Narodowy Instytut Kardiologii Stefana kardynata Wyszynskiego
Panstwowy Instytut Badawczy

Centrum Telekardiologii

Rozprawa na stopien doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne w formie cyklu publikacji

Analiza elektrokardiogramow w trakcie 9-tygodniowej
hybrydowej kompleksowej telerehabilitacji chorych
z niewydolnoscia serca w aspekcie metody monitorowania,
bezpieczenstwa procedury oraz wplywu na rokowanie

w obserwacji dlugoterminowej.

Lek. Piotr Orzechowski

Promotor: Dr hab. n. med. Ewa Piotrowicz

Warszawa 2022

Praca doktorska zostata zrealizowana w ramach grantu TELEREH-HF finansowanego przez Narodowe Centrum Badan

i Rozwoju w programie STRATEGMED



Pragne ztozy¢ serdeczne podzigkowania

Szanownej Pani Doktor hab. n. med. Ewie Piotrowicz,

mojej Promotor, za inspiracj¢ i nieoceniong pomoc
udzielong w trakcie przygotowywania pracy doktorskiej oraz
niewyczerpane poktady cierpliwo$ci 1 wyrozumiatosci.

To dzigki Pani Doktor rozpoczeta si¢ moja przygoda z telekardiologia.

Chciatbym rowniez podzigkowac calej mojej Rodzinie, Rodzicom,
Klementynie i Romanowi, Kochanej Beacie i Corce Konstancji

za ich wiar¢ we mnie, nieustanne wsparcie oraz motywacje.



Spis tresci

Wykaz publikacji stanowigcych podstawe rozprawy doktorskiej..............ooevviiiiiiiiiiinn.., 1
WyKaz StOSOWANYCH SKIOTOW. ... .. ettt ittt e e e e 2
O 2 o 3
2. Cele SZCZEZOIOWE. ...\ et 8
3. Material 1 MEtOdYKa. .. ..ooeii e 9
3.1, OPIS INEBIWENCH . .. v ettt et et e e e 11
3.2. Monitorowanie EKG w trakcie sesji treningowych................coocoiiiiiiiiiiiin 11
3.3 TIENING FIZYCZNY ..o e e 11
3.4. Analiza elektrokardiogramow wykonanych przed treningiem (EKG spoczynkowe)
FW EraKCIE TrENINQU. ... e e 13
3.5. Monitorowanie EKG metodg Holtera.............. ..., 14
3.6. ANAliZa StAtYSTYCZNA. ... ..ttt 16
A, WVYNIKI . oo e 18
4.1. Charakterystyka badanej populacji............cccoovniiiiiiiii i 18
4.2. Analiza EKG wykonanych w trakcie sesji treningowych HCTR (publikacja nr 1)........ 20
4.3. Ocena wptywu 9-tygodniowej HCTR na istotne prognostycznie arytmie komorowe
(PUBIIKACTA NI 2) ..o e 22
4.3.1. DYNamika arytmii. .. ....ouineitiit e e e e 22

4.3.2.Wplyw charakterystyki demograficznej i klinicznej pacjentéw na dynamike
ATV I L. e 23
4.3.3. Poprawa wydolnosci fizycznej po 9-tygodniowej HCTR a dynamika arytmii...... 23
4.3.4. Wptyw poprawy w odniesieniu do nsVT na dlugoterminowe rokowanie........... 24
4.4. Ocena wptywu 9-tygodniowej HCTR na wystepowanie proarytmii (publikacja nr 3).... 24
4.4.1. Ocena proarytmii w grupie HCTR vs. UC oraz wptyw charakterystyki
demograficznej i klinicznej pacjentow na wystepowanie proarytmii................. 24
4.4.2. Wptyw obecnosci lub braku efektu proarytmicznego na dtugoterminowe
rokowanie oraz ryzyko naglej §mierci Sercowej...........oovviiiiiiiiiiiiiiiiiin, 27
D DY SKUS . ..ttt ittt e 28
5.1. Metoda sekwencyjnego monitorowania EKG a bezpieczenstwo HCTR
(PUBIIKACTA NI L) .ot 28
5.2. Wptyw 9-tygodniowej HCTR na potencjalnie prognostycznie istotne arytmie

komorowe i jego konsekwencje w obserwacji dtugoterminowe;j (publikacja nr 2)....... 29



5.3. Ocena proarytmicznego efektu 9-tygodniowej HCTR i jego wptywu na rokowanie

w obserwacji dlugoterminowej (publikacjanr3)..........cooiiiiiiiiiiiiiiii 30

5.4, OQraniCZENIA PIACY. ... .ttt ettt et et et e et e et e el 34

B, WIHOSKI. 1ttt ettt e e 35
7. PISMICINICTWO. ..ottt e e e e 36
8. SPIS TR . e e 43
0. SIS Y CIN . 43
10, SHIBSZCZENIE. ... ettt 44
11. Streszczenie W jezyku angielSKim.........c.oouiiiiiiii e 49
12. Publikacje stanowigce podstawe rozprawy doktorskiej..........o.oevviviiiiiiniiiiiiiinenn. 53

13. Os$wiadczenia autoréw 1 wspotautorow publikacji stanowigcych podstawe rozprawy

AOKEOISKI] . ...t e 86



Wykaz publikacji stanowiacych podstawe rozprawy doktorskiej

1. Orzechowski P., Piotrowicz R., Zar¢ba W., Gléwczynska R., Szalewska D., Pluta S.,
Irzmanski R., Kalarus Z., Banach M., Opolski G., Pencina M. J., Kowalik 1., Piotrowicz E.:
Assessment of ECG during hybrid comprehensive telerehabilitation in heart failure patients
- Subanalysis of the Telerehabilitation in Heart Failure Patients (TELEREH-HF)
randomized clinical trial. Ann Noninvasive Electrocardiol. 2021; e12887;
doi: 10.1111/anec.12887

IF 1.468; MNIE 70

2. Orzechowski P., Piotrowicz R., Zareba W., Pencina M. J., Kowalik I., Komar E., Opolski
G., Banach M., Glowczynska R., Szalewska D., Pluta S., Irzmanski R., Kalarus Z.,
Piotrowicz E.: Antiarrhythmic effect of 9-week hybrid comprehensive telerehabilitation and
its influence on cardiovascular mortality in long-term follow-up — subanalysis of the
TELEREHabilitation in Heart Failure Patients randomized clinical trial. Arch Med Sci.
2021 May 22;18(2):293-306. doi: 10.5114/a0oms/136563.

IF 3.318; MNIE 70

3. Piotrowicz E., Orzechowski P., Kowalik 1., Zareba W., Pencina M., Komar E., Opolski
G., Banach M., Pluta S., Gtowczynska R., Szalewska D., Kalarus Z., Irzmanski R.,
Piotrowicz R.: Predictors of proarrhythmic effect in heart failure patients after 9-week
hybrid comprehensive telerehabilitation and their influence on cardiovascular mortality in
long-term follow-up: Subanalysis of the TELEREH-HF randomized clinical trial.
J Electrocardiol. 2022 Nov-Dec;75:28-35. doi: 10.1016/j.jelectrocard.2022.10.004.

IF 1.380; MEIN 70

Laczny Impact Factor cyklu publikacji: 6,166
Y.aczna punktacja Ministerstwa Edukacji i Nauki: 210



Wykaz stosowanych skrotow

CIEDs implantowane urzadzenia terapeutyczne (ang. cardiovascular implantable electronic
devices)

CRT-D defibrylator z funkcjg terapii resynchronizujacej serce (ang. cardiac
resynchronization therapy-defibrillator)

CRT-P rozrusznik serca z funkcjg terapii resynchronizujgcej serce (ang. cardiac
resynchronization therapy-pacemaker)

ApVO:2 réznica pomiedzy wartosciami szczytowego zuzycia tlenu we wstepnym
I kontrolnym badaniu ergospirometrycznym (ang. delta (A) of peak oxygen consumption)
eGFR oszacowany wspotczynnik przesaczania kigbuszkowego (ang. estimated glomerular
filtration rate, eGFR)

ESC Europejskie Towarzystwo Kardiologiczne (ang. European Society of Cardiology)
H-0 24-godzinne monitorowanie EKG metodg Holtera wstepne

H-9 24-godzinne monitorowanie EKG metodg Holtera po 9 tygodniach hybrydowej
kompleksowej telerehabilitacji lub 9 tygodniach opieki standardowej

HCTR hybrydowa kompleksowa telerehabilitacja (ang. hybrid comprehensive
telerehabilitation)

HRR rezerwa tetna (ang. heart rate reserve)

ICD wszczepialny kardiowerter-defibrylator (ang. implantable cardioverter-defibrillator)
LVEF frakcja wyrzutowa lewej komory (ang. left ventricular ejection fraction)

nsVT nieutrwalony cze¢stoskurcz komorowy (ang. non-sustained ventricular tachycardia)
NT-proBNP N-koncowy fragment propeptydu natriuretycznego typu B (ang. N-terminal
pro-B-type natiuretic peptyde)

NYHA Nowojorskie Towarzystwo Kardiologiczne (ang. New York Heart Association)
PAC przedwczesne pobudzenie przedsionkowe (ang. premature atrial contraction)

PVC przedwczesne pobudzenie komorowe (ang. premature ventricular contraction)

pVO: szczytowe zuzycie tlenu (ang. peak exercise oxygen consumption)

SCD nagty zgon sercowy (ang. sudden cardiac death)

UC opieka standardowa (ang. usual care)

%ApVO2 procentowa rdéznica pomigdzy wartosciami szczytowego zuzycia tlenu

we wstepnym i kontrolnym badaniu ergospirometrycznym



1. WSTEP

Niewydolno$¢ serca jako choroba cywilizacyjna stanowi jedno z najwigkszych
wyzwan stojgcych przed systemami ochrony zdrowia (1, 2). Szacuje sig, ze liczba chorych
z niewydolnoscig serca w Polsce wynosi ok. 1,24 miliona, tj. 3,2% populacji naszego
kraju (2). Paradoksalnie, sukcesywny wzrost liczby pacjentow z przewlekla niewydolnoscia
serca to wynik dynamicznego rozwoju medycyny, prowadzacego do znaczacego wydtuzenia
zycia. Wzrost zapadalno$ci i chorobowos$ci na niewydolno$¢ serca niesie za sobg
nieuchronny wzrost liczby hospitalizacji. Wskaznik hospitalizacji z powodu zaostrzenia
niewydolnosci serca w Polsce wynosi ponad 500 hospitalizacji na 100 tysi¢ecy mieszkancow
i jest najwyzszy w Europie (2). Hospitalizacje istotnie pogarszajg rokowanie pacjentoOw
z niewydolnoscig serca, stanowigc jednoczes$nie najwicksza czgs¢ wydatkow zwigzanych
z leczeniem choroby.

Warunkiem poprawy tej sytuacji jest dobrze zorganizowana, kompleksowa
I dlugoterminowa opieka nad pacjentem z niewydolnos$cig serca. Przedmiotem szczegdlnego
zainteresowania stajg si¢ zatem nowe strategie opieki nad pacjentami z niewydolnoscig
serca, ktore wykorzystujac nowoczesne technologie, przyczyniaja si¢ do zmniejszenia liczby
hospitalizacji, poprawy rokowania i obnizenia kosztow leczenia (3-6).

Telemedycyna, oferujagc nowatorskie podejscie do organizacji kompleksowe;j
opieki nad pacjentami z niewydolnoscig serca, umozliwia tej grupie chorych monitorowany
trening fizyczny w warunkach domowych (3, 7-9). Zgodnie z wytycznymi europejskich
I amerykanskich towarzystw kardiologicznych, w programach rehabilitacji kardiologicznej
powinni uczestniczy¢ wszyscy pacjenci z niewydolnoscig serca w stabilnym stanie
klinicznym, w celu poprawy wydolnosci fizycznej i1 jakosci Zycia oraz zmniejszenia liczby
hospitalizacji (klasa zalecen I, poziom dowodow A) (1, 10, 11).

W najnowszych wytycznych Europejskiego Towarzystwa Kardiologicznego
(ang. European Society of Cardiology, ESC) z 2021 roku, dotyczacych prewencji chorob
uktadu sercowo-naczyniowego, zwrocono uwage, ze domowa rehabilitacja kardiologiczna
jest tak samo skuteczna jak rehabilitacja ambulatoryjna (12). Wytyczne rekomenduja
rozwazenie zastosowania telerehabilitacji w celu zwiekszenia uczestnictwa w programach
rehabilitacyjnych oraz lepszego dtugoterminowego stosowania si¢ pacjentow do zalecen
prozdrowotnych (klasa zalecen II B, poziom dowodow B).

Koncepcja wykorzystania teletransmisji do diagnostyki i leczenia pacjentow sigga
poczatkow XX wieku. W 1905 roku Willem Einthoven za posrednictwem linii telefonicznej

przestat elektrokardiogramy ze szpitala do swojego laboratorium odlegtego o 1,5 km (13).
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W kwietniu 1924 roku amerykanski magazyn Radio News przedstawit koncepcje The Radio
Doctor, lekarza komunikujacego si¢ z pacjentem na odleglo$¢ przy pomocy urzadzenia
umozliwiajgcego transmisj¢ dzwieku i obrazu. Pierwsza wzmianka o telemedycynie
w literaturze medycznej pojawita si¢ w 1950 roku. Opisano wowczas teletransmisje obrazoéw
radiologicznych migdzy West Chester a Filadelfiag w Pensylwanii na odlegto$¢ 24 mil (13).
Rok wcze$niej transmisje elektrokardiograméw droga radiowa zostaly dokonane przez
Jeffreya Holtera. W zwiazku z dynamicznym rozwojem technologii telekomunikacyjnych
i audiowizualnych w kolejnych dziesiecioleciach, $wiadczenie uslug medycznych na
odleglo$¢ staje si¢ coraz bardziej powszechne.

Hybrydowa kompleksowa telerehabilitacja (ang. hybrid comprehensive
telerehabilitation, HCTR), wykorzystujaca zaawansowane osiggni¢cia informatyki
i telekomunikacji, stanowi innowacyjny model opieki dla pacjentow z niewydolnoscig serca
(3,4). HCTR przetamuje wiele ograniczen w dostepie do procesu rehabilitacji, takich jak
niewystarczajaca baza szpitalna i ambulatoryjna, brak akceptacji dotychczasowych modeli
rehabilitacji oraz problemy transportowo-logistyczne (duza odleglos¢ do najblizszego
osrodka rehabilitacyjnego, potrzeba zaangazowania do pomocy osob bliskich) (3, 8, 14).

Kluczowym elementem HCTR jest zdalnie nadzorowany trening fizyczny.
Zgodnie z aktualnymi wytycznymi, rekomendowanym sposobem nadzorowania
telerehabilitacji w warunkach domowych, w szczegdlnoséci u pacjentow umiarkowanego
i wysokiego ryzyka, pozostaje monitorowanie elektrokardiograficzne (EKG) (6, 10, 15).
Monitorowanie EKG pozwala na ocen¢ arytmii, niedokrwienia migsnia sercowego 0raz
umozliwia ocen¢ zakresu tgtna osiggnigtego przez pacjenta podczas sesji treningowej.
Dla pacjentow z niewydolnoscia serca, szczegdlnie zagrozonych arytmiami komorowymi,
elektrokardiograficzne monitorowanie sesji treningowych pozostaje fundamentem
bezpieczenstwa telerehabilitacji w warunkach domowych (6, 7, 15). Wedtug publikowanych
danych, u 70-95% pacjentow z przewleklg niewydolno$cig serca stwierdza si¢ przedwczesne
pobudzenia komorowe (ang. premature ventricular contraction, PVC), au 40-80%
nieutrwalony czestoskurcz komorowy (ang. non-sustained ventricular tachycardia, nsVT)
(16).

Pomimo dobrze udokumentowanego korzystnego wplywu rehabilitacji
kardiologicznej na wydolno$¢ fizyczng 1 poprawg jakoSci zycia u pacjentdw
z niewydolnoscig serca, jej oddziatywanie na komorowe zaburzenia rytmu serca pozostaje
niejasne (17-19). Wptyw rehabilitacji kardiologicznej na arytmie komorowe w tej populacji

pacjentow nalezy rozwazy¢ w kilku aspektach:



a) wystgpowania arytmii wywotanej treningiem fizycznym, co bezposrednio determinuje
bezpieczenstwo rehabilitacji,

b) potencjalnie antyarytmicznego efektu cyklu rehabilitacji i jego wptywu na rokowanie,

€) mozliwosci wystapienia proarytmii zwigzanej z cyklem rehabilitacji i jej znaczenia
prognostycznego.

Nieliczne publikacje na ten temat skupiaja si¢ na pojedynczych watkach
wymienionych zagadnien. Prace oparte s3 na analizach jednoosrodkowych,
retrospektywnych i nierandomizowanych badan klinicznych z matg liczba pacjentow.

W cyklu publikacji, stanowigcych rozprawe doktorska, przedstawiono po raz
pierwszy obszerng i wieloplaszczyznowa analize¢ wptywu telerehabilitacji kardiologicznej
na arytmie komorowe u pacjentéw z niewydolnoscia serca w kontek$cie metody
monitorowania treningdw, bezpieczenstwa procedury oraz rokowania w obserwacji
dlugoterminowej. Badana populacja stanowi najliczniejsza do tej pory, telerehabilitowang
grupe pacjentow z niewydolno$cig serca, pochodzaca z wieloosrodkowego,
prospektywnego, randomizowanego badania klinicznego TELEREH-HF
(ang. TELEREHabilitation in Heart Failure Patients).

Zatozeniem pierwszej z cyklu prac (,,Assessment of ECG during hybrid
comprehensive telerehabilitation in heart failure patients - Subanalysis of the
Telerehabilitation in Heart Failure Patients (TELEREH-HF) randomized clinical trial.”)
byta ocena bezpieczenstwa HCTR oraz sekwencyjnego monitorowania EKG podczas jej
realizacji w licznej, homogennej grupie pacjentow z niewydolnoscia serca.
Opublikowane wyniki nielicznych poruszajagcych ten temat prac, nie pozwalajg na
jednoznaczng ocen¢ bezposredniego wptywu telerehabilitacji kardiologicznej na komorowe
zaburzenia rytmu serca, zwlaszcza u pacjentow ze strukturalnym uszkodzeniem mig$nia
sercowego i obnizong frakcja wyrzutowa lewej komory (ang. left ventricular
ejection fraction, LVEF) (17-19). Dotychczas tylko w jednym jednoosrodkowym badaniu
szczegotowo analizowano sekwencyjne monitorowanie EKG u pacjentéw z niewydolno$cia
serca podczas domowej rehabilitacji kardiologicznej (18). W pracy oceniono 11 534 EKG
zarejestrowanych podczas telerehabilitacji u 75 stabilnych pacjentow z niewydolno$cia
serca i obnizong LVEF (30,2+8,2%). Badanie wykazato, ze u stabilnych, optymalnie
leczonych pacjentow, trening fizyczny nie wyzwalal istotnych arytmii wymagajacych
przerwania treningu lub zmian obcigzen treningowych. W dwoch kolejnych badaniach,
pochodzacych z tego samego osrodka, rowniez nie odnotowano ztosliwych arytmii podczas

treningé6w nordic walking (20, 21). W dwoch innych badaniach dotyczacych telerehabilitacji
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kardiologicznej pacjentow z chorobg wienicowa iniewydolnoscia serca, takze nie
odnotowano zadnych powaznych zdarzen niepozadanych podczas elektrokardiograficznie
monitorowanych sesji treningowych (21, 22). Jednak istotnym ograniczeniem tych badan
jest ich jednoosrodkowy charakter oraz niewielka liczba wtgczonych pacjentow.

Pierwsza z cyklu prac, analizujaca najwigkszy znany nam zbiér EKG
zarejestrowanych podczas sesji treningowych u pacjentdw z niewydolno$cia serca, stanowi
znaczacy glos w toczacej si¢ wsrod ekspertow dyskusji dotyczacej optymalnej formy
monitorowania EKG (ciagte, sekwencyjne, na zgdanie) podczas sesji treningowych
w kontekscie bezpieczenstwa procedury (22-25).

