soubor pacientek se sr-
decnim selhdnim nebo po OTS, které Uspésné absolvova-
ly téhotenstvi a porod Zivého plodu béhem sledovani na
nasem pracovisti.

Metodika a soubor pacientek

V klinické databazi pacientd IKEM jsme identifiko-
vali 12 pacientek, které porodily Zivotaschopny plod
se zakladni diagnézou kardiomyopatie nebo po OTS.
Jednalo se o osm pacientek se znamou diagnézou kar-
diomyopatie, které jsme sledovali béhem deviti tého-
tenstvi. Pokud bylo téhotenstvi planované, redukovali
jsme u nich medikaci srde¢niho selhani pouze na beta-
-blokator a v pripadé potieby furosemid jiz pfi plano-
vani téhotenstvi. V ostatnich pFipadech byla medikace
upravena okamzité pfi zjisténi téhotenstvi. Béhem té-
hotenstvi absolvovaly pacientky minimalné t¥i kontroly
na nasem pracovisti, a to na zacdtku téhotenstvi, v po-
slednim trimestru a v prvnim mésici po porodu s pro-
vedenim echokardiografie a vétSinou i se stanovenim
natriuretického peptidu typu B. Déle byly sledovany
v minimalné mési¢nich intervalech v poradné pro rizi-
kova téhotenstvi — ve vétsiné pripadd na Gynekologic-
ko-porodnické klinice 1. LF UK a VFN v Praze. Porod byl
u nich zaznamenan v letech 2014 az 2020, primérna
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doba sledovani po porodu byla 54 mésicd. Téhotenstvi
Uspésné donosily také 4 pacientky po OTS. Ve tfech pfi-
padech probéhla OTS v roce 2008, posledni v roce 2013.
Porod jsme u nich zaznamenali v letech 2011 az 2016,
primérna doba sledovani od porodu byla 70 mésicu.
Pokud byla téhotenstvi pldnovana, byla u pacientek
redukovana imunosuprese na kombinaci tacrolimus
a prednison s vysazenim mykofenolat mofetilu. Nasled-
né v odstupu alespon jednoho mésice byla provedena
kontrolni endomyokardialni biopsie k vylouceni rejek-
ce srde¢niho $tépu a dale byla provedena selektivni
koronarografie k vylouc¢eni korondrni nemoci $tépu.
Pacientky na nasem pracovisti absolvovaly minimalné
Ctyfi kontroly béhem téhotenstvi a hodnota tacrolimu
u nich byla kontrolovdna minimdlné jednou mési¢né.
Pacientky byly kontrolovany také v poradné pro riziko-
va téhotenstvi gynekologického pracovisté (ve vétsiné
pfipadl na Gynekologicko-porodnické klinice 1. LF UK
a VFN v Praze).

U pacientek jsme retrospektivné vyhledali zakladni kli-
nicka, laboratorni a echokardiograficka data. Zhodnotili
jsme riziko téhotenstvi podle modifikované klasifikace
Svétové zdravotnické organizace (WHO), ktera je zaloze-
na na konsenzu expertd*'> a je vhodnéjsi pro pacientky
s vrozenymi vadami srdce. Pacientkdm s nejvyssim stup-
ném WHO IV je pro extrémné vysoké riziko doporuceno
preruseni téhotenstvi. Dale jsme u pacientek spocitali
skore CARPREG I, které vychazi z kohortové studie a lépe
reflektuje rizika téhotenstvi u zen se srde¢nim selhanim
a kardiomyopatiemi. Skére koreluje linedrné s incidenci
kardiovaskularnich pfihod u téhotnych s kardiomyopatii.
Pfi skére nad 4 dosahuje riziko kardiovaskuldrni pfihody
az 41 %."%"7 Pacientky souhlasily s anonymnim zpracové-
nim dat o zdravotnim stavu. Vyzkum probéhl se schvale-
nim etické komise. Data jsme zpracovali pomoci statistic-
kého programu Excel a SPSS (Chicago, Illinois, USA) pro
Windows, verze 17.0.

Vysledky

Pacientky s preexistujici kardiomyopatii

Celkem jsme zaznamenali devét porod( deseti zdravych
déti (v jednom pripadé dvojcata) u osmi Zen s preexistujici
kardiomyopatii. Zakladni charakteristiky souboru ukazuje
tabulka 1. Vétsina pacientek méla diagnézu dilatac¢ni kar-
diomyopatie (75 %) a byly ve funkéni tiidé NYHA | (78 %).
Po predchozi farmakoterapii srde¢niho selhani byla pred
porodem ejek¢ni frakce LKS normdlni nebo lehce snizena
v 56 %, stfedné snizend ve 22 % a v pasmu tézké dysfunk-
ce ve 22 % (dva pfipady). Téhotenstvi jsme jednozna¢né
nedoporucovali u zen s tézkou dysfunkci LKS (pfipad 2
a 5, tabulka 2). Déle jsme nedoporucovali tfeti téhotenstvi
u zeny s familidrni dilata¢ni kardiomyopatii a anamnézou
abuzu pervitinu, ktera méla sice lehkou systolickou dys-
funkci LKS, ale zadvazné komplikace béhem predchozich
téhotenstvi (pfipad 4, tabulka 2). Neimérné vysokeé riziko
jsme konstatovali také u pacientky s hypertrofickou kar-
diomyopatii a normalni ejeké¢ni frakei LKS, kterd méla sil-
né pozitivni rodinnou anamnézu s Udajem o OTS u matky
a umrti bratra na srde¢ni selhdni v 18 letech (pfipad 1,
tabulka 2). V této rodiné byla pozdéji diagnostikovana

Danonova nemoc, pro kterou je typickd progrese do ter-
minalniho srde¢niho selhani v mladém véku.

Celkem 89 % porodd bylo vedeno cisafskym fezem.
Tabulky 1 a 2 ukazuji vyskyt komplikaci — dekompenzace
srdecniho selhani komplikovala téhotenstvi u dvou matek
a u jedné matky doslo k zhor3eni arteridlni hypertenze.
U dvou matek jsme zaznamenali v prvnim roce po porodu
tranzitorni ischemickou ataku. Ve sledovaném obdobi se
vyskytla kardiovaskuldrni komplikace u 55 % téhotenstvi
Zen s preexistujici kardiomyopatii. Ve 44 % pfipadech
jsme zaznamenali snizeni ejek¢ni frakce LKS > 10 %. Vy-
voj end-diastolického rozméru a ejek¢ni frakce LKS a déle
natriuretického peptidu typu B v gravidité a nasledujicim
obdobi ukazuje obrazek 1.

Pradmérna porodni hmotnost novorozenct dosahla
2 505 + 511 gramd, byla tedy na hranici hypotrofie plodu.
U déti vsak nedoslo v ¢asném obdobi ani béhem dalsiho
sledovani k vyznamnéjsim komplikacim.

Pacientky po transplantaci srdce

Téhotenstvi donosily ¢tyfi Zeny po OTS, a to pramérné 67
+ 33 mésich po operaci. Podrobnéjsi informaci podava-
ji tabulky 1 a 2. Dvé téhotenstvi byla planovana (50 %).
U pacientky s familiarni dilatacni kardiomyopatii a mutaci
RBM20 (pripad 11) bylo téhotenstvi pldnovdno s pouZzitim
preimplantacni diagnostiky, po redukci imunosupresivni
lécby (vysazeni mykofenolatu a dalsi teratogenni medi-
kace) byla predem provedena endomyokardialni biopsie
k vylouceni rejekce a byla vylouc¢ena koronarni nemoc
$tépu. Podobné bylo postupovéano i u druhé zeny po OTS
(pfipad 12). Ve zbyvajicich dvou pfipadech (pfipad 10
a 13) byla teratogenni medikace vysazena az po zjisté-
ni téhotenstvi. Kromé epizody preeklampsie (pfipad 11)
byla téhotenstvi téchto ¢tyf Zen po OTS nekomplikovana.
Zeny jsou nazivu se sledovanim 49-118 mésict po porodu.
U pacientky s Friedreichovou ataxii dochazi neurologicky
k progresi stavu pfi zdkladnim onemocnéni. V zZadném
z pfipadd nedoslo béhem sledovani k rejekci srde¢niho
Stépu vyssiho stupné, ani zhorseni funkce $tépu po po-
rodu, ve viech pfipadech byla na zacatku téhotenstvi
normalni ejek¢ni frakce LKS. VSechny ctyfi déti byly bez-
prostiedné po porodu zdravy, ale hypotrofické. Pramér-
na porodni hmotnost dosahla pouze 1 883 + 494 gram0.
Dcera jedné pacientky s nonkompaktni kardiomyopatii
zdédila patogenni variantu genu MYH7, pozdéji u ni byla
diagnostikovdna pocinajici kardiomyopatie (pfipad 10).
U dalsiho ditéte byla pozorovana nékolik mésict po naro-
zeni porucha sluchu (pfipad 12).

Diskuse

V této praci prezentujeme poprvé v ceském pisemnictvi
unikatni soubor osmi pacientek s preexistujici kardiomyo-
patii a Ctyr pacientek po OTS, které uspésné absolvovaly
téhotenstvi a porod Zivého plodu béhem sledovani na
nasem pracovisti. Nase pozorovani lze shrnout nasledov-
né: 1) Vétsina Zen s preexistujici kardiomyopatii méla di-
latacni kardiomyopatii (75 %). Pfedchozi |é¢ba srdecniho
selhani prispéla k tomu, Ze ejekcni frakce LKS byla v dobé
téhotenstvi v mezich normy nebo lehce snizend v 56 %
a stfedné snizend ve 22 % pfipadu. 2) Otéhotnély i Zeny,
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Obr. 1 - Vyvoj individualnich hodnot end-diastolického rozméru levé komory (LVEDD), ejek¢ni frakce levé komory srdecni (EF LKS) a natri-
uretického peptidu typu B (BNP) v priibéhu téhotenstvi pacientek s preexistujici kardiomyopatii. Zachyceny jsou hodnoty na pocatku tého-
tenstvi, v poslednim trimestru, pfi prvni kontrole po porodu a na konci sledovani. Cisla pfipadd koresponduiji s tabulkou 2. Graficky jsou
znazornény hodnoty medianu a interkvartilové rozmezi. Pfi porovnani parovymi parametrickymi a neparametrickymi testy jsme nezjistili
statisticky vyznamné rozdily.
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Tabulka 1 - Charakteristika pacientek a pribéh téhotenstvi u skupiny pacientek s preexistujici kardiomyopatii nebo po transplantaci srdce

Charakteristika pacientek
(n=12)

Primérny vék v dobé porodu (roky)
Hypertenze

Diabetes mellitus

BMI > 30

Zékladni diagnéza

Dilata¢ni kardiomyopatie
Hypertroficka kardiomyopatie
Arytmogenni kardiomyopatie LKS
Nonkompaktni kardiomyopatie
Klasifikace NYHA pred porodem
NYHA |

NYHA I

NYHA -1V

Dysfunkce LKS/EF LKS pred porodem
Tézka (EF LKS < 35 %)

Stiedni (EF LKS 36-45 %)

Lehka (EF LKS 46-54%)

Normalni (EF LKS > 55 %)

LVEDD na zacatku gravidity (mm)
LVEDD rok po porodu (mm)
Mitralni regurgitace stredni/vyznamna
Laboratorni diagnostika

eGFR na zacatku gravidity (ml/s/1,73 m?)
eGFR pfi posledni kontrole (ml/s/1,73 m?)
BNP na zacatku téhotenstvi (ng/l)
BNP za rok po porodu (ng/l)
Rizikova klasifikace

mWHO |

mWHO Il

mWHO II-lll

mWHO IlI

mWHO IV

CARPREG Il 1-2 (5-10% riziko)
CARPREG Il 3 (15% riziko)

CARPREG Il 4 (22% riziko)

CARPREG Il > 4 (41% riziko)
Charakteristika porodu

Doba od transplantace do porodu
Porodni hmotnost ditéte (g)

Porod v tydnu téhotenstvi

Porod cisafskym fezem

Peripartalni komplikace
Preeklampsie

Akutni dekompenzace srde¢niho selhani
Casné tromboembolické komplikace

Zhor3eni EF LKS > 10 procentnich bodu jeden rok po

porodu
Zévazny dalsi prabéh

Preexistujici kardiomyopatie
(8 pacientek, 9 porodii)

30 + 6 (median 28)
1(12,5 %)
1(12,5 %)
3 (37,5 %)

n=8
6 (75 %)
1(12,5 %)
1(12,5 %)
0
ni=ke
6 (77 %)
2 (22 %)
0
n=9
2 (22 %)
2 (22 %)
3 (34 %)
2 (22 %)
55+6
58+6
0

1,97 £0,18
1,88 £ 0,16
16 (10-31)
28 (10-86)
n=9
0
0
3 (33 %)
4 (45 %)
2 (22 %)
3 (33 %)
3 (33 %)
0
3(33 %)
n=9
2505+ 511
36 + 4 (median 37)
8 (89 %)
n=9
1(11 %)
2 (22 %)
2x TIA (22 %)
4 (44 %)

4 (44 %)

Transplantované srdce
(4 pacientky, 4 porody)

31 + 2 (median 31)
75 % (n =3)
25% (n=1)

0 % (0)
n=4
3 (75 %)
0
0
1(25 %)
n=4
4 (100 %)
0

o

o o 1

0
4 (100 %)
46 + 5
46 + 4
0

1,66 + 0,21
1,28 +0,4

n=4

n=4
67 + 33 mésicl (median 68)
1883 +£494
31 x 3 (median 30)
4 (100 %)
n=4
1(25 %)
0
0
0

0

BMI - body mass index; BNP — natriureticky peptid typu B, CARPREG Il - rizikové skore ,the CARdiac disease in PREGnancy”; EF LKS -
ejekéni frakce levé komory srdecni; eGFR (dle CKD-EPI) — odhadovand glomeruldrni filtrace; LVEDD - end-diastolicky rozmér levé komory;
mWHO - modifikovana klasifikace WHO rizikovosti gravidity; NYHA - klasifikace dusnosti New York Heart Association; TIA - tranzitorni

ischemicka ataka.
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Tabulka 2 - Informace k zakladnimu onemocnéni, priilbéhu téhotenstvi a dalSimu vyvoji onemocnéni u jednotlivych pacientek

Cislo
pripadu
1

2,3

Pacientky
s kardiomyopatii

Hypetroficka
neobstrukcni
kardiomyopatie pfi
Danonové nemoci

DKMP s reverzni
remodelaci LKS
(susp. toxonutritivni
podil)

Familiarni DKMP
(patogenni varianta
titinu), abuzus per-
vitinu v anamnéze

DKMP diagnosti-
kovana od détstvi,
implantovan ICD

DKMP
(mutace v genu
RBM?20)

DKMP s podilem
hypertenzni kardio-
myopatie

DKMP, nezjisténa
pficinna geneticka
varianta

Arytmogenni KMP
s postizenim levé
komory (prokazana
patogenni mutace
PKP2), pritomnost
ICD

Priibéh téhotenstvi

Neplédnované, nedoporu-
¢eno vzhledem k rodinné
zatézi.

EF LKS 55 %.

Ukonceno v 36. tydnu
pro dusnost, pokles EF
LKS.

Dvé neplanovand tého-
tenstvi bez komplikaci,
prvni nedoporuceno pro
vstupni EF LKS 35 %.

Treti téhotenstvi
Doporuceno preruseni
téhotenstvi.

Pokles EF LKS béhem
téhotenstvi na 40 %.

Dvé téhotenstvi pfi tézké
dysfunkci LK, zde popsa-
no 2. téhotenstvi. Nedo-
poruceno, komplikovano
oboustrannou kardialni
dekompenzaci.

Planované téhotenstvi
s nekomplikovanym
pribéhem, vstupni EF
LKS 50 %

Planované, vstupni EF
LKS 50-55 %, na konci
téhotenstvi a po porodu
dekompenzace arterialni
hypertenze

Neplédnované téhoten-
stvi, nedoporuceno,
pribéh bez komplikaci,
vstupné EF LKS 40 %

Pldnované téhotenstvi,
vstupné EF LKS 45 %,
preindukce porodu

z kardiologické indikace

Medikace
v téhotenstvi

Pouze selektivni
beta-blokator

Pouze beta-blo-
katory, pfi druhé
gravidité bez Iékd
(sama vysadila
beta-blokator)

Beta-blokator,
LMWH,
redukovana davka
furosemidu

Vysazeny
potencialné
teratogenni
léky (sartan,
spironolacton)

Pouze
beta-blokator

Pouze beta-blo-
kator

Monoterapie
beta-blokatorem
i 6 mésicl po
porodu (trvala na
kojeni, laktace
nepozastavena)

Beta-blokator,
LMWH

Porod a vyvoj
ditéte

SC, 36. tyden,
hmotnost
1940 g.

SC, 39. tyden,

3 250g

SC, 36. tyden,
dvojcata,
hmotnost
2260+2700g,
déti zdravé.

SC, 36. tyden,
vétsi krevni
ztrata, podvaz
vejcovodu.
Dcera, 2 200 g,
zdédila vlohu

v genu pro TTN,
zdrdva.

SC, 27. tyden,
1520 g, zdravé
dité

SC, 37. tyden,
2700 g, porod
bez komplikaci,
zdravé dité

SC, 37. tyden,
2660 g, zdrava
divka, u matky
porucha hojeni
rany po SC

SC, 38. tyden,
hmotnost
2900 g,
zdravé dité

Vagindlni
porod, 40.
tyden, 3 230 g,
zdravé dité

Dlouhodoby vyvoj
onemocnéni

Vyznamna rodinnd zatéz, matka
vedena s dg. téhotenské KMP,
podstoupila OTS, bratr zemrel na
srdecni selhani, pozdéji v rodiné
dg. Danonova nemoc.

Po porodu dalsi progrese srdec-
niho selhani, trombus v LKS, v r.
2015 OTS. Sledovani 84 mésicli od
porodu

Paradoxné béhem prvniho tého-
tenstvi a po porodu normalizace
EF LKS, nekomplikovany prabéh,
trva normalni EF LKS.

Sledovani 80 mésict od prvniho
porodu

Manifestace srdecniho selhani
dva tydny po 2. téhotenstvi,

kdy zérover embolizacni

CMP s nutnosti katetrizacni
trombektomie. Tehdy i abuzus
pervitinu.

Pfi 3. téhotenstvi prechodny
pokles EF LKS, nasledné opét
normalizace. Sledovani 52 mésicl

Obé téhotenstvi komplikovany
kardialni dekompenzaci.
Tromboembolicka prihoda
(st.p. TIA), v dals$im sledovani
onkogynekologicky zékrok
(kénizace cipku, CIN 3).
Sledovani 47 mésica

Recidivujici kardioemboliza¢ni
CMP na antikoagulaci, bidirek-
¢ni PFO, trva lehky neurologicky
deficit.

Sledovéni 80 mésict

Po porodu pokles EF LKS, stfedni
dysfunkce, dlouhodobé stabilni.
Sledovéni 25 mésict

Pro dalsi pokles funkce levé komo-
ry nutnost implantace BiV ICD.
Sledovéni 13 mésich

Po porodu dalsi pokles EF LK,
Uprava medikace, postupné
stabilizace az k NYHA I.
Sledovéni 17 mésich

Pokracovani na dalsi strané
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Tabulka 2 - Informace k zakladnimu onemocnéni, priibéhu téhotenstvi a dalSimu vyvoji onemocnéni u jednotlivych pacientek (Dokonceni)

Stav po OTS, Priibéh téhotenstvi

zakladni diagnéza
10 Nonkompaktni

kardiomyopatie

(patogenni varianta

Neplédnované téhoten-
stvi. Nekomplikovany
porod 31 mésict po OTS

Medikace v tého-
tenstvi

Imunosupresivni
terapie kombinaci
tacrolimu a korti-

Porod a vyvoj Dlouhodobé sledovani

ditéte
SC, 36. tyden, Cetné onkogynekologické
hmotnost zakroky pro neoplazii kr¢ku

2480 g, dcera délohy, radioterapie, nasledné

MYH?7) kosteroidu, MMF nese stejnou ovarektomie |.dx.
dlouhodobé vysa-  variantu MYH?7,
zen pro drefiovy incipientni KMP.  Sledovani 118 mésicu.
Utlum
11 Familidrni DKMP Pldnované Pfi planovani té- SC, 29. tyden, Gestacni diabetes, déle DM na
(patogenni varianta  téhotenstvi, vzhledem hotenstvi predem ukonc¢eno inzulinu, opakované pankreatitis,
v genu RBM20) k rodinné zatézi IVF vyloucena rejekce  predcasné Zije.
s preimplantacni a koronérni nemoc, pro riziko Sledovani 54 mésich
diagnostikou. po predchozim eklampsie,
Porod 101 mésicti po OTS vysazeni MMF syn 1500 g,
a kortikoidd, po- zdravy.
nechan tacrolimus
a LMWH
12 DKMP (po probéhlé  Planované téhotenstvi, MMF vysazen SC, 30. tyden, Opakované onkogynekologické
myokarditidé) s nekomplikovanym pri-  planované 90 dni 1300 g, syn, intervence (kénizace cipku,
béhem. Porod 38 mésici  predem, déle po- nékolik mésicd  odstranéni kondylomat -
po OTS davan tacrolimus po porodu z histologie ca in situ), zije.
a kortikoidy porucha sluchu  Sledovéni 49 mésicd
13 DKMP pti Friedrei- ~ Nepldnované MMF vysazen dlou-  SC, 28. tyden, Recidivuji infekce, neurologicky
chové ataxii téhotenstvi. hodobg, béhem 2 250q, zdravy  progrese stavu matky, Zije.
Nekomplikovany prabéh. téhotenstvi tacroli- syn, nezdédil Sledovani 59 mésich
Porod 98 mésict po OTS  mus a kortikoidy vlohu.

DKMP - dilata¢ni kardiomyopatie; EF LKS - ejekéni frakce levé komory srdecni; ICD - implantabilni kardioverter-defibrilator; IVF - in vitro
fertilizace; KMP - kardiomyopatie, LMWH - nizkomolekularni heparin; MMF — mykofenolat mofetil; OTS - ortotopicka transplantace srdce;

SC - cisafsky fez (sectio caesarea); TIA - tranzitorni ischemicka ataka.

kde jsme graviditu nedoporucovali, a to pro tézkou sy-
stolickou dysfunkci LKS (22 %) a pro vysoké riziko dané
rodinnou anamnézou nebo pribéhem predchozich tého-
tenstvi. 3) BEhem téhotenstvi s preexistujici kardiomyo-
patii a v ndsledujicim roce po porodu jsme zaznamenali
dvé dekompenzace srde¢niho selhdni, jedno zhorseni ar-
teridlni hypertenze a dvé tranzitorni ischemické ataky. Ja-
kakoliv kardiovaskularni pfihoda komplikovala 55 % té-
hotenstvi téchto Zen. U 44 % Zen jsme pozorovali pokles
ejekéni frakce o deset a vice procentnich bodd po roce
sledovani. U Zeny s prokazanou Danonovou nemoci byla
pozdéji nutna OTS. 4) Téhotenstvi prekonaly bez vétsich
problému ctyfi Zeny po OTS. Kromé jedné epizody pre-
eklampsie byly vsechny gravidity nekomplikované a na-
rozené déti byly zdravé s nizsi porodni hmotnosti. Jejich
matky jsou nazivu se sledovanim v rozmezi 49-118 mésict
po porodu.

Zlepseni prognozy pacientek s dilata¢ni
kardiomyopatii nebo po transplantaci srdce

Vyznamné zmény v lécbé srde¢niho selhani se snizenou
systolickou funkci vedly v poslednich dekadach k zlepseni
prognézy nemocnych. V 80. letech minulého stoleti, tedy
v dobé pred zavedenim moderni farmakoterapie srdecni-
ho selhani, bylo ro¢ni a pétileté prezivani nemocnych se
symptomatickou dilata¢ni kardiomyopatii 25 %, respekti-
ve 50 %.'8'9 Rada praci dokumentovala postupné snizova-

ni mortality. Napfiklad Merlo a spol. ukazali v kohortové
studii zlepseni osmiletého prezivani pacientd s dilatacni
kardiomyopatii diagnostikovanou v  dekadach 1979-
1987, 1988-1997 a 1998-2007 z 55 % na 71 % a 87 %.%?°
Soucasnd terapie dokaze onemocnéni nejen stabilizovat,
ale Casto navodit alespon c¢aste¢nou remisi onemocnéni
v podobé reverzni remodelace LKS az u poloviny nemoc-
nych s recentnim zachytem srdecniho selhani.?"?

V poslednich dvou dekadach doslo také k zlepseni
prezivani u pacientd po OTS. Je to dUsledek lepsi imuno-
supresivni léc¢by a zlepsené péce zamérené na prevenci
infekénich komplikaci a nadoru. Statistiky z poslednich let
referuji ro¢ni a pétileté prezivani kolem 90 %, respektive
70 %, s medianem prezivani kolem 12 let.®*

Vyse uvedené zlepseni progndézy Zen v obou uvedenych
skupinach umoznuje ve vybranych pfipadech téhotenstvi.

Komplikace u Zen s preexistujici
kardiomyopatii, porovnani s predchozimi
studiemi

Prvni vétsi skupinu Zen s téhotenstvim pfi preexistujici kar-
diomyopatii analyzovala v roce 2010 prace kanadské sku-
piny.” Referovano bylo 36 téhotenstvi u 32 Zen s dilata¢ni
kardiomyopatii, z nichz 72 % meélo lehkou nebo stiedné
téZzkou dysfunkci LKS. Srdecni komplikace se objevila v té-
hotenstvi a nasledujicich Sesti mésicich po porodu celkem
v 39 % pfipadd. Nejcastéji Slo o dekompenzaci srde¢niho
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selhani (celkem devétkrat), arytmie (celkem sedmkrat)
a jednu mozkovou pfihodu. Nebylo zaznamendno zad-
né umrti. Tyto komplikace nastaly u Zen s pokrocilejsim
selhavanim (se vstupni klasifikaci NYHA III/IV a s téZkou
systolickou dysfunkci LKS) nebo s anamnézou kardialnich
pfihod v predchazejicich téhotenstvich. Francouzskd sku-
pina popsala v roce 20178 celkem 43 téhotenstvi u 36 Zen
s preexistujici kardiomyopatii. Pouze deset z nich (28 %)
mélo dilata¢ni kardiomyopatii s pramérnou ejek¢ni frak-
ci LKS kolem 36 %. Vyskyt kardiovaskularnich komplikaci
dosahl 35 %, matefska mortalita ¢inila 7 %. N&s soubor se
vétsim zastoupenim pacientek s dilata¢ni kardiomyopatii
vice podobal kanadské préci. Vyskyt kardiovaskularnich
komplikaci byl sice numericky vyssi (55 %), ale ve vétsi-
né pfipadd se jednalo o reverzibilni pfihody s nulovou
matefskou mortalitou. Tato pfizniva data odrazeji sku-
tecnost, ze vétsina pacientek (56 %) méla normalni nebo
lehce snizenou ejek¢ni frakci LKS jako dlsledek predchozi
optimalizované |écby srdecniho selhani.

Komplikace téhotenstvi u Zzen
po transplantaci srdce

Od roku 1988 byly celosvétové referovany desitky pripa-
du téhotenstvi u Zen po OTS."%'* Recentni pohled pFinasi
prace z registru téhotenstvi u pacientek po OTS."? Analy-
zovala 157 téhotenstvi u 91 Zen, primérné 7 = 6,1 roku
po OTS. Téhotenstvi bylo Uspésné donoseno v 69 %. Nej-
castéjsi komplikaci byla preeklampsie (23 %), déle infekce
(14 %) nebo rejekce $tépu (9 %). Dllezité je zjisténi aso-
ciace mezi podavanim mykofenolatu v téhotenstvi a vy-
skytem potratl. Primérna doba sledovani po porodu do-
sahovala 8,9 + 6,5 roku. Z uvedeného souboru zemrelo 30
Zen, a to pramérné 9,4 = 6,2 roku po porodu. Nejcasté;si
pri¢cinou umrti byla koronarni nemoc stépu nebo rejekce.
Nase vysledky zapadaji i do tohoto kontextu. SloZity mana-
gement pacientek v téhotenstvi, vyznamna imunologic-
ka i neimunologickd rizika pro matku a plod, zohlednéni
dlouhodobé progndzy zen po OTS a jejich socidlniho zaze-
mi predstavuji vyznamné vyzvy pfi pfipadném planovani
téhotenstvi v této populaci zen. Ve vétsiné pripadl tého-
tenstvi po OTS nedoporucujeme. U Zen ve fertilnim véku
po transplantaci srdce tedy doporucujeme prevenci oté-
hotnéni. U pacientek s nekomplikovanym potransplan-
tacnim prubéhem, bez evidence o akutni nebo chronické
rejekci stépu nebo koronarni nemoci stépu mizeme pfi
respektovani kontraindikaci pouzit vétsinu ucinnych anti-
koncepcnich metod, kromé nitrodéloznich télisek. U Zen
s komplikovanym pribéhem nebo pritomnosti zavaznych
komorbidit jsou nase moznosti vétsinou omezeny na mo-
noterapii progestiny ve formé tablet, depotnich injekci
nebo podkoznich implantatd.?* Recentné bylo popsdno
Uspésné pouziti nitrodéloznich télisek s levonorgestre-
lem, které bylo u malych kohort pacientek po orgdnovych
transplantacich ucinné a bezpecné, bez vyskytu infekci
malé panve. Tyto vysledky odpovidaji ztlusténi endomet-
ria a snizenému vyskytu infekci gynekologické oblasti pfi
pouziti této antikoncepce u pacientek bez imunosupre-
se.?>2 Po orgdnovych transplantacich vSak zatim nejsou
doporucovany pro rutinni uziti.>*

Genetické poradenstvi v gravidité

Pokroky v molekuldrné-genetické diagnostice pficin
kardiomyopatii umoznuji v fadé pripadu identifika-
ci patogennich mutaci zpusobujici dané onemocnéni.
U devastujicich onemocnéni, kterd vedou v ¢asné mor-
bidité nebo mortalité, je mozné po konzultaci s ge-
netikem uvaZovat o tzv. preimplantacni diagnostice.
S pouzitim fertilizace in vitro je ve vybranych pfipadech
mozné identifikovat embrya, kterd nenesou danou
patogenni mutaci a maji vyrazné redukované riziko
vzniku pfrislusné choroby.?” V ostatnich pfipadech se
mUze uplatnit stanoveni genotypu u ditéte s peclivym
klinickym sledovdnim nosi¢ti patogennich variant po
narozeni. V rodinach s familidrnim vyskytem kardio-
myopatii a neuspésnou genotypizaci je doporuceno
klinické a echokardiografické sledovani ditéte.?” Pred
planovanou graviditou je tfeba zvaZovat nejen mozna
prenatalni a postnatalni rizika pro matku a dité, ale
také upozornit, obzvlasté u transplantovanych Zen, na
snizenou dobu prezivani oproti zdravym vrstevnicim,
a tedy nutnost socialni stability rodiny.*

Limitace

Vypovédni hodnota nasi prace je limitovdana malym
souborem pacientek, ktery ale odpovida nizké frek-
venci téhotenstvi ve sledovanych skupinach nemoc-
nych. Dalsim omezenim je, Ze jsme se soustfedili na pa-
cientky s Uspésnym prlbéhem téhotenstvi a donosenim
zdravého plodu. V klinické databazi se nam nepoda-
filo zachytit pacientky, které prekonaly potrat nebo
porodily mrtvy plod. Pfi retrospektivnim zpracovani
dat nemUzeme vyloucit, Ze nékteré z téchto pripadud
nebyly zaznamenany. Dale jsme si védomi limitace chy-
béjiciho dlouhodobého sledovani po téhotenstvi u Zzen
s preexistujici kardiomyopatii. K dispozici mame pouze
stfednédoba data. Po desetiletich sledovani by se tyto
Zeny mohly vyznamné lisit od netéhotnych vrstevnic se
stejnou diagndézou.

Zavér

Moderni postupy lé¢by srde¢niho selhdni vedou u fady
pacientek s dilata¢ni kardiomyopatii k stabilizaci stavu
a casto k zlepseni systolické funkce LKS. To dovoluje za
urcitych podminek uUspésny pribéh téhotenstvi. Naopak
tézka dysfunkce LKS a pfitomnost mechanické srdecni
podpory by mély byt jasnou kontraindikaci gravidity. Té-
hotenstvi je mozné také u vybranych Zen po OTS. Nicmé-
né vzhledem k slozité biologické situaci a prognostickym
aspektim je viak u téchto pacientek nedoporucujeme.
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Cil: Cilem studie bylo zhodnotit ulohu genu pro hypoxii indukovatelny faktor 1alfa (hypoxia-inducible factor
1alpha, HIF1A; gen 1772C>T, rs11549465) v antracyklinem vyvolaném srdecnim selhani (anthracycline-indu-
ced heart failure, AIHF) u Zen bez kardiovaskuldrniho onemocnéni (KVO) v piedchozi 24 mésicich.
Metody: Do studie bylo zafazeno celkem 114 Zen s medidnem véku 47,0 (44,0; 52,0) roku s AIHF stupné I-1I
NYHA, jimz byl podavan doxorubicin pro karcinom prsu. Pfi vstupu do studie u nich bylo s pouzitim polyme-
razové retézové reakce provedeno vyseteni na genovy polymorfismus.
Vysledky: Po 24mési¢nim sledovani vykazaly viechny pacientky remisi karcinomu prsu; byly rozdéleny do
dvou skupin: skupinu 1 tvofily Zeny s nepriznivym prabéhem AIHF (n = 36), skupinu 2 tvofily zeny bez AIHF
(n = 75). Pfitomnost C/T genotypu s genem pro HIF1A (1772C>T, rs11549465) (OR = 3,65; p = 0,009) souvisela
s nepfiznivym pribéhem AIHF. U Zen s C/T genotypem s genem pro HIF1A (1772C>T, rs11549465) byla zjisté-
na dalsi progrese AIHF: ejekéni frakce levé komory se statisticky vyznamné (p < 0,001) snizila 0 11,8 % z 51
(47; 53) na 45 (43; 46) %, jeji end-systolicky pramér se zvétsil o0 7,8 % (p < 0,001) a end-diastolicky pramér
05,2 % (p <0,001).
Zavér: Polymorfismus C/T hypoxii indukovatelného faktoru pro gen 1alfa (1772C>T, rs11549465) u zen bez
predchoziho KVO byl spojen s nepfiznivym pribéhem AIHF za obdobi 24 mésic(.

© 2022, CKS.

ABSTRACT

Objective: The objective of the study was to evaluate the role of hypoxia-inducible factor 1alpha (HIF1A)
gene (1772C>T, rs11549465) in the course of anthracycline-induced heart failure (AIHF) in women without
previous cardiovascular diseases (CVD) during 24 months.

Methods: A total of 114 women, median age of 47.0 (44.0; 52.0) years with AIHF of NYHA class I-lll who
received doxorubicin for breast cancer were enrolled. Evaluation of gene polymorphisms was carried out by
polymerase chain reaction at baseline.

Results: After 24 months of follow-up all patients had breast cancer remission and were divided into 2
groups: group 1 comprised women with adverse course of AIHF (n = 36), group 2 comprised those without
it (n = 75). The presence of C/T genotype of HIF1A gene (1772C>T, rs11549465) (OR = 3.65; p = 0.009) was
related with adverse course of AIHF. Women with C/T genotype of HIF1A gene (1772C>T, rs11549465) had
further progression of AIHF: left ventricle ejection fraction significantly (p <0.001) decreased by 11.8% from
51 (47; 53) to 45 (43; 46)%, end-systolic dimension increased by 7.8% (p <0.001), and end-diastolic dimension
by 5.2% (p <0.001).

Conclusion: Polymorphism of C/T of hypoxia-inducible factor 1alpha gene (1772C>T, rs11549465) in women
without previous CVD was associated with adverse course of AIHF during 24 months.
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Introduction

Anthracyclines are important components of many chemo-
therapy regimens; but their using is associated with the left
ventricular dysfunction and heart failure (HF) that can occur
up to decades after exposure.' Nevertheless, the mechanis-
ms underlying cardiotoxic drug effects are still poorly under-
stood and controversial. It is well-established that doxorubi-
cin (DOX) exerts their anticancer action by directly targeting
and inhibiting topoisomerase-2 in cancer cells.? However,
the same mechanism can hardly explain the toxic effect of
DOX on the heart and vessels; therefore, recently there are
data on the involvement of endothelial dysfunction, apop-
tosis, extracellular matrix remodeling, and oxidative stress in
the pathogenesis of cardiotoxic damage.?

In last years it has been established that anthracycli-
nes inhibit binding of the hypoxia-inducible factor 1al-
pha (HIF1A)/aryl hydrocarbon receptor nuclear transloca-
tor (ARNT) heterodimer to the target gene enhancer and
reduce the cellular hypoxia response.* HIF1 functions as
a master regulator of cellular and systemic homeostatic
response to hypoxia by activating the gene transcription
involved in energy metabolism, angiogenesis, apoptosis,
and other genes whose protein products increase oxygen
delivery or facilitate metabolic adaptation to hypoxia.® It
is composed of an oxygen-labile alpha-subunit and a con-
stitutively expressed beta-subunit.* HIF1A is a universal
regulator for hypoxia-inducible gene expression, and it
can be activated by oxidative stress, inflammation, and
fibrosis, actions that are opposed by HIF2A.® Imbalances
in HIF1A and HIF2A may contribute to the progression
of chronic HF, atherosclerotic and hypertensive vascular
disorders, and chronic kidney disease.” These disorders
are characterized by activation of HIF1A and suppression
of HIF2A, which may be potentially related to mitochon-
drial and peroxisomal dysfunction.®

It has been demonstrated that DOX treatment induces
significant changes in the expression of genes controlling
both mitochondrial structure and metabolism,® as well as
DOX, preferentially accumulate in the mitochondria of car-
diomyocytes, strongly impacting on both the structure and
the activity of these organelles that cause the increased
ROS production.” Anthracycline-mediated production of
these reactive species in turn may potentially lead to im-
balances in HIF1A and HIF2A, and as a consequence pro-
gression of heart dysfunction induced by anthracyclines.
However, if the hypoxia caused during treatment with
anthracyclines is quite understandable, then it is not clear
whether it affects the development and progression of HF
in the long-term periods after chemotherapy treatment.

Thus, the objective of the study was to evaluate the
role of hypoxia-inducible factor 1alpha gene (1772C>T,
rs11549465) in the course of anthracycline-induced HF
(AIHF) in women without previous cardiovascular diseases
(CVD) during 24 months.

Methods

Ethical disclosure
The study was conducted in accordance with the Declara-
tion of Helsinki for all human research and was approved

by the local Ethics Committee of Cardiology Research In-
stitute, Tomsk National Research Medical Center (proto-
col Ne207, 23 Dec 2020). Informed written consent was
obtained from all patients before their enrollment in this
study.

Study population

This was a prospective, observational, single-center trial.
At the 12 months after chemotherapy completion a to-
tal of 114 women (median age of 48.0 [46.0; 52.0] years)
with AIHF were enrolled. The control group comprised
the women (n = 70) who received doxorubicin as part
of chemotherapy for breast cancer, but did not develop
AIHF (median age of 45.0 [42.0; 50.0] years). The absen-
ce of cardiac pathology was confirmed by anamnesis,
electrocardiography, echocardiography, and coronary
angiography.

Inclusion criteria: 1) breast cancer women without pri-
or cardiovascular diseases who develop AIHF of New York
Heart Association (NYHA) class I-lll; 2) cancer treatment
received: either a combination of doxorubicin and cyclo-
phosphamide (AC regimen), or combination of doxorubi-
cin, cyclophosphamide and docetaxel (TAC regimen); 3)
NT-proBNP levels >125 pg/mL; 4) breast cancer remission.

Exclusion criteria: 1) diabetes mellitus types 1 and 2; 2)
coronary heart disease; 3) hypertension; 4) valve defects
and prior cardiomyopathies of any etiology; 5) heart fai-
lure with an alternative cause of manifestation (severe
lung disease, a history of primary pulmonary hyperten-
sion, anemia, body mass index> 50 kg/m?); 6) concomi-
tant severe renal, hepatic, or multiple organ failure; 7)
indications of poor drug tolerance; 8) chronic alcoholism
or mental disorders; 9) ovarian pathology or hormonal
imbalance.

Criteria for the development of AIHF were left vent-
ricle ejection fraction (LVEF) absolute decrease higher
than 10% points from values before chemotherapy ini-
tiation or less than 55% with signs/symptoms of HF and
NT-proBNP levels >125 pg/mL at the 12 months after che-
motherapy completion.

Blood sampling and biochemical analyses

Blood samples were obtained by venipuncture and ade-
quate centrifugation serum samples were stored at -24
°C with a single freeze-thaw cycle. The serum levels of
NT-proBNP were determined using a sandwich immunoa-
ssay (NT-proBNP, Biomedica immunoassays, Austria).

Gene polymorphisms

The buccal epithelium was taken to determine gene
polymorphism. Evaluation of gene polymorphisms of
gene polymorphisms of hypoxia-inducible factor 1alpha
(1772C>T, rs11549465) was carried out by polymerase
chain reaction at baseline (Fig. 1).

Hardy-Weinberg equilibrium test was used to control
the results of genotyping and it was carried out using the
online program on the website of the Institute of Human
Genetics (http://ihg2.helmholtz-muenchen.de/cgi-bin/hw/
hwa1.pl).
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_ High Resolution Melt Polymerase chain reaction | Sanger sequencing

HIF1A (1772C>T) Straight primer:

5'- TCCAGTTACGTTCCTTCGATCA -3

Reverse primer:

5'-TGAGGACTTGCGCTTTCAGG-3’

5'-GGACACAGATTTAGACTTGGAGA-3'

5'-ATTCATCAGTGGTGGCAGTG-3’

Fig. 1 - Primer and probe structures used for genotyping by real-time allele-specific amplification using SYBR Green | for fluorescence in-

duction.

Treatment

All patients received betablocker (carvedilol) and angio-
tensin-converting enzyme inhibitor (enalapril) therapies
for the treatment of AIHF, and some of them received
loop diuretics for volume management. Doses of drugs
were titrated to the maximum tolerated.

Study outcomes and definitions

Adverse course of AIHF was defined as new or worsening
symptoms/signs of HF and/or hospitalization due to de-
compensation of HF requiring intravenous diuretics; LVEF
absolute decrease higher than 5% points; an increase in
NYHA by 1 or more classes; or development of atrial fib-
rillation. The atrial fibrillation was diagnosed by electro-
cardiography as an episode lasting at least 30 seconds."
Patients who did meet these criteria had favorable course
of AIHF.

Statistical analysis

All analyses were performed with STATISTICA V10.0 soft-
ware package or R software, version 2. The sample data
were not normally distributed; therefore, nonparametric
analyzes were used. Categorical variables are expressed
as counts and percentages. Continuous variables are ex-
pressed as the median (25th-75th percentiles [P25-75]).
Statistical differences between two groups were compa-
red using the y2 test for categorical variables and using
Mann-Whitney U test for continuous variables or Krus-
kal-Wallis test for >3 groups. Odds ratios (OR) for gene
polymorphisms were determined from logistic regression
models. OR = 1 implies no association between genotype
and a course of AIHF, OR >1 implies that genotype is as-
sociated with the disease, OR <1 implies that genotype
is protective. All p-values are two-tailed. In all statistical
analyses, a two-tailed p-value of 0.05 or less was conside-
red to indicate statistical significance.

Results

At 12 months after chemotherapy completion 114 pati-
ents with AIHF who had LVEF decline by 24.3% from the
values before chemotherapy initiation (from 66.0 [61; 70]
to 50 [47; 52]%) and NT-proBNP increase by 82.9% (from
55.25 [48.1; 64] to 323.0 [260.7; 377.7] pg/mL) were enro-
lled. At baseline women were of New York Heart Asso-
ciation (NYHA) class | (42.2%), class 1l (43.9%), and class
Il (7.9%). The control group comprised the women (n =
70) who received doxorubicin as part of chemotherapy
for breast cancer, but did not develop AIHF (LVEF of 66
[64; 69]%). The Table 1 shows baseline demographic and
clinical characteristics of patients depending on AIHF pre-

sence. Patients with AIHF had LV remodeling and higher
values of NT-proBNP, and heart rate (p = 0.025). The gene
polymorphisms of HIF1A gene (1772C>T, rs11549465) did
not differ between patients.

All patients with AIHF were prescribed the optimal me-
dical treatment. After 24 months of follow-up patients
with AIHF had breast cancer remission and were divided
into two groups: group 1 comprised women with adverse
course of AIHF (n = 39), group 2 comprised those without
it (n = 75). The baseline parameters did not differ (Table 2).

After 24 months of follow-up in group 1 the LVEF sig-
nificantly (p <0.001) decreased by 13.5% from 52 (49; 54)
to 49 (46; 51)%, end-systolic dimension increased by 5.9%
(p = 0.012), end-diastolic dimension by 7.9% (p = 0.034),
and 6-minute walk test distance decreased by 20% (p =
0.017); there was a tendency in the NT-proBNP levels dec-
rease by 7% (p = 0.087). In group 2 the LVEF improved by
9.3% (p = 0.032), and the levels of NT-proBNP decreased
(p <0.001) by 30.6% (Table 3).

The presence of C/T genotype of HIF1A gene (1772C>T,
rs11549465) (OR = 3.65; p = 0.009) was related to the ad-
verse course of AIHF. The C/C genotype of HIF1A gene
(1772C>T, rs11549465) (OR = 0.123; p = 0.001) was signifi-
cantly associated with the favorable course of AIHF.
Dynamics of echocardiographic parameters, NT-proBNP
levels and 6-minute walk test distance during follow-up
period depending on gene polymorphisms of HIF1A gene
(1772C>T, rs11549465) (Table 4). Women with C/T geno-
type of HIF1A gene (1772C>T, rs11549465) had further
progression of AIHF. In these patients LVEF significant-
ly (p <0.001) decreased by 11.8% from 51 (47; 53) to 45
(43; 46)%, end-systolic dimension increased by 7.8% (p
<0.001) and end-diastolic dimension by 5.2% (p <0.001).
Carriers of T/T genotypes did not have significant chan-
ges in these parameters with the exception of NT-proBNP
levels which significantly decreased during follow-up pe-
riod (p <0.05). In patients with the C/C genotype LVEF inc-
reased by 4% (p = 0.049), and NT-proBNP levels decreased
by 37.2% (p <0.001).

Discussion

We demonstrated here for the first time that the presen-
ce of C/T genotype of the hypoxia-inducible factor 1alpha
gene (1772C>T, rs11549465) in women without previous
CVD was related to the adverse course of AIHF during 24
months.