W drugiej pracy (,,Antiarrhythmic effect of 9-week hybrid comprehensive

telerehabilitation and its influence on cardiovascular mortality in long-term follow-up —
subanalysis of the TELEREHabilitation in Heart Failure Patients randomized clinical
trial.”) analizowanym zagadnieniem byta ocena potencjalnego efektu antyarytmicznego
cyklu 9-tygodniowej HCTR oraz jego wplyw na S$miertelnos¢ z przyczyn
sercowo-naczyniowych w obserwacji dtugoterminowe;.
Istniejg patofizjologiczne przestanki aby sadzi¢, ze wptyw dlugotrwatego umiarkowanego
treningu fizycznego na autonomiczny uktad nerwowy i uklad sercowo-naczyniowy,
W postaci przesunigcia rownowagi w stron¢ uktadu przywspolczulnego, obnizenia st¢zenia
krazacych katecholamin, wzrostu wrazliwosci odruchu z baroreceptoréw, poprawy funkcji
srodbtonka naczyn oraz perfuzji 1 funkcji skurczowej migsnia lewej komory, ma dziatanie
antyarytmiczne. Wyniki nielicznych opublikowanych na ten temat analiz, opartych na
matych, nierandomizowanych, retrospektywnych badaniach klinicznych, nie pozwalaja na
jednoznaczne potwierdzenie tezy o potencjalnie antyarytmicznym efekcie procesu
rehabilitacji kardiologicznej, zwlaszcza u pacjentow ze strukturalnym uszkodzeniem
migsnia sercowego i obnizong LVEF (17-19). W zadnej z prac nie oceniano wptywu istotnej
redukcji arytmii komorowej po cyklu rehabilitacji na dlugoterminowe rokowanie.

Celem ostatniej z cyklu prac (,,Predictors of proarrhythmic effect in heart failure
patients after 9-week hybrid comprehensive telerehabilitation and their influence on
cardiovascular mortality in long-term follow-up: Subanalysis of the TELEREH-HF
randomized clinical trial.”) byla ocena potencjalnego dziatania proarytmicznego HCTR,
jego wplywu na dhugoterminowe rokowanie oraz identyfikacja predyktorow proarytmii.
Poza patofizjologicznymi przestankami na korzystne, antyarytmiczne dziatanie
systematycznego, dlugoterminowego treningu fizycznego, istnieja takze dane o mozliwym

proarytmicznym efekcie wysitku fizycznego. Zwigkszona stymulacja wspotczulna
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I przejsciowo zmniejszona aktywno$¢ ukladu przywspotczulnego na poczatku procesu
rehabilitacji oraz zmiany mechanicznej funkcji migénia sercowego, powodujace jego
przebudowe 1 wioknienie, przyczyniaja si¢ do powstania warunkéw sprzyjajacych
proarytmii  (17-19). Dotychczas nie opublikowano prac oceniajgcych mozliwosé
proarytmicznego efektu cyklu treningéw fizycznych w populacji  pacjentow
z niewydolnos$cig serca oraz jego wplywu na dlugoterminowe rokowanie. Okreslenie
predyktorow efektu proarytmicznego HCTR moze mie¢ szczegolnie istotne znaczenie

w kontekscie indywidualizacji i optymalizacji procesu telerehabilitacji.



2. CELE SZCZEGOLOWE

Cele pracy doktorskiej odpowiadaja celom trzech publikacji wchodzacych w sktad cyklu

prac i koncentrujg si¢ wokot wpltywu 9-tygodniowej HCTR na zaburzenia rytmu serca

U pacjentow z niewydolnoscig serca i obejmuja:

1. Oceng bezpieczenstwa HCTR podczas stosowania sekwencyjnego monitorowania EKG
(publikacja nr 1).

2. Analize wptywu HCTR na potencjalnie prognostycznie istotne arytmie komorowe
(publikacje 1, 21i 3).

3. Ocen¢ antyarytmicznego i proarytmicznego wptywu 9-tygodniowej HCTR na
rokowanie w obserwacji dtugoterminowej w porownaniu z pacjentami obj¢tymi opicka

standardowg (publikacja 2 i 3).



3. MATERIAL I METODYKA

Badana  populacja  obejmowala chorych z badania TELEREH-HF
(ang. The hybrid comprehensive TELEREHabilitation in Heart Failure Patients)
[Clinical Trials.gov NCT 02523560]. Badanie TELEREH-HF bylo randomizowanym,
prospektywnym, wieloosrodkowym (zrealizowanym w pigciu polskich o$rodkach,
z Centrum Telekardiologii Narodowego Instytutu Kardiologii w Warszawie jako osrodkiem
koordynujagcym) badaniem klinicznym toczagcym si¢ w latach 2015-2021, w grupie
pacjentow z niewydolno$cig serca (9). Do badania wigczono 850 pacjentow w stabilnym
stanie klinicznym, w klasie czynnosciowej I-1ll wg Nowojorskiego Towarzystwa
Kardiologicznego (ang. New York Heart Association, NYHA), z LVEF <40%, ktorzy
wymagali hospitalizacji z przyczyn sercowo-naczyniowych w ciggu ostatnich 6 miesiecy
przed randomizacja. Pacjenci zostali zrandomizowani w proporcji 1:1 do dwoéch grup
(po 425 pacjentéw): telerehabilitowanej (grupa HCTR) i kontrolnej (ang. usual care, UC).

Kryteria wlaczenia i wylaczenia przedstawiono w Tabeli 1.

Tabela 1. Kryteria wiaczenia i wylgczenia w badaniu TELEREH-HF

Kryteria wlaczenia

e lewokomorowa niewydolno$¢ serca z obnizong frakcja wyrzutowa niezaleznie od etiologii,
rozpoznana wg standardéw Europejskiego Towarzystwa Kardiologicznego (ESC)

o frakcja wyrzutowa lewej komory (LVEF) < 40% w badaniu echokardiograficznym

e klasa czynno$ciowa I, Il lub 111 wg Nowojorskiego Towarzystwa Kardiologicznego (NYHA)

e hospitalizacja z przyczyn sercowo-naczyniowych w okresie do 6 miesiecy przed
randomizacja

e stabilny stan kliniczny (pacjent nie wymagal podawania lekéw droga dozylna oraz
modyfikacji leczenia od co najmniej 7 dni)

e brak przeciwwskazan do testu ergospirometrycznego.

e zgoda pacjenta i gotowos¢ do realizacji nowego modelu telerehabilitacji hybrydowej

Kryteria wylaczenia

e niewydolnos$¢ serca w klasie czynnosciowej IV wg NYHA

e niestabilna dtawica piersiowa

e niestabilny stan kliniczny

e przebyty ostry zespot wiencowy w czasie ostatnich 40 dni u pacjenta z LVEF < 35%
e przebyta angioplastyka wiencowa w czasie ostatnich 2 tygodni

e przebyte pomostowanie aortalno-wiencowe w czasie ostatnich 3 miesigcy




wszczepienie uktadu resynchronizujacego (CRT-P lub CRT-D) lub kardiowertera-
defibrylatora (ICD) lub uktadu stymulujacego serce w czasie ostatnich 6 tygodni

brak ICD lub CRT-P lub CRT-D lub uktadu stymulujacego serce pomimo speinienia
kryteriow do implantacji wg standardow ESC

skrzeplina wewnatrzsercowa

spoczynkowa czesto$¢ rytmu serca >90/min

tachypnoe >20 oddechéw na minute

objawowe i/lub indukowane wysitkiem zaburzenia rytmu i/lub przewodzenia serca

ostre zapalenie mig$nia sercowego i/lub osierdzia

zastawkowe lub wrodzone wady serca wymagajace leczenia kardiochirurgicznego
kardiomiopatia przerostowa

cigzka choroba pluc

zle kontrolowane nadci$nienie tgtnicze

niedokrwistos¢ (st¢zenie hemoglobiny <11.0g%)

inwalidztwo fizyczne zwigzane z cigzkimi schorzeniami uktadu mig$niowo-szkieletowego
lub uktadu nerwowego

$wiezy zator

zakrzepowe zapalenie zyt

ostre lub przewlekle choroby zapalne

ostre lub przewlekle niewyrownane choroby niekardiologiczne (tyreotoksykoza,
niewyréwnana cukrzyca)

aktywna choroba nowotworowa z prognoza przezycia ponizej 2-5 lat

przebyty przeszczep serca

obecnos¢ wszczepionych urzadzen wspomagajacych prace obu lub lewej komory

tetniak aorty

cigzkie choroby psychiatryczne

brak zgody pacjenta

Badanie prowadzono zgodnie z zasadami dobrej praktyki klinicznej, w oparciu o Deklaracjg

Helsinska Swiatowego Stowarzyszenia Lekarzy (ang. Declaration of Helsinki, World

Medical Association). Projekt zostal zatwierdzony przez Terenowa Komisj¢ Bioetyczng

przy Narodowym Instytucie Kardiologii Stefana kardynata Wyszynskiego Panstwowym
Instytucie Badawczym (IK-NP-0021-85/1402/13).
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3.1. Opis interwencji

Grupa HCTR realizowata program hybrydowej kompleksowej telerehabilitacji,
obejmujacy teleopieke, zdalnie nadzorowany i monitorowany trening fizyczny oraz
w przypadku  chorych z  implantowanymi  urzgdzeniami  terapeutycznymi
(ang. cardiovascular implantable electronic devices, CIEDs) zdalne monitorowanie tych
urzadzen. HCTR skladata si¢ z dwoch etapow:
- tygodniowego etapu wstepnego realizowanego w ramach pobytu w oddziale szpitalnym,
- etapu zasadniczego (8 tygodni) realizowanego w miejscu zamieszkania pacjenta.
Program HCTR obejmowat telemonitorowany trening wytrzymatosciowy nordic walking,
trening oddechowy oraz lekkie ¢wiczenia oporowe i rozciagajace. Pacjenci z grupy UC

objeci byli standardowa opieka kardiologiczng obowigzujaca w danym osrodku.

3.2. Monitorowanie EKG w trakcie sesji treningowych

Trening nordic walking byl telemonitorowany za pomocg urzadzenia EHO-MINI
(Pro-PLUS S.A. Company, Polska). Urzadzenie rejestrowato EKG z trzech odprowadzen
przedsercowych. Dzi¢ki wbudowanemu modutowi GSM przesytato je przez sie¢ telefonii
komoérkowej do centrum monitorujgcego, w ktorym zapisy byly odbierane, analizowane
i archiwizowane. Rejestracja wszystkich EKG wykonanych podczas sesji treningowych byta
automatycznie skoordynowana z treningiem nordic walking, przy wykorzystaniu metody
sekwencyjnego monitorowania EKG. Podczas sesji treningowej urzadzenie EHO-MINI
automatycznie powiadamiato pacjenta o aktualnym zadaniu do wykonania (rejestracja EKG,
¢wiczenie, odpoczynek) za pomocg sygnatow dzwigkowych i $wietlnych. Urzadzenie
EHO-MINI zostato zaprogramowane do rejestracji czterech 16-sekundowych zapiséw EKG
podczas jednej sesji treningowej. Pierwsze, spoczynkowe EKG pacjent wykonywat
w ramach badania wstgpnego przed treningiem — procedury zezwolenia na rozpoczgcie
treningu, trzy kolejne elektrokardiogramy w trakcie treningu nordic walking, kazdy na koncu
wczesniej okreslonego interwatlu treningowego w czasie maksymalnego wysitku.
Natychmiast po zakonczeniu kazdej sesji treningowej EKG byty automatycznie przesylane

do centrum monitorujacego.

3.3. Trening fizyczny
Trening fizyczny dla pacjentdéw z niewydolno$cig serca zaplanowano zgodnie
z opublikowanymi wytycznymi (10-12). W celu zapewnienia pacjentom bezpieczenstwa

sesji treningowych szczegdlng uwage zwrdcono na: (a) oceng ryzyka chorego przed
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rehabilitacjg kardiologiczng; (b) przeciwwskazania do ¢wiczen fizycznych (Tabela 2);
(c) maksymalne  tgtno  treningowe, ktdre U  pacjentdw z  wszczepionym
kardiowerterem-defibrylatorem (ang. implantable cardioverter-defibrillator, ICD) nie
powinno przekracza¢ 20 uderzen/min ponizej progu interwencji urzadzenia; (d) wlaczenie
funkcji adaptacji czestotliwosci stymulacji do wykonywanego wysitku (ang. rate response)

u pacjentéw z uktadem stymulujacym serca lub terapig resynchronizujaca.

Tabela 2. Przeciwwskazania do treningu fizycznego

e nagle pogorszenie tolerancji wysitku, duszno$¢ lub bol w klatce piersiowe;j

e zwigkszenie masy ciala o 1,8 kg lub wigcej w ciggu ostatnich 1-3 dni

e tetno spoczynkowe w pozycji lezacej >90/min

e wystgpieniec de novo nadkomorowych zaburzen rytmu serca: migotanie
przedsionkow/trzepotanie przedsionkdw/czgstoskurcz nadkomorowy

e wystgpienie de novo ztozonych komorowych zaburzen rytmu serca w spoczynku
lub w trakcie wysitku

e nowy zaawansowany blok przedsionkowo-komorowy

e istotne niedokrwienie migs$nia sercowego podczas ¢wiczen o niskiej intensywnosci

e spadek skurczowego ci$nienia tetniczego krwi podczas ¢wiczen

e niekontrolowane nadcis$nienie tetnicze, spoczynkowe ci$nienie tetnicze krwi
>140/90 mmHg

e niedawno przebyty epizod zatorowy

e niedawno przebyte zakrzepowe zapalenie zyt

e ostra choroba ogo6lnoustrojowa

e obecnos¢ niewyrownanych zaburzen endokrynologicznych i metabolicznych

Obcigzenia treningowe definiowane byly indywidualnie dla kazdego chorego na
podstawie wstepnego badania ergospirometrycznego. Zakres tetna treningowego ustalono
na 40-70% rezerwy tetna (ang. heart rate reserve, HRR), gdzie HRR to roznica pomiedzy
tetnem spoczynkowym i maksymalnym osiggnietym w czasie testu ergospirometrycznego.
Intensywnos¢ treningu monitorowano jednoczes$nie przy pomocy subiektywnej skali oceny

stopnia zmg¢czenia podczas wysitku (skala Borga). Zgodnie z zaleceniami, w czasie
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treningdw pacjenci nie przekraczali umiarkowanego stopnia zmgczenia (11-12 punktow
w skali Borga). Przed rozpoczgciem kazdej sesji treningowej pacjent taczyt sig telefonicznie
z centrum monitorujagcym i odpowiadal na pytania dotyczace aktualnego stanu zdrowia
zawarte w specjalnym kwestionariuszu. Nast¢gpnie wykonywal badania wstepne (EKG
spoczynkowe, pomiar ci$nienia t¢tniczego i pomiar masy ciata), ktore przesytat do centrum
monitorujacego. Po przeanalizowaniu danych, w przypadku braku przeciwwskazan, pacjent
otrzymywatl zgod¢ na rozpoczecie sesji treningowej. Pacjenci trenowali pig¢ razy

w tygodniu.

3.4. Analiza elektrokardiograméw wykonanych przed treningiem (EKG spoczynkowe)
i w trakcie treningu

W pierwszej analizie oceniono rodzaj i czesto$¢ wystgpowania zaburzen rytmu
serca rejestrowanych w EKG spoczynkowych (wykonywanych przez pacjenta w domu,
bezposrednio przed kazda sesjg treningowg w ramach oceny wstgpnej — procedury
zezwolenia na rozpoczecie treningu) oraz wykonanych podczas treningu.

W kolejnej analizie oceniano obecno$¢ nowych arytmii w EKG wykonanych
W czasie treningow, nierejestrowanych w badaniach spoczynkowych. Uwzgledniajgc 9 cech
demograficznych i klinicznych (Tabela 3), poréwnano dwie grupy pacjentow: bez arytmii
w spoczynku 1 podczas wysitku oraz bez arytmii w spoczynku i z arytmiami pojawiajacymi

si¢ de novo podczas ¢wiczen.

Tabela 3. Cechy demograficzne i kliniczne uwzglednione w analizach jednoczynnikowych

w publikacji nr 1

* plec

* wiek

» ctiologia niewydolnosci serca

» frakcja wyrzutowa lewej komory

» klasa czynnosciowa niewydolno$ci serca wg NYHA

+ stezenie N-koncowego fragmentu propeptydu natriuretycznego typu B w osoczu
* rytm wiodacy serca

» cukrzyca

+ delta szczytowego zuzycia tlenu — réznica pomigdzy warto$ciami szczytowego

zuzycia tlenu we wstepnym i kontrolnym badaniu ergospirometrycznym
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Na podstawie czestotliwosci rytmu w EKG oceniano tetno treningowe. Obliczono
liczbg sesji treningowych zrealizowanych przez kazdego pacjenta w zdefiniowanym
zakresie tetna treningowego. Na podstawie odsetka sesji treningowych z osiggnigtym tgtnem
treningowym (>80%, pomigdzy 20% a 80% oraz <20% sesji), pacjentéw podzielono na trzy
podgrupy. Porownano podgrupy uwzgledniajgc wybrane cechy demograficzne
I kliniczne (Tabela 3) oraz oceniono wptyw odsetka sesji treningowych z osiggnigtym
zakresem tetna treningowego na rokowanie (zgon bez wzgledu na przyczyneg, zgon
Z przyczyn sercowo-naczyniowych, hospitalizacja z przyczyn sercowo-naczyniowych,
hospitalizacja z powodu zaostrzenia niewydolno$ci serca) w obserwacji dtugoterminowe;j

(14-26 miesigcy po randomizacji).

3.5. Monitorowanie EKG metoda Holtera

Do wykonania 24-godzinnego monitorowania EKG metoda Holtera
(EKG met. Holtera) wykorzystano 12-kanatowe rejestratory cyfrowe Holter Lifecard CF
(Del Mar Reynolds Medical UK/USA). Badania wykonano w ramach oceny wstepnej
pacjentéw (Holter 0; H-0) oraz ponownie po zakonczeniu 9-tygodniowego programu HCTR
lub po ukonczeniu 9-tygodniowej opieki standardowej (Holter 9; H-9). Zapisy holterowskie
oceniono za pomocy systemu analitycznego Pathfinder SL.

W publikacji nr 2, za prognostycznie istotng arytmi¢ komorowa oceniang
w badaniu EKG met. Holtera, przyjeto obecnos¢ nsVT lub >10 pobudzen przedwczesnych
komorowych  (ang. premature  ventricular  contractions, PVCs) na godzing
(PVCs >10/godz.) (25, 26). Oceniono arytmie komorowe w kazdej z grup (HCTR i UC) oraz
réznice pomiedzy grupami. W oparciu o obecno$¢ lub brak nsVT lub PVCs >10/godz.
w kolejnych badaniach holterowskich (wstepnym i po 9 tygodniach), pacjentow podzielono

na trzy podgrupy (poprawa, brak zmiany i pogorszenie) (Tabela 4).
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Tabela 4. Kryteria podzialu pacjentow w oparciu o obecno$¢ lub brak nsVT Iub
PVCs >10/godz. w kolejnych badaniach holterowskich

24-godzinne 24-godzinne
monitorowanie EKG metoda Holtera lmonitorowanie EKG metodga Holtera
wstepne (H-0) po 9 tygodniach HCTR lub UC (H-9)
nsVT (+) Wszyscy pacjenci (grupa HCTR i UC)
nsVT (-) Poprawa
nsVT (+) Brak zmiany
nsVT (-) Wszyscy pacjenci (grupa HCTR i UC)
nsVT (+) Pogorszenie
ns VT (-) Brak zmiany
PVC >10/godz. (+) Wszyscy pacjenci (grupa HCTR i UC)
PVC >10/godz. (-) Poprawa
PVC >10/godz. (+) Brak zmiany
PVC >10/godz. (-) Wszyscy pacjenci (grupa HCTR i UC)
PVC >10/godz. (+) |Pogorszenie
PVC >10/godz. (-) Brak zmiany

Skroty: HCTR, hybrydowa kompleksowa telerehabilitacja; nsVT, nieutrwalony czestoskurcz komorowy;
nsVT (-), brak nsVT w EKG met. Holtera; nsVT (+), obecno$¢ nsVT w EKG met. Holtera; Poprawa, (+) w H-0
oraz (-) w H-9; Pogorszenie, (-) w H-0 oraz (+) in H-9; PVCs, przedwczesne pobudzenia komorowe;
PVC >10/godz. (-), brak PVCs >10 pobudzef/godz. w EKG met. Holtera, PVC >10/godz. (+), obecnos¢
PVCs >10 pobudzen/godz. w EKG met. Holtera; UC, grupa kontrolna.