Heart failure is a major complication in cancer tre-
atment due to the cardiotoxic effects of anticancer drugs,
especially from the anthracyclines such as DOX.2 Most
patients remain asymptomatic during and after drug in-
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Table 1 - Baseline demographic and clinical characteristics of patients depending on AIHF presence

. Patients with AIHF Patients without AIHF p-value
Characteristics
n=114 n=70

Age (years) 48 (46; 52) 45 (42; 50) 0.057
CD of doxorubicin, mg/m? 360 (300-360) 360 (300-360) 0.818
Chemotherapy regimen, n (%)
AC 61 (53.5) 39 (55.7) 0.631
TAC 53 (46.5) 31 (44.3) 0.654
Breast cancer stage 2A-2B, n (%) 72 (63.2) 44 (62.9) 0.467
Breast cancer stage 3A-3B, n (%) 42 (36.8) 26 (37.1) 0.972
LVEF, % 50.0 (47; 50) 66.0 (64; 69) <0.001
End-diastolic dimension, mm 49 (46; 51.0) 44.0 (42; 47) <0.001
End-systolic dimension, mm 36 (33; 38) 31(29; 33) <0.001
Body mass index 23.7 (21.4; 26.2) 23.6 (21.9; 25.7) 0.859
Heart rate, bpm 84 (78; 93) 75 (69; 81) 0.025
Systolic blood pressure, mmHg 115 (110; 120) 115 (110; 120) 0.744
Diastolic blood pressure, mmHg 70 (70; 80) 70 (70; 80) 0.932
Chronic obstructive lung disease 13(11.4) 9(12.8) 0.747
eGFR, mL/min/m? 89 (78; 96) 88 (76; 98) 0.876
6-minute walk test distance, m 419 (358; 467) 567 (563; 577) <0.001
Total cholesterol, mmol/L 5.2 (4.85; 5.7) 5.25 (4.8; 5.7) 0.882
Hemoglobin, g/L 109.5 (100; 117) 109.5 (99; 117.5) 0.798
NT-proBNP, pg/mL 323.0 (260.7; 377.7) 54.65 (45.7; 72.6) <0.001
HIF1A gene (1772C>T, rs11549465)

C/C 72 (63.2) 45 (64.3) 0.972

aT 36 (31.5) 23 (32.6) 0.857

/T 6 (5.3) 2(3.1) 0.599

AC-regimen - combination of doxorubicin and cyclophosphamide; BMI - body mass index (calculated as weight in kilograms divided by
height in meters squared); CD — cumulative dose; eGFR — estimated glomerular filtration rate (CKD-EPI); HIF1A — hypoxia-inducible factor
1alpha; LA - left atrium; TAC-regimen — combination of doxorubicin, cyclophosphamide, and docetaxel.

Table 2 - Baseline demographic and clinical characteristics of patients depending on course of AIHF

Characteristics Group 1, n =39 Group 2, n =75 p-value
Age (years) 48 (46; 50) 48 (45; 50) 0.067
CD of doxorubicin, mg/m? 360 (300-360) 360 (300-360) 0.952
Chemotherapy regimen, n (%)
AC 25 (64.1) 39 (52.0) 0.104
TAC 14 (35.9) 36 (48.0) 0.102
Functional class of HF (NYHA)

| functional class 30 (76.9) 43 (57.3) 0.187

Il functional class 7(17.9) 25 (31.6) 0.073

Il functional class 2(5.2) 7 (9.3) 0.321
Breast cancer stage 2A-2B, n (%) 23 (59.0) 49 (65.3) 0.967
Breast cancer stage 3A-3B, n (%) 16 (41.0) 26 (34.7) 0.972
LVEF, % 52.0 (49; 54) 49 (46; 51) 0.199
LA, mm 30 (29; 32) 30 (29,5; 33.3) 0.871
End-diastolic dimension, mm 48 (46; 51.0) 49.0 (46; 51) 0.617
End-systolic dimension, mm 35 (33; 38) 36 (33; 39) 0.604
Body mass index 24.5 (21.5; 26.2) 23.5(21.2; 25.5) 0.414
Heart rate, bpm 81 (68; 87) 75 (69; 81) 0.025
Systolic blood pressure, mmHg 115 (110; 120) 115 (110; 120) 0.082

Continue on next page
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Table 2 - Baseline demographic and clinical characteristics of patients depending on course of AIHF (Dokonceni)

Characteristics

Diastolic blood pressure, mmHg 70 (70; 80)
Current smoker, n (%) 6 (15.4)
Chronic obstructive lung disease 4(10.3)
Childbearing potential women, n (%) 14 (35.9)
Menopause, n (%) 25 (64.1)
eGFR, mL/min/m? 81.5 (73; 97)

6-minute walk test distance, m
5.0 (4.5; 5.4)
107 (98; 113)

Total cholesterol, mmol/L
Hemoglobin, g/L

NT-proBNP, pg/mL

HIF1A gene (1772C>T, rs11549465)

ac 15 (38.5)
aT 22 (56.4)
/T 2(5.1)

Group 1,n =39

412 (364; 466)

324.5 (265.4; 369.7)

Group 2, n =75 p-value
70 (70; 80) 0.297
11 (14.7) 0.654
9(12.0) 0.937
29 (38.7) 0.876
46 (61.3) 0.989
83 (77; 98) 0.523
399 (348; 457) 0.617
5.1(4.3; 5.5) 0.412
105.5 (99.5; 118) 0.568
318.9 (258.0; 381.8) 0.971
57 (76.0) <0.001
14 (18.7) 0.016
4(5.3) 0.902

AC-regimen - combination of doxorubicin and cyclophosphamide; BMI - body mass index (calculated as weight in kilograms divided by
height in meters squared); CD - cumulative dose; eGFR - estimated glomerular filtration rate (CKD-EPI); HF — heart failure; HIF1A - hypo-
xia-inducible factor 1alpha; LA - left atrium; MMP — matrix metalloproteinase; TAC-regimen - combination of doxorubicin, cyclophospha-

mide, and docetaxel.

Table 3 - Dynamics of echocardiographic parameters during follow-up period

Baseline At 24 months
Parameter p-value p-value
Group 1 (n =39) Group 2 (n = 75) Group 1 (n =39) Group 2 (n = 75)
LVEF, % 52.0 (49; 54) 49 (46; 51) 0.199 45 (44; 49)* 54 (49; 55)* <0.001
LA, mm 30 (29; 32) 31 (28; 33) 0.431 33 (30; 33)* 29 (27; 31) <0.001
EDD, mm 48 (46; 51.0) 49.0 (46; 51) 0.617 51 (48; 52)* 48 (46; 49) <0.001
ESD, mm 35 (33; 38) 36 (33; 39) 0.604 38 (36; 39)* 35 (32; 37) <0.001
NT-proBNP, pg/mL  324.5(265.4; 369.7) 318.9 (258.0; 381.8) 0.971 301.7 (271.6; 343.1)  221.3(190.1; 272.5)*  <0.001
6-MWT distance, m 412 (364; 466) 399 (348; 457) 0.617 329.9 (310.8; 404.2)* 429 (391; 454) 0.001

6-MWT - 6-minute walk test; EDD - end-diastolic dimension; ESD - end-systolic dimension; LA - left atrium; LVEF - left ventricle ejection
fraction; NT-proBNP — N-terminal pro-B-type brain natriuretic peptide; # - statistically significant in comparison with baseline levels.

fusion, however, LV dysfunction and HF can occur up to
decades after exposure,” and HF induced by anthracycli-
nes is often resistant to therapy and has a mortality rate
of up to 79%." For this reason, cardiologists, oncologists,
and basic scientists are combining their efforts in order to
better evaluate the mechanisms of its development and
progression.

Hypoxia inducible factors are proteins that rapidly accu-
mulate during hypoxia and manage transcriptional control
over various target genes.> Hypoxia-inducible factor-1a and
HIF2A control cellular adaptation to both acute and chronic
hypoxia, and these isoforms can be involved in the redox
state and on proinflammatory pathways.® During common-
ly encountered physiological states, a decrease in environ-
mental oxygen enhances signaling through both HIF1A and
HIF2A. However, under the pathological conditions that
occur in chronic cardiac, renal, and vascular diseases, HIF
signaling is also stimulated by abnormalities in mitochon-

dria and peroxisomes, the most important oxygen-consu-
ming organelles in cells. Derangements in these cellular
constituents redirect the use of oxygen toward the gene-
ration of reactive oxygen species (ROS), which inhibit prolyl
hydroxylases.'? The activation of HIFs by oxidative stress is
dependent on the presence of mitochondria that are able
to consume oxygen and generate ROS.%'2 Once activated by
oxygen-related organelle stresses, HIF1A and HIFHIF1A2A
act to reduce these stresses by decreasing the amount of
oxygen consumed by mitochondria and peroxisomes.™
HIF1A directly inhibits both the biogenesis and oxidative
functions of mitochondria. In addition, both HIF1A and
HIF2A promote autophagy, a lysosome-dependent degra-
dative pathway that mediates the clearance of dysfunctio-
nal organelles. HIF1A enhances the autophagic clearance
of damaged mitochondria,' whereas HIF2A stimulates the
autophagic disposal of injured peroxisomes'® that all lead
to the development of mitochondrial dysfunction.
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Conclusions

Thus, the polymorphisms of hypoxia-inducible factor 1al-
pha gene (1772C>T, rs11549465) in women without pre-
vious CVD was associated with adverse course of AIHF du-
ring 24 months, and it may be recommended for women
with AIHF without previous cardiovascular diseases in the
risk assessment of AIHF progression.

Key points

HIFs are proteins that rapidly accumulate during acute
and chronic hypoxia, control cellular adaptation and
manage transcriptional control over various target ge-
nes. Expression of HIF1A gene is increased in the failing
heart and it is associated with a poor prognosis in pati-
ents with chronic and acute HF. In anthracycline consu-
me the activation of HIFs by oxidative stress is depen-
dent on the presence of mitochondria that are able to
consume oxygen and generate ROS. But it is not clear
whether it affects the development and progression of
HF in the long-term periods after chemotherapy tre-
atment.

We demonstrated here for the first time that the presence
of C/T genotype of the HIF1A gene (1772C>T, rs11549465)
in women without previous CVD was related to the ad-
verse course of AIHF during 24 months. Most likely that
is just a consequence of the metabolic continuum, which
begins with mitochondrial damage, oxidative stress, the
development of endothelial dysfunction, and the initi-
ation of apoptosis and, ultimately, stabilization of HIF1A
at high levels occurs and HIF1A gene expressions at late
stages of AIHF.

Future direction

The identification of new mechanisms for the develop-
ment and progression of AIHF may be used to search for
more promising methods of treatment. Perhaps, the use
of trimetazidine or other drugs that can reduce hypo-
xia will help to improve the prognosis in patients at late
stages of AIHF.

Limitations

The main limitation of the study was the small sample of
patients and lack of data of HIF serum levels and other
biomarkers. Further studies with bigger sample size are
needed, it is also necessary to compare gene expression
with serum levels of HIFs.
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Cil: Cilem této studie bylo méfit hodnoty D-dimeru a zjistit jejich vztah k hluboké Zilni trombdze (HZT) a mor-
talité pacienti s onemocnénim COVID-19.
Metoda: Z populace pfiblizné 1 200 pacientd, u nichz se provadélo vysetfeni HZT obou dolnich koncetin
dopplerovskym ultrazvukem, byl vytvoFen vzorek sestavajici ze 100 pacientt s HZT a 100 jedincl bez HZT.
Kromé pohlavi a véku ucastnikd se stanovovaly hodnoty D-dimeru v nasledujicich intervalech > 20 pg/ml,
10 az 20 pg/ml, 5 az 10 pg/ml, 3 az 5 pg/ml a < 3 pg/ml. Sledoval se vztah mezi kategorii hodnot D-dimeru
a mortalitou.
Vysledky: Priimérné hodnoty D-dimeru ve skupinéch s/bez HZT byly 11,90, resp. 4,97 pg/ml; tento rozdil byl
statisticky vyznamny (p = 0,0001, parovy t test). Mortalita byla vy3i nez 35 % u pacientd bez HZT a s hod-
notami D-dimeru > 3 pg/ml. Ve skupiné s HZT byla mortalita vy3si nez 55 % nezavisle na hodnoté D-dimeru.
Zavér: Stanoveni hodnot D-dimeru je naprosto zasadni pfi screeningu hluboké Zilni trombézy u pacient
s onemocnénim COVID-19, protoze vys$si hodnoty D-dimeru jsou spojeny s vyssi mortalitou a pritomnosti
hluboké Zilni trombozy.

© 2022, CKS.

ABSTRACT

Aim: The aim of the present study was to analyze D-dimer levels and associate these levels with deep vein
thrombosis and mortality in patients with COVID-19.

Method: From a population of approximately 1200 patients evaluated for the investigation of deep vein
thrombosis (DVT) of the lower limbs using bilateral venous Doppler ultrasound, 100 positive for DVT and 100
negative for DVT were selected to compose the present sample. Data were collected on sex, age and D-dimer
levels. D-dimer levels were categorized as follows: > 20 pg/mL, 10 to 20 pg/mL, 5 to 10 pg/mL, 3 to 5 pg/mL
and < 3 pg/mL. The association between D-dimer category and mortality was evaluated.

Results: The mean D-dimer level was 11.90 and 4.97 pg/mL in the groups with and without DVT; this diffe-
rence was significant (p = 0.0001, paired t-test). The mortality rate was higher than 35% in patients without
DVT and with D-dimer > 3 pg/mL. In the group with DVT, the mortality rate was higher than 55% indepen-
dently of the D-dimer level.

Conclusion: The assessment of the D-dimer level is fundamental in screening for deep vein thrombosis in
patients with COVID-19, as higher levels are associated with greater mortality and the presence of deep vein
thrombosis.
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Introduction

Studies involving patients with COVID-19 suggest that ul-
tra-high plasma D-dimer levels indicate the severe form
of the disease and should be considered a screening tool
or indicator of the prognosis in cases of infection by CO-
VID-19." The D-dimer level may be associated with the se-
verity of inflammation in SARS-COV-2-related pneumonia
prior to coagulopathy and thrombosis, which may explain
the association between high D-dimer levels and greater
mortality rate.?

Evaluating clinical biomarkers that predict mortality in
COVID-19 with greater precision, researchers have found
that changes in D-dimer levels and in the tendency after
anticoagulation therapy are highly predictive of in-hospi-
tal mortality and may assist in guiding the allocation of
resources and future studies on emerging treatments for
severe COVID-19.3

A meta-analysis reported that the D-dimer level was
identified as an independent predictor of mortality in
COVID-19. A set of values, such as 0.5 pg/mL, 1 pg/mL,
and 2 pg/mL, can be determined as the cutoff point
for D-dimer for clinical use.* The presence of tachypnea
(> 22 bpm) and no radiological signs suggestive of in-
fection by SARS-CoV-2 on the chest radiography and
D-dimer > 3000 ng/mL have been identified as predic-
tive factors of deep vein thrombosis in patients with
COVID-19.5

A review study showed that inflammatory factors,
such as interleukin-6, ferritin, leukocytes, neutrophils,
lymphocytes, platelets, C-reactive protein, procalcitonin,
lactate dehydrogenase, aspartate aminotransferase, cre-
atinine and D-dimer, are important biomarkers of cyto-
kine storm syndrome. High levels of interleukin-6 and
hyperferritinemia should be considered warning signs of
systemic inflammation and a poor prognosis in cases of
COVID-19.%

The aim of the present study was to analyze D-dimer
levels and associate these levels with deep vein thrombo-
sis and mortality in patients with COVID-19.

Patients and methods

Two hundred consecutive patients were evaluated from
a population of approximately 1200 patients submitted
to deep vein Doppler ultrasound of the lower limbs for
the investigation of deep vein thrombosis. The patients
were hospitalized with COVID-19 in the wards and inven-
tive care units of the hospital affiliated with the Sdo Jose
do Rio Preto School of Medicine-Brazil.

Inclusion criterion
Hospitalized patients undergoing treatment for COVID-19.

Exclusion criterion
Outpatients with COVID-19.

Patient selection

From a population of approximately 1200 patients eva-
luated for the investigation of deep vein thrombosis
(DVT) of the lower limbs using bilateral venous Doppler

ultrasound, 100 positive for DVT and 100 negative for
DVT were selected to compose the present sample.

Statistical analysis
Descriptive statistics of the data, Fisher’s exact test, and
the paired t-test considering a 5% alpha error.

Ethical considerations

This study received approval from the institutional review
board of the Sdo Jose do Rio Preto School of Medicine-
-Brazil#4.826.094.

Development

Two hundred consecutive patients were selected from
a population of approximately 1200 patients evaluated
for the investigation of DVT of the lower limbs using bi-
lateral venous Doppler ultrasound and were divided into
two groups: 100 positive for DVT and 100 negative for
DVT. Data were collected on sex, age and D-dimer levels.
D-dimer levels were categorized as follows: > 20 pg/mL,
10 to 20 pg/mL, 5to 10 pg/mL, 3 to 5 pg/mL and < 3 pg/mL.
The association between D-dimer category and mortality
was evaluated. The data were entered into an Excel table
and analyzed using the Stats Direct statistical program.

Results

The groups with and without DVT were composed of 66
and 58 men, respectively, with no significant differen-
ce between groups regarding sex (p = 0.2, Fisher’s exact
test). Mean age was 58.58 years in the group with DVT
and 58.61 in the group without DVT. The mean D-dimer
level was 11.90 and 4.97 pyg/mL in the groups with and
without DVT; this difference was significant (p = 0.0001,
paired t-test).

Figure 1 illustrates the median and interquartile range
of D-dimer levels in the two groups. Table 1 shows that
the mortality rate was higher than 35% in patients with-
out DVT and with D-dimer > 3 pg/mL. In the group with
DVT, the mortality rate was higher than 55% indepen-
dently of the D-dimer level (Table 2). Table 3 displays the
D-dimer levels in the overall sample of 200 patients, re-
vealing a general mortality rate higher than 50% when
the D-dimer level was > 3 pg/mL and around 29.68%
when below this cutoff point. The average mortality rate
among the patients hospitalized in the wards and inten-
sive care units was 22.7%.

Discussion

The present study investigated the association between
D-dimer levels and mortality in 200 hospitalized pati-
ents with COVID-19 (100 with and 100 without deep vein
thrombosis). In the group with DVT, mortality was higher
than 50% independently of the D-dimer level.

In patients without DVT and with D-dimer < 3 pg/mL
mortality was around 18.8%, suggesting a lower mortal-
ity rate in patients without thrombosis. This finding is
in agreement with data from a study in the publication
phase, in which the mortality rate was 67% in patients
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Fig. 1 - Median and interquartile range of D-dimer levels in
COVID-19 patients with and without deep vein thrombosis.

with DVT and 31% in those without DVT. Lung impair-
ment 50 to 70% increased the mortality rate to 71.15%
in patients with DVT and 36.19% in those without DVT.
This suggests that DVT is a factor as important as lung
impairment with regards to mortality in patients with
COVID-19.

Another aspect analyzed was the possibility of a safe
D-dimer level in the evaluation of DVT. However, we
found that patients with low D-dimer levels (< 1 pg/mL)
could have thrombosis and those with very high levels (20
pg/mL) could be negative for DVT. Moreover, the mortal-
ity rate was lower than 30% when D-dimer levels were <
3 pg/mL, although this rate is higher than the average for
the hospital (22.7%). Some studies suggest a cutoff point
of > 3 pg/mL for the request for venous Doppler ultra-
sound and the evaluation of thrombosis and pulmonary
embolism, but lower levels are safer.”

Patients with D-dimer levels higher than 10 pg/mL
and without DVT may have other thrombotic sites, such

as the lungs and abdominal, that were not diagnosed in
this evaluation. Another possibility is the occurrence of
an associated serious disease, as reported in the litera-
ture. Therefore, high D-dimer levels are associated with
greater mortality.

As many patients hospitalized with COVID-19 are as-
ymptomatic with regards to DVT,® Doppler ultrasound
screening may be warranted for all patients in intensive
care. We began a pilot study analyzing patients with more
than ten days of intubation and found that more than
70% were positive for DVT. Another aggravating factor
is that the change in the viral variant to SARS-CoV-2 P.1
tripled the number of patients with DVT in the intensive
care units. Thus, COVID-19 has a dynamic nature in its
form of presentation and treatment approaches should
be evaluated based on the situation of each region, con-
sidering the different aspects of the disease.

Conclusion

The assessment of the D-dimer level is fundamental in
screening for deep vein thrombosis in patients with CO-
VID-19, as higher levels are associated with greater mor-
tality and the presence of deep vein thrombosis.
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Table 1 - D-dimer categories and prevalence of mortality in each category among 100 COVID-19 patients without deep vein thrombosis

D-dimer
D-dimer 20 D-dimer >10<20 D-dimer
D-dimer 20 deaths >10< 20 deaths >5<10
7 3 (42.85%) 8 6 (75%) 13

D-dimer D-dimer
>5<10 D-dimer >3<5 D-dimer <3
deaths >3<5 deaths D-dimer <3 deaths
10
5 (38.46%) 19 79 (36.8%) 53 (18.86%)

Table 2 - D-dimer categories and prevalence of mortality in each category among 100 COVID-19 patients with deep vein thrombosis

D-dimer
D-dimer 20 D-dimer >10<20 D-dimer
D-dimer 20 deaths >10<20 deaths >5<10
28 10
9 (75.67%) 8 (55.55%) 8

D-dimer D-dimer
>5<10 D-dimer >3 <5 D-dimer Dimer<3
deaths >3<5 deaths <3 deaths
11 10
(57.89%) 5 (66.66%) 2 9 (81.81%)

Table 3 - D-dimer categories and prevalence of mortality in each category in overall sample of 200 COVID-19 patients

(100 with and 100 without deep vein thrombosis)

D-dimer
D-dimer 20 D-dimer >10<20 D-dimer
D-dimer 20 deaths >10<20 deaths >5<10
16
13 31 (70.4%) 10 (61.53%) 16

D-dimer D-dimer
>5<10 D-dimer 3<5 D-dimer D-dimer
deaths 3<5 deaths <3 <3 deaths
16 (50%) 17 17 (50%) 45 19 (29.68)
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Uvod: Nahrada aortélni chlopné chirurgickou metodou (transcatheter aortic valve replacement, TAVR) je
stale prevalentnéjsi metodou nahrady aortalni chlopné, zejména u pacientl s vyssim operacnim rizikem.
| pres velké pokroky ve vyvoji chlopni se vSak incidence poruch rytmu vyzadujicich trvalou kardiostimulaci po
TAVR vyrazné nesnizuje. Existuje mnozstvi rizikovych faktord, pomoci nichz Ize predikovat riziko nutnosti
kardiostimulace po nédhradé chlopné.
Cil: Pfinést data o prevalenci komplikace v podobé nutnosti kardiostimulace u pacient( po TAVR z jednoho
Ceského centra, kde probihaji implantace TAVR jiz déle nez dekadu.
Metodika: Byla analyzovéna skupina pacient(, ktefi podstoupili TAVR v nasem centru v obdobi mezi srp-
nem 2009 a Unorem 2021. Ze vzorku byli vyjmuti pacienti, ktefi jizZ maji naimplantovany kardiostimulator ¢i
defibrildtor. V souboru 717 pacientd primérny vék dosahoval 78,8 roku, 52 % tvofily Zeny, primérny index
télesné hmotnosti (BMI) je 29,6. V tomto obdobi byly implantovany chlopné od rdznych vyrobcl od chlopni
prvni generace az po protézy novéjsich generaci.
Vysledky: Trvald kardiostimulace byla nutnd u 162 pacientt (22,6 %), kterym bylo implantovano srdecni
implantabilni elektronické zafizeni (cardiac implantable electronic device, CIED) v prdméru 3,9 dnu od TAVR.
Z naimplantovanych pacientd bylo signifikantné vice muzd (56,2 %) v porovnani's pacienty bez CIED (45,4 %);
p = 0,016. Rovnéz byl zaznamenén vyznamny rozdil mezi vyskou, hmotnosti a BSA mezi témito skupinami.
Pacienti s preexistujici blokddou pravého Tawarova raménka (right bundle branch block, RBBB) byli ¢etnéjsi
mezi pacienty vyzadujicimi kardiostimulaci v porovnani s nestimulovanym souborem (p < 0,0001), tento
parametr rovnéz vysel jako jediny nezavisly prediktor implantace CIED po TAVR (pomér Sanci [OR] 3,8, 95%
interval spolehlivosti [Cl] 2,0-7,0; p < 0,0001). Jednotlivé typy protéz se vyrazné lisily v procentualnim zastou-
peni pacientl s nutnosti kardiostimulace. Nebyl nalezen signifikantni rozdil mezi jednotlivymi velikostmi
protéz, stejné jako u pacientd s predilataci ¢i postdilataci, v zastoupeni pacientd s CIED a bez nich.
Zavér: Nase data jsou ve shodé s jinymi studiemi zabyvajicimi se timto tématem a podporuji pfitomnost RBBB
jako jeden z rizikovych faktor( pro nutnost kardiostimulace po TAVR. Mezi stimulovanymi pacienty bylo rov-
néz cetnéjsi muzské pohlavi a pacienti s vétsim télesnym povrchem (BSA). N&3 vzorek je viak nehomogenni
a dalsi subanalyzy v rdmci jednotlivych designi chlopni ve vétsim zastoupeni by byly potfebné k vyhodnoceni
dalsich rizikovych faktord.

© 2022, CKS.

ABSTRACT

Introduction: Transcatheter aortic valve replacement (TAVR) is becoming more prevalent option of aortic
valve replacement, predominantly amongst patients with a higher surgical risk. Despite a rapid development
of TAVR prostheses, incidence of conduction abnormalities requiring cardiac pacing as a result of TAVR is
not significantly decreasing. There are numerous risk factors which can help to predict the risk for cardiac
pacing after TAVR.
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Aim: To present our data of a prevalence of this complication from one Czech center where TAVR prostheses
have been implanted for over a decade.

Methods: A group of patients who underwent TAVR between August 2009 and February 2021 in our center
were analyzed. Patients with already implanted pacemaker or defibrillator were excluded from this group,
leaving 717 patients for further analysis. The mean age was 78.8 years, 52% were females, the mean BMI was
29.6. Various different prostheses of different manufacturers and generations were implanted.

Results: Permanent pacing was required in 162 patients (22.6%), in whom CIED (cardiac implantable electro-
nic device) was implanted in average 3.9 days from TAVR. There was a significantly higher amount of men
in the paced group (56.2%) compared to the group without CIED (45.4%); p = 0.016. Moreover, there was
a significant difference between height, weight, and BSA among these groups. Patients with preexisting
right bundle branch block (RBBB) were more prevalent in the paced group compared to non-paced group (p
<0.0001); this parameter was the only independent predictor of the implantation of CIED after TAVR (odds
ratio 3.8, 95% Cl 2.0-7.0; p <0.0001). There were marked differences between the amounts of implanted
prostheses of various designs. No significant difference was found in the size of prostheses, predilatation or
postdilatation between the two groups of patients.

Conclusion: Our data are in concordance with other published studies, supporting the RBBB being one of
the risk factors for pacing after TAVR. Males and patients with higher BSA were more prevalent in the paced
group. Our sample is, however, rather inhomogeneous and further analysis of different designs in higher

TAVR numbers would be necessary to identify other risk factors of this prevalent complication.

Uvod

Zavazna aortdlni stenéza je onemocnéni vyrazné ovliv-
nujici morbiditu a mortalitu pacientd. Proto vétsina pa-
cientll sméfruje k nahradé aortdlni chlopné chirurgickou
metodou (surgical aortic valve replacement, SAVR). Trans-
katétrovad ndhrada aortalni chlopné (transcatheter aortic
valve replacement, TAVR) je ale stale béznéjsi soucasti kli-
nické praxe a design chlopni se dale vyviji, i kdyz jejich
vyvoj je orientovany spiSe na redukci paravalvularnich
leakt."? Rovnéz jsou jiz dostupnd data o ucinnosti a bez-
pecnosti této metody u pacientd se stfednim operacnim
rizikem.>® Stale vSak pretrvava obava o stabilitu rytmu
u pacientl po nahradé chlopné touto metodou, proto-
Ze pomérné velké procento pacientd vyzaduje trvalou
kardiostimulaci jako komplikace tohoto vykonu. Riziko
peri- a pooperacnich poruch rytmu vyZadujicich stimulaci
zavisi na rizikovych faktorech, které jsou bud modifiko-
vatelné (druh a velikosti chlopné, predilatace, hloubka
implantace chlopnég, velikost a sila implanta¢niho balonu,
postdilatace; rovnéz bradykardizujici medikace) a nemo-
difikovatelné (pfedchozi pfitomna porucha rytmu véetné
blokady pravého Tawarova raménka, anatomicka varia-
bilita prevodniho systému, geometrie vytokového traktu
levé komory [LVOT], mnozstvi kalcia, porceldnova aorta,
pritomnost diabetu a dalsi).”?° Cilem tohoto ¢lanku je
prezentovat nase vice nez jedendctileté zkusenosti z kar-
diocentra Nemocnice Podlesi s touto procedurou a jejimi
nasledky na prevodni systém srdecni.

Soubor a metodika

Byla provedena retrospektivni analyza souboru pacientt
se zavaznou aortalni stendzou, ktefi prodélali TAVR od
srpna 2009 do unora 2021, tj. konsekutivnich 138 mé-
sict. V tomto obdobi se na nasem pracovisti vystiidaly
dva tymy operatérd. BEhem tohoto obdobi bylo v nasem
centru naimplantovano 843 pacientd transkatétrovou
ndhradou aortdlni chlopné. Z tohoto souboru byli vylou-

ceni pacienti, ktefi jiz pred TAVR méli naimplantovany
kardiostimulator ¢i jiné srde¢ni implantabilni elektronic-
ké zarizeni (cardiac implantable electronic device, CIED),
at z indikace terapeutické (87 pacientd), ¢i primarné
preventivni (39 pacientd). ZUstalo 717 pacientd, jejichz
data byla pouzita k dal$i analyze. Vékovy priimér naseho
souboru byl 78,8 roku (v rozmezi od 48 do 94 let véku;
median 88 let). Distribuce muzu a Zen je pfiblizné rovno-
mérna, s 378 Zenami a 349 muzi v nasem souboru (52 %
vs. 48 %). Z dalSich demografickych dat stoji za zminku
prumérna vyska 163,5 cm (rozmezi 142-187 cm, median
163 ¢cm) a prdmérna hmotnost 79,2 kg (rozmezi 40-181
kg, median 77 kg). Z téchto dat Ize vypocitat primér-
né BSA 1,9 m? (rozmezi 1,4-2,8 m? median 1,9 m?). Tfi
sta deset pacientd (43,2 %) bylo diabetikd a z toho 97
bylo inzulin-dependentnich, 149 uZivalo peroralni anti-
diabetika a 64 pacientl bylo na dieté. Detaily analyzy
preproceduralniho rytmu jsou uvedeny v tabulce 1. Sest
pacientl po implantaci TAVR zemfelo (0,7 %), tfi z nich
v den implantace, dalsi tfi na srde¢ni selhani do sedmi
dnu od procedury.

Z celého vzorku (n = 717 pacientt) bylo u 715 pacien-
ta Uspésné naimplantovano TAVR (99,7 %), u zbyvajicich
dvou pacientu se jednalo o technicky neudspéch. V nasem
centru se implantovaly a implantuji rdzné protézy TAVR
od rozdilnych vyrobcd, velikosti od 20 mm do 34 mm (viz
tabulku 2). Jak Ize vycist z tabulky 2, zastoupeni rliznych
designt a velikosti protéz neni rovhomérné distribuova-
no. U 458 pacientl (63,8 %) byla pred implantaci TAVR
provedena balonkova valvuloplastika (BAV). U 81 pacien-
ta (11,3 %) byla nutna postdilatace protézy, devatenact-
krat bylo nutno pouzit dalsi chloperi.

Demografické a procedurdlni charakteristiky byly po-
psany pomoci standardni popisné statistiky — pramér,
smérodatnd odchylka a medidn v pfipadé spojitych pro-
ménnych a absolutni a relativni ¢etnosti v pfipadé kate-
goriadlnich proménnych. Statistickd vyznamnost rozdilu
mezi skupinami byla testovdna pomoci neparametric-
kého Mannova-Whitneyho testu pro spojité proménné
a Fisherova testu pro kategoridlni proménné. Prediktory
implantace byly hodnoceny za pouziti binarni logistické
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Tabulka 1 - Zastoupeni poruch srde¢niho rytmu pred a po TAVR

Pocet pacientl pred TAVR % z celku Pocet pacientti po TAVR % z celku
Sinusovy rytmus 536 74,7 442 61,6
Fibrilace/Flutter sini 182 25,4 176 24,5
RBBB 45 6,3 52 73
LBBB 71 9,9 248 34,6
AV LI/ 1 0,1 134 18,7

AV - atrioventrikularni; LBBB - blokada levého Tawarova raménka; RBBB - blokdda pravého Tawarova raménka; TAVR - nédhrada aortélni
chlopné chirurgickou metodou.

Tabulka 2 - RozlozZeni jednotlivych designti chlopni a jejich velikosti Vy’s|ed ky
Velikost ~ Pocet
Chlopen protézy  pacientd % z celku Byla provedena analyza rytmu a EKG pred propusténim
e CaaVE e 299 41,7 % pacientd po TA\{R; 442 pvacier.mtﬂ. mélq p’Fi dimisi sinusovy
rytmus, 176 pacientd mélo fibrilaci sini (tabulka 1). Lze
26 138 19,2 vidét pokles poctu pacientt se sinusovym rytmem z ddvo-
29 119 16,6 du nutnosti kardiostimulace u nékterych pacientd a na-
31 42 5,6 rist poctu pacientd s raménkovymi blokadami, zejména
. blokadu levého Tawarova raménka (LBBB). Celkem mélo
Medtronic Evolut R 222 31.0% pred dimisi 162 pacientl (22,6 %) néjakou formu kardio-
23 20 2,8 stimulace, z toho dva pacienti méli implantabilni kardio-
26 70 9,8 verter-defibrilator (ICD), dva pacienti srde¢ni resynchroni-
29 95 132 zacni terapii s defibrildtorem (cardiac resynchronisation
d therapy — defibrillator, CRT-D), Ctyfi pacienti srdec¢ni re-
31 1 0,1 synchroniza¢ni terapii s pacemakerem (cardiac resynchro-
34 36 5,0 nisation therapy — pacemaker, CRT-P).
St Jude Medical Portico 136 19.0 % z téch‘go,162 pacierjjcﬁ s CIED bylo 9'1 muzu (?6,2 %)
v porovndni s 252 muzi (45,4 %) v nestimulovaném sou-
23 16 2,2 boru (p = 0,016). Prlmérny vék u pacientd vyzadujicich
25 47 6,5 implantaci CIED se nelisil od populace bez CIED. Podrob-
27 50 7.0 néjsi vysledky stran zakladnich charakteristik souboru Ize
nalézt v tabulce 3. Lze vycist, Ze je statisticky signifikantni
29 23 3.2 rozdil mezi vyskou, hmotnosti a BSA u pacientt vyzaduiji-
Edwards Sapien 36 5,0 % cich kardiostimulaci v porovnani s pacienty bez CIED.
20 2 03 Sedmnact pacientd potfebovalo urgentni implanta-
ci doCasného kardiostimulatoru v pfimé konsekvenci na
& 2 L implantaci TAVR periprocedurdlné ¢i v tentyz den. Vét-
26 15 2,1 Sina pacientu vyzadujicich implantaci trvalého kardiosti-
29 10 1,4 mulatoru (TKS) vsak byla stabilnich na farmakoterapii ¢i
Boston Scientific Lotus 1 19.% na doéasrjé kardio§timulvaci, pr?tov byla ilmplantacev pro-
vedena az ve druhé dobé. V praméru se jednalo o ¢tvrty
23 1 0,1 den po implantaci TAVR (3,9 dne) s rozpétim od 1 do 15
25 7 1,0 dnud, medidn 3 dny. U pacientt s CIED bylo zastoupeni
27 6 0.8 RBBB vyssi nez u pacientd bez CIED (13,6 % vs. 4,1 %),
- coz se jevi jako statisticky signifikantni rozdil; p < 0,0001.
Medtronic Engager 8 1.1% Subanalyza pfitomnosti LBBB, at pied implantaci TAVR,
23 3 0,4 tak nové vzniklého po implantaci, neprokazala vyznamny
2% 5 0,7 rozdil mezi zastoupenim v téchto dvou skupinach. V ram-
. ci dalSich charakteristik byla analyzovana pfitomnost dia-
Technicky neuspéch 2 02 %

regrese. Parametry signifikantni na 10% urovni vyznam-
nosti (p < 0,1) byly dale hodnoceny v multivariantnim
logistickém regresnim modelu. Prezentovany jsou po-
méry Sanci (odds ratio, OR) s 95% intervaly spolehlivos-
ti a hodnoty p, kde hodnoty p < 0,05 jsou povazovany
za statisticky vyznamné. Byl pouzit software IBM® SPSS®
Statistics 28.0.

betu, ktery byl ponékud cetnéjsi u pacientd vyzadujicich
implantaci CIED, av3ak statisticky jsou tyto vysledky vy-
znamné.

Vysledky multivariantni analyzy jsou prezentovany
v tabulce 4. Na hranici vyznamnosti je BSA (p = 0,053),
avsak jediny nezavisly prediktor implantace TKS po TAVR
v nasem vzorku byla pfitomnost RBBB pred implantaci
chlopné (OR 3,8, 95 % Cl 2,0-7,0; p < 0,0001).
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Tabulka 3 - Statistika - srovnani rGiznych parametri u skupiny s CIED a bez CIED po TAVR
Stimulace po TAVR ANO

Parametr
Vék

Pohlavi

Vyska

Hmotnost

BSA

DM

SR pred TAVI

RBBB pred TAVR

LBBB pred TAVR

Nova LBBBpo TAVR

Vsichni s LBBB po TAVR

Predilatace

Postdilatace

Velikost chlopné

Popis

n

Prdmérny (SD)
Median
Min.-max.

n (%) celkem
Muz

Zena

Priimérna (SD)
Median
Min.-max.

Prdmérna (SD)
Median
Min.—max.

Pramérny (SD)
Median
Min.-max.
n (%)
NonDM
DM

n (%)
NonSR
SR

n (%)
NonRBBB
RBBB

n (%)
NonLBBB
LBBB

n (%)
NonLBBB
LBBB

n (%)
NonLBBB
LBBB

n (%)

Non predilatation

Predilatation
n (%)

Non postdilatation

Postdilatation
n (%)

Vel. 20

Vel. 23

Vel. 25

Vel. 26

Vel. 27

Vel. 29

Vel. 31

Vel. 34

162

78,2 (7,0)

79

56-91

162 (22,6 %)
91 (56,2 %)
71 (43,8 %)

165,6 (9,1)
165,5
145-186

82,2 (17,8)
80,5
43-181

1,92 (0,22)
1,94
1,35-2,8

87 (53,7 %)
75 (46,3 %)

37 (22,8 %)
125 (77,2 %)

140 (86,4 %)
22 (13,6 %)

147 (90,7 %)
15 (9,3 %)

114 (70,4 %)
48 (29,6 %)

104 (64,2 %)
58 (35,8 %)

55 (34,0 %)
107 (66,0 %)

148 (91,4 %)
14 (8,6 %)

0 (0 %)

11 (6,8 %)
7 (4.3 %)
43 (26,5 %)
11 (6,8 %)
65 (40,1 %)
16 (9,9 %)
9 (5,6 %)

Stimulace po TAVR NE

555

78,9 (6,5)

80

48-94

555 (77,4 %)
252 (45,4 %)
303 (54,6 %)

162,9 (9,3)
162
142-187

78,4 (16,7)
76
40-146

1,86 (0,22)
1,84
1,35-2,69

320 (57,7 %)
235 (42,3 %)

144 (25,9 %)
411 (74,1 %)

532 (95,6 %)
23 (4,1 %)

499 (89,9 %)
56 (10,1 %)

419 (75,5 %)
136 (24,5 %)

365 (65,8 %)
190 (34,2 %)

204 (36,8 %)
351 (63,2 %)

488 (87,9 %)
67 (12,1 %)

2(0,4 %)

38 (6,8 %)
47 (8,5 %)
186 (33,5 %)
46 (8,3 %)
182 (32,8 %)
27 (4,9 %)
27 (4,9 %)

p
0,569

0,016

0,001

0,004

< 0,001

0,371

0,423

< 0,0001

0,75

0,19

0,71

0,513

0,225

0,071
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Obr. 1 - Procentualni zastoupeni vynucené implantace TKS pro TAVI u jednotlivych velikosti protéz
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Obr. 2 - Vyvoj poctu TAVR za rok a pocet implantovanych stimulacnich systémi za rok

Tabulka 4 - Multivariantni analyza v hodnoceni rizikovych

Tabulka 5 - Zastoupeni komplikace v podobé CIED
u jednotlivych designt chlopni

faktort k implantaci CIED

0Odds 95% Cl pro odds Pocet % z poctu implan-

p ratio ratio pacient  tovanych chlopni % z celkového
Pohlavi (mugske vs. s TKS daného designu poctu pacientt
zenské) 0,853 0,953 0,574-1,583 CoreValve 80 26,8 11,2
Vyska 0,445 0,979 0,928-1,033 Evolut R 50 22,5 7,0
Hmotnost 0,094 0,941 0,876-1,011 Portico 21 15,4 2,9
BSA 0,053 62,153  0,925-41985 Lotus 6 42,8 0,8
RBBB pred TAVR <0,0001 3,758 2,006-7,040 Sapien 3 8,3 04
Velikost chlopné 0,425 1,036 0,95-1,113 Engager 2 25 0,27
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Tabulka 6 - Rozdéleni poctu implantovanych TAVR a CIED
v jednotlivych letech

Rok Pocet TAVR Pocet implantovanych CIED (%)
2009

(od 5. 8. 2009) 12 4 (33,3 %)
2010 32 4(12,5 %)
2011 44 17 (38,6 %)
2012 43 13 (27,1 %)
2013 64 16 (25,0 %)
2014 72 13 (18,1 %)
2015 70 20 (28,6 %)
2016 82 27 (32,9 %)
2017 72 16 (22,2 %)
2018 76 14 (18,4 %)
2019 70 8 (11,4 %)
2020 66 9 (13,6 %)
2021

(pouze do 15.2.) 9 1(11,1 %)

PFi rozboru jednotlivych typl aortalnich protéz jsme
zjistili, Zze z celkem 299 pacientd s chlopni CoreValve
jich 80 vyzadovalo implantaci TKS (26,8 %). Dvacet dva
a pul procenta pacientd, ktefi obdrzeli protézu Evolut R
a 15,4 % pacientl s chlopni Portico vyZzadovali implanta-
ci trvalé kardiostimulace. U dalsich typd chlopni, kde je
celkovy pocet naimplantovanych pacientld danym typem
protézy mensi, jsou vysledky méné vypovidajici pro maly
vzorek; Ize je nalézt v tabulce 5. Pfi porovnani jednot-
livych velikosti protéz v nasem souboru se ukazalo, Ze
u pacientd, kterym byla implantovéna chloperi o velikosti
31 mm, byl nejcastéjsi vyskyt poruch rytmu vyzadujicich
kardiostimulaci (37,2 %). Podrobnéjsi vysledky Ize nalézt
v obrazku 1. Rozdily mezi velikostmi protéz u stimulova-
né skupiny a skupiny bez CIED jsou hrani¢né statisticky
signifikantni (p = 0,071), avsak nebyl zaznamenan signi-
fikantni rozdil mezi obéma skupinami stran predilatace
(BAV) ¢i postdilatace; viz tabulku 3.

Zastoupeni nutnosti kardiostimulace rozlozené po jed-
notlivych letech je viditelné v tabulce 6 a graficky na ob-
razku 2, kde je patrny trend poklesu téchto komplikaci.

Diskuse

V této monocentrické studii hodnotime nase zkusenosti
s implantacemi TAVR od roku 2009. Za tuto dobu se vy-
voj protéz zdokonalil a oproti pavodnim protézam prvni
generace je vyskyt komplikaci v podobé poruch rytmu
nizsi. Avak nutnost kardiostimulace, byt jen docasné, i
trvalé, neustdle pretrvava u relativné velkého procenta
pacientd. Vyvoj transkatétrovych protéz se totiz zdoko-
nalil zejména stran nizsiho mnozstvi paravalvularnich lea-
ka, které se vazi k vyssi mortalité.>?' Procento pacientt
vyzadujicich kardiostimulaci je vSak i u protéz nové ge-
nerace stadle podstatné vyssi nez u chirurgické nahrady
aortalni chlopné. Nadale neni jasné, zda se nutnost im-
plantace kardiostimuldtoru po TAVR vaze k vyssi mortali-

té. Je fada studii, které tento predpoklad vyvraceji.'%2>%
Nékteré studie dokonce poukazuji na mozny protektiv-
ni efekt implantace CIED, pravdépodobné jako ochrany
pred rozvojem atrioventrikularni (AV) blokady IlI. stupné
a jejich nasledku.?24% Jiné studie vsak prokazuji nizsi pre-
Ziti u pacientl, kterym byl po TAVR naimplantovan trvaly
kardiostimulator.”2%7

Z nasi analyzy téchto komplikaci vyplyvd, Ze nejcastéji
vyzadovali kardiostimulaci pacienti po implantaci mecha-
nicky expandované chlopné Lotus (42,8 %), avsak tato
chlopen byla naimplantovana pouze 14 pacientim
(1,9 %), takze toto vysoké cislo muze byt zpusobeno
ucebni kfivkou s danou chlopni. | v dal3ich studiich viak
tento typ transkatétrové chlopné vykazoval vyssi inci-
denci poruch rytmu vyzadujicich implantaci TKS."28-30
Dalsi protézou vyZadujici ¢astou kardiostimulaci byla pro-
téza CoreValve (26,8 % pacientt s CIED), ktera je v na-
Sem souboru nejcetnéjsi (41,7 % ze vsech TAVR). Jedna
se o prvni generaci chlopné od Medtronic, jejiz design
zpUsobuje vyssi utlak pfevodniho systému a ktera v sys-
tematickém review méla vyskyt implantaci TKS mezi 16,3
a 37,7 %.8°3132 Tomu odpovidaji i nase data. Druha gene-
race chlopni, Medtronic, Evolut R, jiz vykazuje ¢isla nizsi
(22,5 %) pfi relativné vysokém poctu naimplantovanych
pacientd (222 pacientll), coZ je v souladu s reportova-
nymi daty (14,7-26,7%).>'¢'® Medtronic Engager vyzZa-
doval pfi jedenacti implantovanych pacientech dvakrat
kardiostimulaci (25 %), coz maze byt rovnéz zplsobeno
malym vzorkem této generace chlopni, a tudiz i technic-
kou nezkusenosti. Avsak i tento procentudlni vyskyt od-
povida reportovanym datlim.8%3033 Z dalSich vyrobcl bylo
u chlopni St Jude Medical Portico 15,4 % pfipadl kompli-
kovanych nutnosti kardiostimulace pfi 136 naimplantova-
nych TAVR. Rovnéz chlopen Edwards Sapien vykazovala
nizké procento komplikaci s poruchou rytmu navzdory niz-
kému poctu naimplantovanych pacientl (n = 36), pouze
8,3 %, coz je v souladu s prezentovanymi daty (4-24 %).8°3?