Poprawe (efekt antyarytmiczny) zdefiniowano jako obecno$¢ nsVT we wstgpnym
EKG met. Holtera [H-0: nsVT (+)] i brak nsVT w badaniu wykonanym po 9 tygodniach
[H-9: nsVT (-)] lub jako obecnos¢ PVCs >10/godz. we wstepnym badaniu EKG met. Holtera
[H-0: PVCs >10/godz. (+)] i brak PVCs >10/godz. w badaniu wykonanym po 9 tygodniach
[H-9: PVCs > 10/godz. (-)].

Pogorszenie zdefiniowano jako brak nsVT we wstgpnym badaniu EKG
met. Holtera [H-0: nsVT(-)] i obecnos¢ nsVT w badaniu wykonanym po 9 tygodniach
[H-9: nsVT(+)] lub jako brak PVCs >10/godz. we wstepnym badaniu EKG met. Holtera
[H-0: PVCs >10/godz.(-)] 1 obecnos¢ PVCs>10/godz. w badaniu wykonanym po
9 tygodniach [H-9: PVCs >10/godz. (+)].

W analizach jedno- i wieloczynnikowych wzi¢to pod uwage 14 czynnikow
demograficznych i klinicznych: pte¢, wiek, etiologie niewydolnosci serca, LVEF, parametry
badania ergospirometrycznego [szczytowe zuzycie tlenu (ang. peak exercise oxygen

consumption, pVO2), A pVO2, A % pVOz], stezenie N-koncowego fragmentu propeptydu
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natriuretycznego typu B (ang. N-terminal pro-B-type natiuretic peptyde, NT-proBNP)
w osoczu, wielko$¢ wspotczynnika przesaczania kiebuszkowego (ang. estimated glomelural
filtration rate, eGFR), wiodacy rytm serca, cukrzyce, klase czynnosciowa niewydolno$ci
serca wg NYHA, terapie resynchronizujgcg (ang. cardiac resynchronization therapy, CRT)
1 ICD.
W publikacji nr 3 kryteria efektu proarytmicznego zostaly zdefiniowane zgodnie
z wytycznymi (27-28). Efekt proarytmiczny byt obecny w przypadku:
a) >3-krotnego wzrostu PVCs w badaniu EKG met. Holtera po 9 tygodniach HCTR lub
UC, jesli w badaniu wstepnym EKG met. Holtera liczba PVCs wynosita >100/godz.,
b) >10-krotnego wzrostu PVCs w badaniu EKG met. Holtera po 9 tygodniach HCTR lub
UC, jesli w badaniu wstgpnym EKG met. Holtera liczba PVCs wynosita <100/godz.,
€) obecnosci nowych arytmii (PVCs, nsVT) w badaniu EKG met. Holtera po 9 tygodniach
HCTR lub UC, nie rejestrowanych w badaniu wstgpnym EKG met. Holtera.
W analizach jedno- i wieloczynnikowych, porownujac pacjentow z grup HCTR
i UC, uktorych wystapit efekt proarytmiczny, wzigto pod uwage 15 czynnikow
demograficznych i klinicznych: pte¢, wiek, etiologi¢ niewydolnosci serca, LVEF, pVOs,
ApVO2, stezenie NT-proBNP w osoczu, eGFR, wiodacy rytm serca, cukrzyce, klase
czynno$ciowg niewydolnosci serca wg NYHA, CRT 1 ICD oraz stosowanie amiodaronu

I terapi¢ digoksyna.

3.6. Analiza statystyczna

Wyniki  zmiennych numerycznych przedstawiono w  postaci  Srednich
arytmetycznych i odchylen standardowych rozktadéw normalnych lub median i zakresow
interkwartylowych dystrybucji sko$nych. Normalno$¢ rozktadow weryfikowano testem
Kolmogorowa-Smirnowa. Wyniki zmiennych nominalnych zaprezentowano jako liczno$¢
bezwzgledng oraz procent kategorii wyr6znionych. Do porownan migedzygrupowych (grupa
HCTR vs. grupa UC oraz chorzy bez arytmii vs. chorzy z arytmig obserwowang podczas
sesji treningowych) stosowano odpowiednio test t-Studenta (metoda Satterthwaite’a dla
niejednorodnych wariancji), test sumy rang Wilcoxona, test niezaleznosci chi-kwadrat (x?)
lub doktadny test Fishera (liczba oczekiwanych obserwacji w komorkach tabeli
wielodzielczej ponizej 5). Testem Cochran’a-Mantela-Haenszela badano jednorodno$é
rozktadu zmiennych porzadkowych analizowanych podgrup (klasy czynno$ciowej wg
NYHA oraz porownania trzech kategorii zdefiniowanych na podstawie odsetka treningow

Z osiggnietym limitem t¢tna treningowego podczas sesji treningowych, w pracy dotyczacej
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oceny EKG podczas telerehabilitacji). Zasadnicza analiza w pracy oceniajacej badania
holterowskie obejmowata poréwnanie charakterystyki demograficzne;j i klinicznej chorych
w zalezno$ci od obecnosci lub braku nsVT lub PVCs >10/godz. rejestrowanych w badaniu
EKG met. Holtera po 9 tygodniach HCTR lub UC wzgl¢dem badania wstepnego. Wyliczono
wzgledne korzysci poprawy (ang. relative benefit, RB) lub wzgledne ryzyko pogorszenia
(ang. relative risk, RR) wraz z 95% przedziatami ufnosci. W tym celu dokonano
kategoryzacji zmiennych cigglych na dwie (wick, LVEF, pVO3) lub trzy kategorie (tercyle
NT-proBNP). Jednorodnos¢ RB lub RR w podgrupach réznych kategorii oceniono testem
Breslow’a-Day’a. Nastepnie, w celu zidentyfikowania niezaleznych predyktorow poprawy
lub pogorszenia (zdefiniowanego na podstawie obecnosci lub braku nsVT lub
PVCs >10/godz. w kolejnych badaniach holterowskich), wykonano wielowymiarowe
analizy regresji logistycznej. Zastosowano procedurg selekcji zmiennych typu stepwise.
Zmienng wprowadzano do modelu lub pozostawiano w modelu, jezeli poziom istotnosci
statystycznej nie przekraczat 0,05. Dobro¢ dopasowania modeli oceniono statystyka C (pole
pod ROC) z 95% przedziatem ufnosci. Prawdopodobienistwa przezycia oraz
prawdopodobienstwa przezycia bez hospitalizacji wyznaczono estymatorem najwigkszej
wiarygodno$ci — metodg Kaplana-Meiera. Jednorodnos¢ krzywych réznych podgrup
(pogorszenie, poprawa wzgledem nsVT oraz PVC >10/godz. lub w zaleznosci od odsetka
treningdw z osiggnietym limitem tetna podczas ses;ji treningowych) badano testem log-rank
z poprawka Bonferroniego dla porownan par wielokrotnych. Dwustronne hipotezy zerowe
weryfikowano na poziomie istotnosci statystycznej <0,05. Analize¢ statystyczng wynikéw
badan przeprowadzono za pomocg pakietu statystycznego SAS (wersja 9.4, SAS Institute,
Cary, Karolina Pétnocna, USA).
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4. WYNIKI

4.1. Charakterystyka badanej populacji

W publikacji nr 1 badana populacja obejmowata 386 pacjentdéw, ktorzy ukonczyli

9-tygodniowg HCTR. W publikacjach nr 2 i nr 3 badana populacja obejmowata

386 pacjentow, ktorzy ukonczyli 9-tygodniowa HCTR (grupa HCTR) i 395 pacjentow,

ktorzy ukonczyli 9-tygodniowa obserwacje (grupa UC). Z powodu niedostatecznej jako$ci

zapisow holterowskich, o$miu pacjentow (po czterech z kazdej grupy) wykluczono

z badania. Ostatecznie, populacja analizowana w publikacjach nr 2 i nr 3 obejmowata

382 pacjentow z grupy HCTR i 391 pacjentow z grupy UC (Rycina 1).

Rycina 1. Schemat przebiegu badania TELEREH-HF (study flow chart) z uwzglgdnieniem

subanaliz zawartych w publikacjach 2 i 3
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v

Zakonczyli 9-tygodniowag
HCTR (n=386)

Zla jakos¢ dwoch zapisow

EKG met. Holtera (n=4) ™=

hd

Przerwali obserwacj¢
| Zgon (n=2)
Inna przyczyna (n=28)

v

Zakonezyli 9-tygodniowa
UC (n = 395)

| Zla jakos¢ dwoch zapisow
EKG met. Holtera (n=4)

v

Dobra jakos¢ dwoch zapisow EKG met. Holtera
(wstgpnego i po 9 tygodniach HCTR) (n=382)

Dobra jakosé dwoch zapisow EKG met. Holtera
(wstgpnego i po 9 tygodniach UC) (n=391)

Skroty: HCTR — hybrydowa kompleksowa telerehabilitacja, UC — opieka standardowa.

Wstepng charakterystyke kliniczng badanej populacji z podziatem na grupy HCTR

I UC przedstawiono w Tabeli 5.
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Obie grupy nie réznily si¢ istotnie cechami demograficznymi, wstgpnymi parametrami

klinicznymi oraz sposobem leczenia.

Tabela 5. Charakterystyka badanej populacji (publikacja 2 i 3)

HCTR ucC Wartos¢

(n=382) (n=391) p
Pte¢ (me¢zczyzna), n (%) 342 (89.5) |347(88.7) |0.727
Wiek, (lata), §r. £SD 62.1+10.8 |61.9+10.3 |0.701
Frakcja wyrzutowa lewej komory (%), §r. £SD 31.0+46.9 |30.3£7.0 |0.168
Utrwalone migotanie/trzepotanie przedsionkéw, n (%) 76 (19.9) [73(18.7) |0.666
Wskaznik masy ciata, (kg/m?), §r. £SD 28.8+5.1 |29.1+4.7 |0.397
Etiologia niewydolno$ci serca, n (%)
Niedokrwienna 253 (66.2) |249 (63.7) |0.458
Nie-niedokrwienna 129 (33.8) |142 (36.3)
Wywiad, n (%)
Zawal serca 226 (59.2) |217 (55.5) |0.303
Angioplastyka 185 (48.4) 178 (45.5) |0.418
Pomosty aortalno-wiencowe 58 (15.2) |63(16.1) |0.722
Nadci$nienie t¢tnicze 226 (59.2) |250(63.9) |0.172
Cukrzyca 129 (33.8) [134(34.3) ]0.883
Udar moézgu 21 (5.5) 28 (7.2) 0.343
Przewlekta choroba nerek 71(18.6) [63(16.1) [0.364
Hiperlipidemia 189 (49.5) [170(43.5) ]0.095
Depresja * 74 (22.9) |87(26.6) |0.275
Klasa czynno$ciowa niewydolnosci serca wg NYHA, n (%)
I 51(13.4) |48(12.3) |0.387
1 271 (70.9) |267 (68.3)
i 60 (15.7) 176 (19.4)
Farmakoterapia, n (%)
Beta-adrenolityk 367 (96.1) |383(97.9) |0.124
Inhibitor konwertazy angiotensyny /sartany 357 (93.5) |367(93.9) |0.817
Digoksyna 47 (12.3) |50(12.8) |0.839
Diuretyki petlowe 279 (73.0) |306 (78.3) |0.091
Spironolakton/eplerenon 316 (82.7) |320(81.8) |0.748
Kwas acetylosalicylowy/klopidogrel 218 (57.1) 222 (56.8) |0.735
Antagoni$ci witaminy K 113 (29.6) |119(30.4) |0.796
Df)ustr_le leki przeciwkrzepliwe niebedace antagonistami 61(16.0) |54 (13.8) |0.399
witaminy K
Statyny 318 (81.9) |321(82.1) |0.954
Amiodaron 68 (17.8) [62(15.9) [0.470
Urzadzenia wszczepialne 301 (78.8) |319(81.6) |0.330
Uktad stymulujacy serce 3(1.1) 4(1.2)
Wszczepialny kardiowerter- defibrylator 190 (63.1) |206 (64.6) 0.964
Terapia resynchronizujgca z funkcjg stymulacji 4 (1.3) 4 (1.3) '
Terapia resynchronizujaca z funkcja defibrylacji 104 (34.5) ]105 (32.9)

* depresja zdefiniowana jako ocena > 13 punktow w skali depresji Becka (Beck Depression Inventory-I1)
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4.2. Analiza EKG wykonanych w trakcie sesji treningowych HCTR (publikacja nr 1)

Oceniono 66 488 EKG zarejestrowanych podczas 16 622 treningdw nordic
walking odbytych przez 386 pacjentoéw, ktorzy ukonczyli 9-tygodniowy program HCTR.
W momencie randomizacji rytm zatokowy obecny byt u 320 (83%) z nich, utrwalone
migotanie przedsionkéw u pozostatych 66 (17%) pacjentéw. Najczestszymi rejestrowanymi
arytmiami byly PVC i przedwczesne pobudzenia przedsionkowe (ang. premature atrial
contraction, PAC), rejestrowane odpowiednio u 76,4% i 27,7% pacjentow. U zadnego
Z pacjentdow wystepowanie tych arytmii nie wymagato zmiany schematu rehabilitacji
I modyfikacji leczenia.

W EKG spoczynkowych (wykonywanych przez pacjentéw bezposrednio przed
kazda sesjg treningowa w ramach oceny wstepnej — procedury zezwolenia na rozpoczecie
treningu) u 126 (32,6%) pacjentow nie rejestrowano arytmii, natomiast u 112 (29%) chorych
stwierdzono PVC, u 3 (0,8%) chorych nsVT, u 37 (9,6%) chorych PAC . Podczas treningu
fizycznego PVC rejestrowano u 247 (64%) pacjentow, nsVT u 5 (1,3%), PAC u 69 (17,9%)
chorych. (Tabela 6).

Tabela 6. Zaburzenia rytmu serca rejestrowane podczas telerehabilitacji pacjentow

Z niewydolnoscig serca (tacznie, w spoczynku, podczas treningu)

0dzaj
Arytmii

PAC SVT PAF PVC VC nsvVT

Pacjenci
No. (%)
tacznie 107 (27.7) |2 (0.5) 4 (1.0) 295 (76.4) |90 (23.3) 8 (2.1)

spoczynek (37 (9.6) 1(0.25) 4 (1.0) 112 (29) 31 (8) 3(0.8)

trening |69 (17.9) |2 (0.5) 0(0.0) 247 (64)  [73(18.9) |5(1.3)

Skroty: PAC, przedwczesne pobudzenie przedsionkowe; PAF, napadowe migotanie przedsionkow;
PVC, przedwczesne pobudzenie komorowe; nsVT, nieutrwalony czestoskurcz komorowy; SVT, czgstoskurcz
nadkomorowy; VC, para komorowa.

W EKG przed rozpoczeciem treningu, u 4 pacjentdéw z wywiadem napadowego migotania
przedsionkow, zarejestrowano lacznie 6 epizodéw arytmii. Trzech pacjentow
Z bezobjawowym migotaniem przedsionkow, optymalng czestoscig rytmu komor
i optymalnym leczeniem przeciwkrzepliwym, otrzymato zgode na odbycie sesji
treningowych od nadzorujacego kardiologa. Czwartemu z pacjentow, w zwigzku
z tagodnymi objawami arytmii, czasowo zawieszono treningi. Po przywroceniu rytmu

zatokowego 1 modyfikacji leczenia telerehabilitacj¢ wznowiono.
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Epizody nieutrwalonego cze¢stoskurczu  komorowego (nsVT) zlozone
z 3-5 zespotdéw rejestrowano w 21 (0,03%) EKG. We wszystkich przypadkach nsVT byly
bezobjawowe 1 nie wymagaty przerwania treningu.

Wisrod 126 pacjentow bez zaburzen rytmu w EKG przed treningiem, u 57 (45,2%)
nie rejestrowano arytmii takze podczas treningu. U pozostatych 69 (54,8%) rejestrowano
zaburzenia rytmu serca de novo podczas ¢wiczen. W analizie jednoczynnikowej zadna
z uwzglednionych cech demograficznych 1 klinicznych, nie okazala si¢ istotnym
statystycznie czynnikiem ryzyka wystgpienia arytmii de novo w czasie wysitku.

Zarejestrowane podczas sesji treningowych zapisy EKG przeanalizowano
w aspekcie osiggnigcia przez pacjentéw zdefiniowanego zakresu tg¢tna treningowego.
Na podstawie odsetka treningdw, w ktérych pacjenci osiagneli zaktadany zakres tetna
treningowego, wyodrebniono trzy podgrupy pacjentow:

a) pacjenci, ktorzy osiagneli zakres tetna treningowego w ponad 80% sesji
treningowych (n=152; 39,4%),
b) pacjenci, ktorzy osiggneli zakres tetna treningowego pomigdzy 20% a 80% sesji
treningowych (n=130; 33,7%),
C) pacjenci, ktorzy osiggneli zakres tetna treningowego w mniej niz 20% sesji
treningowych (n=104; 26,9%).
Poréwnano podgrupy uwzgledniajac wybrane cechy demograficzne i kliniczne (Tabela 3).
Jedynie w grupie chorych z migotaniem przedsionkow lub pozostajacych w Il klasie
niewydolnosci serca wg NYHA, liczba pacjentow, ktorzy osiaggneli zakres tetna
treningowego w ponad 80% i pomiedzy 20% a 80% sesji treningowych byta istotnie
statystycznie wigksza niz liczba pacjentow, ktorzy osiagneli zakres te¢tna treningowego
w mniej niz 20% sesji treningowych (odpowiednio, W grupie pacjentdow z migotaniem
przedsionkow 21,6% vs. 9,6%, p=0,007 oraz w grupie pacjentéw w klasie III wg NYHA
(19,5% vs. 8,6%; p=0,011) Nie stwierdzono istotnych statystycznie réznic pomiedzy
podgrupami w odniesieniu do pozostatych cech demograficznych 1 klinicznych. Osiagniecie
przez pacjentow zakresu tetna treningowego w ponad 80% sesji treningowych
W poroéwnaniu z pozostalymi podgrupami nie miatlo wplywu na rokowanie (zgon bez
wzgledu na przyczyng, zgon z przyczyn sercowo-naczyniowych, hospitalizacja z przyczyn
sercowo-naczyniowych, hospitalizacja z powodu zaostrzenia niewydolno$ci serca)

W obserwacji dlugoterminowej (14-26 miesigcy od randomizacji).
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4.3. Ocena wplywu 9-tygodniowej HCTR na istotne prognostycznie arytmie komorowe

(publikacja nr 2)

4.3.1. Dynamika arytmii

Ustgpienie nsVT (poprawa w odniesieniu do nsVT) po 9 tygodniach HCTR lub
9 tygodniach UC stwierdzono u 44 (30,8%) pacjentow w grupie HCTR i 57 (34,5%)
pacjentow w grupie UC (Tabela 7). Roéznica pomigdzy grupami nie byla istotna
statystycznie (p=0,481).

Tabela 7. Grupa telerehabilitowna (HCTR) vs. grupa kontrolna (UC) — wplyw (poprawa,

brak zmiany, pogorszenie) na nsVT oraz PVCs >10/godz.