Studie uvadéji, ze predilatace pfi provedeni balonkové
valvuloplastiky pfispiva k vyssi cetnosti implantaci TKS po
TAVR.%3'3% Dle naSich dat, kdy dvé tfetiny pacientd mély
provedenou BAV pied operaci, nyni je vyznamny rozdil
mezi procentualnim zastoupenim cetnosti nutnosti im-
plantace TKS (23,4 % u pacientl s BAV vs. 21,4 % u pa-
cientl bez predchozi BAV). Tato analyza vsak nemusi byt
vypovidajici, protoze néktery typ protéz vyzaduje prove-
deni BAV pred jejich implantaci, zatimco u jinych designt
tato procedura nutna neni. Také postdilatace v nékte-
rych studiich figurovala jako prediktor implantace CIED,*
avsak v jinych studiich, stejné jako v naSem vzorku se ne-
prokazala byt rizikovou.’%3” Postdilatace v nasem centru
byla provadéna, zejména pokud se po rozvinuti chlopné
prokaze paravalvularni leak. V ramci analyzy velikosti uzi-
tych protéz a jejich vztahu k nutnosti kardiostimulace lze
pozorovat trend, Ze u pacientd vyzadujicich implantaci
CIED, bylo uzito vétsich velikosti protéz. To by odpovidalo
hypotéze, Ze vétsi protéza sndze narusi AV uzel z ddvodu
jeho blizkosti aortdlni chlopni.”-1>17.19:31

Blok pravého raménka Tawarova byl asociovany s vys-
$im rizikem nutnosti kardiostimulace u pacientd po TAVR
ve velkém mnozstvi studii.”""12142035 Nejinak tomu bylo
i v naSem vzorku, kdy je RBBB ¢etné&jsi u stimulované
skupiny. V nasem souboru navic nefiguruji viichni pa-
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cienti s RBBB, protoze néktefi rizikovi pacienti, napfiklad
ti s RBBB a dlouhou AV blokadou I. st., byli preventivné
naimplantovani CIED pred TAVR, tudiz pak byli z celkové-
ho souboru vyfazeni. Navzdory tomuto viak pfitomnost
této poruchy vedeni byla jednoznac¢né asociovana jako
jediny nezavisly prediktor komplikace v podobé nutnosti
kardiostimulace.

Pfekvapivym ndalezem byla korelace vyssiho BSA
a nutnosti kardiostimulace. Rovnéz hmotnost a vyska se
prokdzaly byt vyssi ve stimulované skupiné v porovnani
s nestimulovanymi pacienty. Tento nalez by se dal vy-
svétlit pouzitim vétsich protéz u pacientd s vyssi vyskou,
hmotnosti a BSA. V jedné studii byl vysoky index téles-
né hmotnosti (BMI prokazan) jako rizikovy faktor pro
implantaci kardiostimulatoru.?® Avsak BSA nefigurovalo
v Zadné z vétsich studii, ackoliv je jednim z méfeni rutin-
né provadénych u pacientl s aortalni stendzou, uzitecné
k jeji kvantifikaci.

V nasem vzorku se prokdzalo velmi rozdilné zastou-
peni pohlavi ve skupiné pacientl s CIED a pacientd bez
nutnosti trvalé kardiostimulace. Zatimco v prvni skupiné
byli ¢etnéji zastoupeni muzi, v té druhé jsou casté;si zeny.
Toto bylo pozorovano i v jinych studiich,' rozdilni autofi
vsak prezentovali vysledky, kde bylo Zenské pohlavi vy-
hodnoceno jako rizikovéjsi z hlediska této komplikace.
Vysvétlenim naseho nalezu muze byt vyssi prevalence
RBBB v muzské populaci®**'¢i fakt, Zze pacienti muzské-
ho pohlavi pravdépodobné dostali chlopen vétsi velikosti.
Vétsi protézy od velikosti 29 mm vyse jsou totiZz v nasem
centru implantovany témér vyhradné muzdm.

V analyze, kde byly jednotlivé roky podrobnéji zkou-
many, je vidét trend k mensimu mnozZstvi naimplanto-
vanych CIED s novéjsimi generacemi chlopni v posled-
nich letech. Rovnéz s tim muze byt asociovdna inicialni
nezkusenost a ucebni kfivka operatérd. DalSim vysvétle-
nim viak rovnéz muze byt fakt, Ze ve studiich na vétsich
souborech pacientl v pozdéjsich letech bylo zjisténo, ze
hloubka implantace TAVR ma vyznamny vliv na cetnost
vyskytu poruch rytmu, coz zménilo postupy pfi této pro-
cedufe‘10,13,15,18

Limitacemi nasi studie je jisté nerovhomérné zastou-
peni jednotlivych vyrobct a designl chlopni v naSem sou-
boru. Nékteré typy protéz byly v naSem centru implan-
tovany pouze krétce, s ¢imz souvisi nizsi pocet pacientt
a jista technickd nezkudenost s danym druhem TAVR. Po-
drobnéjsi analyza jednotlivych designt chlopni s vétSim
zastoupenim by jisté byla vytézna i v ramci analyzy dalSich
rizikovych faktord pro tuto komplikaci. Data jsou analy-
zovana retrospektivné, nelze tudiz dohledat jiné riziko-
vé parametry, které by bylo uzite¢né analyzovat (napf.
hloubka implantace, levy pfedni hemiblok a jiné). Jedna
se rovnéz o souhrnny ¢lanek se zkusenostmi pouze s jed-
noho centra s limitovanym mnozstvim operatérl. V po-
¢atku sledovani se s implantacemi TAVR v CR za¢inalo
a zcela jisté zde hraje roli inicidlni nezkusenost a ucebni
kfivka s danou metodou.

Zavér

TAVR je nyni jiz bézné pouzivanou metodou lécby vy-
znamné aortdlni stendzy u pacientl s vysokym periope-

ra¢nim rizikem. Jedna z nejcastéjSich komplikaci souvisi
s poskozenim AV uzlu pfi implantaci chlopné a néslednou
nutnosti implantace kardiostimuldtoru. Nase data z jed-
noho centra s relativné velkym poctem vykonu jsou kon-
kordantni se studiemi jiz v minulosti publikovanymi. Po-
tvrzuji, Ze je potreba byt obezietny zejména u pacientt
s preexistujicim RBBB, vy$3im BSA a u muzské populace.
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Uvod: Hrudni pas umoznuje pofidit 1svodovy EKG zaznam. Ziskana data byla validovana pro méfeni srdeéni
frekvence a rovnéz i pro detekci fibrilace sini diky srovnani s kratkymi EKG zaznamy z holterovského EKG
méfeni u selektovanych pacient(l. Zatim ale nebyla ovéfena moznost vyhodnoceni dlouhych EKG zdznam(i
u neselektovanych kardiologickych pacientd se Sirokym spektrem srdecnich chorob.
Metodologie a vysledky: Do studie bylo zafazeno 54 hospitalizovanych a 53 ambulantnich pacientli a 54
zdravych kontrol (n = 161 celkové). U vSech ucastnik( studie byl pomoci hrudniho pasu Polar H10 potizen
1-2hodinovy EKG zaznam (celkové 1 153 229 uder0 srdce; pramérna srde¢ni frekvence 76,6/min; sinusovy
rytmus u 86,3 %, fibrilace sini zjisténa u 13,7 %; dokumentovano 0,46 % sifiovych extrasystol a 0,49 % komo-
rovych extrasystol). Z vyse uvedeného poctu 1 153 229 srdecnich tepd jich 1 128 319 bylo hodnoceno Iékafem
jako snadno interpretovatelnych. Celkové tak bylo 2,16 % zéznamu vyhodnoceno jako obtizné interpreto-
vatelny nebo neinterpretovatelny Sum (A: 2,31 %; B: 1,95 %; C: 2,20 %). Z EKG zdznamu z hrudniho pasu
Iékar pfi srovnéni s 12svodovym EKG zéznamem spolehlivé urcil zakladni srde¢ni rytmus u vétsiny ucastniku
(u 51/54 [94,4 %] hospitalizovanych pacientl a u 100 % ambulantnich pacientd a zdravych kontrol). U tfi
jedinct byl zakladni rytmus na EKG vyhodnocen jako nejasny. U vsech tii byly vSechny komplexy QRS stimulo-
vané. U hospitalizovanych pacientd byl EKG zéznam z hrudniho pasu zobrazeny v redlném case na mobilnim
telefonu srovnatelny s EKG zaznamem z telemetrického monitorovani (shoda v 53 z 54 pfipad(; 98,1 %).
Zavér: EKG zaznam z hrudniho pasu, pofizeny u hospitalizovanych i ambulantnich pacientu s rznymi typy
poruch srde¢niho rytmu, stejné tak jako u zdravych kontrol, Ize v kazdodenni praxi pouzit pro zhodnoceni
zakladniho srdecniho rytmu, zachyt fibrilace sini i extrasystol, a to pfi minimalnim procentu obtizné hodno-
titelnych zaznamu. Opatrnosti je tfeba pfi interpretaci EKG zadznamu u pacientl se stimulovanym rytmem
a u pacientu s flutterem sini. Hrudni pas je tak mozno pouzit pro kontinudlni EKG monitorovéni, hodnoceni
srde¢niho rytmu i screening fibrilace sini.

© 2022, CKS.

ABSTRACT

Background: The chest-belt can be used to obtain a 1-lead ECG. Data from it have been validated for the
determination of heart rate and for the possibility to detect atrial fibrillation (AF) compared to ECG-Holter
on a short ECG recording in selected patients. However, validation of the possibility to evaluate long ECG
recordings in patients with a wide range of heart diseases has not yet been performed.

Methodology and results: 54 hospitalized patients, 53 outpatients and 54 healthy controls were enrolled
in the study (n = 161 in total). Using a Polar H10 chest-belt, 1-2 hours of ECG were recorded in all patients
(1 153 229 heartbeats, average heart rate 76.6/min, 86.3% in sinus rhythm, 13.7% with atrial fibrillation,
0.46% atrial premature beats, 0.49% ventricular premature beats). The presence of noise was 2.16% (A:
2.31%; B: 1.95%; C: 2.20%). 1 128 319 /1 153 229 were evaluated as easy to interpret. Using ECG from the
belt, the basic rhythm was reliably determined by the physician in majority of patients (51/54, 94.4% in
hospitalized patients; in 100% of outpatients and healthy controls) when compared to 12-lead ECG. 3 ca-
ses were evaluated as unclear; in all of these cases, all QRS complexes were stimulated by a pacemaker. In
hospitalized patients, real-time ECG from the belt was comparable to telemetric ECG monitoring (match in
53/54, 98.1%).

Conclusion: The ECG obtained from the chest-belt in hospitalized patients and outpatients with a wide
range of cardiovascular diseases, as well as in healthy individuals, is usable in real practice for evaluation of
baseline rhythm, atrial fibrillation and premature contractions with a minimal proportion of difficulties to
interpret recordings due to artefacts. Caution should be exercised in interpretation of the ECG in patients
with stimulated rhythm and in patients with atrial flutter. The chest belt can be used as a means for conti-
nuous monitoring of ECG, evaluation of rhythm and screening of atrial fibrillation.
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412 Polar H10 chest-belt ECG in patients with heart conditions
we designed a prospective, non-randomized study in
Background which three groups of patients were evaluated:

Cardiovascular diseases (CVDs) are one of the most com-
mon causes of death in general. According to the WHO,
17.9 million people die from CVDs every year, correspond-
ing to 32% of all deaths." Arrhythmias belong among the
most serious CVDs associated with significant morbidity
and mortality.? The most common arrhythmia in adults
is atrial fibrillation (AF). Currently, the prevalence of AF
is estimated to be 2-4%.2 However, due to the ageing
population and the increased efforts to diagnose AF in
recent years, a significant (2.3-fold) increase can be ex-
pected.* AF-related symptoms may be disabling, but a sig-
nificant proportion of patients have little or no difficulty.
The high cost of treating AF leads to the development of
strategies to identify and treat previously undiagnosed
AF patients. The right choice of screening tools is impor-
tant. By convention, to diagnose AF, an episode lasting
at least 30 seconds is needed.® Longer monitoring logi-
cally leads to greater arrhythmia detection, but system-
atic screening is significantly more costly than opportu-
nistic screening.” Implantable recorders and devices can
lead to detection of a number of subclinical AF episodes
and atrial high-rate episodes (AHRE) through continuous
recording.® Implantable recorders are rarely available,
costly, and invasive to implant. However, detection of as-
ymptomatic AF by non-invasive recorders is significantly
less likely due to the short duration of recordings.® Holter-
ECG is the standard for monitoring. Its use is opportunis-
tic and is associated with a number of logistical hurdles,
so it cannot be available to all patients for a long period
of time or precisely at the time of any symptoms. Instru-
ments using a photoplethysmography (PPG) sensor may
record heart rate (HR) continuously, but their accuracy
is very limited and they are associated with numerous
artefacts.’”® ECG-capable devices such as Apple iWatch,
AliveCor etc. can be very useful in real life for symptoms
verification or occasional screening, but their use is lim-
ited for longer recordings and detection of asymptomatic
episodes.'2 The chest-belt can be used to obtain a 1-lead
ECG. In general, the data from it have so far been used to
determine HR and heart rate variability (HRV). However,
unlike PPG-based devices, these devices have been de-
signed to be used in sub-optimal conditions. The quality
of the evaluation of RR intervals (RRI) has been sufficient-
ly validated.'*' Similarly, the accuracy of the detection of
AF compared to the ECG-Holter on a shorter ECG record
in selected patients has been validated.” The chest-belt
could be the optimal screening tool for AF detection,
considering the possibility to use it anywhere, anytime,
under real, sub-optimal conditions. However, validation
of the possibility to evaluate all beats in long ECG record-
ings from the chest-belt in patients with a wide range of
cardiovascular diseases (CVDs) under real-life conditions
has not yet been performed.

Study design

To confirm the possibility of ECG evaluation in patients
with a wide spectrum of CVDs under real-life conditions,

Group A - hospitalized patients.

Group B - patients from arrhythmology outpatient de-
partment.

Group C - healthy individuals without a prior diagnosis
of a CVD.

The aim was to verify the possibility of evaluation and
correct assessment of all heart beats on a long 1-lead ECG
by an experienced cardiologist in patients with different
body types, weight, height, BMI, with different rhythms,
different heart rate, with the presence of bundle branch
block, pacemaker, cardioverter-defibrillator, stimulated
rhythm. In general, in unselected hospitalized patients
in a large cardiology department in a university hospital,
in patients in arrhythmia outpatient department and in
healthy controls for comparison.

A separate objective was to evaluate the real presence
of artefacts, or noise, respectively, preventing ECG evalu-
ation in individual groups of patients.

Patient group

The aim was to evaluate more than 1 million heartbeats from
longer records lasting 1-2 hours in each consecutive patient.

With an estimated average heart rate of 70/min and an
average measurement time of 90 minutes, 160 patients
were predicted to be enrolled in the trial.

The study protocol was approved by the Palacky Uni-
versity Multicenter Ethics Committee (reference number:
54/22).

Inclusion criteria

Age >18 years. Willingness to cooperate and signing of an
informed consent (ICF) with the study.

Inclusion criteria specific for individual subgroups:

Group A: Hospitalization. At least 1 known CVD. Telem-
etry actively used at the time of acquisition of ECG using
the chest-belt. Possibility of 12-lead ECG measurement.
Group B: Elective visit in an arrhythmology outpatient de-
partment. Previously established diagnosis of arrhythmia
or suspected arrhythmia by symptoms. Possibility of 12-
lead ECG measurement.

Exclusion criteria

Unwillingness to cooperate. Implantation of pacemaker or
cardioverter-defibrillator in the last 48 hours (to eliminate
the possibility of infection introduction into the wound).

Methodology

For the possibility of data acquisition, a bespoke smart-
phone app was used (used both for iOS and Android)
called MyKardi (Kardi-Al technologies Itd., Olomouc,
Czech Rep.) with the possibility of automatic connection
of the belt with the smartphone, uninterrupted data
recording, the possibility of annotating of symptoms in
the ECG at a specific time and with automatic upload of
anonymous data to the cloud once the measurement is
finished. This data was used for viewing the 1-lead ECG
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Fig. 1 - Web interface for evaluation of the recorded rhythm.

by physicians for subsequent evaluation and annotation.
This was done in a bespoke web-based interface (Kardi-Al
technologies Itd., Olomouc, Czech Rep.) (Fig. 1).

Each individual heartbeat was evaluated by a physician
and identified as one of five options: sinus rhythm (SR),
atrial fibrillation (AF), supraventricular extrasystole (APB),
ventricular extrasystole (VPB), noise (NOISE). Each evalu-
ating physician had the option to change the annotation
for each QRS complex at will (Figs. 2-5).

QRS complexes that met at least one of the following cri-
teria were evaluated as NOISE: the type of rhythm could not
be recognized at all; the physician was not 100% sure about

the type of rhythm; the rhythm could be recognized, but
the evaluation was unpleasant for the physician because of
the artefacts; the noise level exceeded over 50 % of the am-
plitude of the QRS complex in a given RRI. The duration of
NOISE was not evaluated as the number of RRIs, but as the
time between two RRIs evaluated as SR or AF.

Each ECG was evaluated twice by an experienced car-
diologist to minimize the possibility of oversight and
wrong ECG annotation, and then a third evaluation of
each heartbeat was conducted for all ECG records by an-
other physician with more than 18 years of experience in
electrophysiology.
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Fig. 3 - Atrial fibrillation.
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Fig. 5 - Noise. A: QRS complexes recognizable but ECG was still evaluated as not easy to interpret and thus annotated as noise. B:

unrecognizable rhythm, ECG annotated as noise.

Group A (hospitalized patients): A 12-lead ECG was re-
corded to confirm the basic rhythm that was document-
ed (SR or AF). Immediately afterwards, the patient was
placed on a chest-belt as recommended by its manufac-
turer (the belt length was fitted to the patient’s chest cir-
cumference and a moistened electrode elastic strap was
applied below the patient’s chest muscle) (Fig. 6).

An application on the smartphone was launched. Te-
lemetry monitoring was left running at the same time as
the data acquisition using the chest-belt, without inter-
ruption. Live-telemetry data was then evaluated for 10
minutes at the same time as the live-ECG on the smart-
phone application (Fig. 7).

The rhythm on the telemetry and the rhythm on the
live-ECG from the smartphone screen were documented.
If the physician was not sure, he documented the rhythm
as UNCLEAR. Agreement on the type of rhythm on the
telemetry and on the ECG from the chest-belt was evalu-
ated and documented, both for the basic rhythm (SR vs
AF) and for any premature contractions (APB vs VPB). The
patient’s movement was not limited in any way, including
the possibility of being taken away for any examinations
and/or procedures.

In the web application, the physicians marked all heart-
beats, each separately, see above. The possibility of evalu-
ating the basic rhythm and possible arrhythmias was re-

Fig. 6 — Polar H10 chest-belt.

corded, and in case of uncertainty, the overall record was
concluded as UNCLEAR. In particular, the first minute of the
ECG from the chest belt was evaluated in the web applica-
tion, after any noise had subsided due to the belt being put
on and its location corrected. The basic rhythm was evalu-
ated as SR, AF or atrial flutter (AFLU). In case of any uncer-
tainty about the underlying rhythm, the overall record was
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Fig. 7 - Bespoke application for recording ECG by means of Polar H10
chest-belt, Android/iOS, screenshot from smartphone application.

concluded as UNCLEAR. This was then compared with the
rhythm on the baseline 12-lead ECG. This first minute ECG
evaluation was done separately from the whole ECG mea-
surement evaluation by a different physician.

Group B (outpatients): A 12-lead ECG was recorded
to confirm the basic rhythm and it was documented as
SR or AF. Immediately afterwards, a chest-belt was put
on the patient by the physician as recommended by the
chest-belt’'s manufacturer and the application on the
smartphone was started. A clinical visit of the patient
was performed. Afterwards, the patient could have left
the ambulance, his further movement or activity had not
been limited in any way. After 1-2 hours of recording, the
measurement was stopped and the patient went home.

In the web application, all heartbeats were marked by
the physicians, each separately, see above. The possibility
of evaluating the basic rhythm and possible arrhythmias
was recorded, in case of any uncertainty the overall record
was then closed as UCLEAR. In particular, the first minute
of ECG recording from the chest-belt was evaluated in
the web application, after any noise had subsided due to
the belt being put on and its location corrected. The basic
rhythm was evaluated as SR, AF or AFLU. In case of any un-
certainty about the underlying rhythm, the overall record
was concluded as UNCLEAR. This was then compared with
the rhythm on the input 12-lead ECG. This first minute ECG
evaluation was done separately from the whole ECG mea-
surement evaluation by a different physician.

Group C (healthy controls): Healthy controls were pro-
vided with the chest-belt for home use for a minimum

Fig. 8 - Premature ventricular contractions.

of 24 hours, during which a minimum of three measure-
ments were required: 1. short test; 2. longer (> 1 hour)
test; 3. evaluated measurements lasting 1-2 hours. The
chest-belt was recommended to be fitted in accordance
with the manufacturer’s recommendations. Any problems
could have been recorded in the smartphone app. In the
web app, all heart beats were marked by the physicians,
each heart beat separately, see above. The possibility of
evaluating the underlying rhythm and possible arrhyth-
mias was documented, and in case of any uncertainty the
overall record was concluded as UNCLEAR.

In all patients the following data were recorded: Age,
gender, weight, height, body mass index (BMI), rhythm
(SR or AF), QRS (normal, bundle branch block, stimu-
lated), presence of a device (pacemaker or defibrillator)
and medical history. In healthy controls only gender was
documented.

Results

A total of 161 patients was enrolled in the study so that
there were identical numbers in each of the three groups
(Group A, n=54; Group B, n=53; Group C, n=54).

Baseline characteristics of the population are shown in
Table 1.

In group C, there were 30 (55.6 %) men.

Using a chest-belt, a total of 225 hours and 38 minutes
of ECG was recorded (A: 71.5 hours; B: 82.4 hours; C: 71.7
hours), corresponding to 1 153 229 heartbeats (A: 444 500;
B: 394 255; C: 314 474). For the values of average HR, per-
centage of noise, APBs, VPBs and AF, a following approach
was used to obtain the final value: an average was count-
ed for every single measurement and then an average was
counted from these values per every category. The average
heart rate was 76.6/min (A: 80/min; B: 76/min; C: 74/min).
The presence of APBs was 5 317 (0.46 %) of all measured
beats (A: 3 363 [0.76%]; B: 1 059 [0.27%]; C: 895 [0.28%]).
The presence of VPBs was 5 631 (0.49 %) of all measured
beats (A: 3 636 [0.82%]; B: 1 676 [0.43%]; C: 319 [0.10%]).
AF was found in 18 measurements in group A, in 3 in group
B and in 1 in group C (in 22/161 measurements in total).
The presence of AF beats was 156 797 (13.6%) out of all
measured beats (A: 131 465 [29.58%]; B: 20 660 [5.24%];
C: 4 672 [1.49%]). The presence of noise was 2.16 % of
the whole time of measurement (A: 2.31%; B: 1.95%; C:
2.20%). This means that 1 128 319 heartbeats out of 1 153
229 were evaluated as easy to interpret.

In most cases, it was possible to reliably distinguish APB
from ventricular extrasystole (VPB) (Fig. 8), as well as runs
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Table 1 - Baseline characteristics of the population

Hospitalized (A), Outpatient (B),
n =54 n=53
Male gender 31 (57.4%) 41 (75.9%)
Height (cm) 176.9+8.5 178.6+7.2
Width (kg) 86.4+14.1 86.8+£14.2
BMI 27.5+3.5 27.2+3.7
QRS <120 ms 33 (61.1%) 54 (100%)
LBBB 11 (20.4%) 5(9.3%)
RBBB 4 (7.4%) 2 (3.7%)
Stimulated QRS 6 (11.1%) 0 (0.0%)
Pacemaker 6 (11.1%) 0 (0.0%)
Defibrillator 1(1.9%) 1(1.9%)
Ischemic heart disease 19 (35.2%) 5(9.3%)
Arterial hypertension 41 (75.9%) 16 (29.6%)
Diabetes mellitus 22 (40.7%) 7 (13.0%)
Heart failure 20 (37.0%) 4 (7.4%)
Acute myocardial infarction 7 (13.0%) 0 (0.0%)
Infective endocarditis 3 (5.6%) 0 (0.0%)
Acute arrhythmia 14 (25.9%) 0 (0.0%)

Acute arrhythmia = hospitalization for acute arrhythmia.

BMI - body mass index.

In all patients with stimulated rhythm, this could be
distinguished from spontaneous rhythm (Fig. 13).

In all cases, paroxysms of AF were clearly distinguish-
able based on a sudden change in HR from the HR-time
graph (Fig. 14).

Group A

1. Possibility of evaluating the basic rhythm from
a classical, 12-lead ECG: in 54/54 (100%) the rhythm
was reliably determined by the physician.

2. Possibility of evaluating the basic rhythm from
a 1-lead ECG obtained by means of a chest-belt,
evaluation of the entire ECG (whole long record-
ing) in a web application: in 51/54 (94.4%) the basic
rhythm was reliably determined by the physician; 3
cases were evaluated as unclear. In all of these cases,
all QRS complexes were stimulated by a pacemaker
and the evaluating physician was not sure about the
underlying rhythm since P waves were not easily to
be distinguished from noise. On the 12-lead ECG, 2
of these 3 cases had AF, 1 SR.

3. Possibility of evaluating the basic rhythm from
a 1-lead ECG obtained by means of a chest belt, eval-
uation of the first minute of the ECG after any noise
has subsided due to the belt being put on and cor-
rection of its location; evaluation of the ECG from
a web application. In 51/54 (94.4%) the basic rhythm
was determined by the physician; 3 cases were eval-

RR|

Fig. 9 - APBs, single and in clusters.
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Fig. 10 - Atrial tachycardia.

of atrial and ventricular tachycardia (Figs. 9-11). The am-
biguity in the APB vs VPB assessment occurred in the VPB
of septal localization with respect to their rather narrow
QRS. In all patients with bundle branch block, this could
be reliably distinguished from normal ECG (Fig. 12).

uated as unclear. When comparing the evaluated
rhythm with a 12-lead recording, the rhythm match
was in 50/54 (92.6%). The absence of match in the
determination of the heart rhythm was documented
in 4 cases. In 3 cases evaluated as unclear, all QRS
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Fig. 12 - QRS width. A: narrow QRS; B: LBBB; C: RBBB.

Fig. 13 - Stimulated rhythm.
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Fig. 14 - Heart-rate time graph. Peaks in heart-rate correspond to four AF paroxysms during a single measurement.

complexes were stimulated by a pacemaker and the
evaluating physician was not sure about the under-
lying rhythm since P waves were not easily to be dis-
tinguished from noise. 2 of these 3 cases had AF, 1
SR. In the remaining 1 case, live ECG was evaluated
as SR with frequent APBs but 12-lead ECG revealed
AF.

4. Possibility of evaluating the basic rhythm from
a 1-lead ECG obtained by means of telemetric ECG
monitoring in real time. In 51/54 (94.4%) cases, the
rhythm was determined reliably by the physician.
The determination ambiguity in 3 cases was in pa-
tients with AF and stimulated QRS complexes.

5. Possibility to evaluate the baseline rhythm from
1-lead ECG obtained by chest-belt in real time, eval-
uation of live-ECG from a smartphone screen during
telemetry monitoring (10 minutes). In 50/54 (92.6%),
the rhythm was determined reliably by the physi-
cian. The determination ambiguity in 4 cases was in
patients with stimulated QRS complexes (2 cases had
AF, 1 AFLU, 1 SR).

6. Comparison of evaluation of the baseline rhythm
from 1-lead ECG obtained by chest-belt in real time,
evaluation of live-ECG from smartphone screen
and 1-lead ECG obtained by real-time telemetric
ECG monitoring. The match was in 53/54 patients
(98.1%), including 3 cases that were evaluated as
unclear both from telemetry and from live-ECG in
app. In 1 case, a correct diagnosis of AFLU was done
from telemetry but live ECG from app was evaluated
as unclear.

Group B

1. Possibility of evaluating the basic rhythm from
a classical, 12-lead ECG: in 54/54 (100%) the rhythm
was reliably determined by the physician.

2. Possibility of evaluating the basic rhythm from
a 1-lead ECG obtained by means of a chest belt,
evaluation of the entire ECG in a web application:
in 54/54 (100%) the basic rhythm was reliably deter-
mined by the physician.!

3. Possibility of evaluating the basic rhythm from
a 1-lead ECG obtained by means of a chest belt, eval-
uation of the first minute of the ECG after any noise
has subsided due to the belt being put on and cor-
rection of its location; evaluation of the ECG from
a web application. When comparing the evaluated
rhythm with a 12-lead recording, the rhythm match
was in 54/54 (100%).

Group C
1. Possibility to evaluate the basic rhythm from a 1-lead
ECG obtained by means of a chest-belt, evaluation
of the whole ECG in a web application: in 54/54
(100%) the basic rhythm was reliably determined by
the physician.

Discussion

The main finding of this study is that ECG interpretation
from the Polar H10 chest belt is possible in non-selected
cardiology patients under casual conditions during hos-
pitalization, in the out-patient department as well as he-
althy controls at home, regardless of basic rhythm, QRS
width, bundle branch block, presence of pacemaker or
cardioverter-defibrillator, or an active stimulated rhythm,
in real-life conditions, regardless of the physical activity
performed. In our trial, out of 1 153 229 beats, 1 128 319
(97.84%) were evaluated as easily recognizable and ca-
tegorizable by a cardiologist. Under real-life conditions,
only 2.16% of all beats were evaluated as too noisy or
generally as unpleasant to quickly determine the presen-
ce and type of QRS and type of the rhythm. The value of
noise was highest in hospitalized patients and lowest in
outpatients. The reason for this finding could be more ar-
tefacts due to larger amount of tremor in acutely ill, more
frail patients and bumping on the belt during examinati-
ons and various procedures at hospital since the patients
were not limited to undergo any standard procedure or
examination. Lowest level of noise was anticipated in re-
latively sedentary outpatients during a clinical visit and
a somewhat higher level of noise in healthy controls can
be explained by them actively moving.

We have documented an excellent match of a decision
about the heart rhythm from a single-lead chest-belt ECG
recording with a standard 12-lead ECG. In outpatients,
the match was in all cases. In hospitalized patients, there
was a 94.4% of match of 12-lead ECG with the result of
the chest-belt analysis and a 92.6% of agreement with
a fast evaluation of the first minute of ECG from the
chest-belt. The usefulness of a live real-time ECG from the
chest-belt in an app on a smartphone screen to decide
about the cardiac rhythm was comparable to a live tele-
metric ECG recording.

Currently, the standard of care of screening for ar-
rhythmias is Holter ECG. However, current Holter ECG de-
vices are bulky and cumbersome and their analysis takes
a significant time. These devices are and will not be avail-
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able for all patients for longer periods of time based on
a limited supply, limitations in reimbursement, need for
a putting on by a skilled nurse and a time needed for
an analysis and especially three visits in an out-patient
department needed by a patient (putting on, putting off
— analysis - visit). Patients are not able to be monitored
exactly at the time of their issues and this process must be
often done several times. Moreover, patients are reluc-
tant to wear generally any Holter ECG monitors for lon-
ger periods of time and several times a year and to visit
their cardiologist several times to obtain a result. Some
of these pitfalls are overcome using implantable loop
recorders. These are, however, surgically implanted de-
vices with a high cost, a need for a specialized technician
to evaluate the recordings and a very limited number of
devices per center per year that are allowed to be reim-
bursed by health insurance companies. Several portable
ECG recorders became recently available. They are owned
by the patient and thus can be used in time of need. How-
ever, their use is based on holding a device with hands
for tens of seconds. They are suitable for short ECG re-
cordings at home but useless for longer measurements.
Their use is thus limited for validation of correlation of
symptoms and arrhythmias. These limitations are shared
with smartwatches with ECG acquisition possibility. A lot
of devices like smartwatches and armbands use an optical
PPG sensor for HR analysis. PPG signals are prone to noise
and motion artifacts caused by body movement, muscu-
lar movement and sensor dislocation. Moreover, signal
acquisition is also affected by skin color, ambient light,
and body temperature. Thus, during movement and gen-
erally under any sub-optimal conditions, PPG sensors are
unreliable.

A very interesting option to analyze heart rhythm is
a chest-belt with an ECG sensor. These devices are de-
signed to be comfortable, lightweight, compact and to
function equally well under optimal and sub-optimal con-
ditions, unlike PPG sensors. The original determination of
the usage of HR monitors, such as chest-belts, was gener-
ally the assessment of RRIs. With the correct determina-
tion of RR intervals, the chest-belt can then be used rela-
tively easily for HRV evaluation. Several validation studies
have verified the accuracy of the RRI evaluation by HR
monitor compared to ECG Holter."*"* However, most of
the data in these studies were obtained under resting
conditions (lying down, sitting, standing still). Significant-
ly fewer studies are available that assessed the quality of
RR signals under exertion. We have data mostly from cy-
clists and to a lesser extent from runners.?22 In a number
of studies, the Polar H7 chest-belt has been used as a ref-
erence device for wearable HR measurement devices in
recent years.'823.24

The new generation Polar H10 chest-belt, which was
used in this study, has a number of improvements for HR
and HRV measurements, according to the manufacturer.
It provides raw ECG and RR time intervals with a resolu-
tion of 1 ms. This device was also validated against a ref-
erence device (Holter ECG) for the quality of RRIs mea-
surements. With low-exertion activities such as reading,
housework and walking, Polar H10 had excellent signal
quality, comparable to Holter ECG (99.6% for H10 vs
94.6% for Holter ECG), with an RRI detection error of

0.15% (0.16% error rate for Holter ECG)." This error was
even lower than in earlier studies, when it was reported
from 0.27 to 2.20%."7-'821.2526 During jogging and strength
training, Polar H10 showed a 0.56% error rate in deter-
mining RRIs, which was consistent with a 0.32-0.71% er-
ror rate when using Polar H7 belt for ergometry and Polar
T61 belt for mountain running (20, 22). During intensive
activities, the Holter ECG showed a significantly higher
error rate (10.21% of RRIs). The quality of the RRIs as-
sessment during high-intensity activities was thus signifi-
cantly higher in the chest-belt (99.4% for H10 vs 89.8%
for Holter ECG). Motion artefacts can thus lead to more
artefacts in the Holter ECG than in the chest-belt, which is
primarily designed for more pronounced activities. Polar
H10 can thus be considered as the gold standard for the
evaluation of RRIs during intensive sports activities.'

In our work we evaluated 2.16% of RRIs as noise, how-
ever, the criteria for the evaluation were set very softly
with an easy interpretability of the rhythm in mind, when
in the vast majority of RRIs annotated as noise it was pos-
sible to detect the R interval. However, if the noise am-
plitude exceeded 50% of the amplitude of the R peak, or
the physician evaluated the RRI as unpleasant to quickly
determine the type of QRS/rhythm, it was evaluated as
noise. The reason for this decision was that we did not
want to detect the percentage of detectable QRS com-
plexes, but a percentage of QRS complexes, whose evalu-
ation would be considered annoying by a cardiologist in
normal practice, which could lead to a decrease in will-
ingness to evaluate ECGs from the chest-belt. In addition,
transient intervals with a greater number of artefacts af-
ter putting on and before removing the belt were includ-
ed in the noise. The real number of RRI errors in cardiolo-
gy patients in common practice will therefore certainly be
significantly lower. The percentage of noise may also be
higher because all heartbeats were evaluated, in contrast
to the otherwise used approach of the manual evalua-
tion of RRIs in case there is a change in RRI by more than
20%.7 In some patients with stimulated ventricles, RRIs
were easily recognizable but the P waves were harder to
discern. These measurements were evaluated as unclear
despite a low level of noise per se since they would pose
an unacceptable workload on the evaluating physician. In
patients with pacemakers and implantable defibrillators
and a high percentage of stimulated rhythm the chest-
belt ECG measurement might be unreliable.

Polar H10 with the Pro strap is specially designed to
protect against electrical noise and enable proper ECG
measurements to be made. There is little clinical data to
evaluate heart rhythm disturbances using a chest-belt.
A 1-lead ECG may appear inferior to multiple-lead ECG
records. However, in an analysis of the interpretation of
a 1-lead ECG in 1,000 outpatients >75 years of age by four
physicians, sensitivity 94.4% and specificity 94.6% were
achieved compared to a 12-lead ECG.% Similarly, in anoth-
er study of 100 patients in a cardiology clinic, sensitivity
and specificity were 92% and 96%, respectively.? Lown
et al. evaluated the possibility of using several devices
(AliveCor, WatchBP, BG2, Polar H7 chest-belt) in patients
in a general practitioner’s office and concluded that
1-lead ECG from the chest-belt can be used to detect AF
with sensitivity and specificity above 95%. As in our case,
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they warn about the possibility of incorrect detection in
patients with AFLU." They have excluded patients with
a pacemaker. Otherwise, the use of the Polar H7 chest-
belt was seamless, well received by patients for comfort,
and multiple attempts were not necessary to achieve a di-
agnostic ECG. By contrast, 42/418 (10%) ECGs recorded us-
ing AliveCor were assessed by the algorithm as non-classi-
fiable. Such a proportion of automatically non-assessable
ECG recordings would lead to the need for a personal
classification by a physician with a significant burden on
the evaluating cardiologist.

In our study, the recording was evaluated as unclear in
3/162 (1.85%) cases. All of these cases were hospitalized
patients with stimulated QRS complexes by a pacemaker.
Otherwise, the basic rhythm was reliably classified by the
physician, both in hospitalized and outpatients when the
chest-belt was put on by a physician and healthy controls
who performed the ECG measurements themselves at
home.

Hartikainen et al. used Suunto chest belt in 220 pa-
tients for detection of AF. Contrary to our work, patients
were selected, measured briefly and under optimal con-
ditions — the measurement took 5 minutes, the patients
were at rest lying down and excluded were patients with
BMI >33, pacemakers and defibrillators and patients with
a bundle branch block.”™ The standard against which the
ECG from the chest-belt was compared was the ECG as-
sessment from the 3-lead HolterECG, done by a cardiolo-
gist. Asin our case, the ECG assessment from the chest-belt
was performed with the help of a homemade application
on a smartphone. The main finding of the study was that
the quality of the ECG from the chest-belt was sufficient
for the evaluation of AF by both the cardiologist and au-
tomatically using the previously described algorithms.3%3!

The chest-belt is thus sufficiently validated for the cor-
rect detection of RRIs under all conditions, at rest and
with varying levels of physical activity. Acquisition of an
ECG by the patient is easy with the right software. As we
have shown, in a wide range of CVD patients, hospital-
ized and outpatients alike as in healthy controls, it is pos-
sible to classify rhythm without difficulty, interpret each
individual heartbeat at a small % of RRIs that are either
non-evaluable or more difficult to evaluate. The inter-
pretation of an ECG from the chest-belt is comparable
to a 12-lead ECG as well as to a telemetric ECG record-
ing that has the same level of ECG quality and can be
interpreted with a similar certainty. One must be aware
though of the likelihood of a possible misinterpretation
of rhythm in patients with stimulated QRS complexes and
AFLU with regular RRIs and a fast HR. In both cases, the
underlying rhythm can be difficult to distinguish from SR
with a higher rate of artefacts. This issue however arises
mostly when one evaluates a short ECG recording. With
a long ECG measurement, the underlying rhythm can be
assessed with a great certainty, especially when periods
of minimal or no noise are available. The interpretation
in patients with devices can be facilitated by interroga-
tion of the device. One must be aware of this potential
issue though. The last potential problem in rhythm in-
terpretation that we encountered in this study was the
evaluation of VPBs of septal localization, which were dif-
ficult to distinguish from APBs from the 1-lead ECG due

to the narrow QRS complex. In these cases, if there are
doubts about differentiation of APBs and APBs, a Holter
ECG measurement and/or repeated 12-lead ECGs should
be scheduled for a final clarification. A thorough study
comparing 1-lead ECG from the chest-belt and 12-lead
ECG in real time in patients with APBs and VPBs from all
possible locations might clarify this issue and further limit
the need for a Holter ECG verification.

Despite the low percentage of either more difficult to
interpret or uninterpretable QRS complexes, these can
lead to false positive findings that would pose a signifi-
cant burden to a cardiologist. It is therefore necessary to
create algorithms or use the possibilities of artificial intel-
ligence (Al) to eliminate noise. Once the noise is removed
and we have correctly detected RRIs, the diagnosis of AF
can be reasonably reliably determined even by existing
algorithms with an accuracy of >95% from a 1-lead chest-
band ECG.303!

The classification of all heart beats evaluated and veri-
fied by several physicians can serve not only as a demon-
stration of the possibility of interpretation of ECG from
the chest belt in non-selected patients with various CVDs,
but also as a basis of evaluation of Al / advanced algo-
rithms for clinical validation of noise elimination and au-
tomatic determination of individual rhythm types. In the
future, the chest-belt can potentially serve as a screening
tool for the detection of arrhythmias such as AF, mea-
surement of % of APBs and VPBs, the detection of lon-
ger pauses between each QRS complex, monitoring of
AF burden, HR during AF and presence of runs of non-
sustained ventricular tachycardia. Considering the possi-
bility of ownership of a chest-belt by the patient, it can
be available anytime and anywhere, especially in times of
symptoms. Mainly it can serve as a long-term screening
monitoring tool to detect asymptomatic episodes of AF
and potentially reduce the cost of opportunistic screen-
ing for arrhythmias. Using a chest-belt, we have found
an asymptomatic AF paroxysm in 1/54 healthy controls. It
has been confirmed on an additional Holter ECG and the
patient was put on medication. However, this was found
manually and to validate automatic detection of arrhyth-
mias from long chest-belt recordings further prospective
studies are needed.

Study limitations

The main limitation of the study was the absence of
a Holter ECG in all patients throughout the chest-belt
ECG recording. However, a comparison of the quality
and accuracy of the QRS signals of the thoracic belt vs.
the Holter ECG has already been performed,™ as well as
a comparison of the quality of the ECG signal and the
accuracy of the detection of the AF thoracic belt vs. the
Holter ECG."'" We have used a different approach, not
to state a diagnosis from the chest-belt recording and to
compare it with a diagnosis from a Holter ECG but rather
examine each and every heart beat in all recordings man-
ually. Each heart beat was evaluated at least three times
by several experienced cardiologists and only then finally
annotated. All individual heart beats from the chest-belt
ECG were evaluated as certain (annotated as SR, AF, APB,
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VPB) or as uncertain in case of noise or any doubt or in
case of just generally poor-quality signal. Moreover, the
accuracy of this evaluation was manually checked against
a 12-lead ECG and a 10-minute telemetry recording with
an almost perfect match in all cases but patients with
a stimulated QRS complexes.

Another limitation of the study is the absence of evalu-
ation of automatic noise elimination algorithms and algo-
rithms or artificial intelligence, automatically evaluating
the heart rhythm. The data obtained in this evaluation,
manual annotation of each heartbeat, can nevertheless
be used as the gold standard for assessing the accuracy of
these techniques.

Conclusion

The ECG obtained from the chest-belt in hospitalized pa-
tients and outpatients with a wide range of cardiovascular
diseases, as in healthy individuals, is usable in real prac-
tice for evaluation of baseline rhythm, atrial fibrillation
and premature contractions with a minimal proportion of
difficult to interpret recordings due to artefacts. Caution
should be exercised in interpretation of the ECG in pa-
tients with stimulated rhythm, in patients with atrial flut-
ter and in evaluating premature ventricular beats of septal
origin since they can look very similar to premature atrial
beats. The chest belt seems ideal to be used as a means for
continuous monitoring of ECG, evaluation of rhythm and
screening of atrial fibrillation with minimal proportion of
noise regardless of patient activity if used well.
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V poslednich letech se do klinické praxe dostavaji nové metody trvalé kardiostimulace, které se v literature
nazyvaji fyziologickou stimulaci ¢i stimulaci Hisova-Purkyriova pfevodniho systému. Patfi mezi né stimulace
Hisova svazku, pfima stimulace levého Tawarova raménka a stimulace myokardu levokomorového septa.
Tyto stimulacni techniky jsou spojeny se zménou pfistupu k trvalé kardiostimulaci, jak ji zname v poslednich
desetiletich. Na rozdil od myokardiélni stimulace pravé komory srdecni je u nich stimula¢ni elektroda fixo-
vana pfimo do oblasti vyskytu bunék prevodniho systému (Hisova svazku ¢i levého Tawarova raménka), i
do jejich tésné blizkosti. DalSim vyznamnym rozdilem je nutnost pouziti specidlniho vybaveni k dosazeni op-
timalniho mista stimulace a obvykle i vyuziti specidlnich manévrl k potvrzeni uchvéceni bunék prevodniho
systému. Narustajici evidence o bezpecnosti a Ucelnosti téchto metod se odrazila v doporucenych postupech
nékterych narodnich spolecnosti pro kardiostimulaci. Fyziologicka stimulace (predevsim stimulace Hisova
svazku) je ve specifickych indikacich doporucovéna jako alternativa pro pravokomorovou nebo biventriku-
larni stimulaci. Tento prehledovy ¢ldnek popisuje jednotlivé typy fyziologické stimulace, techniku jejich pro-
vadeéni, zpasoby potvrzeni typu komorové aktivace a vyhody ¢i nevyhody jejich pouziti u pacientl s indikaci
k implantaci kardiostimulatoru pro bradykardii.

© 2022, CKS.