Wyniki badania EKG metoda Holtera
24-godzinne 24-godzinne monitorowanie HCTR ucC Warto$¢é
il b e B I
Holtera wstepne |(H-9)
(H-0)
nsVT (+) Wszyscy pacjenci 143 (37.4%) |165 (42.2%) |0.176
nsVT (-) Poprawa 44 (30.8%) 57 (34.5%) 0.481
nsVT (+) Brak zmiany |99 (69.2%) 108 (65.5%)
nsVT (-) Wszyscy pacjenci 239 (62.6%) |226 (57.8%) |0.176
nsVT (+) Pogorszenie |55 (23.0%) 46 (20.3%) 0.481
ns VT (-) Brak zmiany [184 (77.0%) |180 (79.7%)
PVC >10/godz. Wszyscy pacjenci 221 (57.8%) |242 (61.9%) |0.252
(+) PVC >10/godz. (-) |Poprawa 33 (14.9%) |43 (17.8%)
PVC >10/godz. (+) |Brak zmiany [188 (85.1%) |199 (82.2%) 0.410
PVC >10/godz. | Wszyscy pacjenci 161 (42.2%) |149 (38.1%) |0.252
¢) PVC >10/godz. (+) |Pogorszenie |36 (22.4%) |33 (22.2%)
PVC >10/godz. (-) |Brak zmiany [125 (77.6%) |116 (77.8%) 0.964

Skréty: HCTR, grupa telerehabilitowana; nsVT, nieutrwalony czestoskurcz komorowy; nsVT (+), obecnosé
nsVT w EKG met. Holtera; nsVT (-), brak nsVT w w EKG met. Holtera; Pogorszenie, (-) w H-0 oraz
(+) wH-9; Poprawa, (+) w H-0 oraz (-) w H-9; PVCs, przedwczesne pobudzenia komorowe;
PVC >10/godz. (+), obecnos¢ PVCs >10/godz. pobudzen/godz. w EKG met. Holtera; PVC >10/godz. (-),
brak PVCs >10/godz. pobudzen/godz. w EKG met. Holtera; UC, grupa kontrolna.

Wystapienie nsVT (pogorszenie w odniesieniu do nsVT) byto obserwowane odpowiednio
u23% w grupie HCTR i 20,3% pacjentéw w grupie UC (p=0,481). Nie obserwowano

rowniez zadnych istotnych statystycznie réznic miedzy grupami HCTR 1 UC w zakresie
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wplywu na PVCs >10/godz., zarbwno w aspekcie poprawy (p=0,410) jak i pogorszenia
(p=0,964).

4.3.2. Wplyw charakterystyki demograficznej i klinicznej pacjentow na dynamike
arytmii

Porownujac grupy HCTR i1 UC, z uwzglgdnieniem wybranych cech
demograficznych i klinicznych, nie stwierdzono istotnych statystycznie réznic pomiedzy
grupami, zarbwno w zakresie poprawy jak 1 pogorszenia w odniesieniu do nsVT oraz
PVCs >10/godz.. W analizie wieloczynnikowej w aspekcie nsVT, ple¢ zenska
(OR=2,39, 95%Cl: 1,07-5,34, p=0,034) oraz LVEF >35% (OR=2,95, 95%Cl: 1,72-5,06,
p<0,0001) byty niezaleznymi czynnikami poprawy, a klasa IIl wg NYHA byta niezaleznym
czynnikiem pogorszenia (OR=1,81, 95%CI: 1,05-3,12, p=0,032). W aspekcie
PVCs >10/godz., wiek <62 lata (OR=2,13, 95%CI: 1,28-3,52, p=0,03) oraz klasa I lub Il
wg NYHA (OR=2,23, 95%CI: 1,03-4,86, p=0,042) byly niezaleznymi czynnikami poprawy,
a cukrzyca byla niezaleznym czynnikiem pogorszenia (OR=3,41, 95%CI: 1,95-5,97,
p<0,001).

4.3.3. Poprawa wydolnosci fizycznej po 9-tygodniowej HCTR a dynamika arytmii
Istotna poprawa czynnos$ciowa (ApVO2 >2,0 ml/kg/min oraz A%pVO2 >6%) lub je;j

brak (ApVO2 <2,0 ml/kg/min oraz A%pVO: <6%) po 9 tygodniach HCTR nie mialy wptywu

na wystepowanie poprawy lub pogorszenia w kontekscie wystgpienia nsVT lub

PVCs >10/godz. (Tabela 8).

Tabela 8. Wptyw poprawy wydolnosci fizycznej po 9-tygodniowej HCTR na istotne

prognostycznie arytmie komorowe

ApVO2
Pacjenci (%) |Pacjenci (%)
>2mllkg/min <2 ml/kg/min | Wartose p
Poprawa w odniesieniu do nsVT 351 29,5 0577
(n=143)
Pogorszenie w odniesieniu do nsVT 28,1 19,0 0.235
(n=239)
Poprawa w odniesieniu do PVC >10/godz. |18,0 13,9 0.138
(n=221)
Pogorszenie w odniesieniu do PVC >10/godz |25,0 20,2 0.070
(n=161)

Skroty: ApVO2, réznica pomigdzy szczytowym zuzyciem tlenu we wstepnym badaniu ergospirometrycznym
i badaniu po 9 tygodniach HCTR; nsVT, nieutrwalony czestoskurcz komorowy; Pogorszenie, (-) w H-0 oraz
(+) w H-9; Poprawa, (+) w H-0 oraz (-) w H-9; PVC >10/godz., obecnos¢ PVCs >10 pobudzen/godz. w EKG
met. Holtera.
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4.3.4. Wplyw poprawy w odniesieniu do nsVT na dlugoterminowe rokowanie

W grupie HCTR osiggniecie poprawy w aspekcie ustgpienia nsVT
w 24-godzinnym monitorowaniu EKG metodg Holtera po cyklu HCTR wptyngeto istotnie na
zmniejszenie $miertelnosci z powodoéw sercowo-naczyniowych podczas 14-26 miesigcznej

obserwacji; logrank; p <0,001 (Rycina 2).

Rycina 2. Krzywa Kaplana-Meiera przedstawiajaca prawdopodobienstwo przezycia bez
zgonu z przyczyn sercowo-naczyniowych w grupach HCTR 1 UC, w zaleznosci

odsiggnietego efektu antyarytmicznego w odniesieniu do nsVT

Prawdopodobienstwo przezycia

p<0.001

Dni od randomizacji

0.0 -
0 200 400 600 800

HCTR, poprawa
nsVT

—_— HCTR, pogorszenie

UC, poprawa

UC, pogorszenie

Skroty: HCTR, hybrydowa kompleksowa telerehabilitacja; nsVT, nieutrwalony cze¢stoskurcz komorowy;
UC, opieka standardowa.

4.4. Ocena wplywu 9-tygodniowej HCTR na wystepowanie proarytmii (publikacja nr 3)

4.4.1. Ocena proarytmii w grupie HCTR vs. UC oraz wplyw charakterystyki
demograficznej i klinicznej pacjentéw na wystepowanie proarytmii
Zdefiniowany efekt proarytmiczny wystapit u 78 (20,4%) pacjentow w grupie
HCTR oraz u 61 (15,6%) pacjentow w grupie UC. Réznica pomigdzy grupami nie byla
istotna statystycznie (p=0,081).
Analiza jednoczynnikowa wykazata, ze etiologia niedokrwienna niewydolnosci
serca (24,5% vs. 14,9%, p=0,007), pVO2<14 ml/kg/min we wstepnym badaniu
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ergospirometrycznym (26,3% vs. 14,7%, p=0,025), stgzenie NT-proBNP w pierwszym
i drugim tercylu (22,8% vs. 14,4%, p=0,016), eGFR >60 ml/min (21,2% vs. 14,1%,
p=0,035), ICD (20,5% vs. 13,1%, p=0,048), brak CRT (21,2% vs. 13,5%, p=0,016), brak
leczenia amiodaronem (21,0% vs. 14,9%, p=0,043) oraz digoksyng (22,1% vs. 15%,

p=0,017), stanowig istotne statystycznie czynniki ryzyka efektu proarytmicznego w grupie

HCTR w porownaniu z grupg UC (Tabela 9).

Tabela 9. Porownanie efektu proarytmicznego mi¢dzy grupami HCTR i UC w zaleznoS$ci

od demograficznej i klinicznej charakterystyki pacjentow — analiza jednoczynnikowa

Efekt proarytmiczny RR Wartos¢ p
[95% CI] HCTR
HCTR uc Ref. UC vs. UC
(n=78) (n=61)
Pleé, n (%0)
Mezczyzna 71 (20,8%) | 55 (15,8%) | 1,31[0,95-1,80] 0,095
(nHCTR:342; nuc:347)
Kobieta 7 (17,5%) 6 (13,6%) 1,28 [0,47-3,50] 0,625
(Nuctr=40; nyc=44)
Wiek (lata), n (%0)
<62 (Nctr=176; Nyc=194) 35(19,9%) |29 (14,9%) |1,33[0,85-2,08] | 0,210
>62 (Nuctr=206; Nuc=197) 43 (20,9%) |32 (16,2%) | 1,29[0,85-1,94] | 0,232
Etiologia niewydolnosci serca, n (%)
Niedokrwienna 62 (24,5%) | 37 (14,9%) | 1,65[1,42-2,38] | 0,007
(nHCTR:253; nuc:249)
Nie-niedokrwienna 16 (12,4%) | 24 (16,9%) | 0,73[0,41-1,32] | 0,297
(nHCTR:129; nuc:142)
Frakcja wyrzutowa lewej komory (%), n (%)
>35 (Nuctr=135; Nuc=120) 31 (23,0%) |18 (15,0%) |1,53[0,90-2,59] | 0,107
<35 (nHCTR=247; nUC=27l) 47 (19,0%) 43 (15,9%) 1,20 [0,82 — 1,75] 0,343
pVO:2 (ml/kg/min), n (%)
>14.0 48 (17,9%) |42 (16,1%) |1,18[0,76 —1,62] | 0,591
(nHCTR=268; nUC=261)
<14.0 30 (26,3%) |19 (14,7%) |1,79[1,07-2,99] | 0,025
(nHCTR=114; nucleO)
A pVOz2 (ml/kg/min), n (%)
>2.0 (Nuetr=133; Nyc=87) 36 (27,1%) |13 (14,9%) |1,81[1,02-3,21] | 0,035
<2.0 (Nhcrr=247; Nuc=293) | 41 (16,6%) |48 (16,4%) | 1,01[0,69-1,48] | 0,960
NT-proBNP (tercyl), n (%)
142 (Nrerr=255;Nuc=250) 58 (22,8%) | 36 (14,4%) | 1,58[1,08-2,30] | 0,016
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3 (Nherr=127; nuc=141) | 20 (15,7%) | 25 (17,7%) | 0,89[0,52 —-1,52] | 0,665
Wspolcezynnik przesaczania klebuszkowego (ml/min), n (%0)
>60 (nucrr=240; Nuc=269) 51 (21,2%) | 38(14,1%) | 1,50[1,03-2,20] | 0,035
<60 (Nuctr=142; Nyc=122) 27 (19,0%) | 23(18,8%) | 1,01[0,61-1,66] | 0,973
Wiodacy rytm serca, n (%)
Rytm zatokowy 67 (21,7%) | 51 (15,9%) 1,37[0,99-1,90] | 0,060
(Nkcrr=308;Nuc=321)
Migotanie przedsionkow | 11 (14,9%) | 10 (14,3%) 1,04 10,47 —-2,30] | 0,922
(Nuctr=74; Nyc=70)
Cukrzyca, n (%)
Nie (Nuctr=253; Nuc=257) | 47 (18,6%) | 37 (14,4%) 1,29 0,87 —-1,91] | 0,203
Tak (Nuetr=129; nuc=134) | 31 (24,0%) | 24 (17,9%) 1,34 10,83 —2,16] | 0,222
Klasa NYHA, n (%)
/1 (Nhetr=322; Nuc=315) | 64 (19,9%) | 45 (14,3%) 1,39[0,98-1,97] | 0,061
I (Nkerr=60; Nuc=76) 14 (23,3%) | 16 (21,0%) 1,11 [0,59-2,09] | 0,750
CRT, n (%)
Nie (Nuctr=274; Nuc=282) | 58 (21,2%) | 38 (13,5%) 1,57 [1,08 - 2,28] | 0,016
Tak (Nuetr=108; nuc=109) | 20 (18,5%) | 23 (21,1%) 0,88 [0,51-1,50] | 0,633
ICD, n (%)
Nie (Nuctr=192; nuc=195) | 39 (20,3%) | 34 (18,4%) 1,11[0,73-1,67] | 0,635
Tak (Nuetr=190; Nuc=206) | 39 (20,5%) | 27 (13,1%) 1,76 [1,00 — 2,45] | 0,048
Terapia amiodaronem, n (%)
Nie (Nuctr=314; nuc=329) | 66 (21,0%) | 49 (14,9%) 1,411,01 -1,97] | 0,043
Tak (Nhcrr=68; Nuc=62) 12 (17,6%) | 12 (19,3%) 0,91 0,44 —-1,88] | 0,802
Terapia digoksyna, n (%0)
Nie (Nuctr=335; nuc=341) | 74 (22,1%) | 51 (15,0%) 1,48 [1,07 —2,04] | 0,017
Tak (Nucrr=47; Nuc=50) 4 (8,5%) 10 (20,0%) 0,43[0,14 —1,26] | 0,108

Skroty: 95% ClI, 95-procentowy przedziat ufnoséci; CRT, terapia resynchronizujgca; HCTR, hybrydowa
kompleksowa telerehabilitacja; 1ICD, wszczepialny kardiowerter-defibrylator; NT- proBNP, N-koncowy
fragment propeptydu natriuretycznego typu B; NYHA, Nowojorskie Towarzystwo Kardiologiczne;
pVO;, szczytowe zuzycie tlenu; RR, ryzyko wzgledne UC, opieka standardowa;

W analizie wieloczynnikowej w grupie HCTR etiologia niedokrwienna
niewydolnosci serca, pVO2 <14 ml/kg/min we wstepnym badaniu ergospirometrycznym

oraz stezenie NT-proBNP w pierwszym i drugim tercylu byty niezaleznymi czynnikami
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ryzyka efektu proarytmicznego (Tabela 10). W tej samej analizie, w grupie UC nie
stwierdzono niezaleznych czynnikéw proarytmii.

Tabela 10. Niezalezne czynniki proarytmii w grupie HCTR — analiza wieloczynnikowa

Cecha lloraz szans [95%Cl] Wartos¢ p
Etiologia niewydolnosci serca: 2,27 [1,24-4,17] 0,008
niedokrwienna vs. nie-niedokrwienna

Wstepne pVO2: <14 vs. >14 ml/kg/min 2,03 [1,17-3,52] 0,012
Wstepne NT-proBNP: 1,2 tercyl vs. 3 tercyl 1,85 [1,02-3,37] 0,043

Skréoty: 95%CI, 95-procentowy przedzial ufnosci; HCTR, hybrydowa kompleksowa telerehabilitacja;
NT-proBNP, N-koncowy fragment propeptydu natriuretycznego typu B.

4.4.2. Wplyw obecnosci lub braku efektu proarytmicznego na dlugoterminowe
rokowanie oraz ryzyko naglej Smierci sercowej

W czasie 14-26 miesigczne] obserwacji nie stwierdzono istotnej statystycznie
réznicy w $miertelnosci z przyczyn sercowo- naczyniowych, w tym w czesto$ci zgonow
spowodowanych nagla $miercig sercowa (ang. sudden cardiac death, SCD), pomiedzy
grupami HCTR i UC (p=0,474), niezaleznie od obecnosci lub braku efektu proarytmicznego
(Rycina 3).

Rycina 3. Krzywa Kaplana-Meiera przedstawiajgca prawdopodobienstwo zgonu z przyczyn
sercowo-naczyniowych w grupach HCTR i UC w zalezno$ci 0d obecnos$ci badz braku efektu
proarytmicznego
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5. DYSKUSJA

Przedstawione w pracy doktorskiej analizy dostarczaja wielu istotnych danych
dotyczacych wplywu telerehabilitacji kardiologicznej na arytmie komorowe, w populacji
pacjentow z niewydolnosciag serca. W publikacji nr 1 przeanalizowano zaburzenia rytmu
serca w trakcie sekwencyjnie monitorowanego elektrokardiograficznie treningu fizycznego
w aspekcie zapewnienia bezpieczenstwa chorym podczas realizacji HCTR. Z kolei
zidentyfikowanie predyktorow efektu anty- 1 proarytmicznego 9-tygodniowej HCTR
W populacji pacjentow z niewydolno$cig serca i ocena ich wplywu na rokowanie (publikacje
2 i 3), powinno przyczyni¢ si¢ do poprawy jakos$ci procedury telerehabilitacji, utatwiajac
indywidualizacj¢ kwalifikacji do treningu fizycznego, jego planowania i prowadzenia.
Za szczegblnie interesujagce, wobec braku badan oceniajacych potencjalny efekt
proarytmiczny 9-tygodniowej HCTR, nalezy uznaé analizy zawarte w publikacji nr 3.
Znaczenie prezentowanych prac wzrasta w zwigzku z matg liczbg opublikowanych na ten
temat badan, w wigkszosci jednoosrodkowych, nierandomizowanych uwzgledniajacych

niewielka liczbe pacjentow (21, 22, 29-31).

5.1. Metoda sekwencyjnego monitorowania EKG a bezpieczenstwo HCTR
(publikacja nr 1)

Analizy zawarte w publikacji nr 1, odnoszace si¢ do licznej i homogennej,
telerehabilitowanej populacji pacjentow z niewydolnoscia serca, pochodzacej
zrandomizowanego i  wieloosrodkowego badania, dostarczaja  wiarygodnych
I przekonujacych argumentow przemawiajacych za bezpieczenstwem HCTR podczas
sekwencyjnego monitorowania EKG. W czasie ponad 15 tysiecy monitorowanych
elektrokardiograficznie metodg sekwencyjng sesji treningowych, nie odnotowano
powaznych zdarzen niepozadanych, nie zarejestrowano arytmii wymagajacych przerwania
treningu lub pilnej interwencji medycznej. Co istotne, u pacjentow bez arytmii w EKG
spoczynkowych (wykonywanych przez pacjenta w domu, bezposrednio przed kazda sesja
treningowg w ramach oceny wstepnej - procedury zezwolenia na rozpoczecie treningu),
zaden z analizowanych czynnikoéw demograficznych 1 klinicznych nie zwigkszat ryzyka

wystapienia arytmii w czasie treningu.
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5.2. Wplyw 9-tygodniowej HCTR na potencjalnie prognostycznie istotne arytmie
komorowe i jego konsekwencje w obserwacji dlugoterminowej (publikacja nr 2)

Badanie wykazato brak istotnej statystycznie réznicy pomiedzy grupami (HCTR
i UC) w aspekcie wystepowania istotnej prognostycznie arytmii komorowej (obecnosé¢ lub
brak nsVT oraz PVCs >10/godz. w badaniach holterowskich) po 9 tygodniach HCTR lub
uUC.

Obserwowany brak nasilenia arytmii komorowej po 9 tygodniach HCTR

potwierdza bezpieczenstwo telerehabilitacji, zwlaszcza dostosowanej indywidualnie do
stanu klinicznego i wydolnosci fizycznej pacjenta.
Warto podkresli¢, ze osiagni¢cie przez pacjentow z grupy HCTR efektu antyarytmicznego
w zakresie nsVT (obecno$¢ nsVT we wstgpnym badaniu holterowskim, brak nsVT
w badaniu holterowskim po 9 tygodniach HCTR), znamiennie zmniejszyto $miertelno$é
z powodow sercowo-naczyniowych w obserwacji dlugoterminowej, w poréwnaniu z grupg
UC, gdzie nie obserwowano poprawy rokowania w odniesieniu do ustgpienia nsVT
(Rycina 2). Jest to dowdd na istnienie plejotropowego efektu treningu fizycznego.

Interesujacym pozostaje fakt, ze istotna poprawa wydolnosci fizycznej w badaniu
ergospirometrycznym (pVO2 >2 ml/kg/min) wykonanym po zakonczeniu 9-tygodniowej
telerehabilitacji, nie miata wplywu na uzyskanie efektu antyarytmicznego w procesie
rehabilitacji oraz $miertelnoSci z powodow sercowo-naczyniowych w obserwacji
dhugoterminowej. Moze to wynika¢ ze zbyt krotkiego okresu HCTR. Istniejg bowiem dane,
ze istotne zmniejszenie aktywnosci noradrenergicznej 1 w konsekwencji zmniejszenie
arytmogennego wplywu katecholamin u pacjentoéw z niewydolnoS$cig serca, obserwowane
jest dopiero po okresie kilkunastu miesiecy kompleksowej rehabilitacji (19). Hertzeanu
I wsp., po okresie 36-60 miesiecznej rehabilitacji u pacjentow z obnizong LVEF (<40%),
poza poprawa wydolnosci fizycznej, obserwowali istotne zmniejszenie aktywnoS$ci
adrenergicznej 1 arytmogennego dziatania katecholamin, a w konsekwencji zmniejszenie
nasilenia arytmii komorowej (PVC, nsVT), w porownaniu z pacjentami
nierehabilitowanymi (19).