ABSTRACT

New methods of cardiac pacing are being adopted in clinical practice in recent years. They are called physio-
logical pacing or conduction system pacing and include His bundle pacing, direct left bundle branch pacing,
and left ventricular septal pacing. These methods differ significantly from a standard pacemaker implant
procedure. The lead is fixed directly into or adjacent to the tissue of the conduction system of the heart as
opposed to lead fixation in myocardial tissue of the right ventricle. Specialized tools and maneuvers for con-
firming conduction system capture are necessary during the implant procedure. Growing evidence on the
safety and feasibility of these methods is reflected in latest guidelines on cardiac pacing of several national
societies. They recommend physiological pacing (mainly His bundle pacing) in some specific indications as an
alternative to right ventricular myocardial or biventricular pacing. This review describes types of physiolo-
gical pacing, implant technique, methods of confirming conduction system capture, and its advantages and
disadvantages in patients with bradycardia and indication for pacemaker implantation.
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Uvod

Trvald kardiostimulace je zavedenou metodou tera-
pie bradyarytmii. Stimulace myokardu pomoci externi-
ho kardiostimuldtoru byla poprvé pouzita u pacientky
s bradykardii v roce 1957 a zavedeni prvniho trvalého
kardiostimuldtoru nasledovalo o rok pozdéji u pacienta
s atrioventrikularni (AV) blokadou Ill. stupné. Pozice sti-
mula¢ni elektrody v hrotu pravé komory srdecni (PKS)
je historicky nejpouzivanéjsi,' protoze nabizi vyborné
stimulacni parametry a je jednoduse dosazitelna. Tato
stimulace nicméné zpUsobuje intra- i interventrikularni
dyssynchronii, pusobi negativné inotropné,? zplsobuje
strukturdlni® a histologické* zmény myokardu a nasled-
né zhorseni funkce levé komory srde¢ni (LKS).> Tento
stav nazyvdme stimulaci indukovanou kardiomyopatii
a muze vznikat az u 20 % pacientd s trvalym kardio-
stimulatorem.® Predisponujicimi faktory jsou mimo jiné
vysoké procento pravokomorové stimulace a preexistu-
jici systolicka dysfunkce LKS.” Nékteré experimentalni
studie naznacovaly, Ze stimulace septa ¢i vytokového
traktu PKS by mohla vést k vice fyziologické aktivaci
myokardu.® Stimulace z téchto pozic je vSak stale zavisla
na pomalém vedeni elektrického vzruchu mezi myocyty
pracovniho myokardu a jeji klinickd superiorita oproti
apikalni stimulaci nebyla nikdy prokazana.®

Snaha o vice fyziologickou stimulaci vedla ke konceptu
stimulace Hisova svazku (HBP, z angl. His bundle pacing).
Pfi jeho stimulaci dochdazi k rychlému Siteni elektrického
impulsu na obé srdecni komory skrze vldkna prevodniho
systému. Zachovava synchronni komorovou aktivaci,
a tudiz by neméla vést ke vzniku stimulaci indukované
kardiomyopatie. HBP mUze byt pouzit také k resynchro-
nizacni terapii u pacientll s levoraménkovou blokadou,
protoze vlakna pro pravé a levé Tawarovo raménko jsou
funk¢né diferencovany jiz uvniti Hisova svazku'' a témér
polovina levoraménkovych blokad je zpusobena bloka-
dou vedeni uvnitf Hisova svazku.'

Dalsi moznosti, jak stimulovat srde¢ni komory vice fy-
ziologicky, je stimulace myokardu septa LKS ¢i pfima sti-
mulace levého Tawarova raménka.’'* V obou pfipadech
je stimulacni elektroda zavedena hluboko do mezikomo-
rové prepazky, co nejblize endokardu levé komory srdec-
ni. Oba zpUsoby stimulace sice vedou v porovnani s HBP
k méné fyziologické aktivaci srde¢niho komor,'> maji ale
nékteré vyhody, které umoznuji jejich Sirsi vyuziti jak
u pacientl s indikaci ke kardiostimulaci pro bradykardii,
tak i k resynchronizacni terapii.

Stimulace Hisova svazku

Signdl Hisova svazku byl poprvé zaznamendan v roce
1958.76 O nékolik let pozdéji byla popsdna moznost jeho
stimulace jak v animalnim experimentu, tak u ¢lové-
ka.”'® Bylo zjisténo, Ze u pacientl bez raménkové blo-
kady je pfi stimulaci Hisova svazku morfologie komple-
xu QRS shodna s jeho tvarem pfi spontannim rytmu.
Nasledné byla popsdna moznost korekce blokady levého
Tawarova raménka pfi stimulaci distalnich partii Hisova
svazku. Tak byla prokdzana jeho longitudinalni disocia-
ce, oz znamena, ze vldkna pro pravé a levé Tawarovo

raménko jsou funkéné diferencovana jiz uvnitf Hisova
svazku.2%%!

Prvni klinickd prace prokazujici klinicky benefit HBP
byla publikovdana Desmukhem v roce 2000 u pacientt
s tachyfibrilaci sini a snizenou ejekéni frakei LKS < 40 %,
pfi optimalni farmakoterapii.??> U pacientd doslo po za-
vedeni stimula¢ni elektrody do Hisova svazku a nasledné
ablaci AV junkce ke zlepSeni symptom srdecniho selhani.
Operacni postup byl spojen s mapovanim oblasti Hisova
svazku katétrem z femoralniho pfistupu a k jeho stimula-
ci byly pouzity klasické, styletem fizené elektrody. To bylo
spojeno s velmi dlouhymi operacnimi casy, nizkou Uspés-
nosti a se ztratou uchvaceni Hisova svazku v pooperacnim
obdobi u nékterych pacientd.

Zlep3eni operacnich vysledkd pfineslo zavedeni nového
instrumentdria pro stimulaci Hisova svazku; tj. zejména
4,1F lumenless elektrody (Medtronic Select Secure 3830)
s obnazenym helixem,? ktera je do oblasti Hisova svazku
zavadéna pomoci specidlniho preformovaného zavadéce.
Unipolarnim zapojenim této stimulacni elektrody je moz-
né v pribéhu zakroku mapovat oblast Hisova svazku bez
nutnosti zavadéni elektrofyziologického katétru femo-
ralnim pristupem a soucasné posuzovat stimulacni prahy
a charakter komorové stimulace. Tento operacni pristup
vedl ke zjednoduseni opera¢ni procedury, jejimu zkraceni
a zvyseni Uspésnosti.?* V nasledujicich letech byla publi-
kovana cela rada studii zamérenych na HBP u pacientt
s bradykardii ¢i srde¢nim selhdnim a raménkovymi bloka-
dami a operacni technika byla nasledné implementovana
do doporuceni pro kardiostimulaci nékolika odbornych
spolecnosti.?>?® Do dnesniho dne nicméné neexistuje pro-
spektivni, randomizovana studie prokazujici benefit to-
hoto opera¢niho postupu proti klasické pravokomorové
stimulaci u pacientt s bradykardii. Nejvétsi studie, ktera
porovndvala tyto dva zpUsoby stimulace, byla publikova-
na v roce 2018.7 V ni autofi prokdzali, Ze HBP redukuje
vyskyt primdrniho cile (Umrti, hospitalizace pro srde¢ni
selhdni a nutnost upgradu pfistroje pro srdecni selhani
v souvislosti se stimulaci) oproti myokardidlni stimulaci
hrotu ¢i septa pravé komory srdecni (25 % vs. 32 %, p =
0,02). Rozdil byl dan predevsim redukci poctu hospitaliza-
ci pro srdecni selhani, a to pouze v podskupiné pacientt
s komorovou stimulaci ¢etnéjsi nez 20 % po dobu sledo-
vani. U téch pacientdl, ktefi byli stimulovdni méné casto,
nebyl pozorovan rozdil ve vyskytu srde¢niho selhani mezi
skupinami.

Implantacni technika

Implanta¢ni technika elektrody pro HBP je podminéna
specifickymi anatomickymi poméry stimulované oblasti.
HisGv svazek se nachdzi ve vrcholu Kochova trojuhelni-
ku pravé siné a je pokracovanim vodivé tkané AV uzlu.
M3 variabilni délku 1,5-2,5 cm, probiha v blizkosti mem-
branézniho septa, penetruje centralni fibrézni téleso
a probiha na hiebeni muskularni ¢asti interventrikuldrni-
ho septa, kde se rozdéluje na pravé a levé Tawarovo ra-
ménko. Histv svazek ma tedy atridlni a ventrikularni ¢ast,
které jsou obé pristupné stimulaci. Jeho uloZeni a prabéh
ve vztahu k anatomii Kochova trojuhelniku je velmi varia-
bilni?® a také existuje zna¢na variabilita prdbé&hu Hisova
svazku ve vztahu k membrandznimu septu a tkani mus-
kuldrni ¢asti mezikomorové prepazky.?
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Obr. 1 - Zobrazeni oblasti trikuspidalni chlopné nastfikem kontrast-
ni latky ze zavadéce C315-His v pravé sikmé projekci. Zavadéc je
umistén do pravé komory, nékolik mm pod uroven trikuspidalni
chlopné, ktera je vizualizovana. Graficky je znazornéna pfiblizna
pozice AV uzlu a Hisova svazku - H. Stimulacni elektroda je zave-
dena v hrotu PKS.

V soucasné dobé je jiz dostupné instrumentarium ke
stimulaci Hisova svazku od nékolika vyrobcl. Nejdelsi
zkusenosti jsou s instrumentariem firmy Medtronic (4,1F
elektroda Select Secure 3830, zavadéc¢ C315-His ¢i C304XL).
V poslednim roce byly predstaveny zavadéci systémy od
daldich vyrobcUl, které umoznuji stimulovat oblast Hisova
svazku za pouziti styletem fizenych elektrod (zavadéc Se-
lectra 3D od firmy Biotronik, zavadéce SSPC1-4 od firmy
Boston Scientific a Agilis HisPro spole¢nosti Abbott).

Optimalni stranou pfistupu je levad podkli¢ckova oblast
a zilni pristup je zajistén standardné punkci v. axillaris ¢i
v. subclavia ¢i preparaci cefalické zily. Zvoleny zavadéc je
do pravé siné zaveden pomoci vodiciho dratu ¢i dilata-
toru. Stimulacni elektroda je pak do zavadéce vsunuta
tak, aby jeji konec presahoval 1-2 mm za konec zavadéce,
a je unipoldrné spojena s elektrofyziologickym zatizenim,
které zaznamendva 12svodové EKG a intrakardialni sig-
naly v posunu minimalné 100 mm/s. Oblast pribéhu Hi-
sova svazku je poté mapovdna hrotem stimulacni elektro-
dy, jemnymi manipulacemi se zavadécem s posunem jak
smérem k pravé komore srdecni, tak jeho rotaci po sméru
a proti sméru hodinovych ruci¢ek. Za idedlni pozici urce-
nou ke stimulaci Hisova svazku je povazovano misto zob-
razujici intrakardialni signaly siné i komory v poméru 1 :
2-3 spolu se zobrazenim ostrého signédlu Hisova svazku.?
Vizualizace trikuspidalniho anulu ¢i pravé siné nastfikem
kontrastni latky skrze port zavadéce (obr. 1) mUze pomo-
ci ziskat orientaci u pacientl se slozitéjsi anatomii, a tim
i zkratit trvani zdkroku. V pfipadech, kdy signal Hisova
svazku nelze v jeho predpoklddané lokaci zobrazit, je
mozné k potvrzeni spravného umisténi stimula¢ni elekt-
rody pouzit pace-mapovaci techniku s kontinualni stimu-
laci s vydejem 5V pfi 0,5 ms ¢i vy$sim. Nalezeni optimalni-
ho mista je obvykle spojeno s pfitomnosti stimulovaného
komplexu QRS s obrazem neselektivni HBP.

ZpUsob fixace elektrody Select Secure 3830 s obnaze-
nym helixem je odliSny od styletem fizenych elektrod.
Elektroda je fixovana tfemi az péti otackami celého téla

elektrody. Elektrodu je vhodné uchopit a rotovat co nej-
blize k zavadéci. Ten je zaroven v pribéhu fixace elektro-
dy jemné rotovan proti sméru hodinovych rucicek, aby byl
zajistén dostatecny kontakt s tkani oblasti Hisova svazku.
Po zafixovani elektrody je zkontrolovana pfitomnost sig-
nalu Hisova svazku na elektrodé a k potvrzeni jeho uchvé-
ceni jsou provedeny stimula¢ni manévry, zméren signal
komorové aktivity a stimulaé¢ni prah Hisova svazku a pfi-
padné okolniho myokardu. Za akceptovatelny stimula¢ni
prah Hisova svazku je v literatufe povazovan stimulac¢ni
vydej vedouci k jeho uchvéaceni pod 1,5-2 V pfi 1 ms.2*
V soucasné dobé jiz takto vysoké hodnoty neakceptujeme
a za pfrijatelny stimula¢ni prah povazujeme hodnoty do
1,5V pfi 0,5 ms. Pokud jsou namérené hodnoty paramet-
ri elektrody uspokojivé, je zavadéc stazen do pravé siné
tak, aby v pribéhu stahovani méla elektroda previs tvaru
pismene ,U". Poté je zavadéc rozfiznut a extrahovan, je
upraven previs elektrody v souvislosti s exkurzemi hrud-
niku pfi dychani a zkontrolovéna stabilita stimula¢nich
parametrua.

Potvrzeni uchvaceni Hisova svazku pfi stimulaci
Nejpouzivanéjsi technikou pouzZivanou k potvrzeni
uchvaceni Hisova svazku je pouziti stimula¢nich mané-
vra, tedy prokazani zmény morfologie komplexu QRS
a intrakardialnich signalG pfi snizovani stimula¢niho
vydeje. Vzhledem k tomu, Ze elektroda muze byt fi-
xovana intrahisalné nebo parahisdlné, muaze stimulace
z této oblasti vést ke tfem zplsobdm komorové akti-
vace. Prvnim z nich je selektivni stimulace Hisova svaz-
ku (sHBP; z angl. selective His Bundle Pacing), ke které
dochdzi v situaci, kdy je elektroda umisténa intrahisal-
né. Za této situace dochdzi k aktivaci srde¢nich komor
exkluzivné cestou prevodniho systému. Stimulovany
komplex QRS u pacientd bez raménkové blokady od-
povida spontannimu komplexu QRS a po stimula¢nim
artefaktu je na EKG viditelny izoelektricky interval. PFi
neselektivni stimulaci Hisova svazku (nsHBP; z angl.
non-selective His Bundle Pacing) je soucasné uchvacen
jak prevodni systém, tak i okolni myokard. Stimulovany
komplex QRS vétSinou zachovava srdecni osu intrinsic-
ké aktivace LKS a zacina tzv. pseudo-delta vinou zpUso-
benou lokalni excitaci myokardu (obr. 2). Tento zpUsob
komorové aktivace se vyskytuje jak pfi intrahisdlnim,
tak parahisalnim umisténi hrotu stimula¢ni elektrody.
V pripadé intrahisdlni pozice se pfi snizovani stimulac-
niho vydeje méni nsHBP na sHBP (vyssi vydej uchvati
i okolni komorovy myokard). V pfipadé parahisalni po-
zice tranzituje nsHBP pfi snizovani stimula¢niho vydeje
do prosté myokardidlni stimulace parahisalni oblasti,
kterd je tfetim zpUsobem aktivace komor pfi stimulaci
v oblasti Hisova svazku. Jedna se v podstaté o stimulaci
myokardu bazdalniho septa, a tak je spojena se Sirokym
komplexem QRS, ktery mize mit obraz blokady levého
raménka Tawarova (obr. 3).

Stimula¢ni manévry obvykle zahajujeme stimulaci vy-
dejem 5V na 0,5 ms a zmény morfologie QRS komplexu
posuzujeme za kontinualniho snizovani stimula¢niho vy-
deje. Zhruba u 8 % pacientl neprokazeme zménu morfo-
logie komplexu QRS pfi nsHBP snizovanim stimula¢niho
vydeje z davodu identickych stimula¢nich prahd Hisova
svazku a myokardu v parahisalni oblasti.*® U téchto pa-
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Obr. 2 - Pfechod mezi nsHBP
a sHBP pfi snizovani stimulacni-
ho vydeje a intrahisalni pozici
stimulacni elektrody. A: Spon-
tanni rytmus, H - signal Hisova
svazku, vyznacen je interval HV
a interval H-V6RWPT (interval
od signalu Hisova svazku do vr-
cholu viny R ve svodu V,, z angl.
R-Wave Peak Time, RWPT). B:
Selektivni stimulace Hisova svaz-
ku, morfologie komplexu QRS je
shodna s morfologii pfi spontan-
nim rytmu, interval Stim-V6R-
WPT (interval od stimulacniho
artefaktu do vrcholu viny R ve
svodu V) je shodny s intervalem
H-V6RWPT. C: Neselektivni sti-
mulace Hisova svazku, pseudo-
-delta vina je patrna zejména ve
svodech V-V, vyznacen je inter-
val Stim-V6RWPT, jehoz trvani je
shodné s intervalem H-V6RWPT.

Obr. 3-Tranzice mezi myokardial-
ni stimulaci a nsHBP pfi parahi-
salni pozici stimulacni elektrody.
A: Spontanni rytmus, H - signal
Hisova svazku, vyznaden inter-
val HV a interval H-V6RWPT; B:
myokardialni stimulace, vyzna-
cen interval Stim-V6RWPT, C:
nsHBP, vyznaceny interval Stim-
-V6RWPT je krats$i nez u myo-
kardialni stimulace a prakticky
shodny s intervalem H-V6RWPT.
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Tabulka 1 - Metody pouzivané k potvrzeni stimulace Hisova svazku

Metoda

Stimulacni manévry

Strucna charakteristika metody

Zména morfologie komplexu QRS
a/nebo intrakardialniho signalu pfi
zméné stimulacniho vydeje
Morfologicka kritéria Rozdilnd morfologie komplexu QRS
pfi nsHBP a myokardidlni stimulaci

Individualizovana Casovy rozdil mezi aktivaci LKS pFi

kritéria spontannim rytmu a stimulaci
Programovana Prikaz riizné refrakterity dvou
stimulace stimulovanych tkani

Vyhody

Pomérné snadno prove-
ditelné, zlaty standard
posuzovani typu komorové
aktivace

Rychlé a snadné provedeni
a vyhodnoceni, Ize pouzit
v ambulanci

Rychlé a snadné provede-
ni i vyhodnoceni, vysoka
senzitivita i specificita

Vysoka presnost

Nevyhody

U malé casti pacientl nelze pouzit, pro
identické stimulac¢ni prahy Hisova svaz-
ku a myokardu v parahisalni oblasti

MozZnost urcit pouze stavajici typ
stimulace

Nutnost méreni v rychlosti posunu 100
mm/s a vys§im, nelze pouzit u pacientd
s prodlouzenym intervalem HV
Narocnéjsi na cas, teoretické riziko
vyvolani komorové tachykardie

LKS - leva komora srdec¢ni; nsHBP — neselektivni stimulace Hisova svazku.
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Obr. 4 - Zména z nsHBP (prvni dva komplexy QRS) svazku na myo-
kardialni stimulaci parahisalni oblasti. Ve svodu | vznika pfi tranzici
na myokardialni stimulaci tzv. slur (tj. neostra zména sklonu ascen-
dentni ¢asti komplexu QRS), a ve svodech V-V, je patrny vznik za-
fezu na stimulovaném komplexu QRS.

cientl lze k odliseni nsHBP od myokardialni stimulace
pouzit morfologicka kritéria, individualizovana kritéria i
programovanou stimulaci Hisova svazku.?0-32
Morfologicka kritéria jsou zaloZena na rozdilném tva-
ru komplexu QRS a casu od stimula¢niho artefaktu do
vrcholu viny R ve svodu V, (Stim-V6RWPT, RWPT z angl.
R-Wave Peak Time) pfi myokardialni stimulaci parahisal-

ni oblasti a nsHBP. Pro myokardialni typ stimulace svéd¢i
pfitomnost zafezu v komplexech QRS ve svodech zob-
razujicich levou komoru srdecni (I, V,~V,) a prodlouzeni
stimulovaného V6RWPT nad 110 ms (obr. 4).

Individualizovanad kritéria prokazujici uchvaceni Hisova
svazku lze pouzit s velkou presnosti u pacientd s inter-
valem HV do 55 ms naméfenym pfi spontdnnim rytmu.
Vychazeji z pfedpokladu, Ze pfi stimulaci Hisova svazku
musi byt aktivace volné stény LKS pod elektrodou V, ¢a-
sové identickd s jeji aktivaci pfi spontannim rytmu. PFi
nsHBP by tedy mél stimulovany V6RWPT byt podobny
vzdalenosti od signdlu Hisova svazku do vrcholu komple-
xu QRS ve svodu V, béhem spontanniho rytmu. Pokud je
béhem stimulace v oblasti Hisova svazku V6RWPT delsi
o vice nez 12 ms, tak se s vysokou presnosti (senzitivita
100 %, specificita 99,1 %) nejedna o nsHBP, ale o stimula-
ci myokardialni,?? kterd je méné fyziologicka, a tudiz vede
k prodlouzeni tohoto intervalu (obr. 3). Dalsi vyuzitelnou
metodou je programovana stimulace Hisova svazku, ktera
vychazi z predpokladu, Ze Hislv svazek a okolni myokard
jsou tkané s rozdilnou efektivni refrakterni periodou. Po-
kud provedeme programovanou stimulaci se zkracujicim
se vazebnym intervalem pfi nsHBP, pak v urc¢ity moment
dojde ke zméné morfologie komplexu QRS, ktera bude
zpuUsobena aktivaci pouze jedné z tkani, protoze druha
nebude z davodu jeji refrakterity jiz excitovatelna (obr. 5,
tabulka 1). Metoda ma vysokou presnost a Ize ji v modifi-
kované podobé pouzit i béhem ambulantniho sledovani
pacientd pomoci EKG a programeru.®

Limitace stimulace Hisova svazku

PrestoZe je HBP nepochybné vice fyziologicky zpUsob sti-
mulace nez stimulace myokardu PKS, ma v porovnani s ni
fadu limitaci. Zaprvé HBP nikdy nebude mozné pouzit
u v8ech nemocnych s indikaci k implantaci kardiostimu-
latoru, zejména z dlvodu nemoznosti korekce raménko-
vych blokad zpUsobenych blokddou pod urovni Hisova
svazku. | proto se v publikovanych pracich ze zkusenych
pracovist Uspésnost HBP v neselektované populaci pa-
cientl s bradykardii pohybuje mezi 86 % az 92 % a zavisi
na zkusenostech operatéra a pouzitém instrumentariu.*
Ucebni kfivka je u tohoto zpUsobu stimulace delsi, nez
je tomu u prosté stimulace PKS, a k ziskani minimalni
erudice je potreba provést 40-50 implantaci i u lékaru
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Obr. 5 - Pouziti programované stimulace Hisova svazku k rozpoznani typu komorové aktivace. Obvykle se pouziva stimulace osmi stimuly
o frekvenci 100/min s pocatecnim extrastimulem o vazebném intervalu 450 ms, ktery je nasledné zkracovan o 10-20 ms. A: Zachyceny Ctyfi
stimulované komplexy QRS o frekvenci 100/min a extrastimulus s vazebnym intervalem 400 ms bez zmény morfologie komplexu QRS. B:
Zachyceny ¢tyfi stimulované komplexy QRS o frekvenci 100/min a extrastimulus s vazebnym intervalem 360 ms s priikkazem zmény morfo-
logie komplexu QRS a prodlouzenim intervalu Stim-V6RWPT, coz prokazuje zménu z nsHBP na myokardialni stimulaci.
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Obr. 6 - Umisténi stimulacni elektrody do oblasti ventrikularni ¢asti Hisova svazku. Nastfik kontrastni latky z dalSiho zavadéce C315-His byl
pouzit k zobrazeni vztahu trikuspidalniho anulu a hrotu stimulacni elektrody. V levé éasti je elektroda umisténa v oblasti Hisova svazku
v pravé sini; na intrakardialnim EKG je patrna pravidelna sifiova aktivita. Interval HV je 62 ms, stimulaci vydejem 1,25-3 V je dosazeno sHBP
sintervalem Stim-VGRWPT 98 ms, pfi V)'/deji nad 3 v je pfl’tomny nsHBP s intervalem Stim-VGRWPT té298 ms. V pravé casti byla elektroda po-
HV je 60 ms a je pfitomna jak stimulace myokardu pfi nizkém vydeji s mtervalem Stim-V6RWPT 130 ms, tak nsHBP pfi vy$sim stlmulacnlm
vydeji s intervalem Stim-V6RWPT 90 ms.
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se znacnou zkusenosti v oblasti elektrofyziologie a kar-
diostimulace.** Dal$i nevyhodou HBP jsou vyssi stimulacni
prahy, které vedou k ¢asnéjsim vyméndm stimulatord pro
vycerpdani zdroje.*®* Nakonec v publikovanych pracich byla
zjisténa vyssi incidence reintervenci na stimulacni elektro-
dé, zejména z divodu zvyseni stimula¢niho prahu, ztraty
uchvaceni Hisova svazku ¢i problému se sensingem.343637
V aktudlnich doporucenich Evropské kardiologické spo-
le¢nosti (ESC) je proto v mnoha pfipadech z ddvodu
bezpecnosti doporuc¢eno doplnéni o zalozni konvencni
pravokomorovou elektrodu ve spojeni s pfistrojem pro
biventrikuldrni stimulaci.?® Na zakladé nasich zkusenosti
se viak v takovych pripadech klonime vice k pouziti jinych
zpusobu fyziologické stimulace.

Stimulace ventrikularni ¢asti Hisova svazku

Stimulaci ventrikularni ¢asti Hisova svazku je mozné preko-
nat vétsSinu z vyse uvedenych limitaci HBP ve vice proximal-
nich lokacich. Technika implantace stimulacni elektrody je
velmi podobna vyse popsanému zplsobu HBP. Zasadnim
rozdilem je skutecnost, Ze po nalezeni oblasti Hisova svaz-
ku je zavadé¢ umistén pod uUroven trikuspiddlni chlopné.
Tam je elektroda fixovana tak, aby bylo mozné uchvacovat
buriky Hisova svazku ¢i proximalni ¢asti pravého raménka
Tawarova, nejcastéji spolu s kardiomyocyty okolniho sep-
ta. Pfesného ovéreni vztahu stimulacni elektrody a anulu
trikuspidalni chlopné je mozné dosahnout pomoci nastriku
kontrastni latky skrze zavadéc ¢i orientacné pozorovanim
velikosti amplitudy sifiovych intrakardialnich signdld. V ob-
lasti pod anulem trikuspidalni chlopné obvykle nejsou vi-
ditelné nebo je jejich amplituda nizsi nez 10 % amplitudy
signalt komorovych33° (obr. 6).

Stimulace ventrikuldrni ¢asti Hisova svazku vykazuje
v porovnani s atridIni pozici elektrody lepsi parametry
sensingu, lepsi stimula¢ni prahy a pravdépodobné i lepsi
dlouhodobou stabilitu stimulac¢ni elektrody.*#' Hodnoty
stimula¢niho prahu a sensingu jsou mnohem blizsi hod-
notam, které pozorujeme pfi myokardiadlni stimulaci sep-
ta. Stimulace ventrikuldrni ¢asti Hisova svazku je v pod-
staté stimulaci bazalniho septa s konkomitantni stimulaci
bunék prevodniho systému (Hisova svazku ¢i proximal-
niho pravého Tawarova raménka). | kdyz tento zpusob
stimulace prekonava nékteré limitace pavodni techniky
HBP, nikdy nebude mozZné ho pouzit u vdech nemocnych
s blokddou levého Tawarova raménka, protoze, jak jiz
bylo zminéno, u &asti pacientt se blokada nachézi v jeho
kmeni nebo distaIngji. U téchto pacientd, ale i u nemoc-
nych s pravoraménkovou blokadou je ke korekci ramén-
kové blokady vhodné pouzit nékterou z technik stimulace
distalnich casti pfevodniho systému ¢i myokardu levoko-
morového septa. Stimulace komorové casti Hisova svaz-
ku, kterd nahrazuje pavodni zptsob HBP, je v soucasnosti
vétsinou pouzivana u pacientd bez raménkové blokady.

Stimulace oblasti levokomorového
septa/levého Tawarova raménka

Stimulace oblasti levokomorového septa ¢i oblasti levého
raménka (LBBAP, z angl. left bundle branch area pacing)
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Obr. 7 - Urceni pozice elektrody pro LBBP na pravokomorovém
septu podle srdecni osy pred jejim zavrtanim. A: Stimulace pravo-
stranného septa s normalni osou a optimalni pozici hrotu stimulac-
ni elektrody. B: Stimulace septa PKS se superiorni osou, ktera znaci
nizkou pozici elektrody na septu. C: Stimulace levostranného septa
s inferiorni osou, ktera znaci pfili$ vysokou inicialni pozici stimulac-
ni elektrody na septu.

je souhrnny nazev pro dva typy komorové stimulace, kte-
ré sdileji podobnou lokalitu umisténi stimula¢ni elektro-
dy, podobnou morfologii stimulovaného komplexu QRS
a vice fyziologickou aktivaci LKS v porovnani se stimulaci
pravokomorovou.®” Prvni z nich je stimulace myokardu
levého septa (LVSP, z angl. left ventricle septal pacing)
a druhd z nich je pfima stimulace levého Tawarova ra-
ménka (LBBP, z angl. left bundle branch pacing).

Jako prvni byla Mafi-Radem v roce 2016 predstavena
LVSP.” Autofi pomoci specidlni stimula¢ni elektrody, kte-
ra byla zavedena hluboko intraseptalné, stimulovali le-
vokomorové septum tak, aby stimulovany komplex QRS
vykazoval morfologii blokady pravého Tawarova ramén-
ka. Tento zpUsob stimulace byl u deseti pacientd se sick
sinus syndromem a uzkym komplexem QRS spojen s lepsi-
mi parametry vykonnosti LKS nez stimulace hrotu ¢i septa
PKS. Ukazalo se tedy, Ze tato metoda stimulace je mozna,
bezpecna, ma kratkou ucebni kfivku a je vice fyziologicka
nez stimulace myokardu PKS.

Koncept stimulace levého raménka Tawarova byl pred-
staven Huangem v roce 2017 u pacientky se srde¢nim se-
Ihdnim a levoraménkovou blokadou, u které nebylo mozné
dosahnout resynchronizace pomoci stimulace biventrikular-
ni ¢i pomoci HBP. Proto byla stimulacni elektroda zavede-
na hluboko intraseptéalné v bazalni ¢asti mezikomorového
septa a bylo dosaZzeno stimulace kmene levého Tawarova
raménka. To vedlo ke zna¢né redukci trvani komplexu QRS
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a ustupu symptom srdecniho selhani v poopera¢nim ob-
dobi. Na rozdil od LVSP, ktera do dnedni doby nebyla jasné
definovana, je LBBP popsana jako piima stimulace kmene
¢i proximalnich fascikla levého Tawarova raménka, ktera je
potvrzena jeho uchvacenim nasledujicimi kritérii:

1. pfitomnost pseudo-RBBB morfologie stimulovaného
komplexu QRS ve svodu V, (u pacientt s intaktnim
prevodnim systémem LKS);

2. pfitomnost potencidlu levého Tawarova raménka
na stimulac¢ni elektrodé béhem spontéanniho rytmu
(u pacientt bez LBBB);

3. nahlé zkraceni intervalu stimulovaného V6RWPT pfi
zvySovani stimula¢niho vydeje, anebo konstantné
velmi kratky stimulovany V6RWPT;

4. prakaz selektivni a neselektivni stimulace levého Ta-
warova raménka;

5. pfimy prikaz stimulace levého Tawarova raménka
pfi zaznamenani antegradniho nebo retrogradniho
potencidlu za pouziti daldiho elektrofyziologického
katétru nebo stimulac¢ni elektrody umisténé do ob-
lasti Hisova svazku nebo distdIné na levé Tawarovo
raménko (nepouziva se v rutinni klinické praxi).

K potvrzeni stimulace LBB je nutny prlkaz prvnich

dvou a alespon jednoho ze zbyvajicich tFi kritérii.*

Implantacni technika pro stimulaci levého
Tawarova raménka

Levé Tawarovo raménko (LBB, z angl. left bundle branch)
odstupuje z vétvici se ¢asti Hisova svazku poté, co pene-
truje centrdlIni fibrézni téleso. VIdkna tvorici kmen LBB
probihaji pod endokardem LKS v subaortalni ¢asti septa
v Uhlu mezi nekorondrnim a pravym koronarnim cipem
aortalni chlopné. Kmen levého Tawarova raménka pro-
bihd inferiorné a lehce anteriorné v délce 10-15 mm
a pak se vétvi na obvykle tenc¢i pfedni a mohutnéjsi zadni
fascikl. Predni fascikl probiha Sikmo vytokovym traktem
levé komory k bazi pfedniho mitralniho cipu. Zadni fasci-
kl je obvykle pfimym pokrac¢ovanim kmene levého Tawa-
rova raménka a sméruje k bazi zadniho mitralniho cipu,
pricemz v pribéhu ¢asto vydava septalni vétev. Je nutné

poznamenat, Zze pribéh a vétveni LBB vykazuje zna¢nou
interindividualni variabilitu (nékdy odstupuje z kmene
septdlni fascikl samostatné), a navic mezi jednotlivymi
Castmi LBB se muzou vyskytovat spojovaci vldkna, jez
umoznuji rychlé sifeni depolariza¢ni viny do celé LKS.*

ZpUlsob inzerce zavadéce a stimulacni elektrody je zpo-
¢atku shodny s postupem pfi HBP popsanym vyse. Zavadéc
s elektrodou je pod skiaskopickou kontrolou v pravé Sikmé
projekci umistén tésné za trikuspidalni chlopern do oblasti,
ve které se nachazi distalni Histv svazek. Pozici ovéfujeme
pomoci pfitomnosti signdlu Hisova svazku na elektrodé
¢i nastfikem kontrastni latky a provedenim trikuspidalni
anulografie. Pfi LBBP je cilem stimulace kmen a proximalni
fascikly levého Tawarova raménka, a proto je cilova oblast
zavedeni stimula¢ni elektrody umisténa ne dale nez 1-2 cm
apikalnim smérem od mista distalniho Hisova svazku, na
spojnici mezi nim a hrotem pravé komory srdec¢ni. Dosaze-
ni optimalni pozice na pravokomorovém septu Ize potvrdit
pomoci stanoveni elektrické osy pfi jeho stimulaci. Superior-
ni sklon osy (< —30°) poukazuje na nizké ulozZeni zavadéce
a elektrody na pravokomorové prepazce a opacné, inferior-
ni sklon srdec¢ni osy (> 60°) pfi stimulaci pravokomorového
septa indikuje vysokou stimula¢ni pozici. Stimulaci kmene
¢i septalniho fasciklu levého Tawarova raménka indikuje
sklon srde¢ni osy v rozmezi —29 az 60° (obr. 7).

Po dosazeni spravného umisténi zavadéce s elektrodou
napravokomorovémseptu je vhodné zajistit kolmou orien-
taci distalni ¢asti zavadéce se septem jeho jemnou rota-
i proti sméru hodinovych rucicek, se sou¢asnym jemnym
povytazenim celého instrumentaria ven z téla pacienta.
Toto je vhodné zkontrolovat v levé Sikmé projekci nebo
zajistit v pravé Sikmé projekci tim, Ze hrot zavadéce smé-
ruje na dislici 2-3 virtualniho ciferniku hodinek (obr. 8).

Télo elektrody je poté zasroubovano po sméru hodi-
novych rucicek aplikaci nékolika rychlejsich rotaci, aby
doslo k penetraci endokardu pravokomorového septa,
ktery mlze byt prekdzkou zavedeni elektrody u nékte-
rych pacientl. Polet otacek potfebny k dosazeni potreb-
né hloubky elektrody je individudIni, u vétsiny pacientd
je vyssi nez u HBP.

A

Obr. 8 - Orientace zavadéce v pravé a levé sikmé projekci k snadné penetraci septa a dosazeni
kolmého priiniku stimulacni elektrody. Panel A zobrazuje orientaci katétru smérem k ¢islu 2 na
pomysiném ciferniku hodinek v pravé Sikmé projekci, druha stimulaéni elektroda je zavedena do
hrotu PKS. Panel B znazoriuje elektrodu po fixaci v levé sikmé projekci. Elektroda je orientovana

témér idedlné kolmo na septum.
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Obr. 9 - Ukazka tzv. fixacnich komplext
QRS vznikajicich v pribéhu penetra-
ce elektrody do hloubky septa pfi jeji
rychlé rotaci. Prvni dva komplexy QRS
jsou komplexy spontanniho rytmu.
Treti a ctvrty komplex QRS (oznacené
pismenem F) jsou fixacni komplexy
QRS s morfologii pseudo-RBBB ve svo-
du V,. Sesty az osmy komplex QRS jsou
stimulované komplexy z oblasti levého
septa. Jejich morfologie je podobna za-

chycenym fixacnim komplexim QRS.

Hloubku hrotu stimula¢ni elektrody v mezikomorové

prepazce Ize monitorovat nékolika zpUsoby:

1. Intermitentni nebo kontinualni monitoraci morfolo-
gie komplexu QRS na 12svodovém EKG.

2. Pomoci pfitomnosti tzv. fixa¢nich komplexa QRS (,, fi-
xation beats”), tj. extrasystol, které vznikaji drazdé-
nim myokardu hrotem stimula¢ni elektrody pfi jeji
rotaci a jejichz morfologie odpovida hloubce hrotu
elektrody v septu® (obr. 9). Z nasich zkusenosti a pub-
likovanych praci vyplyva, Ze vyskyt téchto extrasy-
stol je Umérny rychlosti rotace stimula¢ni elektrodou
v prubéhu jeji intraseptalni fixace.*

3. Monitoraci odporu elektrody pfi stimulaci, ktery pfi
penetraci septa nejdfive roste, obvykle na hodnoty
kolem 800-900 Q2 a pak postupné klesa k hodnotam
kolem 500 Q. Ty indikuji dosaZeni pozice v suben-
dokardu LKS. Jednd se ale o znacné nespolehlivy
parametr, jehoz hodnoty kolisaji v pribéhu zakroku
i beze zmény mista stimulace. Vhodnéjsi nez posuzo-
vat absolutni hodnotu je sledovat zménu impedan-
ce; pokud nahle klesne o vice nez 100-200 Q a sti-
mulace je spojena s vysokym stimulacnim prahem,
pravdépodobné jiz doslo k penetraci hrotu elektro-
dy do dutiny LKS.

4. Pfimou vizualizaci kontury pravokomorového septa,
kterou je mozné provést injekci kontrastni latky za-
vadécem a pak posuzovat hloubku elektrody v sep-
tu porovnanim kontury septa ze vzdalenosti hrotu
elektrody od jejiho RTG kontrastniho ringu (10,8
mm v pfipadé elektrody Select Secure 3830) (viz obr.
10).

5. Unipolarni stimulaci z ringu elektrody zavedené
v hloubce septa. Pokud pfi stimula¢nim vydeji 5V na
0,5 ms dochazi k uchvaceni pravokomorového septa,
pak je elektroda zavedena minimalné 10 mm intra-
septalné.

Dosazeni spravného mista pro stimulaci LBB je potvr-

zeno pfitomnosti pseudoblokady pravého Tawarova ra-
ménka ve svodu V, a nékterého z dalSich kritérii, jak byla

definovana Huangem* a popsdna vyse. Jakmile je potvr-
zena spravna poloha elektrody, zavadéc je stazen do pra-
vé siné a nasledné je rozfiznut a vyjmut.

Technika implantace elektrody do oblasti
levokomorového septa

Technika implantace elektrod ke stimulaci myokardu le-
vokomového septa je totoZzna s postupem pro LBBP. Hlav-
nim rozdilem je pozice stimula¢ni elektrody, ktera nemusi
byt umisténa striktné do oblasti kmene a proximalnich
fasciklt LBB. Cilovou oblasti je tedy subendokardialni vrs-
tva septa LKS. Hlavnim znakem dosaZeni cilové oblasti je
pseudoblokada pravého Tawarova raménka patrna na
povrchovém EKG, pfitomnost uzsiho komplexu QRS v po-
rovnani se stimulaci septa PKS' a nepfitomnost vyznamné
zmény morfologie komplexu QRS, VGRWPT a morfologie
intrakardidlniho signalu pfi porovnani stimulace s vy-
sokym vydejem (obvykle 5 V na 0,5 ms) a vydejem nad
stimula¢nim prahem (obr. 11, panel C). Rozdilem proti
LBBP neni jenom vétsi cilova oblast pro umisténi stimu-

Obr. 10 - Zptisob vizualizace hloubky zavedeni stimulacni elekt-
rody pomoci zobrazeni kontury pravostranného septa po injekci
kontrastni latky ze zavadéce C315-His v levé Sikmé projekci. Horni
elektroda je zavedena v oblasti Hisova svazku, druha elektroda je
zavedena v oblasti levého Tawarova raménka v hloubce 15 mm.
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Obr. 11 - Zmény morfologie komplexu QRS a VBRWPT pfi riiznych typech komorové aktivace pfi LBBAP. A: Zména z nsLBBP (1. a 2. komplex
QRS) na sLBBP (3. a 4. komplex QRS) pfi snizovani stimula¢niho vydeje; interval Stim-V6RWPT zlistava konstantni, morfologie komplexu
QRS ve svodu V, se méni z morfologie QR na morfologii rSR'a ve svodu V, dochazi pii sLBBP ke zvyraznéni viny S, zména je patrna i na
intrakardialnim signalu. B: Zména z nsLBBP (1. a 2. komplex QRS) na LVSP (3. a 4. komplex QRS) pfi snizovani stimula¢niho vydeje, interval
Stim-V6RWPT se prodluZuje o vice nez 10 ms, coZ odrazi opozdénou aktivaci LKS, amplituda kmitu R ve V, se sniZuje a mizi terminalni kmit
S ve svodu V.. C: Rozdily mezi LVSP pfi stimulaci na 5 V na 0,5 ms (prvni dva komplexy QRS) a 0,5 V na 0,5 ms (posledni dva komplexy QRS).
Morfologie komplexu QRS se vyraznéji neméni a V6RWPT zGstava téméf konstantni, resp. zména jeho trvani neni > 10 ms.
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Tabulka 2 - Metody pouzivané k potvrzeni LBBAP

Metoda

Stimulacni manévry

Strucna charakteristika metody

Zména morfologie stimulova-
ného komplexu QRS a stimu-
lovaného V6RWPT pfii zméné
stimulacniho vydeje

Casovy rozdil mezi aktivaci levé
komory srde¢ni pfi spontannim
rytmu a stimulaci

Individualizovana kritéria

Casovy rozdil mezi aktivaci
pravé a levé komory

Méreni vzdalenosti
V6RWPT-V1RWPT

Programovana
stimulace LBB

Priikaz rGzné refrakterity dvou
stimulovanych tkani

Vyhody

Pomérné snadno proveditel-
né, zlaty standard posuzova-
ni typu komorové aktivace

Snadné provedeni a vyhod-
noceni

Snadné provedeni a vyhod-
noceni

Vysoka specificita

Nevyhody

U nékterych pacientl nelze rozlisit
nsLBBP od LVSP pro identické stimula¢ni
prahy LBB a okolniho myokardu

Obtiznéjsi interpretace u pacient
s LBBB, muUze selhavat u LVSP z nizkych
septalnich pozic

Nutnost méreni v rychlosti posunu 100
mm/s a vy3sim, muze selhavat u LVSP
z nizkych septalnich pozic

Niz3i pfesnost v porovnani s programova-
nou stimulaci HBP, obtiznd interpretace
morfologickych zmén komplexu QRS,
Casové narocna

HBP - stimulace Hisova svazku; LBB — levé Tawarovo raménko; LBBP - stimulace levého Tawarova raménka; LVSP - stimulace myokardu
levého septa; nsLBBP - neselektivni stimulace levého Tawarova raménka.

v porovnani se sLBBP rychlejsi. Stimulovany komplex QRS
ma ve svodu V, morfologii pseudoblokady pravého Ta-
warova raménka, ovsem rychlost aktivace LKS se nemé-
ni, a tak nedochazi k vyrazné zméné V6RWPT (obr. 11,
panel B). PFi myokardidlni stimulaci levého septa (LVSP)
dochazi k okamzitému uchvaceni myocytl v okoli hro-
tu stimulacni elektrody a prestupu depolariza¢ni viny
doprava. Aktivace Purkyriova systému LKS je opozdéna
minimalné o 10-20 ms (plati zejména v pfipadé stimula-
ce bazalnich partii levokomorového septa). Proto je pfi
LVSP ve svodu V, pfitomen obraz pseudoblokady pravé-
ho Tawarova raménka podobné jako p¥i nsLBBP (ampli-
tuda kmitu r je ale ¢asto mensi), nicméné mirné opoz-
dénd aktivace volné stény LKS se projevi prodlouzenim
V6RWPT minimdlné o 10 ms% (obr. 11, panely B a Q).

Stimulacni manévry jsou hlavni metodou slouzici k roz-
poznani charakteru komorové stimulace pfi stimulaci le-
vého septa, podobné jako pfi stimulaci v oblasti Hisova
svazku. Pokud je hrot stimula¢ni elektrody umistén uvnitf
LBB ¢i jeho fascikld, pak pfi snizovani stimulac¢niho vydeje
pozorujeme zménu z nsLBBP na sLBBP (obr. 11, panel A).
Pokud je hrot stimula¢ni elektrody umistén v tésné bliz-
kosti levého raménka, pak je pfisnizovanistimula¢niho vy-
deje pozorovana zména z nsLBBP na LVSP (obr. 11, panel
B). Pfi LVSP, kdy je hrot stimula¢ni elektrody v myokardu
levého septa a neni v blizkosti levého raménka (LBB nelze
uchvatit pfi vydeji 5 V pfi 0,5 ms), se morfologie komplexu
QRS pfi stimulaci vy$S§im a niz$im vydejem signifikantné
neméni (obr. 11, panel C). Analogicky k HBP neni u nékte-
rych pacientl tranzice mezi nsLBBP a myokardidlni stimu-
laci identifikovatelna z dlvodU identického stimulac¢niho
prahu tkdné prevodniho systému a pracovniho myokardu.
U téchto pacientu je pak mozné pouzit k identifikaci typu
komorové aktivace programovanou stimulaci LBB,* indi-
vidualizovana kritéria® ¢i kritéria zaloZena na vzdalenosti
V6RWPT od VIRWPT (tabulka 2).3°

Programovana stimulace vychazi z predpokladu roz-
dilné efektivni refrakterni periody dvou tkani pti nsLBBP
(LBB a okolni myokard). Spociva v aplikaci extrastimul
se zkracujicim se vazebnym intervalem. V. momenté, kdy
je jedna tkan jesté excitovatelnd a druhad jiz k excitaci

refrakterni, dochazi ke zméné morfologie komplexu QRS.
Bohuzel rozdil refrakternich period LBB a okolniho myo-
kardu je mensi nez v pripadé stimulace v oblasti Hisova
svazku a zmény morfologie komplexu QRS pfi programo-
vané stimulaci LBB jsou obtiznéji interpretovatelné. Proto
je praktické vyuziti tohoto zpUsobu uréeni typu komoro-
vé aktivace hare vyuzitelné.

Individualizovand kritéria pro potvrzeni stimulace LBB
vychazeji z predpokladu, Ze pokud je ihned uchvacova-
na tkan LBB, je vzdalenost mezi stimula¢nim artefaktem
a V6RWPT identicka vzdalenosti od potencidlu LBB do vr-
cholu viny R ve svodu V, pfi spontannim rytmu. Naopak
pfi myokardidlni stimulaci levého septa je tkan LBB uchva-
cena se zpozdénim, a proto by méla byt vzdalenost od
stimula¢niho artefaktu do V6RWPT > 10 ms delsi, nez je
vzdalenost LBB potencidl-V6RWPT pfi spontannim rytmu.

Daldi vyuzitelnou metodou k posouzeni charakteru
komorové aktivace pfi stimulaci levého septa je méreni
vzdalenosti mezi VIRWPT a V6RWPT, ktera by méla od-
povidat rozdilu aktivace PKS a LKS. sLBBP zpUsobuje nej-
vyraznéjsi mezikomorovou dyssynchronii, a proto je tato
vzdalenost nejvétsi, naopak LVSP je spojen s nejmensi me-
zikomorovou dyssynchronii, a tudiz jsou hodnoty rozdilu
V1RWPT a V6RWPT nejmensi.

Pro individualizovana kritéria byly publikovany i hod-
noty stimulovanych V6RWPT, které maji odlisit nsLBBP od
LVSP. Napfiklad u pacientt bez LBBB by méla byt hod-
nota stimulovaného V6RWPT mensi nez 75 ms vysoce
specificka (témér 100 %), i kdyz pomérné malo senzitiv-
ni (70-82 %) pro nsLBBP.* Vysokou specificitu k odliseni
nsLBBP od LVSP by méla vykazovat i hodnota vzdalenosti
V6RWPT-V1RWPT nad 44 ms.>® Je viak potieba tyto hod-
noty vnimat v kontextu zpUsobu, kterym byly validovany
(validace probéhla na skupiné pacientd, ktefi méli zménu
morfologie komplexu QRS pfi snizovani stimula¢niho vy-
deje, a nikoliv u téch, u kterych zména nebyla viditelnd).
Proto je potfeba pristupovat k jejich pouziti opatrné ze-
jména u pacientl s LVSP v nizkych septélnich pozicich. Ty
vedou k vyrazné deviaci srde¢ni osy doleva, coz zkracuje
V6RWPT"™ a prodluzuje trvani depolarizace PKS, a proto
arteficialné prodluzuje vzdalenost V6RWPT-V1RWPT.
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Zadny parametr navic nejspise nem(ize dosdhnout ab-
solutni presnosti v populaci pacientl s rdznymi rozméry
srdec¢nich oddild a rdznym stupném postizeni vlaken pre-
vodniho systému.

Vsechny typy stimulace z oblasti levého septa jsou
méné ,fyziologické” nez HBP, protoZe vedou k jistému
stupni mezikomorové dyssynchronie. K jeji redukci Ize
vyuzit tzv. bilateralni raménkové stimulace, ktera tuto
dyssynchronii zmensuje za vyuziti souc¢asné bipolarni sti-
mulace z hrotové a proximalni (ringové) elektrody, jez je
v kontaktu s pravokomorovym septem. Timto zpUsobem
stimulace lze u vétsSiny nemocnych dosahnout zmenseni
mezikomorové dyssynchronie a dalsi redukce trvani kom-
plexu QRS.>

Proceduralni a klinické vysledky LBBAP
a jeho limitace
Hodnoty stimula¢nich prahG a sensingu stimulacnich
elektrod implantovanych do levokomorového septa jsou
porovnatelné s hodnotami elektrod implantovanych do
septalnich pozic PKS.52 Usp&inost dosazeni stimulace levé-
ho raménka je v rozmezi 80-94 %,>% data z pracoviste,
které tuto techniku stimulace zavedlo jako prvni, ukazuji
98% Uuspésnost.>® Jejich stfednédobé vysledky poukazuji
kromé toho na bezpecnost metody, s minimalnim vysky-
tem pooperacnich komplikaci a pfetrvavajicimi vybornymi
stimulac¢nimi parametry. Podobné jako u HBP nejsou pro
LBBAP dostupna data o jeji superiorité nad myokardialni
stimulaci pravé komory srdecni z prospektivnich randomi-
zovanych studii. Vysledky observa¢ni prace porovnavajici
LBBAP proti pravokomorové stimulaci u pacientd s brady-
kardii ukazuji vyznamnou redukci umrti a hospitalizaci pro
srdecni selhdni pri LBBAP. Tyto rozdily byly patrné pouze
v podskupiné pacientl stimulovanych ve vice nez 20 %.5?
Limitaci stimulace levého septa je jeji finan¢ni naroc-
nost z dlvodu pouZziti specidlniho instrumentdria a ob-
vykle i vysSich pozadavku jak na technickou vybavenost
operacnich sald, tak na jejich personalni vybaveni. Otaz-
kou budoucnosti také bude bezpecnost extrakce takto
hluboce intraseptalné implantovanych elektrod z dlvodu
infekce nebo strukturdlniho selhani elektrody.

Zavér

Trvald kardiostimulace je spolehlivou metodou udrzeni
adekvatni tepové frekvence u nemocnych s bradykardii.
Myokardidlni stimulace pravé komory srde¢ni vede k ne-
fyziologické srdec¢ni aktivaci, kterd je u ¢asti nemocnych
spojena s poklesem systolické funkce LKS a rozvojem sr-
de¢niho selhani. Nové zpUsoby srdec¢ni stimulace zajistu-
ji vice fyziologicky zpUsob srdecni aktivace v porovnani
s myokardialni stimulaci PKS, coZz by mélo omezit vyskyt
srdecniho selhani zplsobeného trvalou kardiostimulaci.
Mezi fyziologické zpuUsoby stimulace patfi stimulace Hi-
sova svazku, levého Tawarova raménka a myokardidlni
stimulace septa levé komory srdec¢ni. Tyto moderni tech-
niky kardiostimulace vyuZivaji pfimé stimulace bunék
prevodniho systému ¢i stimulace kardiomyocytl v tésné
blizkosti vldken levého Tawarova raménka. Jejich spolec-
nym znakem je nutnost pouziti specidlniho instrumenta-
ria a modifikovaného operac¢niho postupu, ktery zajisti

presné umisténi stimula¢ni elektrody do cilové oblasti.
Pfi jeji stimulaci je mozné dosahnout komorové aktivace
vice zpUsoby: selektivni stimulaci rdznych drovni prevod-
niho systému, myokardialni stimulaci parahisalni oblasti
¢i levokomorového septa anebo konkomitantni stimulaci
bunék prevodniho systému a okolniho myokardu. V pra-
béhu vykonu je nutné zvoleny operacni postup pfizplso-
bit pacientovi na miru. Nevyhnutelnym predpokladem ke
zvladnuti téchto operacnich technik je podrobnd znalost
srdecni anatomie a porozuméni metodam prukazu typu
komorové aktivace. Typ komorové aktivace se posuzuje
podle morfologie stimulovaného komplexu QRS, intra-
kardidlnich signdld nebo aktiva¢nich ¢ast pravé a levé ko-
mory. Pouzivany jsou tedy i nékteré zakladni elektrofyzio-
logické postupy a metody, které kladou zvysené ndaroky
na erudici zdravotnického personalu provadéjicitho ope-
racni zakrok a na vybaveni operacnich salt a pochopitel-
né také na ambulantni sledovani pacientl. Zda se fyzio-
logicka kardiostimulace stane standardni metodou Iécby
pacientd s bradykardii, prokdzou vysledky probihajicich
randomizovanych prospektivnich studii.
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Prehledovy ¢lanek autord Sharma a spol. si klade za cil
predlozit urcity navod, jakym zplsobem optimalizovat
farmakoterapii srde¢niho selhani se snizenou ejek¢ni frak-
ci levé komory (heart failure with reduced ejectin fraction,
HFrEF) s cilem snizit mortalitu a morbiditu u co nejvétsiho
poctu pacientd s timto syndromem.! Je totiz znamo, Ze
pres jednoznacné védecké poznatky zahrnuté v doporuce-
nich odbornych spole¢nosti pouze malé procento pacientt
s HFrEF je Iéceno kombinaci 1ékU, které modifikuji prabéh
onemocnéni.

Nékteré registry ukdzaly, ze trojkombinaci Iéka zahr-
nujici inhibitor systému renin-angiotenzin, beta-blokator
a antagonistu mineralokortikoidnich receptort je lé¢eno
pouze 1 % nemocnych s HFrEF. A pouze 14 % pacientl
s HFrEF je lé¢eno sacubitril/valsartanem, prestoze nemaji
k této terapii kontraindikace. Jak ale vime, odborné spo-
lecnosti véetné Evropské kardiologické spolecnosti v roce
2021 (ESC HF Guidelines 2021) definuji pro Ié¢bu srde¢niho
selhani se snizenou ejek¢ni frakci (HFrEF) Ctyfi zakladni Ié-
kové skupiny. Jsou to: blokatory systému renin-angioten-
zin: inhibitory enzymu konvertujiciho angiotenzin (ACEl),
antagonisté receptoru angiotenzinu Il a inhibitory nepri-
lysinu (ARNI), beta-blokatory (BB), antagonisté mineralo-
kortikoidnich receptor (MRA) a inhibitory sodiko-gluké-
zového kotransportéru 2 - glifloziny (SGLT2i). Pfitom ACEI
a ARNI jsou brany jako jedna skupina.

Efekt zakladnich Iékovych skupin na mortalitu a morbi-
ditu je u HFrEF (kromé gliflozin®) zavisly na davce.

Jak dosahnout ¢tytkombinace u co nejvétsiho poctu pa-
cientd s titraci davek?

Drivéjsi doporuceni navrhovala sekvencni pfistup se zaha-
jenim podavani jedné |ékové skupiny s titraci davky a pfida-
nim dalsi Iékové skupiny po dosazeni maximalni tolerované
davky prvni skupiny u pacientt s nové zjisténym HFrEF. Ten-
to pristup se opousti zejména proto, Ze k dosazeni kombi-
nace v optimalnich davkach je potreba ctyr az Sesti mésica.

Clanek Sharmy a spol. ukazuje nové mozné strategie
zahajeni [écby a titrace davek.

Prvni strategie predstavend autory McMurray a Packer
navrhuje tfistuprfiovy postup pfi zahajeni lécby u stabil-
nich pacientl s HFrEF: v prvnim kroku BB a gliflozin s na-
slednym poddvanim ARNI béhem jednoho az dvou tydnl
a naslednym priddnim MRA. Titrace ddvek by pak méla
probihat az poté, co je pacient Iécen ¢tyfkombinaci.?

Druha strategie navrzena Millerem zd0razriuje indivi-
dudlni pfistup k zahajeni Iécby podle fenotypu pacienta
s HFrEF.3 Napfiklad u pacienta s hypervolemii zah3jit 1é¢-
bu SGLT2i, u normoteznich pacientl lé¢bu zahajit ARNI
a MRA, u pacientt s vyssi tepovou frekvenci pak BB, pfi-
padné v kombinaci s ivabradinem. Dalsi Iékové skupiny
mohou byt pfidany béhem dvou az ¢tyr tydnd s naslednou
titraci do Sesti tydna.

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

Treti strategii, kterd byla navrzena Greenem, je zahé-
jeni lécby ¢tyfmi zakladnimi skupinami v nizkych davkach
béhem jednoho tydne paralelné s naslednou titraci da-
vek.*

Podle autord Sharma a spol. je kazda z téchto strategii
vhodna pro razné klinické situace pacientt s HFrEF, a pro-
to navrhuji rdzné postupy optimalizace farmakoterapie
ve tfech klinickych scénafich. U pacientd s chronickym
stabilnim HFrEF je mozné pouzit strategii podle Greena
s tim, Ze u pacientu jiz lécenych ACEI (nebo antagonis-
tou receptoru angiotenzinu - sartanem [ARB]) bychom
méli tuto IéCbu prerusit a po doporucené pauze v pfipa-
dé predchozi lécby ACEI zahdjit po 36 hodinach lécbu z&-
kladni ddvkou ARNI 24/2 mg dvakrat denné. Druhy scénaf
predstavuje pacienty s akutni dekompenzaci zndmého
HFrEF, ktefi jsou jiz vétSinou léceni ACEI/ARB nebo BB.
V této situaci je jednoznacné doporuceno prerusit [écbu
ACEI/ARB a zahdjit |é¢bu ARNI. Tretim scénafem je sta-
bilni pacient s nové zjisténym HFrEF neischemické etiolo-
gie, u kterého je jednoznac¢né doporuceno zahajit l1écbu
kombinaci zakladnich davek ARNI, BB a MRA s naslednym
pridanim SGLT2i.

Velmi vyznamnou soudasti ¢lanku je, Ze hned na néko-
lika mistech je kladen ddraz na postaveni ARNI v [écebné
strategii pacientl s HFrEF: doporucena je v¢asna zména
z ACEI/ARB na ARNI u pacientt se stabilnim HFrEF, zaha-
jeni 1é¢by ARNI u pacientl s akutni dekompenzaci HFrEF
a moznost pouziti ARNI u de novo srdecniho selhani.

V pfipadé standardniho managementu pacientd
s chronickym srde¢nim selhanim dle vy3e uvedenych do-
poruceni je mozné jiz po tfech mésicich od zahdjeni tera-
pie dosahnout optimalnich uptitrovanych davek Iékl tzv.
prvni linie (beta-blokatory, ARNI, MRA a glifloziny), tedy
molekul s jasnym prikazem redukce mortality a morbi-
dity pacientd se srde¢nim selhdnim. Nové doporucené
postupy akceleruji také nefarmakologikou lé¢bu CHSS,
to znamend v prvni fadé prevenci nahlé srde¢ni smrti
ICD, resp. zavedeni srdecni resynchronizacni terapie tam,
kde je indikovana. Sacubitril/valsartan ma navic jasné
ddkazy o snizeni poctu epizod komorovych tachykardii
a nutnosti terapie pomoci implantabilniho kardioverteru-
-defibrildtoru (ICD) ve formé vyboju nebo antitachykar-

dické stimulace. Nabizi se tedy velmi praktickd kombinace
ARNI a ICD, ktera je vyznamnym pfinosem pro nemocné
s HFrEF. Nesmime vSak zapominat na skutec¢nost, Ze u is-
chemickych kardiomyopatii jsou dikazy velmi silné a na-
déle trva indikace | A. U neischemickych kardiomyopatii
se tfida indikace posunula na urover lla A, a to nejen
na zakladé vysledk( studie DANISH. Nové je planovana
nezdvisla prospektivni evropskd studie PROFID, jez ma
analyzovat aktualni riziko nahlé srde¢ni smrti u pacientd
s HFrEF, ktefi jsou léceni moderni farmakoterapii véetné
ARNL.> Vysledky mohou byt jisté prekvapivé.

Optimalizace farmakoterapie je limitovana vyskytem
nezadoucih u¢inkd, i v této oblasti maji autofi ¢lanku uzi-
te¢né ndvody. Ocekavané nezddouci ucinky (hypotenze,
pokles ledvinych funkci a hyperkalemie) a jak s nimi na-
kladat, jsou uvedeny v textu ¢lanku a v prehledné tabulce.

Dalsim stfipkem v mozaice je aktudlni vydany konsen-
zus Americké diabetologické spolec¢nosti (ADA) o lécbé
srdec¢niho selhani. ARNI jsou uvedeny jako molekula prvni
volby pro stadia C a D americké klasifikace srde¢niho se-
Ihani, protoze efekt na sniZzeni celkové mortality a morbi-
dity byl ve studii PARADIGM-HF verifikovan také v popu-
laci pacientl s diabetem a srde¢nim selhanim.®
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Prehledovy ¢lanek | Review article

Prehled aktualniho stavu poznani

Optimalizace lécby s pouzitim zakladnich 1ékd u pacientt

se srdecnim selhanim se snizenou ejekcni frakci (HFrEF).

Jak uplatnujeme nové poznatky v klinické praxi?

Preklad dokumentu pfipraveny Ceskou kardiologickou spole¢nosti

(Optimizing Foundational Therapies in Patients With HFrEF. How Do We Translate These
Findings Into Clinical Care? Translation of the document prepared by the Czech Society
of Cardiology)
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Optimalizace 1é¢by s pouzitim zakladnich [éka u pacientl s HFrEF

HLAVNIi BODY

¢ Doporucené postupy (guidelines) pro klinickou praxi zdUrazruji potfebu farmakoterapie fizené podle doporuceni
(guideline-directed medical therapy) u pacientl se srde¢nim selhanim se snizenou ejek¢ni frakei.

® Podle mezinarodnich doporucenych postupt z posledni doby a dokumentu nazvaného American College of Car-
diology Expert Consensus Decision Pathway je vhodné tyto pacienty lécit ¢tyfkombinaci zahrnujici inhibitory re-
ceptoru pro angiotenzin Il a neprilysinu, beta-blokatory, antagonisty mineralokortikoidnich receptorl a inhibitory
sodiko-glukézového kotransportéru 2.

¢ Pro dosazeni tohoto cile je nutno vypracovat strategie pro optimalizaci pouzivani novych léciv, dosahovani cilovych
davek i feSeni nezadoucich ucinkd a snasenlivosti.

e Je nutno provést dalsi studie zamérené na optimalni provadéni [écby uvedenou ¢tyrkombinaci.
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ACE (angiotensin-converting enzyme) = angiotenzin konvertujici enzym
ARB (angiotensin receptor blocker) = blokator receptort pro angiotenzin Il
ARNI (angiotensin receptor neprilysin inhibitor) = inhibitor receptoru pro angiotenzin Il a neprilysinu

BB = beta-blokator

GDMT (guideline-directed medical therapy) = farmakoterapie podle doporucenych postupt

eGFR (estimated glomerular filtration rate) = odhadovana glomerularni filtrace

HF (heart failure) = srde¢ni selhani

HFrEF (heart failure with reduced ejection fraction) = srdec¢ni selhani se snizenou ejekcni frakci

MRA (mineralocorticoid receptor antagonist) = antagonista mineralokortikoidnich receptoru

SGLT2i (sodium—glucose co-transporter 2 inhibitor) = inhibitor sodiko-glukézového kotransportéru 2
T2DM (type 2 diabetes mellitus) = diabetes mellitus 2. typu

Srdecni selhani se snizenou ejekcni frakci (heart failure
with reduced ejection fraction [HFrEF]) je komplexni one-
mocnéni s vy$si morbiditou a mortalitou nez v pfipadé
vétsiny typl nadord." V poslednich 35 letech byl prokazan
pfinos fady léciv i zplsobU pfistrojové lécby pro tuto paci-
entskou populaci (obr. 1), a jsou proto odpovidajicim zpU-
sobem zarazovany do soucasnych doporucenych postupt
pro klinickou praxi. | kdyz Ize pokrok v tomto sméru jen
vitat, dospélo se k nému za cenu vy33i naro¢nosti a ndkladud
i obav ze sndsenlivosti téchto novych moznosti |écby paci-

enty. Vzhledem k vyznamné zatézi nemocnych komorbidi-
tami se tak stala péce o pacienty s HFrEF jesté narocnéjsi.>?

Rada nedavno aktualizovanych doporuéenych postupd
pro [é¢bu HFrEF v klinické praxi se zasazuje o pouzivani kom-
binac¢nilécby ¢tyfmi zakladnimi lékovymi skupinami (founda-
tional quadruple therapy), tedy kombinaci inhibitor( recep-
toru pro angiotenzin Il a neprilysinu (angiotensin receptor
blockers/neprilysin inhibitor, ARNI), beta-blokatord (BB),
antagonistd mineralokortikoidnich receptord (mineralocor-
ticoid receptor antagonist, MRA) a inhibitort sodiko-gluké-
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Vazodilatancia a ACEI/blokator AT, Pistrojova lécba a inhibitory sinusového uzlu SGLT2i
Beta-blokatory a MRA ARNI
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Obr. 1 - Priibéh pokroku ve farmakoterapii pacientt s HF a snizenou ejekéni frakci

Tento obrazek predstavuje ¢asovou osu se zasadnimi studiemi, které utvarely 1é¢bu srdecniho selhani v pribéhu let. A-HeFT = African-American Heart
Failure Trial; ACE (angiotensin-converting enzyme) = angiotenzin konvertujici enzym; AF-CHF = Rhythm Control versus Rate Control for Atrial Fibrilla-
tion and Heart Failure; AFFIRM-HF = Study to Compare Ferric Carboxymaltose With Placebo in Patients With Acute Heart Failure and Iron Deficiency;
blokétor AT, = blokétor receptor( pro angiotenzin II; ARNI (angiotensin receptor blocker/neprilysin inhibitor) = inhibitor receptoru pro angiotenzin Il
a neprilysinu; ATLAS = Assessment of Treatment with Lisinopril and Survival; CARE-HF = Cardiac Resynchronization Heart Failure Study; CHARM-Add
= pfidané rameno studie Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity; CHARM-AIt = alternativni rameno studie
Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity; CIBIS = Cardiac Insufficiency Bisoprolol Study; COMET = Comparison
of carvedilol and metoprolol on clinical outcomes in patients with chronic heart failure in the Carvedilol Or Metoprolol European Trial; COMPANION
= Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure; CONSENSUS = Cooperative North Scandinavian Enalapril Survival Study;
COPERNICUS = Carvedilol Prospective Randomized Cumulative Survival; CRT (cardiac resynchronization therapy) = srdecni resynchronizacni lécba;
DAPA-HF = Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure; DIG = Effect of Digoxin on Mortality and Morbidity in Patients With
Heart Failure; EMPEROR-Reduced = Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced Ejection Fraction; EMPHASIS-HF
= Eplerenone in Patients with Systolic Heart Failure and Mild Symptoms; GALACTIC-HF = Global Approach to Lowering Adverse Cardiac Outcomes
Through Improving Contractility in Heart Failure; HEAAL = High-Dose Versus Low-Dose Losartan on Clinical Outcomes in Patients with Heart Failure;
HEART-MATE Il = Advanced Heart Failure Treated With Continuous-Flow Left Ventricular Assist Device; HF-ACTION = Heart Failure: A Controlled
Trial Investigating Outcomes of Exercise Training; ICD (implantable-cardioverter-defibrillator) = implantabilni kardioverter-defibrilator; MADIT-CRT =
Multicenter Automatic Defibrillator Implantation With Cardiac Resynchronization Therapy; MERIT-HF = Metoprolol CR/XL Randomized Intervention
Trial in Congestive Heart Failure; MRA (mineralocorticoid receptor antagonist) = antagonista mineralokortikoidnich receptord; PARADIGM-HF = Pro-
spective Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure; RAFT = Cardiac-Resynchronization
Therapy for Mild-to-Moderate Heart Failure; RALES = Randomized Aldactone Evaluation Study; REMATCH = Randomized Evaluation of Mechanical
Assistance for the Treatment of Congestive Heart Failure; SCD-HeFT = Sudden Cardiac Death in Heart Failure Trial; SCORED = Effect of Sotagliflozin
on Cardiovascular and Renal Events in Patients With Type 2 Diabetes and Moderate Renal Impairment Who Are at Cardiovascular Risk; SENIORS =
Study of Effects of Nebivolol Intervention on Outcomes and Rehospitalization in Seniors With Heart Failure; SGLT1i (sodium-glucose co-transporter
1 inhibitor) = inhibitor sodiko-glukézového kotransportéru 1; SGLT2i (sodium—-glucose co-transporter 2 inhibitor) = inhibitor sodiko-glukézového ko-
transportéru 2; SHIFT = Ivabradine and Outcomes in Chronic Heart Failure; SOLOIST-WHF = Effect of Sotagliflozin on Cardiovascular Events in Patients
With Type 2 Diabetes Post Worsening Heart Failure; SOLVD-P = rameno prevence studii Studies of Left Ventricular Dysfunction; SOLVD-T = rameno
|écby studii Studies of Left Ventricular Dysfunction; STICH = Coronary-Artery Bypass Surgery in Patients with Left Ventricular Dysfunction; USCP =
The Effect of Carvedilol on Morbidity and Mortality in Patients With Chronic Heart Failure; V-HeFT = Effect of Vasodilator Therapy on Mortality in
Chronic Congestive Heart Failure Il; Val-HeFT = Valsartan Heart Failure Trial; VICTORIA = Vericiguat Global Study in Subjects with Heart Failure with
Reduced Ejection Fraction.

Autofi potvrzuji, ze dodrzeli zasady vybort pro humanni studie a pravidla pro manipulaci se zvifaty platna v institucich, v nichz
autofi plsobi, a doporuéené postupy amerického Ufadu pro kontrolu potravin a lé&iv véetné ziskani souhlasu pacienta v p¥ipadech,
kdy je to vhodné. Dalsi informace Ize ziskat na adrese

https://www.jacc.org/author-center.

Rukopis dorucen 18. fijna 2021; pfijat k publikovani 26. fijna 2021.
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zového kotransportéru 2 (sodium—-glucose co-transporter 2
inhibitor, SGLT2i).>4 Uzivani téchto léciv v kombinaci mlze
— ve srovnani s jednodussimi [écebnymi rezimy — prodlouzit
predpokladanou délku Zivota primérného 50letého pacien-
ta s HFrEF o Sest let (medidn).> Pres presvédcivé dakazy ze
spravné provedenych randomizovanych klinickych studii*&'!
z0stdvd i nadale farmakoterapie podle doporucenych po-
stupl (guideline-directed medical therapies, GDMT) s pro-
kdzanym prinosem pro kardiovaskularni systém v klinické
praxi naprosto nedostate¢né vyuzivana, a to véetné téch
forem GDMT, jejichz pfinos byl v prabéhu dvou poslednich
desetileti jednoznacné prokazan.™

Toto nedostatecné vyuzivani moznosti GDMT pretr-
vavd i u pacientl bez jakychkoli absolutnich nebo rela-
tivnich kontraindikaci, pfipadné dokumentované nesna-
Senlivosti 1éc¢iva.’™® ' V prospektivnim registru CHAMP-HF
(Change the Management of Patients with Heart Failure),
do néhoz bylo zafazeno celkem 3 518 pacientd, byla pou-
ze 1 % vhodnych pacientd prfedepsana trojkombinace;
dale 86 % pacientd nebyly predepsany ARNI, prestoze
neméli Zzddnou medicinskou kontraindikaci.'> Podobna
zjisténi byla ziskana v pfipadé uzivani MRA a SGLT2i."317:18
Za zminku stoji zejména fakt, ze nedostatecné uzivani
GDMT je vyraznéjsi u mensin a u Zen.'® Po zjisténi, Ze pro-
centa hospitalizace pro srdecni selhani (heart failure, HF)
se snizuji pfi intravendzni aplikaci karboxymaltézy Zeleza
pacientdim pfijatym s HF'® a Ze hodnoty umrti z kardio-
vaskularnich pfi¢in nebo hospitalizace pro HF jsou nizsi
u pacientd s nedavno se zhorsujicim HF, jimz se podava
vericiguat (solubilni stimulator guanylat cyklazy),?® maji
dnes lékari k dispozici nékolik lé¢ebnych strategii pro
zlepseni soucasného stavu. Pokud by vsak tato léciva byla
i naddle nedostatecné predepisovdna, nebudou mit pa-
cienti k uvedenym lécivim snizujicim morbiditu i morta-
litu pristup, a tedy z nich nebudou mit zadny prospéch.?'

Pomalé zavadéni téchto Zivot zachranujicich léciv do pra-
xe je z&asti disledkem predstavy, Ze pfi farmakologické léc¢-
bé pacientt s HFrEF se léky vzdy museji zacit podavat v ur-
Citém poradi. Zahajeni |é¢by jedinou latkou se postupnym
zvySovanim ddvek pred tim, nez se pfidaji dalsi IéCiva, trva
nékolik mésicy, ne-li let, a je casto spojeno s nerozhodnosti
pacienta ohledné samotné Iécby, a celou véc dale kompli-
kuje zavedeni novéjsi Iékové skupiny, SGTL2i, jako mozZnosti
[é¢by téchto pacient(.?? Uvedend nerozhodnost a vahavost
byla ostatné pozorovana i pfi zavadéni novych antidiabetik
u pacientl s diabetem 2. typu (T2DM) a s prokdzanym ate-
rosklerotickym kardiovaskuldrnim onemocnénim.? Jedna se
o nesmirné dulezitou otdzku, protoze: 1) optimalni [écby se
nedostdva vysokému procentu vhodnych pacientd, a 2) po-
kud se jiz u nich provadi, zahajeni |écby se ¢asto dlouho od-
klada. Souhrnné udaje ze studii ukazuji, Ze pfinos optimalni
IéCby se jiz brzy po jejim zahdjeni zvysuje; proto neprovadé-
ni optimalni l1écby, nebo dokonce jeji oddalovani vystavuje
pacienty riziku, které |ze potencidlné odvréatit.

Soucasny dokument o konsenzu v klinické praxi je vysled-
kem setkani skupiny expertd (think tank), které se konalo
23. kvétna 2021 a jehoz se zucastnili experti v oblasti HF
z celé Severni Ameriky s cilem co nejvice optimalizovat péci
o jedince s HF. Tento prehled ukazuje moznosti optimaliza-
ce |écby HFrEF sekvencnim pristupem. Ve snaze co nejvice
pribliZit tento text klinické praxi jsou popsany pfistupy k op-
timalizaci GDMT ve tfech castych klinickych scénafich.

Vyvoj sekvencni lécby v pribéhu casu

Podle dlouhodobé predstavy je tfeba pro optimaliza-
ci GDMT s pouzitim viech 4 zakladnich Iékovych sku-
pin predepisovat je v konkrétnim poradi pouzitém
v zdsadnich klinickych studiich, v nichZ se tato léciva
zkousela.?*?> Konkrétné to znamena, Ze se lécba za-
hajuje inhibitorem angiotenzin konvertujiciho enzy-
mu (angiotensin-converting enzyme, ACE), pripadné
blokatorem receptor pro angiotenzin Il (blokatorem
AT,), po némz se pfida BB a pozdéji MRA. Pokud pa-
cientovy symptomy pretrvavaji, zacne se (po vysazeni
inhibitoru ACE/blokétoru AT,) jesté pfed pfedepsanim
SGLT2i podavat ARNI.?* Dale se davky kazdého léciva
zvysuji podle schématu uvedeného v doporucenych po-
stupech (definovanych jako cilovad davka v zasadni stu-
dii s prislusnym Iéc¢ivem) nebo podle nejvyssi tolerova-
né davky pred nasazenim nového léciva. Toto tradi¢ni
paradigma viak nebere v uvahu nékolik vyznamnych
faktor:?” 1) vétsina zasadnich klinickych studii neza-
hrnovala pacienty, ktefi jiZ v dobé randomizace uzivali
zadkladni léc¢iva v terapii HFrEF v optimalnich davkach;
2) tento sekvencni algoritmus tiSe predpokladd, ze
kombinace léciv v nizkych ddvkach nebude mit pfidat-
ny lé¢ebny pfinos; 3) postupné pfidavani léciv si mdze
vyzadat 6 az 12 mésicd, nez se uplné zaradi vSechny do-
porucené lékové skupiny a 4) nasazeni nékolika é¢iv,
konkrétné ARNI a SGLT2i, soucasné (spiSe nez postup-
né) mlze usnadnit stabilizaci hodnot drasliku a funkce
ledvin, coz v budoucnu umozni zahdjit podavani MRA.

Udaje z redlného svéta, ziskané z prospektivnich regist-
rG z rznych mist na svété, ukazuji, Ze poskytovatelé zdra-
votni péce — i pres absenci klinickych kontraindikaci nebo
okolnosti, kdy neexistuji zddné prekazky na urovni systé-
mu (napf. uhrada Iécby v systému zdravotniho pojisténi
US Veterans Affairs) — nezfidka pfidavaji GDMT a netitruji
davky zakladnich |éciv v terapii HFrEF.'2-'42® Celosvétové
byla skutecné v radé zdravotnickych systémua a ekonomik
zaznamendna témér shoda ve smyslu zfidka provadéné
titrace davek |éciv a ¢asného vysazeni zakladnich soucasti
GDMT.?

Vyrazné opozdéna optimalizace GDMT
se sekvencnim davkovanim

Pokud by mél poskytovatel zdravotni péce pred zahdje-
nim dodatecné GDMT titrovat davky inhibitoru ACE/blo-
katoru AT, a BB postupné, trvalo by dosazeni optimalniho
davkovani az 12 mésici.?”?° Zasadni studie nicméné pro-
kazaly vcasné dosazeni statistické vyznamnosti.?*?’ Na-
priklad doba do dosazZeni statistické vyznamnosti, a tedy
trvalého klinického pfinosu, byla ve studii DAPA-HF (Da-
pagliflozin and Prevention of Adverse Outcomes in Heart
Failure) 28 dni.*® Podobné vysledky byly zaznamenany
i v jinych studiich, coz vedlo k volani po ¢asném zahaje-
ni l1é¢by pro dosazeni maximalniho klinického pfinosu.?'
Je tfeba poznamenat, Ze jiz probihaji studie s pacienty
s HF a s chronickym onemocnénim ledvin, jejichz cilem je
zjistit bezpecnost a snasenlivost sou¢asného nasazeni se-
lektivniho modulatoru mineralokortikoidniho receptoru
a SGLT2i.
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Optimalni zakladni lécba je historicky
konstrukt a neni biologicky podlozena

Provadéni GDMT s pouzitim zakladnich |éciv v klinickych
studiich vychdzelo z klasickych predstav a dostupnosti
léciv v dané dobé a nebylo biologicky podloZzeno. Pred-
stava zdkladni, jiz probihajici (background) nebo vstupni
(baseline) optimalni |écby se v pribéhu casu vyvijela. Na-
priklad ve studii CONSENSUS (Cooperative North Scandi-
navian Enalapril Survival Study), kterad u pacientt s HFrEF
srovndvala ucinek enalaprilu versus placeba, museli zara-
zeni Ucastnici uzivat jako stabilni zékladni l1é¢bu digitalis
a diuretika.® Povoleno bylo i uzivani jinych Iéciv v terapii
HF vcetné nitratd, prazosinu a hydralazinu. S tim, jak se
standardni ,box na naradi pro terapii HFrEF” ménil, se jiz
novéjsi studie témito pravidly nefidila.

Za pozornost stoji fakt, ze zasadni studie 3. faze s far-
makoterapii ¢tyrkombinaci zakladnich lékovych skupin
prokazaly podobny rozsah pfinosu aktivni lé¢by pro
pacienty bez ohledu na provadéni nebo davkovani jiz
probihajici zakladni lécby.3*3® Tyto vysledky potvrzuji
predstavu, Ze léciva v soucasnosti doporucovana pro far-
makoterapii ¢tyrkombinaci jsou na sobé funkcné nezavis-
Id a nejsou z hlediska jejich [écebného ucinku vzdjemné
biologicky propojena.

Studie CIBIS (Cardiac Insufficiency Bisoprolol Study IlI)
je zatim jednou z velice méla ,sekven¢nich” studii. Kon-
krétné se ve studii CIBIS Ill srovnavala strategie , nejdfiv
bisoprolol, pak enalapril” versus strategie ,nejdfiv ena-
lapril, pak bisoprolol”.?* Do téchto dvou skupin bylo na-
hodné zarazeno celkem 1 010 pacientl; ukdazalo se, ze
ani jedna strategie nebyla lepsi nez ta druhd, z ¢ehoz Ize
usuzovat, Zze oba pfistupy jsou vhodné. | kdyz toto zjisténi
nelze extrapolovat na jiné typy sekvencnich studii zkou-
majicich novéjsi Iéciva, je zatim k dispozici malo dikazd,
Ze by pfi zvazovani farmakoterapie podle doporucenych
postupU u pacientd s HFrEF byl striktni sekvencni pfistup
optimalni nebo lepsi nez jiné strategie.

Mylna predstava, ze studie optimalné
provadéji GDMT se zakladnimi lékovymi
skupinami

| kdyz zafazovaci kritéria randomizovanych kontrolova-
nych studii obecné vyZaduji, aby se u pacientt provadé-
la ,optimalni tolerovand GDMT", nelze predpokladat,
Ze by se u vsech pacientl v zasadnich studiich ddsledné
provadéla farmakoterapie podle doporucenych postupl
nebo Ze by se uvedend léc¢iva uzivala v maximdlnich do-
porucenych terapeutickych davkach. Jak bylo nedavno
zdlraznéno, nebylo pouzivani zakladni |é¢by ve studiich
s HFrEF 3. faze ani zdaleka homogenni.?* Napfiklad BB se
jako zakladni lé¢ba ve studii CONSENSUS podavaly 3 %
pacientd,* ve studii SOLVD (Studies of Left Ventricular
Dysfunction) je uZivalo 8 % ucastnikd,*' a ve studii RALES
(Randomized Aldactone Evaluation Study) 11 % pacien-
t0.%2 Z novéjsich studii dosahovalo uzivani MRA 52 % ve
studii PARADIGM-HF (Prospective Comparison of ARNI
with ACEl to Determine Impact on Global Mortality and
Morbidity in Heart Failure),® 71,3 % ve studii EMPEROR-
-Reduced (Empagliflozin Outcome Trial in Patients with

Chronic Heart Failure and a Reduced Ejection Fraction)'™
a 71 % ve studii DAPA-HF.° Dale ve studii DAPA-HF uzi-
valo ARNI 10,4 % pacientl a ve studii EMPEROR-Reduced
19,4 % ucastnik(.' Predstava, Ze |ékafi v klinické praxi
museji zacit poddvat ,nova” zakladni léciva az po nasa-
zeni ,tradi¢nich” zakladnich Iéciv a jejich titraci na ma-
ximalni davky, neodpovida situaci ve skupinach pacientt
zarazenych do téchto klinickych studii s ménicimi se pa-
radigmaty.

Nizké davky léciv pouzivanych ve GDMT
maji terapeuticky ucinek

Dal$im omylem je predstava, Zze pfi GDMT jsou terapeu-
ticky u¢inné pouze maximalni davky a Ze novéjsi léciva by
se méla predepisovat pouze aZz po dosazeni téchto ma-
ximalnich davek. Blizsi pohled na vychozi udaje ze studii
naznacuje, Ze prevazna vétsina ucastnikd studii nikdy ne-
dostdvala optimalni davky aktivni latky.3* Napfiklad pou-
ze 64 % ucastnikl studie MERIT-HF (Metoprolol CR/XL
Randomized Intervention Trial in Congestive Heart Fai-
lure) nakonec uzivalo cilovou davku metoprololu v této
studii,** a ve studii EMPHASIS-HF (Eplerenone in Patients
with Systolic Heart Failure and Mild Symptoms) dosahlo
cilové davky eplerenonu pouze 60,2 % jedincd.* Ve sku-
te¢nosti neni k dispozici dostatek dukazl podporujicich
predstavu, ze by vyssi versus nizsi davky ve farmakote-
rapii podle doporucenych postuptl spolehlivé zlepsovaly
vysledny stav pacienta; nicméné dukaz vétsiho prinosu
vyssich davek ve farmakoterapii podle doporucenych po-
stupl GDMT lze pozorovat u BB, které ve vyssich davkach
— oproti nizsim davkam — zfejmé snizuji riziko amrti a po-
Cty hospitalizaci pro HF.*

Pfi uvahach o podavani vysokych versus nizkych davek
inhibitoru ACE/blokatoru AT, nelze opominout dvé vy-
znamné randomizované studie. Prvni z nich, studie ATLAS
(Assessment of Treatment with Lisinopril and Survival),
zkoumala podavani lisinoprilu v nizké versus vysoké dav-
ce.*s Pfi srovnani skupin s nizkymi davkami (2,5 mg az 5,0
mg denné) versus vysokymi davkami (32,5 mg az 35 mg
denné) nebyl nalezen zadny rozdil v mortalité, nicméné
riziko hospitalizace pro HF bylo ve druhé skupiné nizsi
024 %. | kdyZ procenta ptipadul vysazeni |éCiva byla v obou
ramenech studie podobnd, byly zavraté a rendlni nedosta-
te¢nost pozorovany castéji ve skupiné s vysokymi davkami.
Druhou studii byla HEAAL (High-Dose Versus Low-Dose
Losartan on Clinical Outcomes in Patients with Heart Fai-
lure).*” Uéastnici této studie byli randomizovani do skupin
bud's vysokou davkou (150 mg), nebo s nizkou davkou (50
mg) losartanu. | kdyZ nebyl zaznamenan zadny rozdil v ri-
ziku umrti, byl ve skupiné s vysokou davkou zjistén 13%
pokles rizika hospitalizace pro HF. Je nutno rovnéz dale
zkoumat dusledky velikosti davky na vysledny stav muzu
a zen, protoze post hoc analyzy udajd ze studii HEAAL
i ATLAS naznacily, Ze pro dosazeni pfinosu z hlediska vy-
sledného stavu mohou u Zen stacit nizsi davky.*®

Dosud nebyly provedeny Zzadné studie hodnotici
konkrétné podavani MRA ve vysokych versus nizkych
davkach; zéasadni studie s MRA prokdazaly pfinos spiro-
nolactonu a eplerenonu v nizkych davkach (ve srovnani
s placebem) ve smyslu snizovani rizika nepfiznivého vy-
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sledku Ié¢by HF.* Nicméné post hoc analyza udaju ze
studie EMPHASIS-HF prokazala, Ze poddvani eplerenonu
v nizké davce (versus placebo) mélo pfi snizovani rizika
nepfiznivého vysledného stavu pfi HF podobny pfinos
jako podavani eplerenonu ve vyssi davce.®

Ve studii PARADIGM-HF mozn4 bylo nékdy v jejim pru-
béhu nutno ucastnikdim snizit davku, coz tak umoznilo
do jisté miry posoudit vliv davky na vysledny stav. Celkové
byl rozsah pfinosu podani nizkych, stfedné vysokych a vy-
sokych davek kombinace sacubitril/valsartan oproti dav-
kdm enalaprilu podobny.?* | kdyZ nebylo provedeno zad-
né pfimé srovnani nizkych versus vysokych davek ARNI,
uvedena zjisténi naznacuji, Ze podavani ARNI nabizi v ce-
[ém rozmezi dévek vidi inhibitordm ACE jisté prednosti.
Pfinosem SGLT2i je, Ze pfi HF nevyZaduji zddné upravy
davek. Souhrnné dikazy ze studii podporuji nazor, Ze tit-
race davek inhibitoru ACE/blokatoru AT,, BB, MRA a ARNI
smérem nahoru nemusi byt pro sniZzeni hodnot sledova-
nych parametrd nutné nezbytnd, a Ze nasazeni dalsich
zakladnich lékovych skupin v ramci farmakoterapie podle
GDMT ptfi jiz probihajici zakladni 1é¢bé v nizkych davkach
predstavuje na dlkazech zaloZenou strategii pro snizeni
morbidity a mortality u pacientt s HFrEF.

Nasazeni nékolika léciv soucasné usnadnuje
pozdéjsi optimalizaci GDMT

Post hoc analyza udaja ze studie PARADIGM-HF naznadi-
la, Ze podavani kombinace sacubitril/valsartan — ve srov-
nani s podavanim enalaprilu — nezvysilo pocty pfipadu
vysazeni jinych |éciv, ktera jsou soucasti farmakoterapie
podle GDMT v pribéhu casu a ze diky stabilizaci funkce
ledvin a hodnot drasliku maze usnadnit nasazeni a trvalé
uzivani MRA.>' Podobné vysledky byly popsany ve studii
EMPEROR-Reduced, v niz byl empagliflozin, ve srovnani
s placebem, spojen se snizenym rizikem vysazeni MRA
v del$im casovém horizontu.” Z téchto vysledkt |ze usu-
zovat, Ze Casnéjsi pouziti ARNI a SGLT2i mlze predstavo-
vat feseni, které v prabéhu ¢asu umozni zahajit podavani,
titraci a trvalé uzivani MRA.

Nakladova ucinnost zakladnich lékovych skupin

| kdyz je uzivani zakladnich |éciv zpocatku spojeno se zvy-
Senymi ndklady, rada analyz prokazala, ze podavani téch-
to lékovych skupin je v dlouhodobém horizontu finan¢né
vyhodné.>**8 Z nékolika zakladnich Iéciv se jiz stala ge-
nerika (napf. v [ékovych skupinach BB, MRA), coz sniZuje
finan¢ni zatéz pacientd. Dale, bylo prokazano, ze pouzi-
vani ARNI je spojeno se statisticky vyznamnymi Usporami
pro zdravotnicky systém, dokonce i u pacientd, u nichz
je 1é¢ba zahdjena de novo (tzn. jesté pred zahdjenim léc-
by inhibitory ACE/blokatory AT,).***” Pfevazna vétiina
udajd o nakladové ucinnosti pouzivani SGLT2i na urovni
systému pochdzi z literatury tykajici se T2DM.>* Nicméné
pfibyvajici udaje ze studie DAPA-HF, zpracované ve dvou
nezavislych analyzach, prokazuji, Zze dapagliflozin je né-
kladové ucinny, pokud se podava pacientdim s HFrEF bez
ohledu na (ne)pfitomnost T2DM.¢ Tyto vysledky jedno-
znacné ukazuji na nutnost velkého Usili (na urovni celého

zdravotnického systému) na podporu pouzivani zaklad-
nich léciv.

Soucasné strategie pro nasazeni
a titraci léciv v terapii HFrEF

Hlavnim ddvodem pro nedostatecné vyuzivani sekvenéni
terapie u jedincl s HFrEF je pravdépodobné duraz kla-
deny na jeji zahajeni. Aktualizované konsenzualni do-
kumenty pro klinickou praxi a doporucené postupy pro
praxi v soucasnosti jiz ustupuji od ,prosazovani” strikt-
niho sekvencniho pfistupu k nasazovani léciv a zdlraz-
nuji spisSe aspekt jejich rychlejsiho nasazeni (tabulka 1).
Aktualizované doporucené postupy pro klinickou praxi
pfiznavaji omezené mnozstvi dlkazl pro optimalni sek-
vendi, rychlé nasazeni a titraci l1é¢iv v rdmci GDMT u pa-
cientl s HFrEF.>* Nicméné jiz bylo vypracovédno a navr-
Zzeno nékolik novych strategii, jejichz cilem je prekonat
nékteré z problémd, s nimiz se Ize setkat pfi dodrzovani
klasickych paradigmat (tabulka 2).