Analiza wieloczynnikowa calej populacji (HCTR 1 UC) zidentyfikowala ptec
zenska, mtodszy wiek pacjentéw (<62 lat), wyzszg wartos¢ LVEF (>35%) oraz nizszg klase
czynnosciowg niewydolnosci serca (I-1I wg NYHA) jako niezalezne czynniki determinujace
efekt antyarytmiczny. Uzyskane wyniki sg zgodne z doniesieniami wykazujacymi, ze

populacja pacjentow miodych, z LVEF >35%, ktéra najczesciej pozostaje w klasie
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czynnos$ciowej NYHA 1, jest obarczona najmniejszym ryzykiem zdarzen arytmicznych
(18, 32).

W tej samej analizie, niezaleznym predyktorem zwigzanym z nasileniem arytmii
byla cukrzyca. Dhlugotrwata cukrzyca powodujac dysfunkcje autonomicznego uktadu
nerwowego, niekorzystng przebudowe migsnia sercowego (wioknienie i odktadanie
depozytow tkanki thuszczowej w miokardium), nasilajac stres oksydacyjny oraz wptywajac
niekorzystnie na kanaty potasowe i wapniowe uktadu bodzcotworczo-przewodzacego serca,
jest niezaleznym czynnikiem ryzyka wystgpowania arytmii komorowych, w tym
zagrazajacego zyciu migotania komor (33, 34). Dodatkowo, niekorzystne dziatanie na uktad
sercowo-naczyniowy, takze w aspekcie nasilenia zaburzen rytmu serca, moze mie¢
indukowana lekami przeciwcukrzycowymi hipoglikemia.

W  kontekécie celow pracy istotnym jest podkreslenie, ze w analizie
wieloczynnikowej HCTR nie byta niezaleznym czynnikiem determinujgcym wystapienie

efektu antyarytmicznego, co szerzej przeanalizowano w dalszej czes$ci dyskusji.

5.3. Ocena proarytmicznego efektu 9-tygodniowej HCTR i jego wplywu na rokowanie
w obserwacji dlugoterminowej (publikacja nr 3)

Poréwnujac wstepne badania EKG met. Holtera z badaniami po 9 tygodniach
HCTR 1lub UC nie stwierdzono istotnej statystycznie rdznicy w obecno$ci proarytmii
pomigdzy grupami HCTR i UC. W okresie 14-26 miesigcznej obserwacji nie stwierdzono
istotnej roznicy pomigdzy grupami w aspekcie $miertelnoSci z przyczyn sercowo-
naczyniowych, w tym ryzyka nagtej $mierci sercowej, niezaleznie od obecnosci lub braku
proarytmii po 9 tygodniach HCTR lub UC. Jest to jedyna tego typu analiza w dostgpnym
piSmiennictwie.

Podobnie w Zadnej z opublikowanych dotychczas prac, nie podjeto proby
zidentyfikowania czynnikdw ryzyka wystgpienia proarytmii w zwigzku z realizacja
programu rehabilitacji kardiologicznej. Analiza przedstawiona w publikacji nr 3 jest
pierwsza, w ktorej zidentyfikowano predyktory proarytmii zwigzane z HCTR, w licznej
homogennej populacji pacjentow z niewydolno$cig serca. Analiza jednoczynnikowa
wykazata, ze niezaleznymi czynnikami efektu proarytmicznego w grupie HCTR (vs. UC)
byty: niedokrwienna etiologia niewydolnosci serca, pVO2 <14 ml/kg/min we wstgpnym
badaniu ergospirometrycznym, niskie stezenie NT-proBNP (w pierwszym i w drugim
tercylu), eGFR >60 ml/min, ICD, brak CRT oraz brak leczenia amiodaronem lub digoksyna.

Co istotne, nie stwierdzono predyktorow proarytmii w grupie UC, co mogtoby wskazywac,
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ze trening fizyczny predysponuje do wystgpienia proarytmii w wybranych grupach
pacjentow z niewydolnos$cig serca. Etiologia niedokrwienna niewydolnosci serca,
pVO2 <14 ml/kg/min i niskie stezenie NT-proBNP utrzymaly swoja istotnos¢ statystyczng
takze w analizie wieloczynnikowej przeprowadzonej w grupie HCTR.

Wedhug opublikowanych danych najbardziej narazong na ryzyko arytmii komorowej
I SCD jest grupa chorych w klasie NYHA 11 z niedokrwienng etiologia niewydolnos$ci serca
(35). Czynnikami arytmogennymi zwigzanymi z kardiomiopatig niedokrwienng sg zmiany
strukturalne (bliznowacenie tkanki mi¢$nia sercowego) sprzyjajace wyzwalaniu zjawiska
re-entry, niedotlenienie tkanek nasilajace przemiany beztlenowe, powodujace obnizenie pH
i zaburzenia elektrolitowe oraz zaburzenia homeostazy jono6w wapnia w kardiomiocytach,
sprzyjajace powstawaniu poznych potencjatéw nastepczych prowokujacych wyzwalanie
arytmii komorowych. Dlatego w najnowszych wytycznych ESC dotyczacych niewydolnosci
serca, wskazanie do wszczepienia ICD u pacjentow z NYHA Il i Ill oraz etiologia
niedokrwienng znalazto si¢ w klasie I zalecen, natomiast dla pacjentdw z etiologia
nie-niedokrwienng o klasg¢ nizej (11a) (36).

W analizie zawartej] w publikacji 3, niskie stezenie NT-proBNP, ICD oraz brak
CRT okazaly si¢ istotnymi predyktorami efektu proarytmicznego, zwlaszcza u chorych
w klasie NYHA Il. Metaanaliza 4 badan dotyczacych prewencji pierwotnej SCD (MADIT-I,
MADIT-1l, DEFINITE, SCD-HeFT) wykazala, ze implantacja ICD istotnie zmniejsza
$miertelno$¢, glownie u pacjentow w klasie NYHA Il (37). Analiza populacji pacjentow
z CIEDs wykazata, ze pacjenci w klasie Il wg NYHA majg znacznie cz¢sciej niz pacjenci
w Klasie I i 1l wskazania do terapii resynchronizujacej (38). Z kolei stezenie NT-proBNP
U pacjentow z przewlekta niewydolnos$cia serca wykazuje silng korelacje z klasa
czynnos$ciowg niewydolnosci serca wg NYHA (39).

Obecnos¢ w naszej analizie wyzszego eGFR (>60 ml/min) jako predyktora
proarytmii pozostaje zgodna z wnioskami ptyngcymi z jednej z ostatnich analiz badania
MADIT-CRT. Goldenberg 1 wsp. wykazali, Ze pacjenci z umiarkowanymi zaburzeniami
czynno$ci nerek (GFR <52 ml/min) maja mniejsze ryzyko nie zakofnczonego zgonem
czestoskurczu komorowego lub migotania komoér oraz innych zdarzen arytmicznych,
W porownaniu z pacjentami z wyzszym GFR. Podczas 4-letniej obserwacji, grupa pacjentow
z nizszym GFR miata o 35% mniej epizodow czestoskurczow komorowych lub migotania
komor niz grupa pacjentéw z wyzszym GFR (40).

Kolejnymi czynnikami ryzyka efektu proarytmicznego HCTR w analizie

jednoczynnikowej byt brak leczenia amiodaronem lub digoksyng. Piccini i wsp.,
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w metaanalizie dotyczacej skuteczno$ci amiodaronu w prewencji SCD, przeanalizowali
15 badan klinicznych, w ktorych do grupy leczonej amiodaronem lub placebo wlaczono
8552 pacjentéw ze §rednig LVEF 18-44%. Amiodaron zmniejszyl ryzyko SCD o 29%
i ryzyko zgonu z powoddw sercowo-naczyniowych o 18% (41). Claro i wsp., w dokonanym
kilka lat pdzniej przegladzie systematycznym uwzgledniajacym 24 badania kliniczne
(facznie 9997 pacjentéw), ponownie ocenili skuteczno$¢ amiodaronu w prewencji SCD
W porownaniu z placebo lub brakiem interwencji u pacjentow z grupy wysokiego ryzyka
(42). Autorzy przedstawili dowody, ze amiodaron w profilaktyce pierwotnej, w porownaniu
z placebo lub brakiem interwencji, zmniejszyl $miertelnos¢ z powodu SCD (RR 0,76;
95%CI: 0,66-0,88) oraz z powodow sercowo-naczyniowych (RR 0,86; 95%Cl: 0,77-0,96).
W badaniu DIG og6lny wplyw digoksyny na $miertelno$¢ byl neutralny (43). Jednakze
analiza post-hoc wykazata, ze pacjenci z niewydolnoscig serca (w klasie II-1V wg NYHA)
przyjmujacy mate dawki digoksyny, ze stezeniem leku w surowicy 0,5-0,9 ng/l, mieli istotne
statystycznie mniejsze ryzyko zgonu w poroéwnaniu z placebo. W populacji badania
TELEREH-HF digoksyna leczonych byto 12,3% pacjentow z grupy HCTR 1 12,8%
pacjentow z grupy UC. W zwiazku ze stosowaniem, zgodnie ze standardami, matych dawek
leku w populacji badanych przez nas chorych, nie oznaczaliSmy rutynowo st¢zenia
digoksyny w surowicy krwi pacjentow.

Wszechstronne analizy statystyczne wykonane w licznej grupie pacjentow
w badaniu wieloosodkowym, randomizowanym, skonstruowanym wedtug regut intention
to treat nie wskazaly na trening fizyczny jako niezalezny czynnik warunkujacy efekt
antyarytmiczny i/lub proarytmiczny.

Wnhioski plynace z publikacji 2 i1 3 potwierdzaja fakt, ze koncowy wplyw treningu
na zaburzenia rytmu serca jest wypadkowa wielu reakcji hemodynamicznych,
metabolicznych,  neurohormonalnych  indukowanych przez  wysitek fizyczny,
interferujacych z czynnikami determinujacymi stan kliniczny pacjenta. Naktadanie si¢ wielu
z tych zjawisk na siebie oraz ich interakcje i efekty wypadkowe, utrudniajg oceng roli
kazdego z nich z osobna za pomocg dostepnych narzedzi badawczych.

Trening fizyczny ma dziatanie plejotropowe. Za pozytywny wplyw dtugotrwalego
umiarkowanego wysiltku fizycznego na zaburzenia rytmu serca odpowiada przesunigcie
rownowagi autonomicznej w stron¢ ukladu przywspoiczulnego, obnizenie ste¢zenia
krazacych katecholamin, wzrost wrazliwo$ci odruchu z baroreceptoréw, poprawa perfuzji
I funkcji skurczowej migénia lewej komory oraz poprawa funkcji srodbtonka naczyn (9, 24).

Hertzeanu i wsp. potwierdzili, ze dtugoterminowy (36 lub 60 miesigcy) program rehabilitacji
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u pacjentéw po zawale serca z dysfunkcja lewej komory zmniejszyt aktywnos$¢ uktadu
wspotczulnego 1 arytmogenny wptyw katecholamin, co przetozylo si¢ na zmniejszenie
nasilenia arytmii komorowej w poréwnaniu do grupy pacjentow nierehabilitowanych (19).
Z kolei Boukhris i wsp. dowiedli, ze 5-tygodniowy program rehabilitacji u pacjentow
z chorobg wieficowg oraz cukrzyca typu 2 wplynat korzystnie na wskazniki repolaryzacji
komor (17). W poréwnaniu do badan wstepnych, po zakonczeniu rehabilitacji obserwowano
skrécenie skorygowanych odstepow QT 1 JT, zmniejszenie skorygowanej dyspersji odstepu
QT oraz zmniejszenie nasilenia arytmii komorowej ocenianej w 24-godzinnym badaniu
EKG met. Holtera. Jednak w badaniu jedynie 8% pacjentow miato LVEF <30%.

Wplyw regularnego treningu fizycznego na uktad autonomiczny zalezy od czasu
programu rehabilitacji. W okresie rozpoczynania cyklu regularnych treningéw fizycznych,
zwigkszona stymulacja wspotczulna 1 przejsciowo zmniejszona aktywnos$¢ ukladu
przywspotczulnego (ang. down-regulation) przyczyniaja si¢ do postania warunkow
sprzyjajacych proarytmii. Na wzrost ryzyka zaburzen rytmu serca mogg takze wptywac
zmiany mechanicznej funkcji migénia sercowego prowadzace do jego przebudowy
| wloknienia (5). Istnieja dane, ze efektywny trening fizyczny nordic walking u pacjentow
z niewydolnoscig serca wplywa na mikrowoltowg naprzemienno$¢ zatamka T (ang. T-wave
alternans, TWA) oceniang w tescie wysitkowym (44). Wplyw ten moze by¢ korzystny
(pierwszy test TWA pozytywny, drugi negatywny) lub niekorzystny (pierwszy test
negatywny, drugi pozytywny), co moze predysponowac do arytmii. Z tego powodu temat
indywidualizacji planowania i prowadzenia treningu u chorych z niewydolnoscia serca
pozostaje otwarty.

Niewykluczone, ze pomimo duzego ryzyka wystgpienia arytmii komorowych
U pacjentow z niewydolno$cia serca, dzialanie plejotropowe treningu fizycznego
roéwnowazy mechanizmy odpowiedzialne za ryzyko proarytmiczne. W rezultacie, pacjenci
po rehabilitacji kardiologicznej s w mniejszym stopniu narazeni na wystgpowanie
utrwalonych czestoskurczow komorowych lub migotania komoér, co w dhugoterminowej
obserwacji przektada si¢ na zmniejszenie $miertelnosci z powodow sercowo-naczyniowych
oraz SCD.

Z kolei identyfikacja predyktorow efektu antyarytmicznego (publikacja 2) lub
proarytmicznego (publikacja 3) w populacji telerehabilitowanych pacjentow
z niewydolnoscig serca, pozwoli na indywidualizacje¢ kwalifikacji do treningu fizycznego,

jego planowania i prowadzenia.
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5.4. Ograniczenia pracy

Istnieje kilka ograniczen dotyczacych naszych publikacji. Nie mozna wykluczy¢, ze
zastosowanie monitorowania EKG w czasie rzeczywistym podczas sesji treningowych
telerehabilitacji zapewnitoby jeszcze bardziej szczegdlowa oceng zaburzen rytmu serca.
Aktualnie obie formy telemonitorowania EKG (monitorowanie w czasie rzeczywistym oraz
monitorowanie sekwencyjne) pozostaja nadal w fazie analiz. Istnieje zatem potrzeba
zaplanowania dalszych badan dotyczacych tego tematu.

Mozliwe, ze 9-tygodniowy czas trwania telerehabilitacji byl zbyt krotki, by
uruchomi¢ wszystkie mechanizmy korzystnie wptywajace na zaburzenia rytmu
w niewydolnym sercu. Wydluzenie czasu telerchabilitacji mogloby zwiekszy¢ efekt
antyarytmiczny HCTR 1 jednoczes$nie zmniejszy¢ obserwowang w naszej analizie
proarytmig.

Wykrywanie komorowych zaburzen rytmu serca podczas 24-godzinnego
monitorowania EKG metoda Holtera moze by¢ zmienng spontaniczng.
Celem zminimalizowania tego btedu, w metodologii naszych prac zastosowalismy ogdlnie
uznane kryteria efektu antyarytmicznego i proarytmii.

W zwigzku z matym odsetkiem uczestniczgcych w badaniu kobiet (10,9%), nalezy
zachowac ostrozno$¢ podczas ekstrapolacji wynikow przeprowadzonych analiz na populacje

zenska.
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6. WNIOSKI

Zastosowanie metody sekwencyjnego monitorowania EKG jest wystarczajace do
zapewnienia bezpieczenstwa chorym z niewydolno$cig serca realizujacym hybrydowa
kompleksowg telerehabilitacje.

Wplyw  hybrydowej  kompleksowej telerehabilitacji na  potencjalnie
prognostycznie istotne arytmie komorowe (nsVT i PVCs>10/godz.), oceniane
w 24-godzinnym monitorowaniu EKG metoda Holtera, nie r6zni si¢ istotnie od efektu w tym
przedmiocie w grupie chorych objetych opieka standardowa.

Osiagnigcie efektu antyarytmicznego w postaci ustagpienia nsVT po 9 tygodniach
hybrydowej kompleksowej telerehabilitacji wptyneto na istotng redukcje $miertelnosci
Z przyczyn sercowo-naczyniowych w obserwacji dlugoterminowej czego nie obserwowano
w grupie UC.

Wystgpienie efektu proarytmicznego po 9 tygodniach hybrydowej kompleksowej
telerehabilitacji nie wptyngto na istotne zwigkszenie ryzyka $miertelnosci z przyczyn
sercowo-naczyniowych, w tym ryzyka naglej $mierci sercowej w obserwacji

dlugoterminowe;.
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10. STRESZCZENIE

Wstep

Hybrydowa kompleksowa telerehabilitacja (ang. hybrid comprehensive
telerehabilitation, HCTR) jest innowacyjng forma rehabilitacji kardiologicznej. Kluczowym
elementem HCTR jest zdalnie nadzorowany trening fizyczny. Zgodnie z aktualnymi
wytycznymi, rekomendowanym sposobem nadzorowania telerehabilitacji w warunkach
domowych, w szczegdlnosci u pacjentdéw umiarkowanego i wysokiego ryzyka, pozostaje
monitorowanie elektrokardiograficzne (EKG). Wybor optymalnej formy monitowania EKG
(ciagle, sekwencyjne, na zadanie) podczas HCTR stanowi przedmiot dyskusji ekspertow,
zwlaszcza, ze wplyw rehabilitacji kardiologicznej na komorowe zaburzenia rytmu
U pacjentow z niewydolno$cig serca nie zostal w pelni poznany. Wplyw rehabilitacji
kardiologicznej na arytmie komorowe w tej populacji pacjentdw nalezy rozwazy¢ w kilku
aspektach:
a) wystgpowania arytmii wywotanej treningiem fizycznym, co bezposrednio determinuje

bezpieczenstwo rehabilitacji,

b) potencjalnie antyarytmicznego efektu cyklu rehabilitacji i jego wplywu na rokowanie,
€) mozliwosci wystgpienia proarytmii zwigzanej z cyklem rehabilitacji i jej znaczenia

prognostycznego.

Cele
Cele pracy doktorskiej odpowiadajg celom trzech publikacji wchodzacych w sktad

cyklu prac i koncentruja si¢ wokot wptywu 9-tygodniowej HCTR na zaburzenia rytmu serca

U pacjentdw z niewydolnoscig serca i obejmuja:

1. Oceng bezpieczenstwa HCTR podczas stosowania sekwencyjnego monitorowania EKG
(publikacja nr 1).

2. Analize wptywu HCTR na potencjalnie prognostycznie istotne arytmie komorowe
(publikacje 1, 21i 3).

3. Ocen¢ antyarytmicznego 1 proarytmicznego wpltywu 9-tygodniowej HCTR na
rokowanie w obserwacji dtugoterminowej, w porownaniu z pacjentami obj¢tymi opieka

standardowg (publikacja 2 i 3).
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Metodyka

Badana populacja obejmowata pacjentow z wielosrodowego zrealizowanego
w latach 2015-2021 w pieciu polskich o$rodkach (Centrum Telekardiologii Narodowego
Instytutu Kardiologii w Warszawie bylo osrodkiem koordynujacym), prospektywnego,
randomizowanego badania klinicznego TELEREH-HF (ang. The hybrid comprehensive
TELEREHabilitation in Heart Failure Patients). Os$miuset pigcdziesieciu chorych
z niewydolnoscig serca w klasie czynnosciowej I-IIl wg Nowojorskiego Towarzystwa
Kardiologicznego (ang. New York Heart Association, NYHA), z frakcjg wyrzutowg lewej
komory (ang. left ventricular ejection fraction, LVEF) <40% zostato zrandomizowanych
w proporcji 1:1 do dwoch grup: telerehabilitowanej (grupa HCTR) i kontrolnej,
otrzymujacej opieke standardowa (ang. usual care, UC).

W publikacji nr 1 analizowano EKG zarejestrowane podczas sekwencyjnie
telemonitorowanych treningéw nordic walking u 386 pacjentow, ktorzy ukonczyli
9-tygodniowa HCTR. Oceniono rodzaj i czgstos¢ wystepowania zaburzen rytmu serca,
obecno$¢ nowych arytmii w czasie wysitku, nierejestrowanych w badaniach spoczynkowych
oraz liczbe sesji treningowych zrealizowanych w zdefiniowanym zakresie tetna
treningowego.

Efekt antyarytmiczny (publikacja nr 2) oraz efekt proarytmiczny (publikacja nr 3)
oceniono porownujac 24-godzinne rejestracje EKG metoda Holtera przed i po cyklu
9-tygodniowej HCTR (382 pacjentow — grupa HCTR) i po 9 tygodniach obserwacji
(391 pacjentéw — grupa UC).

W publikacji nr 2 za prognostycznie istotng arytmi¢ komorowg w badaniu
holterowskim  przyjeto  obecno$¢  nieutrwalonego  czgstoskurczu  komorowego
(ang. non-sustained ventricular tachycardia, nsVT) lub licznych przedwczesnych pobudzen
komorowych (ang. premature ventricular contractions, PVCs) >10 na godzing
(PVCs >10/godz.). Efekt antyarytmiczny zdefiniowano jako obecnos$¢ nsVT (lub obecnos¢
PVCs >10/godz.) we wstepnym EKG metoda Holtera oraz brak nsVT (lub PVCs >10/godz.)
w badaniu wykonanym po 9 tygodniach HCTR lub UC. Oceniono arytmie komorowe
wkazdej z grup (HCTR i UC), roznice pomiedzy grupami oraz wpltyw efektu
antyarytmicznego 9-tygodniowej HCTR na $miertelnos$¢ z przyczyn sercowo-naczyniowych
w obserwacji dtugoterminowej (14-26 miesi¢cy od dnia randomizacji).

W publikacji nr 3 efekt proarytmiczny zdefiniowano, zgodnie z wytycznymi, jako:
a) >3-krotny wzrost PVCs w badaniu EKG metodg Holtera po 9 tygodniach HCTR lub UC,

jesli w badaniu wstepnym EKG metodg Holtera liczba PVCs wynosita >100/godz.,
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b) >10-krotny wzrost PVCs w badaniu EKG metoda Holtera po 9 tygodniach HCTR lub
UC, jesli w badaniu wstepnym liczba PVCs wynosita <100/godz.,

C) obecnos¢ nowych arytmii (PVCs, nsVT) w badaniu EKG metodg Holtera po
9 tygodniach HCTR lub UC, nierejestrowanych w badaniu wstepnym EKG metoda
Holtera.

W pracy analizowano wystapienie efektu proarytmicznego w kazdej z grup (HCTR i UC),

porownano grupy miedzy sobg oraz oceniono wpltyw proarytmii na $miertelnos¢

sercowo-naczyniowa w obserwacji dlugoterminowe;j (14-26 miesi¢cy od dnia randomizaciji).

Zidentyfikowano predyktory wystapienia proarytmii.

Wyniki

Najczestszymi arytmiami rejestrowanymi podczas sesji treningowych byty
pojedyncze przedwczesne pobudzenia komorowe i przedwczesne pobudzenia
przedsionkowe, rejestrowane odpowiednio u 76,4% 1 27,7% pacjentow w grupie HCTR.
Epizody nsVT ztozone z 3-5 zespotow rejestrowano w 21 (0,03%) elektrokardiogramach.
Trzy epizody arytmii zarejestrowano w spoczynku. We wszystkich przypadkach nsVT byty
bezobjawowe. Wsrod 126 pacjentow bez zaburzen rytmu w spoczynkowym EKG
(wykonanych bezposrednio przed kazda sesja treningowa w ramach oceny wstepnej —
procedury zezwolenia na rozpoczecie treningu), u 57 (45,2%) nie rejestrowano arytmii takze
podczas wysitku. U pozostatych 69 (54,8%) rejestrowano zaburzenia rytmu serca de novo
podczas ¢wiczen. W analizie jednoczynnikowej zadna 2z uwzglednionych cech
demograficznych 1 klinicznych, nie okazata si¢ istotnym statystycznie czynnikiem ryzyka
wystapienia arytmii de novo w czasie wysitku.

Osiagnigcie przez pacjentdow zakresu tetna treningowego w powyzej 80% sesji
treningowych, nie miato wptywu na rokowanie (zgon bez wzgledu na przyczyneg, zgon
z przyczyn sercowo-naczyniowych, hospitalizacja z przyczyn sercowo-naczyniowych,
hospitalizacja z powodu zaostrzenia niewydolno$ci serca) w obserwacji dtugoterminowe]
(14-26 miesigcy od dnia randomizacji).

Wsrdod 143 pacjentow z grupy HCTR z nsVT zarejestrowanym we wstepnym
badaniu EKG metodg Holtera, u 44 (30,8%) nie rejestrowano arytmii w badaniu kontrolnym
po 9 tygodniach telerehabilitacji. Analogicznie, wsrod 165 pacjentéw z grupy UC z nsVT
w badaniu wstepnym, u 57 (34,5%) nie rejestrowano arytmii po 9 tygodniach obserwacji
(p=0,481). Nie stwierdzono rowniez istotnej réznicy w zmniejszeniu licznych

przedwczesnych pobudzen komorowych (PVCs>10/godz.) pomiedzy grupami po
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9 tygodniach HCTR lub UC (odpowiednio 14,9% vs. 17,8%, p=0,410). Istotna poprawa
wydolnosci fizycznej (ApVO2 >2,0 ml/kg/min) po 9 tygodniach HCTR, nie miata wptywu
na wystapienie zdefiniowanego efektu antyarytmicznego. Analiza wieloczynnikowa nie
zidentyfikowata HCTR jako niezaleznego czynnika warunkujgcego efekt antyarytmiczny.
Uzyskanie w grupie HCTR efektu antyarytmicznego w postaci ustgpienia nsVT po
9 tygodniach HCTR, istotnie zmniejszylo $miertelno$¢ z przyczyn sercowo-naczyniowych
w obserwacji dtugoterminowej - 14-26 miesiecy od dnia randomizacji (p<0,001).
Zdefiniowany efekt proarytmiczny stwierdzono u 78 (20,4%) pacjentow w grupie
HCTR oraz 61 (15,6%) w grupie UC, a réznica pomig¢dzy grupami nie byla istotna
statystycznie (p=0,081). Analiza jednoczynnikowa zidentyfikowata kilka predyktorow
proarytmii w grupie HCTR (vs. UC). W analizie wieloczynnikowej w grupie HCTR,
etiologia niedokrwienna niewydolnosci serca (OR=2,27, 95%CI: 1,24-4,17, p=0,008),
szczytowe zuzycie tlenu (ang. peak exercise oxygen consumption, pVO2) we wstepnym
badaniu ergospirometrycznym <14 ml/kg/min (OR=2,03, 95%CI: 1,17-3,52, p=0,012) oraz
niskie stezenie N-koncowego fragmentu propeptydu natriuretycznego typu B
(ang. N-terminal pro-B-type natiuretic peptyde, NT-proBNP) w pierwszym i drugim tercylu
(OR=1,85, 95%CI: 1,02-3,37, p=0,043), utrzymaly swojg istotnos¢ statystyczng, jako
niezalezne predyktory proarytmii 9-tygodniowej HCTR. W tej samej analizie, nie
stwierdzono niezaleznych czynnikow proarytmii w grupie UC. W czasie 14-26 miesigcznej
obserwacji od dnia randomizacji, niezaleznie od obecnosci lub braku efektu
proarytmicznego, nie stwierdzono istotnej statystycznie rdéznicy w $miertelnosci z przyczyn
sercowo-naczyniowych, w tym w czestosci zgonéw spowodowanych nagla $miercig

sercowg (ang. sudden cardiac death, SCD), pomiedzy grupami HCTR i UC (p=0,474).

Whnioski

Zastosowanie metody sekwencyjnego monitorowania EKG jest wystarczajace do
zapewnienia bezpieczenstwa chorym z niewydolnos$cig serca realizujgcym hybrydowa
kompleksowg telerehabilitacje.

Wptyw  hybrydowej  kompleksowej telerehabilitacji na  potencjalnie
prognostycznie istotne arytmie komorowe (nsVT i PVCs>10/godz.), oceniane
W 24-godzinnym monitorowaniu EKG metodg Holtera, nie rozni si¢ istotnie od efektu w tym
przedmiocie w grupie chorych objetych opieka standardowa.

Osiagnigcie efektu antyarytmicznego w postaci ustgpienia nsVT po 9 tygodniach

hybrydowej kompleksowej telerehabilitacji wplyneto na istotng redukcje $miertelnosci
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Z przyczyn sercowo-naczyniowych w obserwacji dtugoterminowej, czego nie obserwowano
w grupie UC.

Wystgpienie efektu proarytmicznego po 9 tygodniach hybrydowej kompleksowe]
telerehabilitacji nie wplyneto na istotne zwigkszenie ryzyka $miertelnosci z przyczyn
sercowo-naczyniowych, w tym ryzyka mnaglej Smierci sercowej, W obserwacji

dlugoterminowe;.
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11. STRESZCZENIE W JEZYKU ANGIELSKIM
ABSTRACT

Background
Hybrid comprehensive telerehabilitation (HCTR) is an innovative form of cardiac
rehabilitation. A key element of HCTR is telesupervised exercise training. According to
current guidelines the recommended method of home-based cardiac telerehabilitation
supervising, in moderate and high-risk patients, is electrocardiographic (ECG) monitoring.
The optimal form of ECG monitoring (real-time, sequential, on demand) during HCTR is
still under discussion and the effect of cardiac rehabilitation on ventricular arrhythmia in
heart failure patients is still remains unclear. The problem of ventricular arrhythmia in the
context of cardiac rehabilitation in heart failure patients should be considered in several
aspects:
a) the occurrence of arrhythmias triggered by the exercise training, which acutely impacts
the rehabilitation safety,
b) the potentially antiarrhythmic effect of the total rehabilitation process and its influence
on prognosis,
c) the possibility of the occurrence of proarrhythmic effect associated with

the rehabilitation process and its prognostic significance.

Objectives
The aim of the doctoral thesis, which consists of three related- papers, is to assess
the impact of a 9-week HCTR on arrhythmias in patients with heart failure in terms of:
a) the safety of HCTR when using the sequential ECG monitoring method
(publication no.1),
b) the effect of HCTR on prognostically significant ventricular arrhythmias
(publications no.1,2,3),
¢) the impact of the potential antiarrhythmic and proarrhythmic effect of the 9-week HCTR

on long-term cardiovascular mortality (publications no. 2,3).

Methods
The study population included patients from The Telerehabilitation in Heart Failure
Patients (TELEREH-HF) trial conducted in 2015-2021 in 5 locations in Poland, with the

Telecardiology Center of the National Institute of Cardiology as a coordinating center.
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The study was a randomized, multicenter, prospective, open-label, parallel-group clinical
trial which enrolled 850 patients with heart failure up to 6 months after a cardiovascular
hospitalization with New York Heart Association class I, I, or Il and left ventricular
ejection fraction of 40% or less. Patients were randomized 1:1 to HCTR plus usual care or
usual care (UC) only and followed up for 14 to 26 months after randomization.

Publication no. 1 analyzed ECG recorded during sequentially telemonitored
Nordic training in 386 patients who completed a 9-week HCTR. We focused primarily on
incidence and type of cardiac arrhythmias, analyzed newly appearing arrhythmias on
exercise and assessed the percentage of traning sessions with the target training heart rate
achieved. In order to assess the antiarrhythmic effect (publication no. 2) and
the proarrhythmic effect (publication no. 3) of 9-week HCTR, we performed analysis based
on the assessment of 24-h Holter ECG monitoring at baseline and after 9 weeks of HCTR
(382 patients - HCTR group) or UC (391 patients - UC group).

In publication no. 2, a prognostically significant ventricular arrhythmia, as a factor
linked to an increased risk for cardiac mortality in heart failures patients, were defined as the
presence of non-sustained ventricular tachycardia (nsVT) or frequent premature ventricular
complexes >10 per hour (PVCs >10/h) on 24-h Holter ECG. The improvement effect
(antiarrhythmic effect) on nsVT/PVCs >10/h was defined as presence of nsVT
(or PVCs >10/h) at baseline Holter ECG and absence in Holter ECG after 9-week of HCTR
or UC. We assessed the differences in ventricular arrhythmias incidence before and after the
9-week HCTR or UC (HCTR/UC group) in each group (within-group analysis) and between
the groups. The impact of the antiarrhythmic effect of 9-week HCTR on cardiovascular
mortality in long-term follow up (from randomization through to the end of follow-up at
14 to 26 months) were also analyzed. In publication no. 3, according to the recommendation,
three criteria for the occurrence of proarrhythmia were strictly defined. The proarrhythmic
effect existed if there was:

a) an increase of >3-fold in the frequency of PVCs when baseline PVCs are >100 PVCs/h,

b) anincrease of >10-fold in the frequency of PVVCs when baseline PVVCs are <100 PVCs/h
or

¢) new onset of arrhythmia (PVCs, nsVT) not presented at the baseline.

We focused on the potential proarrhythmic effect after 9 weeks of HCTR or UC, compared

the groups (HCTR and UC) with each other and assessed the impact of the proarrhythmic

effect on long-term (from randomization through the end of follow-up at 14 to 26 months)

cardiovascular mortality.
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Results

The most common arrhythmias recorded during the training sessions were PVC and
premature atrial complexes, in 76.4% and 27.7% of patients, respectively. Episodes of nsVT
consisting of 3-5 beats were found in 21 (0.03%) ECGs. Three episodes of arrhythmia were
recorded at rest. None of the patients experienced them as symptomatic. Among 126 patients
(32.7%) without arrhythmias recorded at rest (ECGs were recorded before begining training
session as a part of the preliminary examination — the consent procedure), there were
57 (45.2%) without arrhythmia on exercise, while the remaining 69 (54.8%) were with
newly appearing arrhythmias on exercise. In univariable analysis, none of the considered
demographic and clinical characteristics were an independent statistically significant risk
factor for newly appearing arrhythmias on exercise.

The achievement of target training heart rate in more than 80% of training sessions
compared with remaining groups did not reduce the incidence of outcomes (e.g., all-cause
mortality, cardiovascular mortality, all-cause hospitalization, cardiovascular hospitalization)
in long-term follow-up (14-26 months from randomization). Among 143 patients with ns\VT
at baseline Holter ECG, arrhythmia subsided in 44 (30.8%) after HCTR. Similarly, among
165 patients randomized to UC who had nsVT at baseline, 57 (34.5%) did not show it after
9 weeks of observation (p=0.481). There was no significant difference in the decrease in
PVC >10/h over 9 weeks between randomization arms (14.9% vs. 17.8%, respectively
p=0.410). A significant functional response for 9-week HCTR (assessed by changes —
delta (A) — in peak oxygen consumption (pVO2) in a cardiopulmonary exercise test as
aresult of comparing ApVO: from the begining and the end of the program)
>2.0 ml/kg/min., did not affect occurrence of arrhythmias. Multivariable analysis did not
identify HCTR as an independent factor determining antiarrhythymic effect. However, only
in the HCTR group, the achievement of the antiarrhythmic effect on nsVT significantly
reduced the cardiovascular mortality in long-term follow-up (p<0.001).

The proarrhytmic effect was found in 78 (20.4%) and in 61 (15.6%) patients in
the HCTR and UC group respectively, and the difference between groups was not
statistically significant (p=0.081). However, univariate analysis identified several
statistically significant predictors of proarrhythmia in HCTR group (vs. UC). In multivariate
analysis ischaemic aetiology of heart failure (OR=2,27, 95%CI: 1,24-4,17, p=0,008), pVO-
at baseline <14 ml/kg/min (OR=2,03, 95%CI: 1,17-3,52, p=0,012) and level of N-terminal-
pro B-type natriuretic peptide in the first and the second tercile (OR=1,85, 95%CI: 1,02-3,37,
p=0,043) were identified to be independent predictors of proarrhytmic effect in HCTR group
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only. In the same analysis of the UC group only, no independent predictors of proarrhythmia
were found. After a mean follow-up of 14-26 months, there was no significant difference in
cardiovascular mortality including sudden cardiac deeath, between the HCTR and UC

regardless of the presence or of the absence of proarrhythmic effect (p=0.474).

Conclusions

Sequential monitoring of ECG should be sufficient to ensure the safety of hybrid
comprehensive telerehabilitation in heart failure patients.

There was no significant difference between the groups (HCTR and UC) in the effect
of the 9-week hybrid comprehensive telerehabilitation or usual care on the occurrence of
prognostically significant ventricular arrhythmias (nsVT and PVCs >10/h) in 24-h Holter
ECG.

The achievement of the antiarrhythmic effect in terms of incidence of nsVT after
9 weeks of HCTR significantly reduced cardiovascular mortality in long-term follow-up.
This effect was not observed in UC group.

The occurrence of the proarrhythmic effect after the 9-week hybrid comprehensive
telerehabilitation did not cause a significant risk of cardiovascular mortality, including

sudden cardiac death, in long-term follow-up.
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1 | INTRODUCTION

All clinically stable heart failure (HF) patients should be enrolled in an
exercise-based cardiac rehabilitation program with a multi-faceted
approach (Ambrosetti et al., 2020; Ponikowski et al., 2016; Seferovic
et al., 2019). Telemedicine offers a novel approach to organize and im-
plement the comprehensive management of HF patients including the
possibility of tele-supervised exercise training (Piotrowicz et al., 2020).
Home-based cardiac telerehabilitation is feasible as it uses technology-
based telemedicine programs. Recently, hybrid comprehensive tel-
erehabilitation (HCTR) became increasingly important during the
COVID-19 pandemic, where self-managed home-based interventions
are encouraged. As per recommendations, exercise training in HF pa-
tients should be monitored to ensure patients’ safety (Fletcher et al.,
2013; Piepoli et al., 2011; Piotrowicz et al., 2012). Electrocardiographic
(ECG) monitoring, besides arrhythmia and ischemia evaluation, allows
the assessment of the heart rate range during the training session.
These variables guide the adjustment of the level of the exercise in-
tensity, which determines the effectiveness of rehabilitation program.
Therefore, high-risk patients, including HF patients, should be med-
ically supervised with ECG monitoring (Fletcher et al., 2013; Piepoli
etal., 2011; Piotrowicz et al., 2012). These standards apply to inpatient
and outpatient (e.g., in outpatient centers) cardiac rehabilitation moni-
toring (Ambrosetti et al., 2020; Ponikowski et al., 2016; Seferovic et al.,
2019). However, they do not address the specific forms and methods
of ECG monitoring during cardiac telerehabilitation. The optimal forms
of ECG monitoring (real-time or sequential monitoring) during home-
based telemonitored cardiac rehabilitation are still under discussion.
Our study from 2012 was a pioneering single-center study
that evaluated sequential ECG monitoring during home-based
telemonitored cardiac rehabilitation of 75 HF patients (Piotrowicz
et al., 2012). Therefore, in this substudy of the TELEREH-HF trial
we sought to investigate the safety of telerehabilitation measured
by the frequency of cardiac arrhythmias during telerehabilitation in

ResultsIn 386 patients, 16,622 HCTR sessions were recorded and 66,488 ECGs frag-
ments were evaluated. Sinus rhythm was present in 320 (83%) and permanent atrial
fibrillation (AF) in 66 (17%) patients, respectively. The most common arrhythmias were
ventricular and atrial premature beats, recorded in 76.4% and 27.7% of the patients,
respectively. Non-sustained ventricular tachycardia (21 episodes in 8 patients) and par-
oxysmal AF episodes (6 in 4 patients) were rare. None of the analyzed demographic and
clinical characteristics was predictive for onset of the new arrhythmias on exercise.