1. McMurray a Packer? se vyslovuji pro postup o trech
krocich pfi zahajovani [écby u ambulantnich pa-
cientl ve stabilizovaném stavu. Pfi tomto pfistupu se
jako prvni zacinaji podavat BB a SGLT2i. Nasledné se
béhem jednoho az dvou tydna za¢ne poddavat ARNI
a po dalsich jednom az dvou tydnech se pfidd MRA.
Davky se zacinaji titrovat po nasazeni viech zaklad-
nich léciv. Autofi uzndvaji, Zze druhé dva kroky lze
preskupit nebo zménit podle okolnosti u konkrétni-
ho pacienta, v€etné |éciv jiz uzivanych pfi zahdjeni
lécby a toho, jak pacient Ié¢bu snasi.

2. Konsenzudlni doporucené postupy pro klinickou
praxi, jako naptiklad doporucené postupy Evropské
kardiologické spolec¢nosti, zdUraznuji nutnost vytvo-
fit profil kazdého jednotlivého pacienta s cilem ur¢it
optimalni postup pro zahdjeni a titraci GDMT spe-
cifické pro lé¢bu HF.>® Tato doporuceni se odrazila
v neddvno vydané praci autort Miller a spol.>® zd{-
raznujici vyznam integrovaného (neboli ,klastro-
vého") pfistupu k pacientovi jako strategie pro
optimalizaci GDMT. Pfi tomto pfistupu je, obecné
fe¢eno, na pacienta nahlizeno optikou tfi obecnych
fenotypl v zavislosti na klinickém scénari: objemo-
vé pretizeni, normo-hypertonik, a zvy$ena srdecni
frekvence. U pacientl s objemovym pretizenim je
nutno zahajit podavani SGLT2i (vzhledem k jejich
vlastnostem podobnym diuretikdim) spolu s diureti-
kem. U normo-hypertenznich jedinct je nutno zvazit
podavani ARNI plus MRA v nizkych davkach. U paci-
entud se zvySenou srdecni frekvenci je tfeba uvaZzovat
o lécbé podavanim BB plus inhibitoru sinusového
uzlu (ivabradinu). Po zahajeni |é¢by jednou lékovou
skupinou Ize po dvou az ¢tyfech tydnech pridat 1é-
¢iva z dal3ich lékovych skupin, a béhem tfi az Sesti
tydnu tak dosahnout nizkych davek Iéciv vSech Iéko-
vych skupin.

3. Greene a spol.®® doporucuji témér soucasné zaha-
jeni podéavani nizkych davek vsech lékovych skupin
ctyrkombinace. To je tfeba provést béhem jednoho
tydne s naslednou titraci ddvek smérem nahoru po-
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Tabulka 1 - Soucasny konsenzus a doporucené postupy pro klinickou praxi na téma sekvencniho pfistupu

2021 European Society of Cardiology
(prvni verze predstavena na kongresu
na téma srdecni selhani v roce 2021)

2021 American College of Cardiology

Expert Consensus Pathway?

2021 Canadian Cardiovascular Society*

Ctyfkombinace

¢ Definovana jako ARNI (inhibitor ACE/
blokator AT1), BB, MRA a SGLT2i

* Pro pacienty s nové diagnostikovanym
HFrEF ve stadiu C je nutno zahajit podavani
BB, inhibitoru ACE/blokatoru AT /ARNI bez
ohledu na poradi

* Po zahdjeni [écby s BB a antagonistou
angiotenzinu je tfeba zvézit pridani MRA
pfi soucasném sledovéani hodnot elektrolytt

* Pri HFrEF ve funk¢ni tfidé NYHA [1-IV je
rovnéz nutno zvazit pouziti SGLT2i

e Standardni léciva (¢tyrkombinace) Ize
pouzit u vétsiny pacientd s HFrEF pro
snizeni mortality z kardiovaskuldrnich pficin
a hospitalizace pro HF

Doporuceni

Doporuceno pro vsechny vhodné pacienty
s HFrEF pro snizeni rizika umrti

Kazdou latku je nutno titrovat smérem naho-
ru az na maximalni snasenou davku nebo na
cilovou davku. Zahajeni |écby s BB snaseji lépe
»SUSi” pacienti a inhibitor ACE/blokétor AT,/
ARNI lépe ,mokfi” pacienti

Mozna by bylo vhodnéjsi titrovat davky riiz-
nych lékovych skupin z GDMT soucasné (,,pa-
ralelni” pfistup) spiSe nez plné titrovat jednu
Iékovou skupinu pred zahdjenim podavani

e Je nutno maximalné usilovat o zahéjeni
poddvani a titraci |éCiv s cilem optimalizace
farmakoterapie do 3-6 mésict od stanoveni
diagnozy HFrEF

dalsiho léciva (, prisné sekvencni pfistup”)

ACE (angiotensin-converting enzyme) = angiotenzin konvertujici enzym; ARNI (angiotensin receptor/neprilysin inhibitor) = inhibitor recep-
toru pro angiotenzin Il a neprilysinu; BB = beta-blokator; blokator AT, = blokator receptort pro angiotenzin Il; GDMT (guideline-directed
medical therapy) = farmakoterapie podle doporucenych postup(; HF (heart failure) = srde¢ni selhani; HFrEF (heart failure with reduced
ejection fraction) = srde¢ni selhdni se snizenou ejek¢ni frakci; MRA (mineralocorticoid receptor antagonist) = antagonista mineralokorti-
koidnich receptor(i; NYHA = New York Heart Association; SGLT2i (sodium-glucose co-transporter 2 inhibitor) = inhibitor sodiko-glukézové-
ho kotransportéru 2

Tabulka 2 - Pfehled navrhovanych modelti rychlého zahajeni lécby

Detaily Harmonogram Vyhody

Zaméfit se na snasenlivost Pouziti léCiv ze skupin
bez zahdjeni sou¢asného  jako SGLT2i a ARNI podle
podavani nékolika lé¢iv,  symptomdu pfi zakladni
ktera by mohla vyvolat |écbé HF, jako jsou
hypotenzi nebo akutni inhibitory ACE, MRA a BB
postizeni ledvin

Podle klinickych charak-
teristik pacienta, které

Nevyhody

Packer a McMurray? Zacit soucasné podavat CtyFi tydny do zahajeni
BB a SGLT2i, nasledné GDMT

ARNI a pak MRA

Miller et al.>® Pristup klastrového feno-  3-6 tydnd od zahajeni

typu; pii objemovém pre- 1écby s naslednou titraci

Vyzaduje cetné navstévy
Iékare pacientem nebo

tizeni pridat SGLT2i; pfi

davek

mohou zvysit snasenlivost

kontaktnich mist;

hypertenzi pfidat ARNI/
MRA; pfi zvy$ené srdecni
frekvenci pridat a titrovat
BB a SNI

Rychlé podavani nizkych
dévek vSech zékladnich
|ékovych skupin ¢tyrkom-
binace béhem 1 tydne

Greene et al.®°
1 mésice

Titrace davek béhem

|écby zakladni lécba si muze
vyzadat sekvencni pristup
k zahajeni |écby

Umoznuje rychlé a sou-
Casné zahajeni GDMT,
coz mUze optimalizovat
klinicky pfinos

V pripadé nezadouciho
Ucinku, aniz by se zjistilo,
které lécivo ho vyvolalo;
Uhrada lécCiv si muze
vyzadat sekvencni pristup
k zahajeni |écby

SNI (sinus node inhibitor) = inhibitor sinusového uzlu; dalsi zkratky jako v tabulce 1.

dle rlznych faktort kazdého jednotlivého pacienta
a jeho snasenlivosti |écby. Déle, pokud je pacient
hospitalizovan a ve stabilizovaném stavu, je nutno
maximalné se pokusit zahdjit GDMT a soucasné zvy-
sit davky jiz dfive uzivanych léciv.

V téchto doporucenich se vzajemné prolina nékolik
faktu (tabulka 2). Za prvé, uvedend léciva snizuji morbi-
ditu a mortalitu velmi rychle po jejich nasazeni, coz zda-
razfiuje nutnost pridavat rychle po sobé Iéciva z rdznych
Iékovych skupin.t¢* Ddle kazdé léc¢ivo ma ucinek, ktery
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nezdvisi na davce nebo dfivéjSim nasazeni jinych léciv.%
Navic nizké davky kazdého z pilitd |écebné ¢tyrkombinace
maji pridatnou terapeutickou ucinnost;* proto je nutno
davat prednost nasazeni viech Ctyr soucasti ¢tyrkombina-
ce pred striktnim postupnym zarfazovanim a zvySovanim
davky, jak doporucuje historické |écebné paradigma. Ko-
necné vétsina doporuceni pro rychlé zafazovani viech |é-
kovych skupin po sobé pozaduje, aby vsechny Iékové sku-
piny, pokud nejsou pfitomny néjaké kontraindikace, byly
nasazeny béhem ¢tyf tydnd od stanoveni diagnézy HFrEF.

Vyuzivani hospitalizace k titraci davek léciv

| kdyz se doporucovani rychlého postupného nasazovani
léciv tyka hlavné ambulantnich pacientd, je nejvhodnéjsim
obdobim pro zahajeni a optimalizaci 1écby hospitalizace.
Rada studii zabyvajicich se raznymi aspekty lé¢by HFrEF
jednoznacné prokdzala, Ze léciva predepsana pfi propous-
téni pacienta se pouze zfidkakdy méni, jejich davky titruji
nebo optimalizuji do jednoho roku po propusténi.?>% Do
studie CONNECT-HF (Care Optimization Through Patient
and Hospital Engagement Clinical Trial for Heart Failure),
provadéné na 161 rliznych pracovistich, bylo zarazeno cel-

kem 5 647 pacientu pFijatych s HF. U¢astnici studie byli ran-
domizovani podle vzdélani |ékare v klinické praxi, auditu
a zpétné vazby na kvalitu péce o pacienta s HF.®” Studie
neprokdzala zlepseni situace v provadéni GDMT v pribéhu
Casu ani zlepseni klinickych parametrd u pacientd propus-
ténych z nemocnice s HF (odkaz v dodatku 1). Po propusté-
ni z nemocnice dochazelo v ambulantni péci pouze k malo
zméndm, coz vede k zavéru, Ze poskytovatelé zdravotni
péce se museji snazit zahajit GDMT jiz v dobé hospitaliza-
ce, coz Ize nejspise snadno provést bez ohledu na medicin-
sky obor (odkaz v dodatku 2).

Scénare z redlného svéta

| kdyZ je kazdy pacient s HFrEF jedinecny a zasluhuje si
integrovany pristup k optimalizaci |écby, mé vysoké pro-
cento pacientl malo zdravotnich kontraindikaci GDMT.
Uvadime tfi klinické scénare, kdy lze provést rychlou op-
timalizaci GDMT.

Chronické stabilni HFrEF
U pacientl s chronickym stabilnim HFrEF je pfitomna rada
komorbidit v¢etné T2DM a chronického onemocnéni led-

ACEl / ARB

A Po 2 tydnech Po 2-4 tydnech

ARNI
SGLT2i

Beta-blokatory
MRA

ACEI/ ARB
ARNI
SGLT2i

Beta-blokatory

MRA

C
ARNI ®
SGLT2i
Beta-blokatory @
MRA

@Vysadit @Nasadit { 7:’

) Zvazit zahajeni u vybranych pacientl ®Pokra€ovat @ Titrovat

®
®

Ostatni zkratky jako v obrazku 1.

(A) Chronické stabilni srdecni selhani se snizenou ejek¢éni frakci; (B) akutni srdecni selhani; (C) de novo srdecni selhani se snizenou ejekéni frakci
neischemické etiologie. Tento obrazek ukazuje ¢asové body, v nichz je nutno zahéjit podavani kazdého léciva z ¢tyftkombinace s naslednou titraci
u pacientt s akutnim, chronickym a de novo srde¢nim selhanim se snizenou ejekéni frakci (heart failure and reduced ejection fraction, HFrEF).

Obr. 2 - Strategie titrace podle klinického scénare u pacientt s HF a snizenou ejekéni frakci
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vin (odkaz v dodatku 3). V tomto pripadé Ize zvazovat
pouziti strategie rychlého zahdjeni titrace, kterou dopo-
rucuji Greene a spol., s vysazenim vsech inhibitortd ACE/
blokatord AT, a nasazenim ARNI v nizké dévce o 36 hodin
pozdéji (pokud pacient uzival inhibitor ACE [napf. per-
ordlné sacubitril/valsartan v davkach 24/26 mg dvakrat
denné]) s okamzitym nasazenim SGLT2i, jako jsou em-
pagliflozin 10 mg jednou denné® nebo dapagliflozin 10
mg jednou denné (obr. 2A).° Je-li to mozné, Ize provést la-
boratorni testy v¢etné vysetreni funkce ledvin a elektroly-
ta béhem ¢tyr tydnl s védomim, Ze dochazi k ,, propadu”
odhadované glomerularni filtrace (estimated glomerular
filtration rate, eGFR) s naslednou stabilizaci funkce ledvin
v pribéhu casu (odkaz v dodatku 4). Pokud jesté pacient
neuzivd MRA, Ize MRA brzy pfidat (napf. béhem dvou az
Ctyt tydnU) v rdmci zahajeni 1é¢by s ARNI a SGLT2i. BEéhem
sledovani Ize ARNI titrovat na vyssi davky.

Akutni dekompenzované HF s prokazanym HFrEF
Pfijem pacienta do nemocnice pro akutni HF ¢asto pred-
stavuje optimalni pfilezitost pro zahdjeni a titraci GDMT.*
Jak jiz bylo uvedeno vyse, lécCiva, kterd se pacientim
predepisi v nemocnici, se i pres ¢astd kontrolni vysetreni
v ambulantnim prostfedi neméni'’ (odkaz v dodatku 5).
Pfevazné vétsiné pacienttl prijatych do nemocnice s akut-
nim HF se bude podavat inhibitor ACE/blokator AT, a BB
(odkaz v dodatku 6), takze optimalizace mUze byt posta-
vena na téchto dvou zakladnich Iékovych skupinach (obr.
2B). Na zakladé aktudlnich udaju Ize soudit, Ze nasazeni
ARNI, pfipadné i SGLT2i zUstdva pomérné bezpecné, po-
kud se bude provadét v nemocni¢nim prostfedi. Udaje ze
studie PIONEER-HF (Comparison of Sacubitril/Valsartan
versus Enalapril on Effect on NT-proBNP in Patients Sta-
bilized from an Acute Heart Failure Episode) prokazaly,
Ze kombinace sacubitril/valsartan — ve srovnani s enala-
prilem — vyznamné snizuje hodnoty N-terminalniho pro-
hormonu peptidu typu B i pocty pfipadl rehospitalizace
pro HF (odkaz v dodatku 7). Pfi podavani kombinace sa-
cubitril/valsartan nebyl nalezen Zadny rozdil v inciden-
¢i hypotenze, hyperkalemie nebo akutniho poskozeni
ledvin. Jak doporucuji McMurray a Packer,? je pacienty
nutno idedlné prevést z valsartanu na ARNI (napf. sacubi-
tril/valsartan peroralné v davce 24/26 mg dvakrat denng)
a pridat spironolacton peroralné v davce 12,5 mg denné.
Nasazeni ARNI neni tfeba odkladat, protoZe pacient jiz
uzival blokator AT.. U pacientl s akutnim HF a s T2DM
snizil inhibitor SGLT1/2 sotagliflozin riziko zhorSovani HF
a umrti z kardiovaskuldrnich pricin (odkazy v dodatku 8,
9). V soucasnosti probihajici studie hodnoti bezpecnost
a ucinnost SGLT2i u pacientt s akutnim HF s/bez T2DM
(odkazy v dodatku 10, 11). Léciva bez jednoznac¢ného pfi-
znivého ovlivnéni kardiovaskularni morbidity a mortality,
jako jsou blokatory kalciovych kandld, Ize vysadit a dat
prednost zahdjeni GDMT s pfiznivym ovlivnénim umrti
z kardiovaskularnich pfic¢in. Tento pristup muze umoznit
déle vénovat pozornost otdzkam polypragmazie a branit
budoucimu rozvoji hypotenze. U ambulantniho pacienta
Ize béhem ¢tyf tydnl provést — pokud jsou dostupné —
laboratorni testy, véetné vysetieni funkce ledvin a stano-
veni hodnot elektrolytd. Po propusténi z nemocnice lze
zacit podavat i vericiguat peroralné se zahajovaci davkou
2,5 mg denné.®

Ambulantni pacient ve stabilizovaném stavu

s de novo HFrEF neischemické etiologie

U pacientl s de novo HFrEF neischemické etiologie je nut-
no zvazit rychlé a sekvencni nasazeni léciv z nékolika sku-
pin pouzivanych v terapii ¢tyfkombinaci (obr. 2C). V ta-
kovém pripadé Ize zahdjit podavani ARNI v nizké davce
(napf. 24/26 mg per os dvakrat denné), BB (napf. bisopro-
lol 2,5 mg per os denné) a spironolacton (12,5 mg per os
jednou denné). Vzhledem k hrani¢né zvysenym hodno-
tam drasliku je tfeba zahadjit sledovani pacientl brzy, do
dvou tydn, s kontrolou laboratornich parametrd, krevni-
ho tlaku a srde¢ni frekvence. Pokud je pacient ve stabili-
zovaném stavu, je nutno zahdjit do dvou tydnU podavani
SGLT2i a provadét laboratorni vysetieni krve pro kontro-
lu funkce ledvin a hodnot elektrolytd. Rovnéz je nutno
provadét pravidelné kontroly s cilem posoudit pfipadné
zahajeni pristrojové Iécby (napf. pouziti implantabilniho
kardioverteru-defibrilatoru nebo zahajeni srde¢ni resyn-
chronizacni terapie).

Strategie predvidani nezadoucich ucinkt
v souvislosti s pouzitim GDMT

Poskytovatelé zdravotnich sluZzeb se u pacientt s HFrEF
Casto obavaji moznosti akutniho poskozeni ledvin, rozvo-
je hypotenze a hyperkalemie po zahdjeni a titraci GDMT
(tabulka 3) (odkaz v dodatku 12). Mnohé z téchto pro-
blémU lze nicméné predvidat. V pfipadé chronického
onemocnéni ledvin je po nasazeni inhibitoru systému re-
nin-angiotenzin, ARNI (odkaz v dodatku 13) nebo SGLT2i
(odkaz v dodatku 14) nutno ocekavat pokles eGFR v du-
sledku snizeni glomeruldrni hyperfiltrace po poklesu
glomeruldrniho tlaku. Pokud se ty¢e SGLT2i ve srovnani
s jinymi antidiabetiky, nedochdzi u pacientd s chronickym
onemocnénim ledvin po zahajeni |écby ke zvyseni rizika
akutniho poskozeni ledvin (odkaz v dodatku 15, 16). Jak
bylo jiz dfive uvedeno v zasadnich studiich hodnoticich
pouziti MRA pfi HFrEF, ovliviiuje — u pacient s hodno-
tami drasliku v séru az 5,6 mmol/l - pokrac¢ovani lécby
s MRA pfiznivé snizovani mortality.>' Proto museji posky-
tovatelé zdravotni péce pouzivat strategie snizovani hod-
not drasliku v séru, napfiklad poddvanim vazacd drasliku
a soucasné dale podavat MRA. Podle konsenzu lékarl
v klinické praxi by prakticti |ékafi navic mohli zvazit po-
davani novych vazacu drasliku, jako jsou patiromer a cyk-
licky kfemicitan sodno-zirkonicity, coz by v pfipadé pretr-
vavani hyperkalemie umoznovalo titraci davek ARNI/inhi-
bitord ACE/blokatord AT, a MRA smérem nahoru?® (odkaz
v dodatku 17).

Pokud se tyce SGLT2i, mlze existovat zvysené riziko
mykoz genitdlii, ne viak mocového traktu. Pacienty je
nutno upozorriovat na nutnost odpovidajici hygieny v ob-
lasti genitalii; pokud dojde k rozvoji mykdézy genitdlii, Ize
zvazit peroralni podéani jedné 150mg déavky fluconazolu
(odkaz v dodatku 12). U nékterych pacientl navic poda-
vani SGLT2i zvysuje riziko rozvoje diabetické ketoacido-
zy bez hyperglykemie. Pacienty je nutno upozornit, aby
v pfipadé akutniho postizeni, které muze vést k omeze-
nému peroralnimu uzivani lé¢iva, docasné lécivo vysadili.
Podavani |éCiv Ize odpovidajicim zplsobem znovu zahdjit
po obnoveni perordlniho uzivani.
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Tabulka 3 - Prepokladané nezadouci ucinky v souvislosti s podavanymi lécivy a strategie jejich zmiriovani

Laboratorni a klinické
parametry béhem
sledovani (béhem 2-4
tydnu od zahajeni

Klinické parametry
pro zahajeni lécby
a titraci davek

1écby)
ARNI/ACEI/ STK> 100 mm Hg  Symptomy posturélni
lokétor AT, eGFR hypotenze, kreatinin
> 30 ml/min/1,73 m? v séru, draslik v séru
K* < 5,4 mmol/l
BB SF > 60 tepl/min Neni nutno sledovat
STK > 100 mm Hg  laboratorni parametry,
pouze srdecni frekven-
ciaSTK
MRA STK > 100 mm Hg  Symptomy posturalni
eGFR hypotenze, kreatinin
>30 ml/min/1,73 m? v séru, draslik v séru
K*< 5,4 mmol/l
SGLT2i STK > 100 mm Hg  Symptomy posturalni

eGFR
> 25 ml/min/1,73 m?

hypotenze, kreatinin
v séru, Uprava
glykemie (u diabeti-
k@), ketony a laktat
v séru/v moci (pfi
akutni dekompenza-
ci), mykotickd infekce
genitalif

Kdy zvazovat snizeni
davky nebo ukonceni
l1écby

Symptomatickd
posturdlni hypotenze,
K*> 5,4 mmol/l, zvyseni
kreatininu v séru

> 30 % béhem 4 tydnl
od zahdjeni [écby

SF < 50 tepl/min (bez
STK), symptomaticka
posturalni hypotenze

Symptomaticka po-
sturdlni hypotenze, K*
> 5,5 mmol/l, zvySeni
kreatininu v séru >
30 % béhem 4 tydnl
od zahdjeni [écby
Symptomaticka po-
sturdlni hypotenze,
zvyseni kreatininu

v séru > 30 % béhem
4 tydnl od zahajeni
|écby, tvorba ketont
nebo zvyseni laktatu
u pacienta s akutni
dekompenzaci

Strategie pro zmirnovani
nezadoucich ucinkt

Mit na paméti, ze casny vzestup hod-
not kreatininu v séru je predvidany
Ucinek léciva. Vysadit antihypertenzi-
va bez prinosu pro kardiovaskularni
zdravi (napf. blokatory kalciovych
kanald). Lze rovnéz zvazit nové vaza-
¢e drasliku jako patiromer a cyklicky
kifemicitan sodno-zirkonicity umoz-
Rujici titraci smérem vzhlru ARNI/
inhibitoru ACE /blokatoru AT, a MRA
pti pretrvavajici hyperkalemii

Pokud indikovéno podle doporu-
¢enych postupt pro praxi, zvazit
implantaci ICD/CRT pro snizeni rizika
bradykardie

Vysadit antihypertenziva bez pfinosu
pro kardiovaskularni zdravi (napf.
blokatory kalciovych kanald).

Mit na paméti, ze casny vzestup hod-
not kreatininu v séru je predvidany
ucinek léciva; radna hygiena genitalif;
pri rozvoji mykotické infekce genitélii
zvazit [é¢bu jednou peroralni davkou
fluconazolu 150 mg. Pokud se pacient
momentdlné neciti dobre, poradit
mu docasné dal uzivat SGLT2i (napf.
virové onemocnéni, dehydratace);
vysadit SGLT2i 2-3 dny pred vykonem
nebo operaci

CRT (cardiac resynchronization therapy) = srdecni resynchronizacni terapie; eGFR (estimated glomerular filtration rate) = odhadovana glo-
meruldrni filtrace; ICD (implantable cardioverter-defibrillator) = implantabilni kardioverter-defibrilator; K* = draslik; SF = srdecni frekvence;

STK = systolicky krevni tlak; ostatni zkratky jako v tabulce 1.

Mezery ve znalostech a limitace

Vyse uvedend doporuceni je nutno uvést do kontextu
a zminit nékolik mezer v nasich znalostech, s nimiz se
Ize setkat v soucasné literature. Profily pacientd popsa-
né v tomto textu predstavuji casto pozorované klinické
scénare, a my uvadime jeden pfistup k nasazeni a titraci
|é¢iv pro dosazeni optimalniho provadéni GDMT; nicmé-
né je nutno pfiznat, Ze v soucasnosti nejsou k dispozici
zadné konkrétni randomizované studie, které by proka-
zaly vyssi bezpecnost a uUcinnost jedné strategie titrace
oproti jiné strategii. Dale, s tim, jak preklenujeme propast
mezi nasim poznanim zakladnich biologickych aspektt
HFrEF a mechanismy ucinku zakladnich |éciv, dokazeme
presnéji cilit jejich podavani jednotlivym pacientim spise
nez jakési skupiné s jednotnym klinickym profilem (od-
kaz v dodatku 18). Pozvolna se rysujici a rozsitujici oblasti
vyzkumu v tomto sméru je i stale ¢astéjsi vyuzivani umélé

inteligence pfi vyhledavani jedinca, ktefi by mohli opti-
malné odpovidat na zakladni léc¢iva (odkazy v dodatku
19, 20).

Upresnuji se i predstavy na téma precizniho davkova-
ni; jako priklad |ze uvést stale vice pfijimanou predstavu
o rozdilech mezi pohlavimi v odpovédi na ddvkovani né-
kterych zakladnich Iéc¢iv.*® Je tfeba provadét daldi studie
davkovani, které by umoznily cilené podavani konkrét-
nich léciv a jejich konkrétni davkovani jednotlivym pa-
cientdim. Dale, i kdyZ jsme pro prostfedi nemocni¢ni péce
doporudili strategii nasazeni zakladnich lé¢iv v nizkych
davkach, uznavame, Ze po propusténi pacientu se titrace
provadi pouze v omezeném méritku; bude nutno provést
dalsi studie zvySovani kvality a vypracovat edukacni pro-
gramy, které zplnomocni poskytovatele zdravotni péce
k titraci ddvek pfi propousténi pacienta z nemocnice.

V klinickych studiich EMPEROR-REDUCED a DAPA-HF
zahrnovala kritéria pro zarazeni zakladni optimalni |é¢bu
vcetné podévani ARNV/inhibitord ACE/ blokétor( AT,, BB
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Akutni HF

Vysetfit objemovy status a davku
diuretika

Zvazit rozloZeni davek
v pribéhu dne

Vysadit |éciva bez KV ucinkl
(napr. BKK)

Sharma A, et al. J Am Coll Cardiol Basic Trans Science 2022;7:504-517.

CENTRALNI ILUSTRACE Zavadéni lé¢by étyfkombinaci u pacienti s HFrEF

jeni podavani 4 léciv béhem 4 tydna

Chronické HF

Zahdjit podavani ARNI/BB v nizkych dévkach e Postupné titrovat smérem nahoru az k davkam uvadénym v do-
porucenych postupech nebo k maximalné tolerovanym dévkam po zahajeni podavani viech 4 zakladnich léciv

Predvidat mozné nezadouci tucinky

Hypotenze Pokles eGFR Hyperkalemie

Predvidat casny pokles eGFR
(-20 %), jejiz hodnota se ¢asem
vrati k normalu a stabilizuje

De novo HF

ARNI * BB

Zvazit poddvani vazacu K+
(napf. patiromeru
a cyklického kremicitanu
sodno-zirkonicitého)

glukdzového kotransportéru 2.

Tento obrazek shrnuje strategii provadéni lécby ¢tyrkombinaci u pacientd s akutnim srde¢nim selhanim (heart failure, HF), s chronickym HF a s de novo HF

a odpovéd na mozné nezadouci Ucinky. ACEI (angiotensin-converting enzyme inhibitor) = inhibitor angiotenzin konvertujiciho enzymu; ARNI (angiotensin
receptor blocker/neprilysin inhibitor) = inhibitor receptoru pro angiotenzin Il a neprilysinu; BKK = blokétor kalciovych kanalt; blokator AT, = blokétor
receptort pro angiotenzin Il; BB = beta-blokétor; KV = kardiovaskularni; eGFR (estimated glomerular filtration rate) = odhadovana glomerularni filtrace; MRA
(mineralocorticoid receptor agonist) = antagonista mineralokortikoidnich receptor; SGLT2i (sodium-glucose co-transporter 2 inhibitor) = inhibitor sodiko-

a MRA; nicméné zarazena populace zahrnovala pomérné
velké podskupiny pacientl neuzivajicich vyse uvedené lé-
kové skupiny, coz by podporovalo tvrzeni, Ze pfinos lé¢-
by s poddvanim SGLT2i nezavisi na jiz uzivanych lécivech.
Vysledky studii hodnoticich interakce zakladnich Iéciv se
nicméné nelisi; proto, i kdyz jsou uvedena Iéciva pfinosna
nezavisle na sobég, existuje pravdépodobné aditivni pfinos
uzivani nékolika zakladnich léciv. Teprve dalsi studie pfi-
mo srovnavajici konkrétni |é¢iva viak mohou poskytnout
presnéjsi informace o optimalnim uzivani IéCiv pacienty
s HFrEF.

Existuji dalSi obavy ze strany samotnych pacientd; jed-
na se o naklady v souvislosti s poddvanim uvedenych Iéciv,
které je nutno brat v uvahu. Zatéz predbézného schvalo-
vani a spoluti¢asti mlze vést k tomu, Ze fadu novéjsich lé-
¢iv si mnozi pacienti s HFrEF nebudou moci dovolit uzivat.
Nicméné protoze se v nékolika pfipadech zakladnich léciv
jednd o generika a u dalSich vyprsi patentovd ochrana,
bude snad mozno néklady u vyznamného procenta pa-
cientd snizit. Kromé ndkladd mohou i sami pacienti va-
hat — vzhledem k domnélému riziku nezadoucich ucink

a konzumace velkého poctu pilulek — nez za¢nou nékolik
[éCiv uzivat. Bude nutno vypracovat programy zvySovani
kvality zaméfené na popsani nejriiznéjsich obav ze strany
pacientt a prekazek v provadéni GDMT pfi HFrEF.

Zavéry

Vzhledem k vysokému riziku nezddoucich u¢inkda u pa-
cientl s HFrEF a vzhledem k tomu, Ze vysoké procento
téchto pacientt, ktefi nemaji zadné klinické kontraindi-
kace GDMT, dosud uvedena léciva neuziva, je tfeba du-
sledné podporovat zahdjeni a titraci GDMT s cilem snizit
morbiditu a mortalitu. Novéjsi aktualizované doporuce-
né postupy pro klinickou praxi nyni zdarazfuji vyznam
v€asného a rychlého nasazeni |ékd s pfiznivym ucinkem
na kardiovaskularni onemocnéni s upozornénim, Ze roz-
hodovani v tomto smyslu je nutno provadét po dohodé
s pacientem a musi byt individualizovdno podle jeho hod-
not a preferenci, jiz provddéné zakladni Iécby a vysledkl
laboratornich testd (centralni ilustrace). Aby se zabrani-
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lo polypragmazii a snizilo riziko nezadoucich ucinkd, je
tfeba zvazit vysazeni léciv bez jednozna¢ného pfiznivého
vlivu na kardiovaskularni zdravi pacienta. PFi stanovo-
vani frekvence kontrol a opakovani laboratornich testu
mUzZe pomoci predvidani poklesu hodnoty eGFR a vzestu-
pu hodnot drasliku. Poskytovatelé zdravotni péce, ktefi
uzndvaji existenci rfady prekazek v zahdjeni a optimali-
zaci GDMT, museji usilovat o zavedeni ctyr pilirQ Iékové
¢tyrkombinace dnes uvadénych ve vétsiné doporucenych
postupl pro klinickou praxi. | kdyZ je nasazovani dalSich
[éciv vyznamné, je naprosto nezbytné déle usilovat o roz-
Siteni dostupnosti 1écby ctyfkombinaci tak, aby vsichni
vhodni pacienti s HFrEF méli pristup k Zivot zachranujici
GDMT. Je treba provadét dalsi prospektivni studie zamé-
fené na optimdlni zavadéni lécby ¢tyfkombinaci s cilem
snizit morbiditu a mortalitu pacientt s HFrEF.

Podékovani. Autofi ocenuji redakéni a vizualni pomoc,
kterou jim pfi vypracovani tohoto dokumentu poskytl
Hwee Teoh, PhD, ze spolec¢nosti HTaq Biomedical Edito-
rial and Education Services Inc.
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udaju, Baim Institute for Clinical Research (dfive Harvard
Clinical Research Institute, pro studii PORTICO, financova-
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ehringer Ingelheim a Novartis; honorare za poradenské
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Kontext: Vrozené anomalie korondrnich tepen (congenital coronary anomaly, CCA) pfedstavuji vyznamnou
pri¢inu morbidity a mortality v souvislosti s anginou pectoris nebo s nahlou srde¢ni smrti. Fenomén CCA se
déli na dvé skupiny podle odstupu a prabéhu dané koronérni tepny. Terminem maligni CCA se oznacuji tep-
ny s ektopickym odstupem z protilehlé strany srdce a s naslednym interarterialnim pribéhem.
Souhrn: Popisujeme dvé naprosto rozdilné varianty anomalii koronarnich tepen s typickymi projevy bolesti
na hrudi. Fyzikalni vysetieni obou pacientl pfineslo fyziologické vysledky a neprokazalo zadné znamky
ischemie. V prvnim pripadé prokazala CT koronarografie maligni variantu anomalini pravé véncité tepny
z protilehlého sinu (right anomalous coronary artery from the opposite sinus, R-ACAOS) s interarteridlnim
pribéhem. V druhém pfipadé se jednalo o typicky znak nestability platu s tzv. napkin-ring sign, pfitomnost
smisené formy platd a postizeni jedné korondrni tepny po benigni varianté r. circumflexus a. coronaria
sinistra s anomalii v podobé odstupu ze sinu pravé koronarni tepny. U obou pacient sice existovaly riizné
mechanismy vzniku anginy pectoris, avsak u obou bylo pfitomno vysoké riziko fatalni srde¢ni prihody. Vyssi
riziko akutniho koronarniho syndromu a néhlé srde¢ni smrti bylo popsano u pacientd s tzv. napkin-ring sign,
coz v druhém pripadé bylo pravdépodobné dlsledkem ostrého uhlu odstupu, ktery pro interarteridlni pra-
béh ukazoval na oznaceni ,maligni”, a to i pres pfitomnost nékolika dalsich charakteristik.
Zavéry: ACAOS je vzacna vrozend anomadlie a z klinického hlediska neni vyznamna, i kdyz néktefi pacienti
mohou vykazovat zdvazné symptomy. Nami popsany pripad ukazuje, ze nékteré abnormality by mohly pre-
definovat termin ,maligni” i v pfipadé takzvané benigniho ACAOS. Kromé optimalni farmakoterapie by pro
snizeni rizika fatalnich srde¢nich pfihod a ndhlé srde¢ni smrti bylo mozno uvazovat o chirurgickém reseni.
© 2022, CKS.

ABSTRACT

Background: Congenital coronary anomalies (CCA) are the important causes of morbidity and mortality
associated with angina or SCD. CCA divided into two groups, depending on the origin and course of the co-
ronary artery. Malignant CCA comprises arteries with ectopic origin from the contralateral side of the heart
followed by an inter-arterial course.

Case summary: We presented two distinct characteristics of coronary anomalies with typical chest pain pre-
sentation. Both patients had a normal physical examination and no ischemia sign. Coronary CT-angiography
showed a malignant type of right anomalous coronary artery from the opposite sinus (R-ACAQS) with an
inter-arterial course in case 1. A napkin-ring sign mixed plaque single vessel disease following benign type
LCx originating from right coronary sinus anomaly found in case 2. Both patients have different mechanis-
ms causing angina presentation, but both are at high risk of fatal cardiac events. A higher acute coronary
syndrome risk and sudden cardiac death were found in patients with the napkin-ring sign, which in case 2
were possibly caused by acute take-off angle features. These supported the term “malignant” caused by
inter-arterial course features but followed by several other features.

Conclusions: ACAOS is a rare congenital abnormality and not clinically significant, but some have potentially
severe symptoms. From the case presented, we could learn that some abnormalities could redefine the terms
malignantly even in the so-called benign ACAOS. Surgery could be performed besides OMT in reducing the
risk of fatal cardiac events and SCD.
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Introduction

Coronary arteries are the blood vessels that supply the
heart muscle to maintain myocardial hemostasis and
function. Anomalies of the coronary artery may present
as a result of coronary development disruption during
embryogenesis. These anomalies can affect the cardio-
vascular system by causing shunting and ischemia, thus
resulted in hemodynamic impairment. Congenital coro-
nary artery anomalies are rare and usually an incidental
finding during elective coronary angiography. The inci-
dence of coronary anomalies was reported to be 0.64-
1.3% in a large registry of patients undergoing coronary
angiogram, with a composition of 0.15% of the left co-
ronary arteries originates in the right coronary sinus and
0.92% of the right coronary artery (RCA) originates from
the left coronary sinus.™*

Most of the anomalous coronary artery arising from
opposite sinus (ACAOS) is not clinically significant, but
some have potentially severe symptoms. Left ACAOS (L-
-ACAOS) describing take-off of the left coronary artery
from the right coronary sinus of Valsalva, Right ACAOS
(R-ACAOS) is when the right coronary artery originating
from the left coronary sinus of Valsalva. Differentiating
coronary anomalies based on anatomical consideration
seems to be an essential matter. R-ACAOS that travels be-
tween the aorta and pulmonary artery, a relatively rare
congenital, is a malignant RCA anomaly. The disruption
of blood flow due to coronary artery anomalies could
lead to cardiac events or death through several mechanis-
ms such as reduced coronary flow by acute kinking of the
acute take-off or slit-like ostium, compression between
aorta and pulmonary artery, intramural course under
strenuous physical activity or exercise especially in young
athletes. We present a case series of patients showing ty-
pical chest pain with different coronary anomalies origin
characteristics.?

Case presentation

Case 1

A 60-year-old woman came to an outpatient unit with
a complaint of typical chest pain that is often felt with
moderate-to-heavy activity for the last five years. Chest
pain was relieved by resting and sublingual nitrate ad-
ministration. The previous history of diseases, such as
diabetes mellitus (DM), hypertension (HT), dyslipidemia,
and stroke was refuted. From the vital examination, blo-
od pressure (BP) was 130/80 mmHg, a regular heart rate

(HR) of 80 bpm, respiratory rate (RR) of 20 breaths per mi-
nute, and peripheral saturation (SpO,) of 99% with free
oxygen. Physical examination status was within normal
limits. From the electrocardiography (ECG), the sinus rhy-
thm 80 bpm and left atrial abnormalities were obtained.
There were no signs of ischemia on the ECG. Chest X-ray
(CXR) was within normal limits with a CTR of 50%. Labo-
ratory tests were within normal limits. From echocardio-
graphy examination, the valves did not appear abnormal.
The dimensions of the heart chambers were normal. It
was found normal left ventricular (LV) systolic function
with ejection fraction by Teich 68% normokinetic LV seg-
mental analysis.

Further workup was needed to determine the under-
lying diagnosis since ECG, CXR, and echocardiography
were within normal limits without a sign of ischemia. In
addition, the pretest probability (PTP) of coronary artery
disease (CAD) was 58%, which indicated for undergoing
exercise stress test (EST). However, the patient refused to
undergo an EST for personal reasons; thus, a cardiac com-
puted tomography angiography (CCTA) examination was
performed in the non-invasive unit.

From the evaluation of CCTA, we found no stenosis
(Fig. 1), calcium score 0, with anomalous origin of right
coronary artery (RCA) from left coronary sinus with subse-
quent coursing between the aorta and pulmonary trunk
(Fig. 2).

The patient was given education about the diagnosis
of rare congenital disorders. Management of the disease
includes conservative strategies, intervention to surge-
ry, and the disease’s prognosis, where sudden death can
occur during activity. However, patients still chose con-
servative therapy. She was given 5mg isosorbide dinitrate
(ISDN) three times daily and bisoprolol 2.5 mg twice a day
orally.

Case 2

A 60-year-old man, an active smoker with a CAD family
history, presented to an outpatient unit with a chief com-
plaint of typical chest pain. The pain was episodic and
felt two years ago, precipitated with moderate-to-heavy
activity, and relieved by rest. He had taken nitrate sublin-
gual ever since to control his symptoms. There were no
complaints of shortness of breath or palpitations during
chest pain. He had a history of uncontrolled hypertensi-
on with a history of changing therapeutic prescriptions
due to his remaining symptoms. He came to our clinic
for a second opinion since previous medical records had
only shown HT without any sign of heart ischemia. BP
was 150/80 mmHg from vital sign examination, a regular

Fig. 1 - The CCTA showed no stenosis in (A) RCA, (B) left anterior descendent (LAD), (C) left circumflex (LCx).
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Fig. 2 - The 3D reconstruction CT showed (A) an anomalous origin of RCA from left coronary sinus (CS) with (B) subsequent
coursing between the aorta and pulmonary trunk. (C) Multi-planar CT showed the anomalous origin of RCA from left CS

with inter-aortic course.

HR of 90 bpm, RR of 20 breaths per minute, and SpO, of
99% with free oxygen. Physical examination status was
within normal limits. ECG showed a normal sinus rhy-
thm 90 bpm. Chest X-ray was within normal limits with
a CTR of 50%. Laboratory tests were within normal limits.
Echocardiography examination showed a normal cardiac
chamber with normal left ventricular ejection fraction
(LVEF) (Teich 68%). The PTP score was 84%. Hence non-
-invasive imaging should be done. He was then referred

to a non-invasive examination, and a CCTA examination
was performed.

The CCTA (Fig. 3) showed RCA dominant with CAD sin-
gle vessel disease (SVD) mixed plaque 50% at proximal
RCA and mixed plaque 50% with “napkin ring sign” at
distal RCA. It also showed minor disease at LAD as mixed
plaque 30% in proximal LAD with the aneurysmatic part.
The coronary characteristic is complicated by anomalous
LCx origin from right coronary cusps (RCC) (Fig. 4).

Fig. 3 - The CCTA imaging of the patient presented with (A) aneurysmatic part of the proximal LAD, (B)
mixed plaque 30% in proximal LAD, (C) mixed plaque 50% in proximal RCA, and (D) mixed plaque 50%
with the presence of “napkin ring sign” (white arrow) at distal RCA.
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Fig. 4 - The CCTA showed (A) an anomalous origin of LCx from RCC (double ostium). (B) The 3D reconstruction CT.

The patient was given education about the diagnosis
of atherosclerotic disease concomitant with his congenital
disorder. Management of the disease includes revascula-
rization through a heart-team discussion, whether by per-
forming percutaneous coronary intervention or surgical
procedure. However, patients still consider both options
with the understanding of SCD risk. Routine atheroscle-
rotic coronary therapies were given, i.e., double antipla-
telets, ACE inhibitors, and statins. He was also given 5 mg
ISDN three times daily and bisoprolol 5 mg once a day ora-
Ily to control his symptom:s.

Discussion

Intact coronary circulation is essential for myocardial he-
mostasis and function, enabling the rest of the body to
function. A normal coronary artery is characterized by the
LAD and LCx artery originating from an aortic aorta abo-
ve the upper third of the left posterior sinus (left CS). In
contrast, RCA originates from the upper third right CS.
The anomalous coronary artery can affect hemodynamic
status through disruption in the coronary circulation. The
effect can be benign, even lethal. Therefore, the anatomi-
cal characteristic is one of the important factors affecting
the outcomes of the patient. Multidetector CT (MDCT) is
a diagnostic tool that is usually used to detect a coronary
artery’s anomalous origin and course. CT angiography has
a higher advantage over catheter angiography in detecti-
ng coronary artery abnormalities.>>®

Recent classification of the coronary anomalies is based
on anatomical consideration, recognizing three catego-
ries, i.e., anomalies of the origin and course, anomalies
of the intrinsic coronary artery anatomy, and anomalies
of the termination. In the setting of ACAOS, the proxi-
mal anomalous coronary artery may run anterior to the
pulmonary trunk (pre-pulmonic), posterior to the aorta
(retro-aortic), septal (subpulmonic), or between the aorta
and pulmonary artery itself (inter-arterial). Between these

characteristics, the inter-arterial type is regarded as a ma-
lignant condition at an increased risk of ischemia, arrhy-
thmia, syncope, and even sudden cardiac death (SCD).
Therefore, clinical guidelines recommend surgical correc-
tion for this type of anomaly.”®

Among all coronary artery abnormalities, anomalous
origin of the LCx from the right coronary sinus (RCC) is the
most common coronary anomaly reported, accounting for
0.37-0.7% of all patients. This anomaly is thought to be
benign, even though several cases show the increased risk
of ischemia due to accelerated atherosclerosis. The coro-
nary angiography characteristic in this group consists of
LCx originating from the left sinus Valsalva (55.5%), RCA
(36.9%), and right sinus Valsalva (25.9%).4

We presented serial cases showing two distinct charac-
teristics of coronary artery abnormalities with angina pre-
sentation. Both patients were seen normal during ECG,
chest X-ray, and echocardiography examination. No sign
of ischemia was found, so that further evaluation using
CT angiography was performed. Patient in case 1 showed
no stenosis and malignant feature of anomaly origin of
RCA from left CS with an inter-aortic course. In contrast,
in case 2, the CCTA showed mixed plaque 50% SVD and
benign feature of anomalous origin of LCx from right CS.

Typical angina could be presented among patients with
coronary artery abnormality as an effect of numerous is-
chemia mechanism, i.e., (1) compression of the anomalous
segment coursing inter-arterial during increased cardiac
output (CO) and expansion of the great vessel; (2) acu-
te angle take-off of the anomalous segment with further
stretch during exercise, possibly accounting for a flap-like
closure of the coronary ostium; (3) spasm or kinking of the
abnormal vessels; and (4) the course within an aortic wall
(intramural) of the proximal segment of the anomalous
vessel.