Conclusion: Telerehabilitation in HF patients was safe without the evidence for symp-
tomatic arrhythmias requiring discontinuation of telerehabilitation. Only one mildly
symptomatic paroxysmal AF episode led to the short-term suspension of the training
program. The most common arrhythmias were atrial and ventricular premature beats.

These arrhythmias did not result in any changes in rehabilitation and therapy regimens.

arrhythmia, cardiac telerehabilitation, ECG monitoring, heart failure

HF patients. TELEREH-HF trial is the largest multicenter, prospec-
tive, randomized clinical study to date that assessed a 9-week HCTR
intervention in HF patients compared with usual care, and had the
largest collection of ECG recordings during telerehabilitation.

2 | METHODS

The TELEREH-HF study (Clinical Trials.gov NCT 02523560) en-
rolled clinically stable HF patients with New York Heart Association
(NYHA) class I, I, or lll and left ventricular ejection fraction (LVEF)
of 40% or less after a hospitalization due to worsening HF within
6 months prior to randomization (Piotrowicz et al., 2019, 2020). The
trial was designed to determine whether potential improvements in
functional and quality-of-life outcomes after 9-week training period
translate into improvement into clinical outcomes during the ex-
tended follow-up of 12 to 24 months (Piotrowicz et al., 2019, 2020).
The study conduct was guided by good clinical practice, in accord-
ance with the Declaration of Helsinki and the regulations applica-
ble in Poland. The trial was approved by the local ethics committee
(Local Bioethical Commission at the National Institute of Cardiology,
Warsaw, Poland). Each patient provided written informed consent.
Between June 8, 2015, and June 28, 2017, 850 eligible patients
were randomized in a 1:1 ratio to either a HCTR plus usual care
group (HCTR group) or a usual care only (UC group). The inclusion
and exclusion criteria have been presented elsewhere in study de-
sign paper (Piotrowicz et al., 2019). The patient in the HCTR group
underwent a 9-week HCTR program consisting of two stages: an ini-
tial stage (1 week) conducted in hospital and the subsequent stage
(8 weeks) of home-based HCTR 5 times weekly. The telerehabili-
tation program encompassed three training modalities: endurance
aerobic Nordic walking training, respiratory muscle training, light
resistance, and strength exercises. A detailed description of the in-
tervention has been published elsewhere (Piotrowicz et al., 2019).
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2.1 | ECG telemonitoring and exercise training

The telemonitoring system included a special remote device for
supervised exercise training (a telerehabilitation set), which con-
sisted of an EHO-MINI device (Pro Plus Company, Poland), a blood-
pressure-measuring device, and a weighing scale; data transmission
set via a mobile telephone; and a monitoring center capable of re-
ceiving and storing patients’ medical data. HCTR was telemonitored
with an EHO-MINI device recording 16-s ECG recordings (from
three precordial leads) and transmitting ECG data via mobile phone
network to the monitoring center. The device had training sessions
preprogrammed individually for each patient with defined exercise
duration and breaks (Piotrowicz et al., 2019, 2020). Before begin-
ning training sessions, patients performed preliminary examinations
(blood pressure, body weight measurement), answered a question-
naire regarding the present health condition, and then transmitted
resting ECG to the monitoring center. Afterward, the medical staff
in the monitoring center assessed the patients’ ability to proceed
safely and gave consent to each training session if no contraindica-
tions were identified (Piotrowicz et al., 2019). The contraindication
to begin the training session included symptoms suggesting decom-
pensation of heart failure (e.g., dyspnea, 1.8 kg or more increase in
body mass over the previous 1-3 days), uncontrolled hypertension
or new onset of symptomatic atrial fibrillation/atrial flutter, symp-
tomatic complex ventricular arrhythmia at rest, supine resting heart
above 100 b.p.m., and grade 2 and 3 atrioventricular block (Piepoli
et al., 2011). During the training session, the device notified the
patient about the current task to perform (exercise, ECG, rest) via
sound (bleeps) and light signals (colors emitting diodes).

We used the sequential ECG monitoring method. The timings of
automatic ECG recordings were pre-set and coordinated with exer-
cise training. The EHO-MINI device was preprogrammed to record
four 16-s ECGs during the one training session.

The first ECG was obtained as a part of the preliminary examina-
tion before training, the next 3 during the exercise training, each at
the end of the prespecified training interval. If the training session
was completed, the ECG recordings were immediately automatically
transmitted to the monitoring center after the end of every training
session. On the basis of the obtained data, medical teams were able
to adjust the training workload appropriately for subsequent train-
ing sessions.

2.2 | Measures

Taking the data from the ECG recordings, we focused primarily on
incidence and type of cardiac arrhythmias at rest and during training
sessions in term of HCTR safety.

We also analyzed newly appearing arrhythmias on exercise de-
pending on the demographic and clinical characteristics comparing
two groups: patients with no arrhythmias at rest and on exercise
and patients with no arrhythmias at rest and with newly appearing
arrhythmias on exercise.
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In univariable analyses, 9 demographic and clinical factors
(gender, age, basic cardiac rhythm, HF etiology, New York Heart
Association [NYHA] functional class, N-terminal fragments of B-
type natriuretic peptide level [NT-proBNP], left ventricular ejection
fraction [LVEF], delta [A] in peak oxygen consumption [pVO2], pres-
ence/absence of diabetes mellitus) were considered.

Additionally, we assessed the percentage of training sessions
with the target training heart rate (ttHR) achieved. Cardiopulmonary
exercise testing at baseline was used to set intensity for exercise
during training sessions. The intensity of Nordic walking training
for HCTR population was calculated as 40%-70% of heart rate re-
serve or reaching a score of 11-12 on the Borg Rating of Perceived
Exertion Scale (Piotrowicz et al., 2019). Some of the HF patients may
not have achieved the assumed ttHR during the training sessions
due to the earlier achievement score of 11-12 on the Borg scale.

We divided patients into three subgroups based on the per-
centage of training sessions in which they achieved the assumed
ttHR and compared the groups depending on the demographic and
clinical characteristics. Patients enrolled in each of the subgroups
achieved ttHR of more than 80%, between 20% and 80%, and in less
than 20% of the training sessions, respectively.

At the end, we conducted analysis to determine whether there
were differences between these groups in incidence of the second-
ary TELEREH-HF trial endpoints (e.g., all-cause mortality, cardiovas-

cular mortality, cardiovascular hospitalization, HF hospitalization).

2.3 | Statistical analyses

Results for categorical variables are presented as counts and per-
centages and, for continuous variables, as mean and standard devia-
tion (SD). For binary comparison, chi-square test of independence
or Fisher's exact test (if the number of events in cells was less than
5) was used. Cochran-Mantel-Haenszel Modified Ridit Scores using
the Row Mean Score p-value were applied for non-time-to-event or-
dinal variables. Continuous variables were dichotomized according
to generally accepted values or the worst tertile versus other two
tertiles. Events (all-cause mortality, all-cause hospitalization, car-
diovascular mortality, and cardiovascular hospitalization) rates were
estimated with Kaplan-Meier curves and compared by log-rank
test for multiple comparisons. A two-sided p-value less than 0.05
was considered statistically significant. All statistical analyses were
performed using SAS statistical software, version 9.4 (SAS Institute,
Cary, NC, USA).

3 | RESULTS

The baseline clinical characteristics of patients are shown in Table 1.
Of the 425 patients randomized to the HCTR group, 27 patients
did not undergo telerehabilitation, while 12 discontinued. Ten pa-
tients discontinued telerehabilitation for non-medical reasons and
two patients died for reasons not related to training sessions (1 of
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TABLE 1 Baseline characteristics of the study population

HCTR program
Characteristic (n=2386)
Males, n (%) 346 (89.6)
Age, years (SD) 62 (11.0)
BMI, kg/m? (SD) 28.8(5.1)
Left ventricular ejection fraction, % (SD) 31.0(7.0)

Permanent atrial fibrillation or atrial flutter, n (%) 66 (17)

Etiology of heart failure

Ischemic, n (%) 253 (65.5)
Non-ischemic, n (%) 133 (34.5)
Past medical history
Coronary artery disease, n (%) 253 (65.5)
Myocardial infarction, n (%) 226 (58.5)
Angioplasty, n (%) 184 (47.7)
Coronary artery bypass grafting, n (%) 58 (15.0)
Hypertension, n (%) 228 (59.1)
Stroke, n (%) 21(5.4)
Diabetes mellitus, n (%) 129 (33.4)
Chronic kidney disease, n (%) 70 (18.1)
Hyperlipidemia, n (%) 192 (49.7)
Depression BDI Il >13, n (%) 75 (23.0)
Functional status (NYHA class), n (%)
1, n (%) 51(13.2)
11, n (%) 272 (70.5)
11, n (%) 63 (16.3)
Treatment
Beta-blocker, n (%) 370 (95.8)
ACEI/ARB, n (%) 360 (93.3)
Digoxin, n (%) 48 (12.4)
Amiodarone, n (%) 70 (18.1)
Sotalol, n (%) 5(1.3)
Propafenone, n (%) 1(0.3)
Loop diuretics, n (%) 283 (73.3)
Spironolactone/eplerenone, n (%) 320 (82.9)
Aspirin/clopidogrel, n (%) 219 (56.7)
Anticoagulants, n (%) 114 (29.5)
NOAC, n (%) 62 (16.1)
Statins, n (%) 316 (81.9)
CIEDs, n (%) 305 (79.0)
CRT-D, n (%) 109 (35.7)
CRT-P, n (%) 4(1.3)
ICD, n (%) 189 (62.0)
PM, n (%) 3(1.0)

Abbreviations: ACE-Inhibitors, angiotensin-converting enzyme-
inhibitors; ARBs, angiotensin Il receptor blockers; BDI, the Beck
depression inventory; BMI, body mass index; CIED, cardiovascular
implantable electronic device; CRT-D, cardiac resynchronization
therapy-defibrillator; CRT-P, cardiac resynchronization therapy with
peacemaker function; HCTR, hybrid comprehensive telerehabilitation;
ICD, implantable cardioverter-defibrillator; NOAC, novel oral
anticoagulants; NYHA, New York Heart Association; PM, pacemaker;
SD, standard deviation.

noncardiovascular cause and 1 because of a hemorrhagic stroke)
(Piotrowicz et al., 2020).

This subanalysis focuses on 386 patients (aged 62 + 11 years,
LVEF 31 + 7%) from HCTR group who completed the 9-week tel-
erehabilitation program. All ECGs recorded during the training ses-
sions originated from the automatic recordings coordinated with
the HCTR procedure. The most of the ECGs were of good quality,
with only 3,784 (5.7%) of all 66,488 ECG recordings with artifacts.

The artifacts due to transmission failure or other technical dif-
ficulties made it impossible to assess these ECG. In 16,622 training
sessions recorded, 66,488 ECGs were transmitted and evaluated.

At enrollment sinus rhythm was present in 320 (83%) and perma-
nent atrial fibrillation (AF) in 66 (17%) patients, respectively. In 16,622
training sessions recorded, 66,488 ECGs were transmitted and evalu-
ated. The frequency of arrhythmias at rest and during telerehabilitation
training sessions is presented in Table 2. The most common arrhyth-
mias were ventricular (VPB) and atrial (APB) premature beats, recorded
in 76.4% and 27.7% of the patients, respectively. These arrhythmias did
not result in any changes in rehabilitation and therapy regimens.

Resting ECG, prior to start of exercise, showed sinus rhythm
without any arrhythmias in 126 (32.6%) patients, AF in 70 (18.1%)
patients (in 66 [17%] as permanent and in four patients as a paroxys-
mal), VPB in 112 (29%) patients, NSVT in 3 (0.8%) patients, and APB
in 37 (9.6%) patients (Table 2). Compared to the resting arrhythmia,
the VPB, NSVT, and APB on exercise were reported in about twice
as many patients, 247 (64%), 5 (1.3%), and 69 (17.9%), respectively.

There were 6 episodes of paroxysmal atrial fibrillation (AF) in 4
patients at rest who had episodes of paroxysmal AF described in
their medical history. Because 3 of the 4 patients were asymptom-
atic, with adequate ventricular rate response and with optimal anti-
coagulation control, they received consent for the training sessions
from supervising cardiologist. The last of the previously mentioned 4
patients had a mildly symptomatic AF during three consecutive days.
This led to the temporary suspension of the training program. After
treatment modification, when sinus rhythm was restored the patient
continued the exercise training program.

Non-sustained ventricular tachycardia (NSVT) episodes were
found only in 21 (0.03%) ECGs in 8 (2.1%) patients, and three of
the episodes were recorded at rest. Episodes of NSVT consisted
predominantly of 3 beats and in two cases with 4 and 5 beats, re-
spectively. None of the patients experienced them as a symptom-
atic arrhythmia that could have resulted in training discontinuation.
Neither death nor other serious events occurred during the tele-
monitored exercise training session nor directly afterward (up to 1 h)
(Piotrowicz et al., 2020).

Also, as mentioned above, among 386 there were 126 patients
(32.7%) without arrhythmias recorded at rest: 57 (14.8%) were also
without arrhythmia on exercise, while the remaining 69 (17.9%) were
with newly appearing arrhythmias on exercise. Comparison of these
2 groups depending on 9 demographic and clinical characteristics
did not show significant differences between them (Table 3).

Regarding achieved ttHR during training sessions, 152 (39.4%),
130 (33.7%), and 104 (26.9%) patients achieved ttHR of more than
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TABLE 2 Frequency of arrhythmias during telerehabilitation in heart failure patients (total, at rest, and on exercise)

Number of Arrhythmias, No. (%), Value

(n=11,037)

Number of ECG, No. (%) Value (n = 66,488)

Patient, No (%) Value (n = 386)

on exercise
1027 (9.3)
4(0.04)
0(0.0)

atrest

total

on exercise
916 (1.4)
4(0.006)
0(0.0)

atrest

total

on exercise
69 (17.9)
2(0.5)
0(0.0)

atrest
37 (9.6)
1(0.25)

4(1.0)

total

Arrhythmia

619 (5.6)
2(0.02)

6(0.1)

1646 (14.9)
6(0.06)
6(0.1)

356 (0.5)

1272(1.9)
6(0.009)
6(0.009)

107 (27.7)

2(0.5)
4(1.0)

Atrial premature beats

2(0.003)
6(0.009)
2372 (3.6)
107 (0.2)

Supraventricular tachycardia

Paroxysmal atrial fibrillation

5966 (54.0)
288 (2.6)

2992 (27.1)
112 (1.0)
3(0.04)

8958 (81.1)
400 (3.6)

4425 (6.6)
288 (0.4)

6797 (10.2)
395 (0.6)
21(0.03)

247 (64)
73(18.9)
5(1.3)

112 (29)
31(8)

295 (76.4)
90(23.3)
8(2.1)

Ventricular premature beats

Ventricular couplets

18 (0.16)

21(0.2)

18 (0.026)

3(0.04)

3(0.8)

Non-sustained ventricular tachycardia
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80%, between 20% and 80%, and in less than 20% of the training
sessions, respectively.

The univariable analysis that took into account 9 demographic
and clinical factors revealed that patients with atrial fibrillation or
NYHA class Il were significantly more frequent in groups achieved
ttHR of more than 80% and achieved ttHR between 20% and 80%
versus group achieved less than 20% of the training sessions (21.6%
vs. 9.6%, p =0.007; 19.5% vs. 8.6%; p = 0.011, respectively) (Table 4).
There were no statistically significant differences between groups
in remaining demographic and clinical characteristics. Achievement
of ttHR in above 80% of training sessions compared with remain-
ing groups did not reduce the incidence of outcomes (e.g., all-cause
mortality, cardiovascular mortality, all-cause hospitalization, cardio-

vascular hospitalization) (Figures 1, 2, 3, 4).

4 | DISCUSSION

The main novel findings of the current study can be summarized as
follows: (1) Clinically significant arrhythmias such as NSVT and par-
oxysmal AF episodes were very infrequently recorded during HCTR;
(2) only one case of mildly symptomatic paroxysmal AF episode
led to the temporary suspension of the training program; (3) most
patients had benign arrhythmias (VPBs or APBs) at rest and small
proportion of patients had new onset of arrhythmias on exercise;
none of the clinical factors was useful in predicting new onset of
arrhythmias on exercise; (4) AF and NYHA class Ill were identifying
patients who achieved more than 80% of training sessions with ttHR
reached; and (5) there was no association between achieved ttHR
and outcome (all-cause mortality, cardiovascular mortality, all-cause

hospitalization, cardiovascular hospitalization) in 2-year follow-up.

41 | Role of ECG monitoring in HF
patient's telecare

ECG monitoring appears to be the crucial element for the HF patients
telecare and telerehabilitation as well. Resting ECG data transmit-
ted to the monitoring center was pivotal element of the consent for
training in HCTR procedure (Piotrowicz et al., 2019). Telecare in HF
patients can be defined as the monitoring of the transfer of symp-
toms, signs, and physiological data from a remote location to another
location for the subsequent data interpretation and decision making
(Piotrowicz et al., 2016). Identification of cardiac rhythm disorders,
particularly clinically silent arrhythmias (such as AF and premature
ventricular complexes) via ECG monitoring is important for the pre-
vention of potential complications in the HF patients (Martirosyan
et al., 2017). Besides these, increases in heart rate and ventricu-
lar arrhythmias were identified as predictors for decompensation
events (Masarone et al., 2018). Early diagnosis and management of
AF may prevent AF-associated complications and worsening of the
HF disease course (Martirosyan et al., 2017). Cleland et al. demon-
strated that ECG data transmission was significantly associated with
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No arrhythmia on Newly appearing

TABLE 3 Newly appearing arrhythmias
on exercise. Comparison of no

exercise arrhythmias on exercise arrhythmias at rest and no on exercise
No arrhythmia at rest group and no arrhythmias at rest and
n=126 57 (45.2) 69 (54.8) p-Value newly appearing on exercise group
Gender d<.ap.ending on thet dfemogr.aph.ic and .
clinical characteristics, univariable analysis
Male 47 (82.5) 59 (85.5) 0.641
Female 10 (17.5) 10 (14.5)
Age
<65 years 36 (63.2) 46 (66.7) 0.681
>65 years 21 (36.8) 23(33.3)
Basic cardiac rhythm
Sinus rhythm 50(87.7) 61(88.4) 0.906
Atrial fibrillation 7(12.3) 8(11.6)
HF etiology
Ischemic 37 (64.9) 46 (66.7) 0.836
Non-ischemic 20(35.1) 23(33.3)
NYHA class
/11 49 (86.0) 62 (89.9) 0.502
1] 8(14.0) 7(10.1)
NT-proBNP (tercile)
1+2 45 (78.9) 49 (71.0) 0.309
S 12 (21.0) 20 (29.0)
LVEF (%)
<35 31(54.4) 37 (53.6) 0.932
>35 26 (45.6) 32 (46.4)
Delta pvVO2 (mlO,/kg/min)
<2.0 33(57,9) 38(55,1) 0,751
22.0 24 (42,1) 31(44,9)
Diabetes mellitus
Yes 20(35.1) 20 (29.0) 0.464
No 37 (64.9) 49 (71.0)

Abbreviations: HF, heart failure; LVEF, left ventricular ejection fraction; NT-proBNT, N-terminal

fragments of B-type natriuretic peptide; NYHA, New York Heart Association.