From both cases, we found no sign of ischemia during
echocardiography examination supported by Molajo et
al.® Only significant stenosis in the aberrant artery could
impair myocardial perfusion. However, even in the pre-
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sence of patent arteries, fatal cases have been reported.
Interaortic course, which is presented in case 1, is at the
highest risk for SCD. The increased risk of a fatal cardiac
event of inter-arterial course is decreased coronary flow
due to pressure between aorta and pulmonary trunk
caused by increased CO. A fatal cardiac event in benign
type, as presented in case 2, could be caused by repeated
compression of the anomalous artery by unusual angle as
a result of retro-aortic course of the LCx, which can com-
press the coronary ostium and restrict blood flow.>°

Although only 20% of coronary artery abnormalities
have life-threatening symptoms, a comprehensive eva-
luation should be performed. Even in benign type, LCx
abnormalities originating from the right sinus could have
a high ischemic risk. The increased risk of SCD can be due
to a slit-like ostium, a bend with acute take-off angles of
the aberrant coronary arteries, or arterial compression
between the aorta and pulmonary trunk when there is
increased blood flow through the vessel with exercise and
stress.>®

LCx abnormalities alone can become symptomatic and
cause myocardial infarction in the sixth decade later in
life. In the research comparing LCx abnormalities origina-
ting from RCC, those with retro-aortic course appeared to
be the most predisposed to selective atherosclerosis. Case
2 showed a napkin ring sign, known as a predictor of an
acute coronary event, including SCD. The napkin ring sign
is the presence of a ring of high attenuation around a par-
ticular coronary artery plaque. This sign might be caused
by both acute take-off angle and retro-aortic course fea-
ture in this patient. From several studies, as shown previ-
ously, a malignant type is at a higher fatal cardiac event
risk, the presence of napkin ring sign in the benign type
(case 2) showing an ACS risk of 41%."" Understanding the

anatomical and pathological reason of coronary artery
abnormality feature will redefine the term “benign”, as
Grani et al. suggested.’”? ACAOS can be considered ma-
lignant if inter-arterial course is present, acute take-off
angle, intramural course, proximal elliptic vessel/proximal
narrowing, anomalous vessel-induced ischemia, and scar.

Both patients were in terms of malignant course, so in-
tervention should be performed besides optimal medical
treatment using nitrate and beta-blocker. Exercise stress
testing, though commonly employed for diagnosing co-
ronary ischemia, is inadequate in predicting future risk of
SCD in patients with anomalous coronaries. Surgical in-
tervention in ACAOS patients is generally performed to
prevent SCD and/or ischemia. Surgical recommendation
in case of anomalous origin of left main from right coro-
nary sinus and interarterial course is supported by ACC/
AHA Guidelines for the management of adult with con-
genital heart disease.”® It ranges from reimplantation into
appropriate coronary sinus, bypass (with/without native
vessel ligation), pulmonary artery translocation, proximal
coronary artery patch enlargement, and unroofing (in the
event of intramural coronary course). The understanding
of course and structure are the major determinants of
successful intervention. The superiority of surgical inter-
vention over percutaneous coronary intervention lies on
higher instent re-stonosis rates, stent thrombosis, stent
fractures, and risk of coronary artery dissection/rupture.
Another guideline recommendation regarding SCD pre-
vention among ACAOS patients secondary to ventricular
arrhythmias is the ICD implantation. However, there are
no guidelines for ICD implantation after surgical correc-
tion of anomalous coronary vessel, especially in patients
with preserved ejection fraction. The option for perfor-
ming intervertion is listed in Table 1.21213

Table 1 - Options for performing intervention in ACAOS patient

Anatomic feature Preferably imaging method

to detect high-risk feature

Inter-arterial course CCTA/CMR>ICA(IVUS)>TTE
Slit-like ostium CCTA>ICA(IVUS)>CMR
Acute take-off CCTA>CMR>TTE>ICA
angle

Intramural course ICA(IVUS)>CCTA>CMR>TTE
Intramural length ICA(IVUS)>CCTA>CMR>TTE
Diastolic proximal narrowing/elliptic =~ CCTA/ICA(IVUS)>CMR
vessel shape

Systolic proximal narrowing/elliptic ICA(IVUS)>CCTA>CMR

vessel shape

Arrhythmogenic
substrate

Possible mechanism of
ischemia

Interventional option

Dynamic compression Re-implantation, pulmonary
artery dislocation, unroofing
(if intramural segment

present)

Valve-like occlusion Unroofing (if intramural

Kinki segment present), re-implantation,
Inking potentially PCI

Dynamic compression

Dynamic compression

Unroofing re-implantation,

Dynamic compression
potentially PCI

under stress

“Milking” and dynamic
compression at rest and
stress

Recurrent intermittent
ischemia leading to
myocardial scarring

Unclear, potentially
medication (beta-blocker)

CCTA - coronary computed tomography angiography; CMR - cardiovascular magnetic resonance; ICA - invasive coronary angiography;

IVUS - intravascular ultrasound; TTE - transthoracic echocardiogram.
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Conclusion

ACAOQS is a rare congenital abnormality and it is not cli-
nically significant, but some have potentially severe sym-
ptoms. Malignant ACAQS was previously described in L-
-ACAOS and R-ACAOS with an inter-atrial course. We
could learn from the cases presented that some abnorma-
lity features consisting of acute take-off angle, intramural
course, proximal elliptic vessel/proximal narrowing, ano-
malous vessel-induced ischemia, and scar could increase
the risk of fatal cardiac event, thus redefined the terms
malignantly even in the so-called benign ACAOS. CCTA
is superior non-invasive imaging technique in diagnosing
coronary anomalies with high accuracy. It provide precise
information regarding orifice location and vessel course.
There is no precise consensus and recommendation regar-
ding the intervensive management of ACAOS. Moreover,
the procedure of choice is uncertain, and its impact on
long-term survival is unknown. The only clinical guidelines
for cardiac surgery are in case of anomalous origin of left
main from right coronary sinus and interarterial course.
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Isolated Single Left Coronary Artery Anomalies
as An Incidental Finding in ST-Elevation Myocardial Infarction:
A Rare Case
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ARTICLE INFO SOUHRN

Article history: Uvod: Solitarni koronarni tepna (single coronary artery, SCA) bez pfidruzeného vrozeného srde¢niho one-
Submitted: 10. 8. 2021 mocnéni predstavuje vzacnou vrozenou anomalii. Ve vétsiné pfipadt, asymptomatickych a zjisténych zcela
Accepted: 6. 10. 2021 nahodné, mize byt SCA pficinou ischemie, méstnavého srdec¢niho selhani a nahlé srdecni smrti.

Available online: 17. 8. 2022 Kazuistika: Ctyfiactyficetileta zena byla pfivezena na nase oddéleni akutnich pfijm0 s typickou bolesti na

hrudi. Po vysetieni byla u ni stanovena diagndza infarktu myokardu zadni stény s elevaci Useku ST. Pacientka
nasledné podstoupila perkutanni koronarni intervenci. Selektivni kanylaci pravé koronarni tepny (right co-
ronary artery, RCA) nebylo mozno provést. Angiografické vysetieni levé koronarni tepny prokazalo kritickou
stendzu (99%) stredniho segmentu levé predni sestupné vétve (RIA). Byla provedena perkutanni translu-
mindlni koronarni angioplastika se zavedenim stentu do stfedniho segmentu RIA. Dva tydny po intervenci
byla provedena tomograficka koronarni angiografie (coronary computed tomography angiography, CCTA),
kterd potvrdila absenci pravé koronarni tepny i stendzu RIA.

Zavér: Jednou z nejvzacnéjsich anomalii je solitarni leva koronarni tepna pfi vrozené absenci RCA. U nékte-
rych pacientd je tato anomalie spojena s rozvojem ischemie; pfitom muze byt Zivot ohrozujici. Pro stanoveni
diagndzy a stratifikaci rizika se prednostné pouziva metoda CCTA. PrestoZe si jsme védomi mezer v nasich
znalostech o téchto anomaliich, mohou si nékteré pripady vyzadat intervenci, aby se predeslo néhlé srde¢ni
smrti a zvysila se kvalita zivota.

Klicova slova:

Infarkt myokardu s elevaci useku ST
Solitarni koronarni tepna
Tomograficka koronarni
angiografie

ABSTRACT

Introduction: Single coronary artery (SCA) with no associated congenital heart disease is a rare congenital
anomaly. SCA may cause ischemia, congestive heart failure, and accidental cardiac death in most cases,
which are asymptomatic and unintentional.
Case report: A 44-year-old woman came to our emergency room with a typical chest pain. After work up in
ER, the patient was diagnosed with inferior ST-elevation myocardial infarction. Then the patient underwent
percutaneous coronary intervention. Selective cannulation of the right coronary artery (RCA) was not possi-
ble. We found critical stenosis 99% at the mid-left anterior descending artery (LAD) from left coronary artery
angiography. Percutaneous transluminal coronary angioplasty with stent was done in mid LAD. Coronary
computed tomography angiography (CCTA) was done two weeks after the PCl procedure. From CCTA, it was
Keywords: confirmed the absence of RCA and no coronary stenosis.
Coronary computed tomography Conclusion: One of the rarest coronary artery anomalies is left SCA with congenital absence of the RCA. It is
angiography associated with ischemia in some patients and may be life-threatening. For diagnosis and risk stratification,
Single coronary artery CCTA is the preferred method. Despite our current understanding of such anomalies’ shortcomings, action
ST-elevation myocardial infarction may be warranted in some cases to prevent sudden death and increase the quality of life.
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Introduction

Single coronary artery anomaly (SCA) is a coronary arte-
ry disorder in which only one coronary artery arises from
one coronary ostium to supply the entire heart muscle.'
SCA is usually associated with other heart disorders. It is
uncommon for SCA to be an “isolated” disorder. SCA has
a diverse clinical presentation, ranging from mild nonspe-
cific symptoms to sudden cardiac death (SCD)."

SCA is usually incidentally diagnosed during a coronary
artery angiography or post mortem examination. The
prevalence of SCA in the general population is approxi-
mately 0.024-0.044%.2 The multiple SCA variations are
difficult to comprehend. Lipton et al. listed the various
forms of SCA in a systematic way. The majority of SCA cas-
es are asymptomatic. The malignant type of SCA is when
the coronary arteries run between the large blood vessels
(aorta and pulmonary artery).

Case report

A woman, 51 years old, came to the emergency room
with a typical chest pain complaint 17 hours ago. It is ac-
companied by nausea, vomiting, and cold sweat. The pa-
tient has a history of uncontrolled diabetes mellitus (DM)
type 2 and hypertension from past medical history. The
general condition was fair. The vital signs obtained blood
pressure (BP) 131/76 mmHg, regular pulse 72 beats/min-
ute (bpm), breath frequency (RR) 18 breaths/minute, and
O, saturation (Sa0,) 98% with O, nasal 3 liters/minute.
A physical examination heart and lungs are within nor-
mal limit. Examination of the head/neck, abdomen, and
extremities were within normal limits. From electrocardi-
ography (ECG), it was obtained sinus rhythm 72 bpm, nor-
mal frontal axis, the horizontal axis of CWR, ST elevation
in the lead lll, aVF, QS pattern in the lead Ill, aVF, V -V,
T inversion in lead V-V, |, aVL with conclusion anteri-
or inferior STEMI (Fig. 1A). The chest X-ray examination

found an impression of cardiomegaly, and the pulmo was
within normal limits (Fig. 1B).

Our patient did a lab examination and obtained Hb
13.5, leukocyte 8940, platelet 416000, SGOT 115, SGPT 36,
BUN 9, SK 0.8, albumin 3.5, Na 140, K 4.0, Cl 105, blood
glucose 311, APTT 31.4, PPT 12.7, troponin | 1998, CKMB
54.8. Blood gas analysis results were normal; pH 7.44,
pCO, 35, pO, 113, HCO, 23.8, BE 0.4, Sa0, 99%, P/F ratio
538. From COVID-19 screening, negative antigen swabs,
rapid IgG and IgM COVID-19 negative. The patient then
performed echocardiography with results; trivial mitral
regurgitation, LV dilatation (LVIDd 5.3 ¢cm), decreased LV
systolic function: decreased (EF by Teich 39%, by Biplane
42%), hypokinetic at inferoseptal (B-M), anteroseptal (B-
M), inferior (B-M-A), and septal (A) from LV segmental
analysis, and eccentric LVH (LVdMI 96.80 g/m?; RWT 0.380)
with normal hemodynamic parameters.

The patient was then diagnosed with STEMI inferior
Killip I late-onset and hyperglycemic DM type Il. For initial
management, we provide therapy; aspilet 300 mg then
1x 100 mg, clopidogrel 300mg then 1x 75 mg, atorvas-
tatin 0-0-40 mg, lisinopril 1x 5 mg, bisoprolol 1x 2.5 mg,
Novorapid insulin 3x 6 IU s.c, and Levemir insulin 0-0-10
IU s.c.

We observe the patient at the cardiovascular care unit.
On day 4 of hospitalization, the patient was then per-
formed PCl, resulting in a single coronary artery disease
with critical stenosis 99% at mid-left anterior descending
artery (LAD). Therefore, percutaneous transluminal an-
gioplasty (PTCA) with stent was done in mid LAD with
TIMI flow Il (Fig. 2A). During the procedure, it was dif-
ficult to engage on right coronary artery (RCA) ostium.
Therefore, the operator performed aortography to en-
sure the position of the RCA ostium. As a result, there
is no RCA seen from the aortography (Fig. 2B). Then the
patient is advised to undergo a CCTA for coronary arter-
ies evaluation.

The patient was finally discharged from the hospital
on day 7th of hospitalization. CCTA was performed two

” At A AN A S
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Fig. 1 - (A) EKG examination showed an anterior inferior STEMI. (B) From the CXR examination, cardiomegaly

and normal lungs were found.
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weeks later with results of SCA with the left circumflex ar-
tery (LCx) running posterior, RCA atresia, and good stent-
ing without any coronary thrombus (Fig. 3). Then we edu-
cate the patient regarding the condition, and the patient
asked to continue her optimal medical therapy.

Discussion

SCA is a condition where only one coronary artery origi-
nates from the aortic sinus (right or left), which supplies
the entire coronary circulation. SCA may not be associated
with congenital heart disease (isolated). Isolated SCA is as-

oronary Diagnostic Coronary
oro

RAD: 24.70 CAU: 24.00
"

pEndianExplicit
286 mA 96.00k\
WL: 109 WW: 141

Fig. 2 - (A) Coronary angiography showed
critical stenosis 99% at the mid LAD, (B)
PTCA with stent was done in mid LAD with
TIMI flow llI, (C) no RCA seen from the
aortography.

sociated with normal heart structures.? SCA was found in
0.019% of 126,595 patients in a serial case study. Howev-
er, congenital heart conditions such as tetralogy of Fallot,
truncus arteriosus, and transposition of the great arteries
account for 40% of these conditions.?

SCA has many different classification systems based on
necropsy and conventional coronary angiography findings
in some literature. Lipton et al. (1979) classified SCA into two
main types: left (L) and right (R) type, which indicate SCA
origin in the left or right coronary sinus. Furthermore, based
on the anatomy of the SCA is divided into three subtypes:

e Type I: SCA is originating from the left or right

coronary sinus. LM can continue into LCx and LAD,

Fig. 3 - The CCTA results in the SCA of LAD. LCx was running posterior interventricular sulcus to the apex.
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whereas LCx can end up as RCA. RCA can progress
down the left atrioventricular pathway to become
LCx and end up as LAD.

e Type Il: SCA originates from the left or right coro-
nary sinus. In the SCA's proximal segment, an arte-
rial anomaly can cross the heart base before adher-
ing to another normal coronary anatomy.

e Type lll: LCx, and LAD arise separately from the
proximal portion of the normal RCA.*

Based on the relationship between SCA, the aorta, and
pulmonary arteries, Lipton et al. categorized SCA into
three categories:

e Category A, artery anomaly passes anterior to the

main pulmonary artery.

e Category B, artery anomaly passes anteriorly be-
tween the ascending aorta and the main pulmo-
nary artery.

e Category P, artery anomaly passing posterior to the
ascending aorta.*

Moreover, in 1990, Yamanaka and Hobbs entered two

new categories:

e Category Sindicates the presence of transeptal and
transeptal anomalous arteries.

e Category Cindicates an arterial anomaly that pass-
es through more than 1 section.?

In 2005, Rigatelli et al. classified coronary artery anom-
alies based on the level of the clinical condition related
to the location of large blood vessels and atherosclero-
sis in coronary heart disease (CHD). SCA is not included in
the benign category (class 1). The presence of SCA with
persistent myocardial ischemia is included in the class Il

category. Subtypes L or R, I-lI-lll, A-P can be categorized
as class I, related to an increased risk of sudden cardiac
death (SCD). Subtypes L or R, I-lI-Ill B can be categorized in

class IV, where SCD can be caused by CHD.>

Most patients with an SCA are asymptomatic or with
nonspecific symptoms, but several variants have typical
chest pain, syncope, ventricular tachycardia, and sudden
cardiac arrest.® In addition, an SCA can contribute to typi-
cal angina pectoris if there is a narrowing of the proxi-
mal arteries, which can cause a decrease blood flow to
the heart.

An SCA can be diagnosed with various modalities, in-
cluding conventional coronary angiography, CCTA, and
cardiac MRI. Conventional coronary angiography has be-
come one of the modalities evaluating coronary arteries,
although it is invasive. In contrast, the CCTA procedure
is a non-invasive diagnostic tool with a high spatial and
temporal resolution to detect and characterize coronary
artery abnormalities. CCTA can accurately describe arteri-
al abnormalities, provide a 3-dimensional view of arterial
deformities and other cardiovascular structures [7]. Mean-
while, MRI is a non-ionizing diagnostic tool used to detect
an SCA. It can describe the coronary artery and assess the
myocardium'’s viability. However, MRI has a lower spatial
and temporal resolution compared to CCTA. Moreover,
MR is difficult to provide in general health facilities and is
contraindicated in patients with a permanent pacemaker.?

The prognosis in patients with an SCA can vary. The
presence of an SCA event without other congenital abnor-
malities does not usually result in abnormal heart func-
tion. However, a change in ostium anatomy usually results

in the progression of atherosclerosis. SCD can happen due
to the narrowing of coronary arteries between the two
large blood vessels, the aorta, and the pulmonary artery.
This compression usually occurs during moderate-to-heavy
activities such as sports. Kinking can also be the most likely
cause of SCD.° Awareness of coronary artery abnormali-
ties and their characteristics is critical to avoid potential
complications such as PCl or CABG during coronary inter-
vention. A multidisciplinary approach involving cardiac in-
terventionists and cardiothoracic surgeons is required to
decide the best treatment options. In most asymptomatic
patients with the absence of atherosclerosis, no invasive
intervention is recommended.>"°

Conclusions

The incidence rate of a single left coronary artery with-
out an RCA is one of the rarest coronary artery anoma-
lies. An SCA can be classified into several different sub-
types. CCTA is a non-invasive diagnostic tool that has an
essential role in determining several variants of an SCA.
The presence of significant symptomatic symptoms can
be treated with the following options: 1. drug therapy/
observation, 2. coronary angioplasty, 3. surgery, where
intervention is preferred to prevent SCD and can improve
quality of life.
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Fukutinopatie patii do skupiny a-dystroglykanopatii, autosomalné recesivné dédi¢nych myopatii kosterniho
svalu s variabilnim postizenim srdce. Onemocnéni bylo objeveno v Japonsku, kde se endemicky vyskytuje
ve formé Fukuyamovy vrozené svalové dystrofie. Vzacné se viak vyskytuje také v jinych zemich s odlisnou
genetickou architekturou. Prezentujeme pfipad fukutinopatie diagnostikovany u mladého muze ceského
plvodu s dilata¢ni kardiomyopatii, elevaci kreatinkindzy a frustnimi znamkami myopatie kosterniho svalu
pfi neurologickém vysetieni. Celoexomova sekvenace identifikovala na jedné alele patogenni variantu fuku-
tinu (FKTN) His172Leu, ktera pfi rozsahlé deleci exond 1-9 na druhé alele FKTN pusobila jako homozygotni
varianta. Kardidlni i neurologicky stav pacienta z(stava po ctyfech letech sledovani stabilni. Recentné byla
u pacienta na magnetické rezonanci (MR) mozku ndhodné zjisténa rozsahla epidermoidni cysta ¢tvrté komo-
ry s utlakem mozkového kmene vyZzadujici neurochirurgicky zakrok, ktera by mohla zapadat do vyvojovych
anomadlii mozku pacientt s fukutinopatiemi. V kontextu tohoto vzacného onemocnéni rozebirame diagnos-
tiku a l1é¢bu kardiomyopatii doprovazenych onemocnénim kosterniho svalu.

© 2022, CKS.

ABSTRACT

Fukutinopathy belongs to a-dystroglykanopathies, autosomal recessive inherited skeletal muscle myo-
pathies with a variable cardiac involvement. The disease was discovered in Japan with endemic occurrence
as Fukuyama congenital skeletal dystrophy. However, it can be rarely diagnosed also in other countries
with a different genetic architecture. We present a case of fukutinopathy in a young male of Czech origin
with dilated cardiomyopathy and elevation of creatine phosphokinase. Neurologic assessment revealed just
borderline signs of skeletal muscle myopathy. Whole-exome sequencing revealed in one allele a pathogenic
missense variant of fukutin (FKTN) His172Leu, which was accompanied by a large deletion of exons 1-9 in the
second allele of FKTN acting as a homozygous variant. Cardiac and neurologic status of the patient remained
stable in the last four years. Recently, the patient has been diagnosed with a large epidermoid cyst of the
fourth brain chamber causing a brainstem compression, which required a neurosurgical intervention. The
finding could be related to congenital cerebral abnormalities seen in patients with fukutinopathies. In the
context of this rare disease, we discuss diagnostics and management of cardiomyopathies associated with
a skeletal muscle myopathy.
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Uvod

Postizeni srdce patfi spolu s respira¢nim selhanim mezi
hlavni pficiny morbidity a mortality u neuromuskularnich
onemocnéni.' Jednd se o zna¢né heterogenni skupinu
onemocnéni, mezi kterymi prevazuji geneticky podminé-
né myopatie kosterniho svalu. Od prvnich popisC postize-
ni srdce u Duchenneovy nemoci v 60. letech? doslo k vy-
znamnému pokroku v diagnostice neuromuskularnich
onemocnéni a zlepsily se také znalosti ohledné srde¢niho
postiZzeni u jednotlivych klinickych jednotek. Byla identifi-
kovana onemocnéni s vysokym vyskytem srdecniho selha-
ni vétSinou pod obrazem dilata¢ni kardiomyopatie (dys-
trofinopatie, laminopatie, sarkoglykanopatie o-y atd.)
a také s vysokou prevalenci malignich komorovych aryt-
mii (laminopatie) a atrioventrikularnich blokad (emerino-
patie, laminopatie, myotonickd dystrofie, desminopatie
atd.)." U nékterych jednotek jako napt. dystrofinopatii,
laminopatii a myotonické dystrofie byly vypracovany spe-
cifické strategie k prevenci kardialnich komplikaci.

V této praci chceme prezentovat pfipad fukutinopatie
diagnostikovany u mladého pacienta s nedavnym zachy-
tem dilatac¢ni kardiomyopatie, jenz byl provazen frustnim
postizenim kosterniho svalu. V kontextu tohoto vzacného
onemocnéni rozebereme diagnostiku a Ié¢bu kardiomyo-
patii doprovazenych onemocnénim kosterniho svalu.

Popis pFipadu

Dvaadvacetilety obézni muz s BMI 35, doposud kardialné
i interné zdravy, byl v prosinci 2016 pfijat do nemocnice
Liberec pro zachyt srde¢niho selhani s anamnézou nama-
hové dusnosti progredujici do klidové v poslednich tfech
mésicich. Rodinnd anamnéza u rodi¢l byla néma stran
kardiovaskularni anamnézy, otec matky zemrel nahle na
infarkt myokardu pfed 50. rokem, otec otce [écen pro
ICHS, po PCI, déle sledovan v IKEM po transplantaci led-
viny pro dédi¢nou formu glomerulonefritidy. U pacienta
byly pfi pfijeti pfitomny znamky levostranné kardialni
insuficience, EKG s nalezem levého predniho hemibloku,
laboratorné zvysend hodnota natriuretického peptidu
typu B 1 127 ng/l, mirné alterované renalni parametry,
jaterni enzymy a kreatinkindza (CK) 8,3 pkat/l. Sérologie
kardiotropnich virtl byla negativni. Echokardiografické
vysetieni zachytilo tézkou dilataci levé komory (LVEDD
69 mm) s vyznamnou systolickou dysfunkci LK — EF 20 %
pfi difuzni hypokinezi, dilatovanou PK se stfedné ome-
zenou systolickou funkci, bez nalezu vyznamné valvulo-
patie, bez zn. plicni hypertenze. Na spadovém pracovisti
doplnéno koronarografické vysetieni, kde nebylo pfitom-
no aterosklerotické postizeni, sou¢asné i MR srdce, ktera
potvrdila dilatovanou tézce dysfunkcni LK s EF 17 %, zn.
pozdniho syceni septa, spodni a laterdIni stény. Pacient
byl posléze odeslan na nase pracovisté k provedeni endo-
myokardialni biopsie. V biopsii nebyly prokazany znamky
myokarditidy, ani pfitomnost amyloidu, nalez byl histo-
logicky kompatibilni s diagnézou dilatacni kardiomyopa-
tie. Vzhledem k elevaci kreatinkinazy byla v biopsii cile-
né testovana exprese dystrofinu, ktera byla v normé. Po
kompenzaci srde¢niho selhani doslo laboratorné k upra-
vé jaternich parametr( i rendlni funkce, pretrvavala vsak

zvysend hodnota CK. Z tohoto dlvodu bylo doplnéno
neurologické vysetfeni s normdlnim nalezem a elektro-
myografie se zachytem myogennich potencialll, vzhle-
dem ke klinickym projevim nebyla svalova biopsie indi-
kovana. Pacient byl nastaven na Iécbu srdecniho selhani
a propustén do ambulantniho sledovani.

Pri ambulantnich kontroldch byla dale titrovéna terapie
kardialni insuficience, EKG holterovské vysetieni bylo kro-
mé sklonu k no¢ni bradykardii bez arytmii. Dochdzelo k po-
stupnému lep3eni klinického stavu az na NYHA |, i systolické
funkce LK (posledni hodnota 5/2021 EF 40 %, GLS -13,2 %,
EDD 67 mm), a zaroveri poklesu hodnoty BNP, ktera je od
r. 2017 normalizovéna. S klesajicim BNP v3ak disproporéné
dochazelo k dalsi elevaci CK (maximalni hodnota 47 pkat/l)
bez klinickych zndmek myopatie (tabulka 1).

K objasnéni pficiny onemocnéni bylo provedeno mo-
lekularné-genetické vysetfeni pomoci celoexomové sek-
venace (SeqCap EZ MedExome Probes, Roche, Madison,
USA) na pfistroji lllumina HiSeq 2500 systém. Na jedné
alele byla zjisténa patogenni varianta fukutinu (FKTN)
His172Leu, kterd pfi rozsahlé deleci exonl 1-9 na druhé
alele FKTN pusobila jako homozygotni varianta (obr. 1),
nalez odpovidal autosomalné recesivni dédi¢nosti fuku-
tinopatii. Podle klasifikace American College of Medical
Genetics and Genomics se jednalo o variantu tfidy 4. Byl
proveden klinicky a geneticky screening u rodicd a bratra
pacienta s normalnim kardiologickym nalezem. RozloZe-
ni genotypt v rodiné ukazuje rodokmen, bodova mutace
FKTN pochéazela od otce, delece ¢asti genu pro FKTN po-
chazela od matky (obr. 1). Genetické vysetfeni probihalo
v ramci klinické studie schvalené instituciondlni etickou
komisi, nemocny projevil souhlas s anonymnim zverejné-
nim pfipadu.

V dubnu 2021 pacient podstoupil neurologickou kon-
trolu, kde nebyla zjisténa vyznamnéjsi progrese myopa-
tie kosterniho svalu, nadale jen lehkého stupné s mirnou
progresi myogenniho nalezu pfi elektromyografii. Byly
konstatovany normalni kognitivni funkce. Vzhledem
k wvyskytu malformaci centralniho nervového systému
(CNS) u fukutinopatii byla na doporuceni neurologa dopl-
néna MR mozku, ktera odhalila velkou epidermoidni cys-
tu IV. komory s pocinajicim utlakem mozkového kmene.
Nalez byl uUspésné feSen neurochirurgickym zakrokem.
Vzhledem k prevazujici kardialni manifestaci onemocnéni
a minimalnim projeviim svalového onemocnéni predpo-
kldadame, Ze i do budoucna bude pro prognézu pacienta
rozhodujici tize srde¢niho onemocnéni a jeho lécba.

Diskuse

Fukutinopatie - klinicky obraz a srovnani

s predchozimi publikacemi

Fukutin se spolu s dalsimi proteiny a glykoproteiny podili
na glykosylaci a-dystroglykanu, ktery je prevazné extra-
celuladrnim proteinem, interaguje k lamininem-2 a podili
se na ukotveni bunécného cytoskeletu k extracelularni
matrix. Smérem do burky a-dystroglykan interaguje s p—
-dystroglykanem a dystrofinovym komplexem, ktery je
napojen na aktinova filamenta.? Spravna funkce o-dystro-
glykanu je zasadni pro integritu kardiomyocytt a rhab-
domyocytU, je dulezita také pro fizeni migrace neuront
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Obr. 1 - Rodokmen vysetiované rodiny a schematické znazornéni patogenni varianty fukutinu (FKTN) u naseho pacienta véetné pravdé-
podobného mechanismu vzniku delece v genu FKTN. Panel A - Genotyp pacienta, zaména His172Leu FKTN a soucasné delece exont 1-9
FKTN. Panel B - Rodokmen rodiny, véetné znazornéni genotypu u jednotlivych ¢lend rodiny. Kromé probanda méli ostatni clenové rodiny
normalni EKG a echokardiograficky nalez. Panel C - Pravdépodobny vznik delece v genu FKTN: chromosom vytvofi smycku a velmi podobné
fragmenty DNA (sekvence LINE) se mohou vzajemné parovat. Rekombinace mezi takto sparovanymi chromosomy vede k deleci smycky,

ktera nasledné podléha degradaci a chromosom dale zlistava bez toho

béhem vyvoje mozku a vyvoje oka. Patogenni varianty
fukutinu (FKTN) a dalSich péti gend (LARGE, POMGNTT,
POMTI1, POMT2 a FKRP) vedou k porucham glykosylace
a-dystroglykanu, které byly asociovdny s recesivné dédic-
nymi svalovymi dystrofiemi, strukturalnimi mozkovymi
zménami a o¢nim postizenim.* Rozvoj kardiomyopatie
byl dokumentovan u mysiho modelu po eliminaci genu
(knockout) pro FKTN.5

Prvni pripady fukutinopatie byly popsany v roce 1960
v Japonsku skupinou okolo doktora Fukuyamy.® Fenotyp
Fukuyamovy svalové dystrofie se sklada z triady mentalni
retardace, mozkovd malformace a vrozena svalova dys-
trofie. Jejim nejcastéjsim molekuldrnim podkladem je
v japonské populaci homozygotni 3-kb retrotranspozi¢ni
inzerce v 3' nekdédujici oblasti genu FKTN. Onemocnéni je
v Japonsku endemické s prevalenci 1-2/50 000 narozenych
déti, je zde patrny efekt zakladatele. Choroba je fatalni
béhem détstvi a adolescence, pri¢cinou umrti byva srdecni
selhdni.>® Do obrazu postizeni CNS u Fukuyamovy svalové
dystrofie patfi dysplazie mozkové kulry (polymikrogyrie
nebo pachygyrie), mozeckové cysty, dysplazie klry mo-
zecku, abnormality bilé hmoty a hypoplazie mozkového
kmene.” Homozygotni nonsense mutace FKTN v kédujici
oblasti vedou kromé tézké svalové dystrofie k zavaznému
postizeni CNS (lisencefalie, dilatace mozkovych komor)
a o¢nim malformacim popsanym jako Walkertv-Warbur-
gulv syndrom s prezivanim jen nékolik mésicl postnatal-
né.®° Na druhé strané klinického spektra stoji fukutino-
patie s projevy pletencové svalové dystrofie bez projevi

useku DNA.

mentalni retardace®® nebo s projevy dilata¢ni kardiomyo-
patie a subklinickou myopatii.’ Tyto mirnéjsi formy fuku-
tinopatie byvaji vétSinou podminény homozygotnimi mis-
sense mutacemi FKTN nebo kombinaci bodové mutace
a delece ¢asti genu FKTN jako v nasem pfipadu. Vzhle-
dem k vyznamu fukutinu pro spravnou diferenciaci CNS
muzeme spekulovat o vztahu genetického defektu k zjis-
ténému epidermoidnimu tumoru ¢tvrté komory u naseho
pacienta, ktery pochazi z ostrivkl ektodermdlni tkané
zbylych po vyvoji neurdlni trubice v embryogenezi.

Nervosvalova onemocnéni se zvysenym vyskytem
postiZeni srdce

Tabulka 2 ukazuje prehled nejcastéjsich svalovych one-
mocnéni se zvysenym vyskytem postizeni srdce, které
zahrnuje rozvoj srde¢niho selhani, vyskyt tachyarytmii
a atrioventrikularni blokady. Tam, kde je riziko srde¢ni-
ho postizeni zvysené, je vhodné u pacientd s myopatii
periodicky provadét kardiologické vySetfeni.” Na druhou
stranu, na pfitomnost myopatie je tfeba pomyslet u vSech
pacientd s novym zachytem kardiomyopatie, vySetfeni
koncentrace kreatinkindzy (CK) v séru patfi mezi zaklad-
ni vstupni vysSetfeni u pacientl s kardiomyopatiemi (ta-
bulka 3)." Divodem pro toto testovani je skute¢nost, ze
u nékterych nervosvalovych onemocnéni mlze byt kar-
diomyopatie dominujici manifestaci a postizeni koster-
nich svalt je subklinické. V tabulce 3 jsou uvedeny také
nejcastéjsich priciny hypertrofické, dilata¢ni a restriktivni
kardiomyopatie se zvySenim CK." Pfitomnost myopatie
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Tabulka 1 - Prehled klinickych nalezti pacienta s fukutinopatii

1. mésic 52. mésic
Sledovany znak (leden 2017) 5. mésic 12. mésic 18. mésic (duben 2021)
NYHA \Y, | | 1=l -1
Hospitalizace LSI
BNP (ng/l) 1127,0 132,8 17,1 17,1 17,8
CK (ukat/l) 8,3 18,0 31,4 46,9 30,0
EKG SR SR SR SR SR
EF LK (%) 20 35 40-45 40-45 40
LVEDD (mm) 71 70 67 62 68
Funkce PK Stfedné omezena Normalni Lehce omezena Normalni Normalni
Mitralni regurgitace Stredni 2-3/4 Mala 1/4 Mala 1/4 Mala 1/4 Mala 1-2/4

BNP - natriureticky peptid typu B; CK — kreatinkinaza; EF LK — ejek¢ni frakce levé komory; LSI - levostranna srdecni insuficience; LVEDD —
end-diastolicky rozmér levé komory; NYHA - New York Heart Association; PK - prava komora.

Tabulka 2 - Prehled nejcastéjsich myopatii a vyskytu postizeni srdce u jednotlivych onemocnéni. Upraveno podle citace’??’

Mvopatie Gen Srdeéni postizeni Vyskyt srdecniho Komorové  Sifové Nahla Poruchy
yop p postizeni arytmie arytmie srdecni smrt  prevodu
Myopatie vazana na X-chromosom
Duchenneova Dystrofin DKMP Bézné (90 %) KES V pozdni fazi Ano Vzécné
. KT asociova- Asociované .y
| 0,
Beckerova Dystrofin DKMP 60-75 % nésDKMP s DKMP Ano Vzéacné
. Emerin, lamin  Pfevodni poruchy o 25 Ano, 30 % S
Emeryho-Dreifussova AacC a DKMP 90 % KT Bézné amrti Bézné
Pletencové dystrofie
LGMD 1B laminAac  Frevodniporuchy  gq o, KT Mélo dasté  Ano B&zné
a DKMP
LGMD 2C Y-sarcoglykan DKMP Bézné Vzacné Vzacné Vzécné
LGMD 2D o-sarcoglykan  DKMP Bézné Vzéacné Vzéacné Vzécné
LGMD 2E B-sarcoglykan  DKMP Bézné Bézné Bézné Bézné
LGMD 2! Fukutin-rela- 5y 20-80 % Malo dasté  Vzacné Vzdcnd  Vzécné
ted protein
Myotonické dystrofie
Expanze CGT . . - .
. Prevodni poruchy 0 V zavislosti a5
Typ 1 repetic genu a DKMP, HKMP 60-80 % KT na véku Ano Bézné
DMPK
Expanze CCGT Vzécné
Typ 2 repeticgenu  Prevodni poruchy 10-25 % Malo ¢asté  Malo casté Ano e
v détstvi
ZNF9
Asociované s mitochondrialni dysfunkci
. LVNC, DKMP, P B Rmla b TFla Neni
Barthiv syndrom Tafazzin HKMP Bézné Ojedinélé Ojedinélé Zn4mo
Friedreichova ataxie ~ Frataxin HKMP Bézné Bézné Bézné Vzécné

DKMP - dilata¢ni kardiomyopatie; HKMP - hypertrofick4 kardiomyopatie; KES — komorové extrasystoly; KT — komorové tachykardie; LVNC
- non-kompaktni kardiomyopatie levé komory.

a jeji charakter ndm mohou pomoci pfi diagnostice pfi¢ciny kterd mohou indikovat dalsi laboratorni vysetfeni a na-
kardiomyopatie. Pfi opakovaném zvyseni koncentrace CK  smérovat pacienta ke genetickému vysetreni. Pfitomnost
v séru je vhodné doplnit neurologické vysetfeni a elektro- myopatie zvysuje vytéZznost molekularné-genetického vy-
myografii. Pacienty s podezifenim na nervosvalové one- 3Setfeni u pacienta s kardiomyopatii,'? vétsSinou se pouzivaji
mocnéni je tfeba referovat do neuromuskularnich center, panely desitek gend nebo exomova sekvenace metodou
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Tabulka 3 - Doporucena laboratorni vysetreni u jednotlivych typ kardiomyopatii a diferencialni diagnéza pfi zvyseni kreatinkinazy

Srdecni fenotyp Doporucena vysetreni Dif. dg. pii T kreatinkinazy

Hypertroficka kardiomyopatie - Kreatinkindza - Mitochondridlni onemocnéni

Renalni funkce, proteinurie Glykogendzy

Jaterni testy Danonova choroba

Dilatacni kardiomyopatie - Kreatinkindza - Dystrofinopatie
Renalni funkce, proteinurie Sarkoglykanopatie
Jaterni testy Laminopatie
Krevni obraz Myotonicka dystrofie
Sérové zelezo, feritin Mutace FKTN
Kalcium, fosfor, TSH Desminopatie
Myofibrilarni myopatie
Restriktivni kardiomyopatie - Kreatinkindza - Desminopatie

Renalni funkce, proteinurie
Jaterni testy
Krevni obraz, Zelezo, ferritin

Imunofixace bilkovin séra a modi,

volné lehké retézce

TSH - tyreotropni hormon.

next generation sequencing. V indikovanych pripadech
Ize doplnit svalovou biopsii, napf. pfi negativnim nebo
nejasném vysledku genetického vysetreni.

Specifické strategie k prevenci kardialniho
postizeni a komplikaci u vybranych svalovych
onemocnéni
Prvni prace zamérené na specifickou 1é¢bu nervosvalo-
vych onemocnéni se objevily u pacientld s nejtézsi formou
dystrofinopatie — Duchenneovou svalovou dystrofii. Pro
toto onemocnéni je charakteristickd progresivné se zhor-
Sujici svalova slabost a ztrata schopnosti chtze v druhé
dekadé Zivota. Randomizované studie z 90. let minulého
stoleti prokazaly, Ze kortikoterapie prodlouzi schopnost
chtize skoro o tfi roky."” Pozdéji byly publikovany mensi
randomizované studie ukazujici u chlapcd s Duchenne-
ovou svalovou dystrofii se zachovanou ejeké¢ni frakci levé
komory srdecni (LKS) bez zndmek postizeni srdce, Zze po-
davani perindoprilu vedlo ve srovndni s placebem po péti
a deseti letech''" k nizSimu vyskytu systolické dysfunkce
LKS. Po deseti letech sledovani bylo pfi preventivnim po-
davani perindoprilu dokonce pozorovano snizeni celkové
mortality o 27 %.'> Metaanalyza provedenych praci (s pe-
rindoprilem, lisinoprilem, losartanem a eplerenonem)’®
poukdzala na malou spolehlivost téchto malych studii.”
Stala se vychodiskem pro usporadani DMD Heart Protec-
tion Study, kterd od roku 2018 zkouma pfinos preventiv-
niho podani perindoprilu a bisoprololu u chlapct s Du-
chenneovou svalou dystrofii.’®

Dalsi vyznamnou skupinou svalovych onemocnéni,
ktera vyzaduji odlisné preventivni a |é¢ebné strategie,
jsou laminopatie. Jsou spojeny s vysokym rizikem nahlé
srdecni smrti pfi maligni arytmii nebo prfevodni poruse
a také se zvySenym rizikem progrese srdec¢niho selhani.
Nejcastéjsimi klinickymi fenotypy laminopatii jsou Eme-
ryho-Dreifussova svalova dystrofie, pletencova svalova

dystrofie nebo izolovana dilata¢ni kardiomyopatie.™ Jiz
pfitomnost dvou ze ¢tyf nasledujicich rizikovych fakto-
rd zvysuje u nosict patogennich mutaci laminu A/C rizi-
ko nahlé srde¢ni smrti.?° Témito rizikovymi faktory jsou:
muzské pohlavi, non-missense mutace (tedy trunkujici
varianta, porucha splicingu nebo stop mutace), zachyt
nesetrvalé komorové tachykardie a ejek¢ni frakce levé
komory srde¢ni pod 45 %. Dokonalejsi rizikovou stra-
tifikaci pacientl s laminopatii prinesl novy algoritmus,
ktery pouziva Ctyfi vyse zminéné prediktory s kvantita-
tivné hodnocenou ejekéni frakci LKS a pridava k nim
prfitomnost atrioventrikuldrni blokady prvniho a vyssi-
ho stupné. Algoritmus je dostupny online: https://Imna-
-risk-vta.fr/.?' Podle guidelines Evropské kardiologické
spolec¢nosti ma byt u rizikovych pacientd s laminopatii
a dilata¢ni kardiomyopatii indikovdna ¢asna implanta-
ce kardioverteru-defibrilatoru, a to s tfidou doporuceni
lla.22

Dulezitou skupinou myopatii, ktera vyzaduje specificky
kardiologicky management, je také myotonickd svalova
dystrofie, predevsim jeji I. typ, morbus Steinert. Kardialni
pri¢iny umrti jsou u tohoto onemocnéni casté s vyznam-
nym vyskytem nahlé srdecni smrti pfi progredujici atrio-
ventrikuldrni blokadé nebo maligni komorové arytmii.??
Neinvazivnimi prediktory bradykardické formy nahlé sr-
de¢ni smrti jsou vyskyt supraventrikularnich arytmii, in-
terval PR > 240 ms, trvani QRS > 120 ms a zachyt atrioven-
trikularni blokddy druhého az tretiho stupné.?* Hrani¢ni
nalezy lze upfesnit pomoci elektrofyziologického vyset-
feni, interval HV > 70 ms predikuje s vysokou pravdépo-
dobnosti rozvoj kompletni atrioventrikuldrni blokady.?
Kromé klasickych indikaci Ize implantaci kardiostimulato-
ru zvazit také u vyse zminénych prevodnich poruch. Kar-
dioverter-defibrilator je vhodny kromé obvyklych indikaci
také u pacientt s indikaci k implantaci kardiostimulatoru
se zachytem nesetrvalé komorové tachykardie.?®?’
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Zaveér

Znadmky léze kosterniho svalu pfi zachytu kardiomyopatie
mohou vyznamné modifikovat nase diagnostické uvahy
a u vybranych onemocnéni mohou vést k specifickym po-
stupim pfi sledovani a 1é¢bé nemocnych. Na tuto moz-
nost je tfeba myslet pfi klinickém vysetfeni, a stanoveni
hodnoty kreatinkinazy je proto doporuceno u kazdého
nového zachytu kardiomyopatie.
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Kontext: Vznik tromboézy po zavedeni transvendzni elektrody predstavuje podceriovany problém. Pres jeji
vysokou incidenci zUstava vétsina piipadl nediagnostikovanych, protoze je klinicky néma. Byla popsana
fada rizikovych faktord predisponujicich k tvorbé srazenin na elektrodach pfistroje. ProtoZe nejsou k dispo-
zici zadné doporucené postupy (guidelines) ani dikazy ohledné optimalni lécby, zalezi zpasob odstrarova-
ni endokavitarnich srazenin z elektrod kardiostimulatoru na individualni volbé mezi chirurgickou extrakci
katétrem, trombolyzou nebo antikoagulacni [écbou. U nékterych pacientd maze 1écbu dale komplikovat
kiehka rovnovédha mezi krvacivymi a trombotickymi pfihodami.
Popis pfipadu: Popisujeme pfipad 86letého muze se srdecnim selhanim a silné snizenou ejekéni frakci v dd-
sledku chronické ischemické kardiomyopatie. Bylo u néj zjisténo nékolik komorbidit a v anamnéze mél
hlubokou Zilni trombozu i zdvazné krvaceni. U pacienta doslo k rozvoji plicni embolie: v misté vzniku trom-
boembolie visela na elektrodé kardiostimulatoru srazenina.
Zavér: Antikoagulace s antagonisty vitaminu K umoznila pomérné bezpecné feseni problému s trombdzou
(nebo tromboembolii) a krvacenim.

© 2022, CKS.

ABSTRACT

Background: Trans-venous lead-related thrombosis is an undervalued issue. Despite its large incidence, the
majority of cases remain undiagnosed because clinically silent. Many risk factors are described as predispos-
ing to clot formation on device leads. Since the lack of guidelines or evidences regarding the best therapeu-
tic option, treatment of endocavitary clots on pacemaker wire is left to individual decision between surgical
catheter extraction, thrombolysis or anticoagulation therapy. In some patients, the labile equilibrium be-
tween hemorrhagic and thrombotic events may further complicate management.

Case presentation: We report the case of a 86-y-o man with HF severely reduced EF due to chronic ischemic
cardiomyopathy. He had several co-morbidities and both history of DVT and major bleeding. He developed
PE: a clot hanging the PM wire was identified as the site of origin of thrombo-embolism.

Conclusion: Anticoagulation with VKA allowed a relatively safe control of either thrombotic (and thrombo-
embolic) and bleeding issue.
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Introduction

Trans-venous lead-related thrombosis is undervalued. It
is estimated to occur up to 45% among patients under-
went device implant. Cumulative incidence of wire-re-
lated thrombosis was estimated around 23% at 1 year
from implant with the majority of events occurred within
the first three months after procedure without clinical
sequelae.”® Mostly events remain undiagnosed because
clinically silent. Symptoms, which are generally related to
deep vein thrombosis (DVT) in the electro-catheter (E-C)
insertion site, occurs in only 1-3% of cases and someti-
mes appear lately, revealing a severe condition with con-
gestive heart failure (CHF), shock and finally death.2%-'3
Female sex, age >71 y-o, major surgery/immobilization,
active cancer, high Body Mass Index (BMI), personal his-
tory of thrombosis, coagulation disorders and the absen-
ce of anticoagulant therapy are well known risk factors
for DVT and, so long, for device lead-related thrombosis.
According to Ata Soleimani Rahbar et al., patients with
atrial fibrillation (AF) have 8 times higher (OR 8) risk to
develop thrombus on endocavitary leads.'*"” CHF and
either pacemaker leads number and material have been
described as important predisposing factors in clot for-
mation on device leads.>'*'®'% Diagnosis is echocardiogra-
phic: classical Echo-Color-Doppler (ECD) may be sufficient,
but in case of endocavitary thrombus trans-esophageal
echocardiography (TEE) is required.?2' Sometimes dif-
ferential diagnosis between thrombus and vegetation
can be challenging. Positron emission tomography (PET)
with fluorodeoxyglucose (FDG) or single photon emissi-
on, computed tomography (SPECT) can be helpful in ma-
king the correct diagnosis in these situations.'®??-24 Since
the lack of evidence about the better choice in terms of
mortality, treatment of endocavitary clots on pacemaker
wire is left on individual decision. Clot size and site and
symptoms gravity are the main determinants of thera-
peutic approach. Surgical extraction is a suitable option
for “fit" patients with big thrombus. Other possibilities
are percutaneous intervention or medical therapy. Either
anticoagulation or thrombolysis are reported in literature
as effective in dissolving endocavitary clots.>%142526 Aim of

this case report is to share our experience of pace maker
(PM) wire-related thrombosis in order to add one more
step, albeit very little, in the clinical management of si-
milar situations.

Case report

A 86-year-old smoker, chronic kidney disease (stadium
Illa), BMI 28 and from ten years a history of psoriasis.?’-3'
A 86-year-old patient was referred to our emergency de-
partment for atypical chest pain and dyspnoea. He had
history of CHF with reduced ejection fraction (EF) (25%,
New York Heart Assocation [NYHA] class Il) secondary to
chronic coronary artery disease (age-indeterminate silent
inferior acute myocardial infarction, stenting of anterior
descendent in 2007 and critical occlusion of obtuse mar-
ginal branch and first diagonal branch with no indicati-
on to treat).>® In October 2019 he had a re-acutization of
heart failure (HF) requiring hospitalization due to new-
-onset atrial flutter. Sinus rhythm was restored with in-
travenous Amiodarone infusion and he was successively
discharged without oral anticoagulation. In the light of
severe bradycardia episodes recorded during telemetry
monitoring, he underwent single-lead PM implantation
before discharge. One month later, at ambulatory eva-
luation, PM interrogation showed permanent AF and ri-
varoxaban 110 mg BID was than prescribed.’323 Three
days later he came back with edema and pain at superior
left limb, which was also warm and blushed. Patient re-
ported to have started anticoagulation therapy just the
day before. ECD demonstrated DVT in situ of PM electro
catheter insertion.

He was discharged with indication to continue rivaro-
xaban. At three days, the ECD evaluation reported an im-
provement, either clinical and echocardiographic, of DVT.

In March he was hospitalized again, this time because
of severe anemization (hemoglobin 6.4 g/dl) requiring
transfusion. EGDS was performed without significant fin-
dings. At colonoscopy hyper-plastic bleeding polyps with
no surgical indication were found. Due to his high blee-
ding risk profile, he was discharged with indication to

Fig. 1-Right atrial thrombus seen in apical 4 chambers at transthoracic echocardiography (A) and at transesophageal echocardiography
(B) at first presentation.
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dismiss Rivaroxaban. 20 days later, dyspnoea and atypical
chest pain led him to hospital again. 12-lead ECG showed
AF with PM-induced ventricular rhythm. Hemoglobin was
12.6, C- reactive protein 8.1, NT-pro brain natriuretic pep-
tide 30.000, glomerular filtration rate 46, troponin | was
negative and thyroid function normal. Pulmonary angio
computed tomography (CT) was performed with diagno-
sis of massive pulmonary embolism (PE). Trans thoracic
echocardiography (TTE) enlightened a severe reduction in
right ventricle function (tricuspidal anular plane systolic
excurtion [TAPSE]'") and a mass in right atrium hanging
the wire. TEE was then performed showing hyper-reflecti-
ve material with numerous "arborizations” (maximum
cross-sectional size: 3 cm; area 5 cm?). The mass had high
excursion and motility. He never had fever at home (ne-
ither he had during hospitalization). No endocarditis-su-
ggestive signs were enlightened at physical examination
and PM pouch was clean, showing no signs of infection.
Intravenous heparin (with activated partial thromboplas-
tin time monitoring) was started as pulmonary embolism
therapy.3*3¢ In order to rule out endocarditis, PET with
FDG and blood cultures were both performed and found
negative. Infection was definitively excluded. Suspecting
a paraneoplastic origin of the thrombus, patient under-
went total body computer tomography, which showed
meningioma and a primitive formation with evolutive
nature in the right kidney (diameter: 14 mm).

Collegial discussion with cardiac surgeons excluded ca-
theter extraction due to patient’s multiple co-morbidities
which made him too frail to underwent cardiac surgery.
Thrombolysis was also excluded because of the intracra-
nial neoplasm and the recent anemization. Oral antico-
agulant therapy with vitamin K antagonists (VKA) was
then started (international normalized ratio [INR] target
2.5-3.5).

Pre-demission echocardiography reported an improve-
ment in right ventricle longitudinal function (TAPSE 16)
in comparison to admission. At 1-month follow-up no fur-
ther embolic neither hemorrhagic events were reported.
Blood chemistry showed stable hemoglobin (12 g/dl) and
INR was 2.9. Echocardiography showed a partially reduc-
tion in mass dimension (cross-sectional size 2.5 cm, area
4 cm?).

Discussion

In clinical practice borders between thrombotic and blee-
ding risk is often blurred, making the decision challenging
despite scores and guidelines. Particularly in elderly peo-
ple with numerous co-morbidities, risk factors for throm-
botic and hemorrhagic events are usually co-existing. This
makes the choice to whether or not prescribe anticoagu-
lant extremely difficult since it means substantially which
event to risk: hemorrhagic or thrombotic. Sometimes
there is no right or wrong answer, but consequences can
still be severe. The case reported showed both sides of
the coin: at first, therapy with direct oral anticoagulants
(DOACQ) led to a severe anemization requiring transfusi-
on; then, interruption of anticoagulation therapy led to
clot formation on PM wire, reflecting the labile balance
between these two entities.

In this context, the evidence of a clot hanging the
PM lead can be even more complex to manage. Despite
the lack of guidelines, in clinical practice symptoms and
thrombus dimensions are common criteria in choosing or
not E-C surgical extraction. However, co-morbidities and
advanced age made our patient not suitable for surgery.

Thrombolysis could be a valid option, but age and
recent major bleeding (occurred less than four weeks
before) and intracranial neoplasm (meningioma) were
respectively relatives and absolute contraindications to
the procedure.?” VKA were the only option available. In
fact, despite their effectiveness in DVT and PE is well esta-
blished, DOAC have demonstrated less efficacy in preven-
ting embolization from endocavitary thrombi compared
to VKA.3¥4 Moreover, if, in one hand, DOAC have been
shown to be burdened with a lower bleeding risk than
VKA, on the other hand the presence of an effective, che-
ap and simply available antidote to VKA allows an easier
management of future possible bleeding episodes. Even
more, as weekly INR monitoring is required during cou-
madin treatment, a closer follow up is possible with VKA
and this aspect can earn much more relevance in those
patients who are neglected and more prone to not assu-
me therapy correctly.

Conclusion

According to our experience, and in accordance to what
is reported in some clinical cases, VKA can be an effecti-
ve option a in case of lead-related thrombosis, especially
when surgery is not suitable due to patient performance
status or thrombus characteristics and criteria for throm-
bolysis are not met or the bleeding risk is assessed as too
high. Further studies are needed to establish the real
effectiveness of VKA in this setting and to draw up the
most correct guidelines for management of E-C-related
endocavitary thrombi.
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Feochromocytom je nador vychazejici z chromafinnich bunék diené nadledvin. Jedna se spole¢né se sympa-
tickymi paragangliomy o nadory produkujici katecholaminy, které jsou relativné vzacné. Jsou jednou z méné
Castych pficin sekundarni hypertenze. Klinicka prezentace feochromocytomu je znacné variabilni, nejtypic-
t&jsi je triada priznakl zahrnujici paroxysmalni bolesti hlavy, poceni a palpitace. V nasi kazuistice prezen-
tujeme pripad pacienta, u kterého se feochromocytom manifestoval primarné jako fatalni srde¢ni selhani.
© 2022, CKS.

ABSTRACT

Pheochromocytoma is a tumor that arises from chromaffin cells of the adrenal medulla. Together with
sympathetic paragangliomas, these are relatively rare catecholamine-secreting tumors. They are one of the
less common causes of secondary hypertension. The clinical presentation of pheochromocytoma is very va-
riable. The classic triad of symptoms in patients with a pheochromocytoma consists of paroxysmal episodic
headache, sweating, and palpitations. In our case report, we present a patient in whom pheochromocytoma

Stressed cardiomyopathy

manifested primarily as a fatal heart failure.

Uvod

Feochromocytom je nador vychazejici z chromafinnich bu-
nék drené nadledvin. Jednd se spole¢né se sympatickymi
paragangliomy (nddory vychdzejici z paraganglii mimo
dfen nadledviny) o relativné vzacné ndadory produkujici
katecholaminy. Jsou jednou z méné castych pricin sekun-
darni hypertenze s odhadovanym vyskytem u pacientd
s arteridlni hypertenzi kolem 0,2 %' a predpokladanou
ro¢ni incidenci 0,8 pfipadu na 100 000 obyvatel.? Vétsina
nadoru je sporadickych, ale pfiblizné u 40 % pacientu se
jednd o soucast familiarni poruchy (hlavné autosomalné
dominantni), jako je von Hippel-Lindaulv syndrom nebo
syndrom mnohocetné endokrinni neoplazie 2. typu. Kli-
nickd prezentace feochromocytomu je znacné variabilni
od asymptomatickych pfipadl pres literarné nejtypicté;si
triddu priznakd, jez zahrnuje paroxysmalni bolesti hlavy,
poceni a palpitace, az po pripady akutniho srde¢niho se-
Ihani ¢i kardiogenniho Soku.'#

Popis pFipadu

Triapadesatilety pacient bez relevantni predchozi anamné-
zy byl dopraven na nade pracovisté leteckou zachrannou
sluZbou pro podezieni na infarkt myokardu s elevacemi
useku ST (STEMI) predni stény komplikovany plicnim edé-
mem. PUvodni avizo pro rychlou zdravotnickou pomoc
(RZP) byl stav po kolapsu u lyZare, bolesti na hrudi a celo-
denni nevolnost (podrobnéjsi anamnestické Udaje nebyly
zjistény, ani zpétné pfi komunikaci s manzelkou, ktera ne-
govala jakékoliv predchozi onemocnéni, obtize ¢i uziva-
nou medikaci pacienta). Na misté zasahu byla pro progre-
dujici respiracni insuficienci nutna orotrachedlni intubace
a uméla plicni ventilace (UPV). U nas byl pacient vstupné
dle zakladnich Zivotnich funkci hypertenzni (neinvazivné
méreny tlak krve 156/101 mm Hg), tachykardicky se srde¢-
ni frekvenci (SF) kolem 140/min a hypoxemicky se saturaci
O, kolem 87 % (pfi agresivni ventilaci 100% frakci O, a po-
zitivnim end-exspiracnim tlakem 11 cm H,0), hypertenze
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nebyla farmakologicky korigovana. Na vstupnim EKG byla
zjisténa blokada levého Tawarova raménka (nejasného
stari) a sinusova tachykardie (obr. 1). Dle doplnéné akut-
ni selektivni koronarografie (SKG) byla prokazana jen ne-
obliterujici ateroskleréza véncitych tepen (obr. 2 a 3). Pro

nalez na véncitych tepnach nevysvétlujici prudky plicni

edém byla provedena i ventrikulografie, ktera prokazala
typicky obraz korespondujici s diagnézou stresové (takot-
subo) kardiomyopatie (KMP) (obr. 4) s ejekéni frakci levé
komory (EF LK) 19 %. Dle invazivné mérené hemodyna-
miky bez vyznamného tlakového gradientu ve vytokovém
traktu levé komory srdecni (LVOT), ale s extrémné zvyse-
nym end-diastolickym tlakem 173/20/48 mm Hg (obr. 5).
Echokardiograficky (TTE) byla zjisténa rozsahla akineze
hrotu a pfilehlych apikalnich a stfednich segmentl viech
stén LK a hyperkontraktilni bazalni segmenty LK, chlopné
bez zfejmé vyznamné vady a bez obstrukce v LVOT. Ejek-
¢ni frakce LK ¢inila odhadem 15 %. Po pfijezdu na koronar-

ni jednotku (KJ) pokracuje tézky plicni edém i pfes agresiv-
ni ventilaci a nové dochazi k rozvoji arteridlni hypotenze
se stfednim arteridlnim tlakem (MAP) kolem 50 mm Hg,
ktera byla korigovéana malou davkou noradrenalinu. Labo-
ratorni vysetfeni byla bez minerdlové dysbalance, anémie
¢i jiné vyznamné patologie (vysoce senzitivni troponin T
[hsTNT] 1 377 ng/l a mozkovy natriureticky peptid [BNP]
963 pg/ml). Kratce po pfijmu na KJ dochazi k ndhle zastave
obéhu (NZO) pod obrazem bezpulsové elektrické aktivity
(PEA), ihned zahdjena kardiopulmonalni resuscitace (KPR)
vletné nepfimé mechanické srdecni masaze pfristrojem
LUCAS (Lund University Cardiopulmonary Assist System;
Physio-Control Inc./Jolife AB, Lund, Svédsko). Kontrolni
transtorakalni echokardiografie (TTE) pfi KPR bez rozvo-
je tamponddy ¢i jiné akutné odstranitelné patologie. Byla
zahajena priprava (priming) pristroje na venoarterialni ex-
trakorporalni membranovou oxygenaci (VA-ECMO) a svo-
[dn ECMO tym. Noradrenalin byl podavan ve vysoké davce
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Obr. 2 - Selektivni koronarografie pravé

véncité tepny Cité tepny

Obr. 3 - Selektivni koronarografie levé vén-

Obr. 4 - Ventrikulografie levé komory s obra-
zem stresové kardiomyopatie
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Obr. 5 - Invazivni hemodynamické vysetieni levé komory, respektive ,,pull back” do aorty

Obr. 6 - Fotografie z pitvy. Pfi¢ny fez kulovité-
ho loziska levé nadledviny (feochromocytom).

véetné bolust, ddle byly podavany bolusy adrenalinu, vie
bez efektu. Po vice nez 40 minutdach resuscitace je rytmus
asystolie, vyraznd mydridza zornic, dle oxymetrie pomoci
spektrometrie v blizké infracervené oblasti (NIRS) proka-
zané nedostatecné okysliceni mozku, dle dalsi kontrolni
TTE stojici srdce (ventricular standstill). Pro futilitu jsme ne-
pristoupili k extrakorporalni kardiopulmonalni resuscitaci,
KPR byla ukoncena a byl konstatovan exitus letalis. Zdra-
votni pitvou byl zjistén ostre ohraniceny kulovity Gtvar levé
nadleviny velikosti 6 x 9 x 5 cm (obr. 6) a naslednym his-
tologickym rozborem byla definitivné stanovena diagnéza
feochromocytomu (solidni tumor, bez prikazu metastaz).

Diskuse

Vzhledem k velmi vzdcnému vyskytu feochromocyto-
mu a jeho rtznorodé klinické manifestaci je diagnoza

tohoto onemocnéni mnohdy velmi ndro¢na a nezfidka
stanovena az pfi pitvé.> Zakladem diagndézy je soubor
typickych pfiznakd, a to paroxysmalni bolesti hlavy, po-
ceni, palpitace a anxieta, dale laboratorni stanoveni me-
tanefrind (optimdlné pfi zachvatu pfiznakl), normeta-
nefrinl v plazmé nebo v mo¢i a morfologické vysetreni
(vypocetni tomografie [CT], magneticka rezonance [MR]
a v nékterych pripadech i pozitronovd emisni tomogra-
fie). Ve specifickych situacich, hlavné téch akutnich, jako
je akutni srdecni selhani, hypertenzni krize, kardiogen-
ni Sok bez jiné vysvétlitelné pric¢iny a podezieni na feo-
chromocytom, pfistupujeme v ramci diagnostiky pfimo
k zobrazovacim metodam, a to zejména ze dvou dlvo-
du.® V akutni fazi onemocnéni mohou byt falesné zvyse-
né metabolity katecholamind pfirozenou reakci organi-
smu a/nebo podavanou medikaci ke zvladnuti akutniho
stavu, ktery ndm mimo jiné vétsinou neddva dostatek
Casu k presnému méreni. Druhym dlvodem je, Ze vét-
Sina feochromocytomt je v ¢ase stanoveni diagnézy do-
statecné velkych (v prméru 4-6 cm) na to, abychom je
zachytily pomoci zobrazovacich metod (CT/MR).”-° Defi-
nitivni kauzalni lécba spociva v chirurgickém odstrané-
ni feochromocytomu v expertnim centru po predchozi
pfipravé alfa-blokatory, eventudlné v kombinaci s beta-
-blokatory po dobu minimalné 14 dna.
Feochromocytom a s nim spojené nadmérné uvolnova-
ni katecholamint je vzacné asociovan s KMP s podobnym
mechanismem vzniku jako pfi stresové KMP. Predpokla-
danym patofyziologickym mechanismem vedoucim k po-
Skozeni funkce LK vlivem nadmérného uvolnéni katechol-
aminl je kombinace vazospasmu (mikrocirkulace), ktery
vede k omréaceni srde¢niho svalu,’ a pfimého toxického
ucinku katecholaminl na srde¢ni sval." | pfes podobny
patofyziologicky zéklad se pacienti s feochromocytomem
indukovanou KMP lisi od pacientt se stresovou KMP. Dle
malé observadni prace jsou pacienti s feochromocytomem
indukovanou KMP mladsi (v priméru o 20 let), mivaji ¢as-
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téji postizenou bazalni ¢ast LK, respektive globalni systo-
lickou dysfunkci LK a maji castéji komplikovany prabéh,
ale nelisi se v mortalité proti pacientim se stresovou
KMP."2

U pacient(, u kterych dojde vlivem feochromocyto-
mem indukované KMP k rozvoji refrakterniho kardiogen-
niho Soku, je vhodné vzhledem ke kauzéalné odstranitelné
pficiné Soku zvazit indikaci k napojeni mechanické srde¢ni
podpory (MSP). Pro moznost kombinované podpory per-
fuze (selhavajici LK) a oxygenace (tézky refrakterni plicni
edém) se jevi jako nejvhodnéjsi MSP pro tyto pacienty VA
ECMO. Nezfidka je nutné VA ECMO kombinovat s jinou
MSP, jako jsou intraaortalni balonkovd kontrapulsace
(IABP) nebo Impella, které ulehcuji vyprazdnéni (venting)
LK (do dostatecného obnoveni jeji funkce — recovery).'
Dle systematického prehledu jednotlivych kazuistik (cel-
kem 40 pacientll) refrakterniho kardiogenniho Soku na
podkladé feochromocytomu s nutnosti napojeni na MSP
(nejcastéji VA ECMO v kombinaci s IABP) bylo dosazeno
97% prezivani (vyborné vysledky jsou jisté modifikované
kazuistickym charakterem danych publikaci).* MSP umoz-
ni preklenout akutni fazi onemocnéni, snizit davku vazo-
presord a inotropik, které hraji vyznamnou roli v patofy-
ziologii tohoto onemocnéni. V nasi kazuistice nam velmi
kratké casové okno od hypertenzni krize po rozvoj kar-
diogenniho Soku na KJ, ktery byl rychle nasledovan NZO
pod obrazem PEA, respektive asystolie (vSe v horizontu
pfiblizné 15-20 minut), neumoznilo pouzit agresivnéjsi
terapeuticky pristup ve smyslu napojeni na MSP, ktera by
nam jako jedina dala teoretickou Sanci zvratit fatalni tra-
jektorii naseho pacienta.

Zavér

Feochromocytom je velmi vzacnym onemocnénim s pes-
trou klinickou manifestaci, kterd se neomezuje jen na
typické paroxysmalni pfiznaky, ale prvnim projevem feo-
chromocytomu mazou byt akutni, Zivot ohrozujici, az
fatalni kardiovaskularni komplikace. | pres povédomi
a veskerou terapeutickou snahu véetné MSP je casto dia-
gndza feochromocytomu stanovena az post mortem pfi
pitvé.

Prohlaseni autorti o mozném stretu zajmu
Nenastal Zadny stfet zajm0.
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I Za MUDr. Janem Skovrankem,

V pondéli 13. 5. 2022 zemfel ve véku nedozitych 75 let
détsky kardiolog a dlouholety primar Détského kardio-
centra Fakultni nemocnice v Motole MUDr. Jan Skovra-
nek, CSc.

Jan Skovranek se narodil 8. srpna 1947 v Praze. V roce
1972 absolvoval Fakultu vieobecného lékafstvi UK v Pra-
ze a nastoupil jako sekundarni |ékaF na détské oddéleni
v Kladné. Jiz v roce 1973 se stal odbornym asistentem II.
détské kliniky FN v Motole, kde se poprvé dostal v tamni
kardiopulmonalni laboratofi do kontaktu s tehdy se roz-
vijejicim oborem détské kardiologie. Zajem o kardiologii
ho dovedl| v roce 1977 do tehdy vzniklého Détského kar-
diocentra, zaloZzeného profesorem Milanem Samankem.
V Détském kardiocentru se vénuje pfedevsim neinvazivni
kardiologii. Zacatkem 80. let pak zacina velmi dynamic-
ky rozvijet obor détské echokardiografie, a stava se tak
prakticky prvnim ceskym détskym echokardiografistou
(obr. 1). Jeho obrovskou zasluhou je rychlé zavedeni ul-

Obr. 1 - Jan Skovranek s prvnim echokardiografickym pfistrojem
v 80. letech

trazvukové diagnostiky jako zakladni metody struktu-
ralni a funk¢ni diagnostiky détskych kardiovaskularnich
onemocnéni. Diky své preciznosti a také diky rychlému
technologickému rozvoji dovadi ultrazvukovou diagnos-
tiku velmi rychle do situace, kdy podéva stejné nebo lepsi
informace nez do té doby pouzivand diagnosticka kate-
trizace. Kvalitou svych vysetfeni brzy presvédcuje chirur-
gy Détského kardiocentra o tom, Ze mohou operovat ve
vétsiné pripadud jen na zakladé ultrazvukové diagnézy. Ve
druhé poloviné 80. let jsme jiz takovou situaci v Détském
kardiocentru povazovali za samoziejmou, kdy vice nez 80
% déti bylo operovdno pouze na zakladé echokardiogra-
fického vysetfeni bez diagnostické katetrizace. Vzpomi-
nam si, s jakym prekvapenim jsme se v roce 1990 vraceli ze
spole¢ného seminare s mnichovskym kardiocentrem, kde
jsme zazili situaci, kdy se tamni chirurg nebyl na ultrazvu-
kovy zdznam vibec ochoten ani podivat.

Jan Skovranek v té dobé& buduje v Praze robustni echo-
kardiografickou laboratof (obr. 2), skoli dalsi odborniky,
z nichz Ize kromé nékolika generaci ambulantnich kar-

Obr. 2 - S tymem echokardiografické laboratore v 90. letech

diologli jmenovat predeviim MUDr. Tomase Firsta, Jana
Marka a Viktora Tomka. Profesor Jan Marek, pracujici jiz
od roku 2005 v Great Ormond Street Hospital v Londyné,
se posléze stavd svétové uzndvanym odbornikem v dét-
ské a fetalni echokardiografii. Sou¢asné se Jan Skovranek
ucastni svétového odborného zivota (obr. 3) a pomaha
budovat Détské kardiocentrum v Havané na Kubé (obr.

Obr. 3 - Spolu s Olegem Reichem na svétovém kongresu détské
kardiologie a kardiochirurgie v New Yorku v roce 1985
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Obr. 4 - Chvilka oddechu pii budovani détského kardiocentra v Ha-
vané

Obr. 5 - Pfi sympoziu ke
40. vyroci Détského
kardiocentra v roce 2017

4). Podporovan vizionafskou dusi prof. Samanka zac¢ina
Jan Skovranek ve druhé poloviné 80. let také rozvijet
obor fetalni echokardiografie a plosného prenatalniho
screeningu vrozenych srde¢nich vad v CR, ktery brzy pFi-
nasi svétové vysledky.

V letech 1993 aZz 2011 pUsobi jako primar Détského
kardiocentra FN v Motole. Za jeho éry dochazi k zasad-
nimu snizeni ¢asné mortality po operacich vrozenych sr-
decnich vad. Podporuje dalsi subspecializaci na pracovisti
a nechdva vedle sebe rust mladsi kolegy. Nikdy nebrani
fundované odborné diskusi. Jeho pfinosem je hluboky
vhled do patofyziologie srde¢nich onemocnéni u déti, ja-
koz i snaha o maximalné efektivni a racionalni péci snizu-
jici jak mortalitu, tak i morbiditu. V letech 2005-2011 pak
provadi Détské kardiocentrum sloZitou etapou prestavby
détské casti motolské nemocnice, aby nasledné predal
Zezlo svému nasledovnikovi.

Obr. 6 - Prfi sportu v hazenkarské reprezentaci a na svém oblibeném
tenise

MUDr. Jan Skovranek byl logicky spjat s Ceskou kardio-
logickou spolecnosti. PUsobil dvakrat jako ¢len jejiho vy-
boru, kde byl dulezitym hlasem pro détskou kardiologii.
Soucasné byl i dvakrat predsedou vyboru Pracovni skupi-
ny pediatrické kardiologie CKS. Dlouhodobé ptsobil jako
¢len redakeni rady Cesko-slovenské pediatrie.

Na Honzu budeme vzpominat nejen jako na skvélého
détského kardiologa, ale také jako na kamarada se smy-
slem pro humor (obr. 5), ktery si nepotrpél na oficiality
a doved| vzdy pfimocare Fici svllj nazor. Byl zapalenym
sportovcem (obr. 6), jakoZ i pfitelem pfijemnych stranek
Zivota. SvUj osud drzel vzdy pevné v rukou a nedal se zlo-
mit ani dlouhym zakefnym onemocnénim, které mu na-
konec vzalo zivot.

Cest jeho pamaétce!

Jan Janousek, Jan Marek,
Véclav Chaloupecky, Oleg Reich



: A Osobnosti

485

I Opustil nas MUDr. Tomas Klima

Z Houstonu v USA pfisla velmi smutna zprdva — 7. 7. 2022
v klidu zemrel v nedozitych 91 letech MUDr. Tomas Kli-
ma, zakladatel a podporovatel mnohaletého programu:
Texas-Czech Physician Exchange Program.

Tomas Klima byl americky lékar ¢eského puvodu, pred-
ni odbornik v oblasti transplantacni mediciny, narodil se
10. zafi 1931 v USA — v Baltimore ve staté Maryland, jeho
rodice byli v té dobé na pracovnim pobytu v USA. V roce
1991 zahajil Tomas Klima program vyménnych stipendij-
nich stazi mezi Texas Medical Center a 1. a 2. lékafskou
fakultou UK v Praze, ktery umozrioval ¢eskym Iékarlim se-
znamovat se s nejmodernéjsimi lé¢ebnymi postupy a apli-
kovat je v ¢eském zdravotnictvi. V ramci tohoto programu
proslo mnoha pracovisti v Texas Medical Center v Hous-
tonu vice nez 160 Ceskych lékard. Program vyznamné pfi-
spél ke zvyseni kvality a urovné mnoha lékarskych obort
v Cesku, je charakteristické, Ze timto programem prosla
celd fada pozdéjsich prednostl klinik rdznych obord, od
vnitfniho |ékarstvi pres kardiologii, otorinolaryngologii,
oftalmologii po obecnou chirurgii a dalsi. Aktivita Toma-
$e Klimy predevsim v pocatcich fungovani tohoto pro-
gramu umoznila financovani programu ze sponzorskych
daru lékara z Houstonu, pozdéji byla ziskavdna podpo-
ra i ze zdroj v Ceské republice. Vyménny program po-

jmenoval Klima po svém otci Jaroslavovi. Ten na zacatku
30. let diky stipendiu Rockefellerovy nadace ziskaval zku-
$enosti v Johns Hopkins Hospital v Baltimore a poté pra-
coval ve Statnim zdravotnim Ustavu. Byl popraven béhem
heydrichiady v ¢ervenci 1942.

Tomas Klima ziskal za svou dlouholetou nesmirnou
podporu ceské mediciny fadu ocenéni, k nimz patfi pre-
devsim medaile Za zasluhy I. stupné, udélend v roce 2001
prezidentem Vaclavem Havlem, dale Pamétni medaile
Karlovy univerzity (1998), medaile 1. a 2. LF UK Praha, je
také lauredtem Ceny Neuron za pfinos svétové védé za
rok 2011 v oboru medicina.

Na Tomase Klimu budeme vzdy vzpominat jako na
skromného altruistu, ktery svou neutuchajici pracovitos-
ti a ¢inorodosti prispél velkoryse ve vychové a vzdélavani
Ceskych lékafi mnoha oboru. Patfi mu za to trvaly dik.
ZGstava v nasdich srdcich jako ,maly velky muz” z ulice
MacAlister v Houstonu.

Mily Tomasi, velky dik za v§echny, které jsi s Zenou Marce-
lou a dcerou Evou prijimal u Vds doma jako pratele.
Louc¢ime se se smutkem v dusi,
Michael Aschermann, Jan Stary
(koordinatofi programu za CR)
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Profesor MUDr. Jaromir Hradec, CSc., FESC, slavi zivotni jubileum

Koncem srpna — presné 29. 8. 2022 - oslavi pan profesor
Jaromir Hradec sedmdesaté paté narozeniny. Ze svého ro-
disté v Cestiné u Kutné Hory odesel na studia do Prahy
a studoval medicinu na 1. LF UK v Praze a promoval v roce
1971. Jeho cesta ke kardiologii nebyla pfima, prvni roky
po promoci prozil jako aspirant v Ustavu lékafské bioche-
mie 1. LF UK v Praze, soucasné vsak také pracoval jako
sekundarni lékar na lll. interni klinice 1. LF UK a VFN v Pra-
ze. V roce 1975 slozil atestaci z interny 1. stupné a v roce
1977 obhdjil kandidatskou diserta¢ni praci v oboru |ékar-
ska chemie a biochemie na téma ,,Melanocyty stimulujici
hormony - klinickd a laboratorni studie”. To jiz pUsobil
na plny uvazek na lll. interni klinice 1. LF UK v Praze,
v nynéjsi Vseobecné fakultni nemocnici, tomuto praco-
visti zGstal vérny az do soucasné doby, plsobi zde tedy
51 let! Postupné dale slozil atestaci z vnitfniho |ékarstvi
IIl. stupné (1978) a z kardiologie (1987). Habilitoval v roce
1987 a jmenovan profesorem v oboru vnitiniho lékarstvi
byl v roce 2004. Na lll. interni klinice 1. LF UK a VFN pUsobi
i v soucasné dobé jako konzultant.

Jeho hlavni vyzkumné zajmy predstavovaly hormonal-
né podminéné kardiomyopatie, chronické srdec¢ni selhani,
kardiovaskularni farmakoterapie, v Ceskoslovensku pat-
fil mezi prvni kardiology, ktefi zavedli do klinické praxe
echokardiografii, spolu s profesorem Janem Petraskem
sepsali prvni skripta echokardiografie v roce 1980 (Statni

pedagogické nakladatelstvi) a v této vysetfovaci technice
se stal vyznamnym expertem, ktery se dlouha léta podilel
na rozsifeni echokardiografie a publikoval fadu zasad-
nich praci s touto problematikou. Celkem to je kolem 600
publikaci, z toho 320 odbornych (plGvodnich praci a pre-
hledovych ¢lankt), 30 kapitol v ucebnicich a monogra-
fiich, 3 monografie.

Jeho aktivita v Ceské kardiologické spole¢nosti (CKS)
nejspiSe zacala prvnim mistem v soutézi mladych kardio-
logl v roce 1979, pozdéji se stal clenem vyboru CKS a v le-
tech 1999-2005 byl pfedsedou Ceské kardiologické spo-
le¢nosti. V letech 2000-2002 byl i ¢clenem vyboru Evropské
kardiologické spole¢nosti (ESC), predsedou Fellowships
Committee, ¢lenem Guidelines Committee, na domacim
poli byl také predsedou Ceské asociace srde¢niho selha-
ni CKS (CASS), dodnes je ¢lenem vyboru Pracovni skupi-
ny kardiovaskularni farmakoterapie, predsedou oborové
rady pro kardiologii VR CLK. V roce 2015 byl ocenén zla-
tou medaili profesora Libenského a v roce 2017 pak ziskal
Cenu za celoZivotni pfinos kardiologii CKS.

Od roku 2000 je Fellow of the ESC (FESC), v roce 2002
pak ziskal i mimoradné ocenéni ESC - stfibrnou medaili
této spole¢nosti. Je ¢estnym &lenem CKS, Slovenské kar-
diologické spolecnosti a Spolec¢nosti vseobecného lékar-
stvi (SVL) CLS JEP.

S Mirkem Hradcem nds poji dlouholeté pratelstvi, kdy
jsem mnohokrat mohl obdivovat jeho ohromné profesio-
nalni kvality, vyjimecnou schopnost rozvahy v situacich,
kdy se resily komplikované situace, a to jak pfimo v kar-
diologii, ale také v diplomacii spole¢nosti. Vzdy kolem
sebe vytvarel pratelské prostfedi pro odborné diskuse,
hezky umi vypradvét o mnoha cestach, které podnikal vzdy
rad s milou Zenou Martou, otorinolaryngolozkou. Ma dvé
déti — dceru Martinu, ktera vystudovala biologii na Jiho-
Ceské univerzité v Ceskych Budéjovicich a v soucasnosti
pracuje jako cytogeneticka v laboratofich Gennet, a syna
Alese, ktery je specialistou v IT a pracuje u firmy Auto-
cont. Dnes je jiz i pySny déda ¢tyf vnoucat.

Mily Mirku, jisté vis, Ze jsi v Ceské kardiologii zanechal
vyznamnou stopu, a dovoluji si Ti za vybor CKS, celou
kardiologickou verejnost a za sebe srdecné poprat dobré
zdravi a abys byl jesté fadu let obklopen témi, kdo Té maji
radi.

Srdecné,
Michael Aschermann
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Vojtéch Hainer a kolektiv

Zaklady
klinické
obezitologie

3., zcela prepracované a dopInéné vydani

Cena: 719 K¢.

Hlavni autor, doc. MUDr. Vojtéch Hainer, CSc., nalezi
k nasim prednim obezitologlim. Problematice obezity se
vénuje cely svij odborny Zivot, nejprve na IV. interni kli-
nice 1. lékarské fakulty Univerzity Karlovy a Veobecné
fakultni nemocnice, nyni jako pracovnik Endokrinologic-
kého ustavu v Praze. Tato kniha je jeho stéZejni publi-
kaci; jde jiz o tfeti vydani tohoto titulu. Tyka se zavazné
problematiky, napfi¢ viemi obory mediciny. Pro nemocné
s chronickou ischemickou chorobou srdecni je obezita
jednim z nejvyznamnéjsich rizikovych faktoru jejiho vzni-
ku. Proto o ni pfinasime zpravu v nasem casopise.

K napsani této ucebnice ptizval docent Vojtéch Hainer
19 spoluautorl, vyznamnych obezitologl z experimen-
talnich pracovist i klinické praxe. K vyznamnosti knihy
pfispéla mezinarodné uznavana osobnost v problema-
tice obezitologie, profesor Albert Stunkard z Univerzity
v Pensylvanii, ktery napsal k prvnimu i druhému vydani
knihy pochvalnou pfedmluvu, podobné jako MUDr. Lu-
bomira Fabryovd, PhD., MPH, feditelka Obezitologické-
ho Ustavu v Bratislavé. Rozsahla kniha, ktera si stale po-
nechava oznaceni ,zadklady”, md pres 500 stran. Tvofi ji
20 kapitol uvedenych v tomto poradi: 1. Obezita v his-
torii lidstva, 2. Epidemiologie a zdravotni rizika obe-
zity, 3. Obezita a diabetes, 4. Etiopatogeneze obezity,
5. Studium genetickych pficin obezity — sou¢asnost a per-
spektivy, 6. Tkanovy metabolismus a obezita, 7. Tukova
tkdnn a hormondlni sekrece, 8. Endokrinopatie a obezi-
ta, 9. Vysetfeni v obezitologii, 10. Lécba obezity dietou,
11. Velmi pfisné nizkoenergetické diety, 12. Pohybova
aktivita v prevenci a l|écbé obezity, 13. Kognitivné-be-
havioralni pFistupy k 1é¢bé& nadvéahy a obezity, 14. Uloha
psychologa v péci o obézniho pacienta, 15. Farmakotera-
pie obezity, 16. Lé¢ba diabetu obézniho jedince, 17. Chi-
rurgicka lé¢ba obezity, 18. Obezita v détstvi a dospivani,
19. Poruchy pfijmu potravy. Posledni kapitolou je 20. Pre-
vence obezity — zakladni strategie soucasnych preventiv-
nich programt boje s obezitou. Nasleduji zavérecné kapi-
toly: prehled pouzitych zkratek (plnych 19 stran), kvalitni

Vojtéch Hainer a kolektiv:
Zaklady klinické obezitologie

Praha: Grada Publishing, a.s., 2021, 519 s.

Treti, zcela pfepracované a doplnéné vydani, format 242 x 167 mm,
mékka vazba, omyvatelné desky, 21 stran barevné prilohy.

ISBN: P78-80-271-4715-1 (ePub).

ISBN: 978-80-2714714-4 (pdf).

ISBN: 78-80-2711302-6 (print).

dvousloupcovy rejstrik, ¢esky souhrn a anglické summary.
Literatura je uvadéna za jednotlivymi kapitolami, s po-
slednim vro¢enim v roce 2021. Text je doplnén prehledny-
mi tabulkami a nékolika ¢ernobilymi obrazky.

Kniha, kterou profesor Albert Stunkard oznacoval jako
ucebnici, se tyka velké fady aspektd obezity. Monogra-
fie pfinasi aktualni prehled ve velmi Sirokém zabéru, od
historie pres epidemiologii, etiopatogenezi, genetiku az
k moznostem jeji lé¢by. Oproti predeslym vydanim - po-
sledni bylo pred deseti lety — je jeji rozsah vétsi, protoze
byly zafazeny nové kapitoly, které rozsah rozsitily, napr.
Kardiometabolicka rizika, Studie genetickych pficin, nova
antidiabetika ad. Jednotlivé kapitoly jsou proporcionalni
a jsou psany dobrou cestinou. Literatura je aktudlni, na
Ceské autory se nezapomnélo.

Co napsat zavérem?

Docent Vojtéch Hainer se spoluautory napsali velmi kva-
litni monografii, jez poskytuje uceleny a aktudlni pohled
na fadu vyznamnych aspektd obezity. Kniha v souc¢asnos-
ti nema v ceském pisemnictvi konkurenci. Nakladatelstvi
Grada Publishing ji redak¢né zpracovalo velmi kvalitnim
zpusobem. A tak se k ¢eskému obezitologovi dostava (po
nékolika letech) velmi kvalitni monografie.

Komu monografii doporucit?

V rozsahu i Urovni je psdna predeviim pro obezitology,
jak klinické, tak ambulantni. Cist by ji méli také endokri-
nologové, k nimz casto prichazeji nemocni s nadvahou
nebo obezitou s otazkou jejich pficiny pfi nékteré endo-
krinopatii. A urcité bude vhodnou literaturou pro lékare
pred atestaci z interny a endokrinologie. Ale i lékafi ji-
nych obort v ni naleznou tu ,svoji” kapitolu.

Prof. MUDr. Jan Petrasek, DrSc.,

lll. interni klinika, 1. Iékafska fakulta Univerzity
Karlovy a Vseobecnd fakultni nemocnice v Praze,
e-mail: petrjanv@email.cz
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Zprava o knize :ﬁ

BOLEST
NA HRUDI

barevny vytisk.

Cena: 1 349 K¢.

Recenzovand kniha ma tfi editory: MUDr. Karla Lukase,
CSc., ze IV. interni kliniky 1. LF UK a VFN, prof. MUDr.
Josefa Kautznera, CSc., z Kliniky kardiologie IKEM a prof.
MUDr. Jitiho Hocha, CSc., z 2. LF UK a Fakultni nemoc-
nice Motol. Tato trojice pfizvala k participaci na knize 60
(1) dalSich autort. Jde o typickou monografii, Ustfednim
tématem je tentokrate priznak - bolest na hrudi. Zaji-
mava je koncepce knihy: pohled na tento pfiznak o¢ima
raznych odbornik, praktickym lékafem pocinaje a fyzio-
terapeutem konce.

Vlastni odborny text je vécné rozdélen do dvou casti,
Prvnich Sest kapitol je vénovano zakladnim udajam: klasi-
fikaci, anatomii, fyziologii a patofyziologii, propedeutice
a vySetfovacim metodam (celkem 152 stran). Druha cast
v 28 samostatnych kapitolach pfinasi informace o bolesti
na hrudi tak, jak se jevi Iékaflim jednotlivych specializaci
(celkem 471 stran).

Jednotlivé kapitoly jsou uvedeny v tomto poradi (v za-
vorce rozsah stran): 1. Zakladni udaje o bolesti (6 s.),
2. Klasifikace bolesti (2 s.), 3. Anatomie (14 s.), 4. Fyziolo-
gie a patofyziologie (6 s.), 5. Propedeutika (38 s.), 6. Vyse-
tfovaci metody (86 s.), 7. VSeobecny lékar (6), 8. Prakticky
détsky lékar (6 s.), 9. Kardiolog (64 s.), 10. Détsky kardio-
log (22 s.), 11. Angiolog (14 s.), 12. Kardiovaskularni chi-
rurg (22 s.), 13. Interven¢ni radiolog (10 s.), 14. Pneumo-
log (14 5.), 15. Détsky pneumolog (10 s.), 16. Hematolog
(14 s.), 17. Onkolog (14 s.), 18. Gastroenterolog (38 s.),
19. Détsky gastroenterolog (18 s.), 20. Cizi télesa (6 s.),
21. Onemocnéni branice (6 s.), 22. Poranéni hrudniku (19s.),
23. Poranéni srdce (4 s.), 24. Tyreopatie (8 s.), 25. Rev-
matolog (16 s.), 26. Ortoped (21 s.), 27. Spondylochirug
(24 s.), 28. Osteolog (16 s.), 29. Neurolog (18 s.), 30. Psy-
chiatr (10s.), 31. Gerontolog (10 s.), 32. Infektolog (16 s.),
33. Dermatovenerolog (4 s.), 34. Mammolog (4 s.) a 35.
Fyzioterapeut (24 s.). Nasleduji: ¢esky a anglicky souhrn,
dvousloupcovy seznam zkratek (4 s.), dvouradkovy epi-
log a dvousloupcovy rejstfik (10 s.). Tisk je dvoubarevny,
text ozivuje velky pocet obrdzkud a vicebarevnych ilustra-
ci, k jejich vysoce kvalitni reprodukci pfispéla mj. i kvalita
pouzitého papiru. Naro¢néjsi pasdze jsou doprovazeny
prehledovymi tabulkami. Literatura nasleduje za kazdou

Karel Lukas, Josef Kautzner,
Jifi Hoch a kolektiv: Bolest na hrudi

Praha, Grada Publishing a.s., 2022, 642 s.
Vydani prvni, format 260 x 185 mm, pevna vazba (vazana),

ISBN: 798-80-271-4834-9 (pdf).
ISBN: 798-80-271-3099-4 (print).

kapitolou, je rozsahem pfimérena i aktudlni. Nase ¢tena-
fe budou nejvic asi zajimat kapitoly tykajici se kardiologie
a angiologie. Jejich autory jsou prof. MUDr. Josef Kautz-
ner, CSc., prof. MUDr. Jaroslav Hruda, CSc., doc. MUDr.
Debora Karetovd, CSc., doc. MUDr. Vilém Rohn, CSc., vy-
znamni a znami pracovnici v danych oborech.

Téma této monografie nepatfi ani v zahrani¢ni litera-
tufe mezi casté, ackoliv je (bylo i bude) dilezité a velmi
aktualni. Bolest na hrudi je velmi ¢astym ddvodem, pro
ktery pfichazi nemocny k lékafi. Domnivam se, Ze snad
kazdy clovék ,néjakou” bolest na hrudi v zivoté mél. Je
zvlastni, Ze v nasi moderni literatufe nebyla dosud tato
problematika zpracovdna. Zvlasté proto je nutné iniciato-
ry jejiho napsani za tento pocin pochvalit. Vzdyt jeji zna-
lost, diagnostika, diferenciadlni diagnostika i 1é¢ba jsou
prakticky velmi vyznamné.

Kapitoly se rozsahové sice razni, ale vzhledem k jejich
klinickému vyznamu jsou rozsahové proporciondlni. Vy-
znam jednotlivych kapitol se bude v praxi uplatfiovat rdz-
nou Castosti pric¢iny bolesti, do diferencidlné-diagnostické
rozvahy ndlezZeji i méné casté a méné nebezpecné prici-
ny bolesti. Informacné je text na (velmi) vysoké odborné
urovni, je psan dobrou cestinou a Cte se lehce. Redak¢ni
zpracovani je bezchybné a prikladné

Komu knihu doporucit?

Kazdy lékafr, bez rozdilu specializace, v ni najde tu ,svo-
ji kapitolu”, a navic pouceni v kapitolach jinych oboru.
Bolest na hrudi byla - jest a bude — vyznamnym pfiznakem
jak pro nemocné, tak i pro lékare vech specializaci. Proto
i ja, spolu s obéma editory a se vSemi autory véfim, Zze
zkuseni i méné zkuseni najdou v knize pouceni, Ze jim
pomuze rozsitit védomosti za hranice jejich oborl a Ze se
jim bude dobre ¢ist (prof. MUDr. Jifi Hoch, CSc.).

Prof. MUDr. Jan Petrasek, DrSc.,

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