reduced hospitalization due to HF when compared with standard care
(Cleland et al., 2005). Villani et al. conducted a trial of telemonitor-
ing and telecare for patients with chronic HF that were discharged
from the hospital after being treated for clinical instability (Villani
et al., 2014). They concluded that in HF patients with a high risk of
relapse, the regular acquisition of simple clinical information and the
access to the ECG data, produced a better psychological status and
quality of life, with a reduction in hospitalizations. A meta-analysis
carried out by Kotb et al. showed that telemedicine interventions,
which involved the use of ECG data transmission, were significantly
more effective in reducing hospitalizations due to HF when compared
with standard care (Kotb et al., 2015). In the TIM-HF2 (Telemedical
Interventional Management in Heart Failure Il) clinical trial, it was
found that remote telemonitoring including home assessment of
ECG, weight, blood pressure, and general health status in the con-
text of a 24/7 support system reduced the number of days lost due

to unplanned cardiovascular (mainly HF) hospitalizations or death
(Koehler et al., 2018). This study also documented a reduction in all-
cause mortality for patients managed with telemedicine (Koehler
et al., 2018). Seferovic et al. in a clinical practice update on HF recom-
mended that home telemonitoring with a similar approach to the one
used in TIM-HF2 may be considered for patients with HF in order to
reduce the risk for recurrent cardiovascular and HF hospitalizations
and cardiovascular death (Seferovic et al., 2019). They also suggested
that the TIM-HF2 intervention protocol should be tested in other
countries and different healthcare systems (Seferovic et al., 2019). A
recent network meta-analysis of randomized controlled trials by Zhu
et al. confirmed that compared to conventional healthcare, telemedi-
cine interventions including ECG monitoring appears to be beneficial
for patients with HF, particularly in reducing all-cause hospitalization,
cardiac hospitalization, all-cause mortality, cardiac mortality, and the
HF-related length of hospital stay (Zhu et al., 2020).
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TABLE 4 Achieving target training
heart rate (ttHR) during training sessions.
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The percentage of training sessions with the ttHR reached

Comparison of groups of the patients with >80% N = 152 20-80% N =130 <20% 104
varying degrees of achieving the training (39.4%) (33.7%) (26.9%) p-Value
heart rate depending on the demographic
and clinical characteristics, univariable Gender
analysis Male 138 (90.8) 116 (89.2) 91(87.5) 0.401
Female 14 (9.2) 14 (10.8) 13 (12.5)
Age
<65 years 90 (59.2) 84 (64.6) 56 (53.8) 0.487
>65 years 62 (40.8) 46 (35.4) 48 (46.1)
Basic cardiac rhythm
Sinus rhythm 116 (76.3) 105 (80.8) 94 (90.4) 0.005
Atrial fibrillation 36(23.7) 25(19.2) 10 (9.6)
Sinus rhythm 221(78.4) 94 (90.4) 0.007
Atrial fibrillation 61 (21.6) 10 (9.6)
HF etiology
Ischemic 105 (69.1) 84 (64.6) 65 (62.5) 0.263
Non-ischemic 47 (30.9) 46 (35.4) 39 (37.5)
NYHA class
/1 119 (78.3) 108 (83.1) 95(91.3) 0.006
1] 33(21.7) 22(16.9) 9(8.6)
/1 227 (80.5) 95(91.3) 0.011
11l 55 (19.5) 9 (8.6)
NT-proBNP (tercile)
1+2 101 (66.5) 87 (66.9) 70 (67.3) 0.884
3 51(33.5) 43(33.1) 34 (32.7)
LVEF (%)
<35 106 (69.7) 84 (64.6) 61 (58.6) 0.068
>35 46(30.3) 46 (35.4) 43 (41.3)
Delta pvO2 (mlO,/kg/min)
<2.0 93 (61.2) 79 (62.7) 73(70.9) 0.128
22.0 59 (38.8) 47 (37.3) 30(29.1)
Diabetes mellitus
Yes 58(38.2) 37(28.5) 38(36.5) 0.646
No 94 (61.8) 93(71.5) 66 (63.5)
Note: >80% N - number of patients who achieved target training heart rate of more than 80%
of thetraning sessions. 20-80% N - number of patients who achieved target training heart rate
between 20% and 80% of thetraining sessions. <20% N - number of patients who achieved target
training heart rate less than 20% of thetraining sessions.
Abbreviations: HF, heart failure; LVEF, left ventricular ejection fraction; NT-proBNT, N-terminal
fragments of B-type natriuretic peptide; NYHA, New York Heart Association; ttHR, target training
heart rate.
4.2 | Importance of ECG monitoring during cardiac training phase (Fletcher et al., 2013; Piepoli et al., 2011). To date,

telerehabilitation in HF patients

Piepoli et al. concluded that exercise training is recommended for
stable NYHA class I-11l HF patients (Piepoli et al., 2011). Supervision
is mandatory during the initial phase of training program in HF pa-
tients. Continuous or frequent clinical monitoring (with the use of
ECG monitoring) is also fundamental, particularly during the home

only one single-center study assessed ECG recordings in detail in
HF patients during home-based telemonitored cardiac rehabilita-
tion. Piotrowicz et al. evaluated 11,534 ECG fragments recorded
during telerehabilitation sessions in 75 stable HF patients with
reduced LVEF (30.2 + 8.2%) (Piotrowicz et al., 2012). These re-
sults do not differ from the results of this current subanalysis. The
majority of the observed arrhythmias were single VPB and APB.
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The percentage of the patients who developed these arrhythmias
was similar in both studies (69.3% vs. 76.4% of patients with VPB
and 16% vs. 27.7% with APB). The incidence of AF was also similar
(1.3% vs. 1%). This study demonstrates that in stable patients with
guideline-based therapy, exercise training did not trigger significant
arrhythmia requiring a change to the training workload (Piotrowicz
et al., 2012). There are a few studies that investigated the cardiac
telerehabilitation with ECG assessment during remote supervised
exercise training sessions. Squires et al. studied transtelephonic
ECG monitoring of cardiac rehabilitation in patients with coronary
artery disease (Squires et al., 1991). Thirty-six of the 66 subjects en-
rolled to the study were classified as high-risk patients (due to LVEF
<40%, history of significant ventricular arrhythmia). No serious

medical emergencies occurred during the monitored exercise ses-
sions. The authors did however discover new arrhythmia in four
cases. Giallauria et al. evaluated 15 HF patients (LVEF 31 + 9%) in
home-based cardiac rehabilitation with telecardiology monitoring
(Giallauria et al., 2006). They did not report any major adverse event
during training sessions. In two subsequent single-center studies,
no episodes of exercise-induced malignant arrhythmia were re-
corded (Piotrowicz et al., 2010, 2015).

The current TELEREH-HF subanalysis is the largest trial to
date, which demonstrated that well-qualified, stable HF patients
who underwent optimal “tailored” HCTR were not at risk in more
than 16,000 training sessions. Additionally, our trial provides new
insights on the sequential ECG monitoring during the home-based
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FIGURE 3 Kaplan-Meier plot of
all-cause hospitalization in subgroups
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telerehabilitation sessions in HF patients, which turned out to be a
sufficient and safety form of the procedure.

Limited data exist on risk factors associated with cardiac arrhyth-
mias during cardiac rehabilitation, especially in HF patients: Galante
et al. identified diabetes and age over 70 as independent predictors
associated with an increased risk in cardiac rehabilitation after cor-
onary artery bypass surgery (Galante et al., 2000). In the present
study, none of the analyzed factors increased risk of arrhythmia in
context of determining onset of the newly arrhythmias on exercise.

In our population, atrial fibrillation and NYHA class Il iden-
tified patients who achieved above 80% of training sessions with
ttHR reached. These findings are probably associated with exces-
sive activation of sympathetic nervous system (including heart rate

acceleration) in HF patients, which increases with decreasing the
NYHA functional class (Borovac et al., 2020). Furthermore, worse
heart rate control on exertion among patients with atrial fibrilla-
tion was reported (Hilliard et al., 2008). Our data also indicate that
achievement of ttHR in above 80% of training sessions was not a
predictor of reducing the incidence of the outcomes (e.g., all-cause
mortality, cardiovascular mortality, cardiovascular hospitalization,
HF hospitalization) in 2-year follow-up. In the studies on cardiac
rehabilitation published so far, investigators have not analyzed the
impact of the degree of ttHR achievement during training sessions
on prognosis of HF patients.

In the main analysis of TELEREH-HF trail, researchers also did
not find any other factor such as age, gender, A pVO,, and HYHA
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functional class that would have a positive impact on the outcomes
(Piotrowicz et al., 2020).

4.3 | Limitations

It is possible that real-time continuous ECG monitoring would pro-
vide better insight, although its practical application would be dif-
ficult to implement on large scale. The forms of ECG telemonitoring
(real-time vs. sequential monitoring) are still under research. In this
study, only 10.5% of the participants in HCTR group were women,
and therefore, care needs to be exercised when extrapolating the

results for the female patient population.

5 | CONCLUSIONS

The most common arrhythmias during exercise training sessions in
HF patients were ventricular and atrial premature beats. These ar-
rhythmias did not result in any changes in rehabilitation and therapy
regimen. Non-sustained ventricular tachycardia and paroxysmal
atrial fibrillation episodes were rare and in only one case of mildly
symptomatic paroxysmal AF episode required the temporary suspen-
sion of the training program. The model of cardiac telerehabilitation
in HF patients implemented in TELEREH-HF trial was safe without
evidence for symptomatic cardiac arrhythmias requiring discontinu-
ation of telerehabilitation. Sequential monitoring of ECG should be
treated as sufficient to ensure the safety of the model of cardiac
telerehabilitation in HF patients implemented in TELEREH-HF trial.
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Abstract

Introduction: Cardiac rehabilitation is a component of heart failure (HF)
management, but its effect on ventricular arrhythmias is not well under-
stood. We analyzed the antiarrhythmic effect of a 9-week hybrid compre-
hensive telerehabilitation (HCTR) program and its influence on long-term
cardiovascular mortality in HF patients taken from the TELEREHabilitation in
Heart Failure Patients (TELEREH-HF) trial.

Material and methods: We evaluated the presence of non-sustained ven-
tricular tachycardia (nsVT) and frequent premature ventricular complexes
> 10 beats/hour (PVCs > 10) in 24-hour ECG monitoring at baseline and after
9-week HCTR or usual care (UC) of 773 HF patients (NYHA I-1ll, LVEF < 40%).
Functional response for HCTR was assessed by changes — delta (A) — in peak
oxygen consumption (pVO,) as a result of comparing pVO, from the begin-
ning and the end of the program.

Results: Among 143 patients with nsVT, arrhythmia subsided in 30.8% after
HCTR. Similarly, among 165 patients randomized to UC who had nsVT 34.5%
did not show it after 9 weeks (p = 0.481). There was no significant differ-
ence in the decrease in PVC > 10 over 9 weeks between randomization arms
(14.9% vs. 17.8%, respectively p = 0.410). Functional response for HCTR in
pVO, > 2.0 ml/kg/min did not affect occurrence of arrhythmias. Multivari-
able analysis did not identify HCTR as an independent factor determining
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improvement of nsVT or PVCs > 10. However, only in the HCTR group, the achievement of the antiarrhythmic
effect significantly reduced the cardiovascular mortality in 2-year follow-up (p < 0.001).

Conclusions: Significant improvement in physical capacity after 9 weeks of HCTR did not correlate with the
antiarrhythmic effect in terms of incidence of nsVT or PVCs > 10. An antiarrhythmic effect after the 9-week
HCTR affected long-term cardiovascular mortality in HF patients.

Key words: ventricular arrhythmia, heart failure, telerehabilitation.

Introduction

Hybrid cardiac telerehabilitation is a novel
component of heart failure (HF) management but
its effect on ventricular arrhythmias (VA) is not
well understood [1].

Ventricular arrhythmia is a common problem in
patients with HF regardless of etiology. A number
of studies have reported that 70-95% of HF pa-
tients have frequent premature ventricular com-
plexes (PVCs), and 40-80% will manifest runs of
non-sustained ventricular tachycardia (nsVT) [2].
The increase in VA represents a significant cause
of morbidity and mortality.

According to the latest European Society of
Cardiology (ESC) guidelines, all stable HF pa-
tients should participate in cardiac rehabilitation
programs [3]. Cardiac rehabilitation is shown to
improve physical capacity, quality of life and psy-
chological well-being, which affect the prognosis
by reducing mortality and hospitalization rate.
One of the most important core components
of rehabilitation is regular and tailored exercise
training [3].

The problem of VA in the context of cardiac re-
habilitation in HF patients should be considered
in two aspects:

—occurrence of arrhythmias triggered by the exer-
cise training, which acutely impacts the rehabil-
itation safety,

— potentially antiarrhythmic effect of the total
rehabilitation process and its prognostic signif-
icance.

The first aspect has been discussed in some
publications [4, 5], including previously published
TELEREH-HF study results [6-8]. In the current
study, we focus on the second aspect.

To date, studies on the influence of exercise
training on VA in HF patients have been limited
to small sample sized, non-randomized, mostly
retrospective and single-center studies [4, 5, 9].
Moreover, there are still no papers that evaluate
whether the reduction of VA after several weeks
of the rehabilitation cycle affects the long-term
prognosis.

Therefore the aim of the present study was to
assess the antiarrhythmic effect of a 9-week hy-
brid comprehensive telerehabilitation (HCTR) pro-
gram and its influence on long-term cardiovascu-
lar mortality in the population of HF patients from

the TELEREHabilitation in Heart Failure Patients
(TELEREH-HF) randomized clinical trial.

Material and methods

The design and primary results of the TEL-
EREH-HF study (Clinical Trials.gov NCT 02523560)
have been published elsewhere [6, 7]. Briefly, the
TELEREH-HF study was a randomized, prospective,
multicenter (5 centers in Poland), open-label, par-
allel group-controlled trial comparing HCTR and
UC in HF patients. This study enrolled 850 clinical-
ly stable HF patients New York Heart Association
(NYHA) class -l and left ventricular ejection frac-
tion (LVEF) < 40%) after a cardiovascular hospital-
ization within 6 months prior to randomization.
Eligible patients were randomized in a 1 : 1 ratio
to either HCTR plus UC or to UC only, using a web-
based randomization system.

The study conduct was guided by good clini-
cal practice, in accordance with the Declaration of
Helsinki and the regulations applicable in Poland.
The trial was approved by the local ethics commit-
tee. Each patient provided written informed con-
sent. TELEREH-HF inclusion and exclusion criteria
were previously described elsewhere [6, 7].

Intervention

The HCTR intervention encompassed telecare,
telerehabilitation and remote monitoring of car-
diovascular implantable electronic devices. The
HCTR group patients underwent a 9-week HCTR
program consisting of two stages: an initial stage
(1 week) conducted in hospital and a basic stage
(8 weeks) of home-based HCTR 5 times weekly.
The telerehabilitation program encompassed three
training modalities: endurance aerobic Nordic
walking training, respiratory muscle training, and
light resistance and strength exercises. A more
detailed description of the intervention has been
published previously [6, 7].

Holter electrocardiography

24-hour Holter ECG monitoring (12-channel,
Holter digital recorder Lifecard CF, Del Mar Reyn-
olds Medical UK/USA) was performed as part of
the patients’ assessments at entry and after com-
pleting the 9-week training program (HCTR group)
or completing the 9-week observation (UC group).
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24-hour Holter recordings (Holter ECG) were as-
sessed using the analysis system Pathfinder SL,
Spacelabs Healthcare.

The essential condition for including the pa-
tient in this analysis was to obtain good quality
Holter ECG for each patient. Rigorous quality con-
trol was performed on all Holter ECG studies by
a trained physician.

Holter analysis methods

In our study we focused on the occurrence of
prognostically significant VA. We considered the
presence of non-sustained ventricular tachycardia
(nsVT) and frequent premature ventricular com-
plexes > 10 beats per hour (PVCs > 10) on Holter
ECG as factors linked to an increased risk for car-
diac mortality in HF patients [10, 11]. We conduct-
ed quantitative (number of PVCs) and qualitative
(presence or absence of nsVT) analysis of VA at
baseline (H-0) and after 9 weeks (H-9) in both
HCTR and UC groups. We assessed the differences
in VA incidence before and after the 9-week tel-
erehabilitation (HCTR group) or before and after
the 9-week observation (UC group) in each group
(within-group analysis) and between the groups.

After Holter ECG monitoring assessment at H-0
and H-9 for nsVT and PVCs > 10, we divided HCTR
and UC group patients into three subgroups: im-
provement, no change and worsening based on
presence or absent of nsVT or PVCs > 10 in H-0
and H-9.

The improvement effect on nsVT was defined
as presence of nsVT at baseline Holter ECG (H-0:
nsVT+) and absence in Holter ECG after 9 weeks
of HCTR or after a 9-week observation in UC (H-9:
nsVT-).

Patients with absence of nsVT at baseline Holter
ECG (H-0: nsVT-) and presence after 9 weeks (H-9:
nsVT+) were assigned to the worsening subgroup.

Analogously, we defined patient subgroups for
quantitative analysis of VA: improvement as the
presence of PVCs > 10 at baseline Holter (H-O:
PVCs > 10 (+)) and absence after 9 weeks (H-9:
PVCs > 10 (-)), and worsening as H-0: PVCs > 10 (-)
and H-9: PVCs > 10 (+), respectively.

Functional response for HCTR was assessed by
changes —delta (A) — in peak oxygen consumption
(pVO,) in the cardiopulmonary exercise test (CPET)
as a result of comparing pVO, from the beginning
and the end of the program.

In uni- and multivariable analyses 14 demo-
graphic and clinical factors (gender, age, HF eti-
ology, LVEF pVO,, ApVO,, A percent predicted
pVO, (%pVO,), N-terminal fragments of B-type
natriuretic peptide level (NT-proBNP), estimated
glomerular filtration rate, basic cardiac rhythm,
presence/absence of diabetes mellitus, NYHA
functional class, presence/absence of cardiac re-

synchronization therapy or implantable cardio-
verter defibrillator) were considered.

Statistical analysis

Descriptive statistics were used to report the
characteristics of the patients at baseline. The
continuous variables are presented as means +
SD or as medians and inter-quartile ranges for
normally and non-normally distributed data. The
categorical variables are presented as counts and
percentages. For between-group comparisons
Student’s t-test, the Wilcoxon rank-sum test, the
1? test of independence or Fisher’s exact test was
used, as appropriate. The ordinal variable (NYHA)
was compared using Cochran-Mantel-Haenszel
modified ridit scores (row mean scores statistic).
In the main analysis for improvement or deterio-
ration estimated on the basis of nsVT or PVC, pa-
tients were first stratified into 2 categories accord-
ing to their demographic or clinical characteristics.
For this purpose, continuous variables (age, LVEF,
pVO,) were dichotomized (NT-proBNP according
to the worst tertile vs. the other two tertiles). Sub-
sequently, the relative benefit of improvement
(RB) or relative risk of worsening (RR) with their
95% confidence limit (CL) of the subgroups was
calculated and the homogeneity of RR or RB was
assessed by the Breslow-Day test. After that, mul-
tivariable logistic regression analysis was used
to identify independent improvement or deterio-
ration predictors. Variables were selected in the
stepwise selection manner. Cardiovascular sur-
vival curves were constructed using Kaplan-Meier
methods and compared by the log-rank test with
Bonferroni correction to the raw p-values of the
paired tests. A significance level of 0.05 was re-
quired to allow a variable into the model and for
a variable to stay in the model. Areas under the
receiver operating characteristics curves (C-statis-
tic) were calculated with 95% confidence intervals
(95% Cl). Two-tailed p-values of 0.05 or less were
considered to indicate statistical significance. SAS
software, version 9.4, was used for all analyses.

Results

We evaluated 1562 Holter ECG recordings of
781 patients (two recordings for each patient).
Seven hundred seventy-two Holter ECG record-
ings were from the HCTR arm and 790 from the
UC arm. Due to the poor quality Holter ECG re-
cording, we excluded 4 patients from each group.
Finally, 764 Holter ECG recordings from the HCTR
arm and 782 from the UC arm were included in
our subanalysis (Figure 1).

Study arms were not significantly different in
terms of demographic data, baseline clinical param-
eters and treatment. Patients’ characteristics and
clinical data at baseline are presented in Table I.
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Assessed for eligibility (n = 2333)

Y

Did not meet inclusion/exclusion (n = 836)

Y

/

Y

Unwilling to participate (n = 647)

Randomized 1 : 1 (n = 850)

Y

Y

HCTR group (n = 425)

UC group (n = 425)

Did not undergo HCTR (n = 27)

Started HCTR (n = 398)

Discontinued HCTR
Death (n=2)
Another reason (n = 10)

A

Y

Discontinued UC
Death (n=2)
Another reason (n = 28)

Y

Y

Completed HCTR
Data at 9 weeks (n = 386)

Completed observation
ata at 9 weeks (n = 395)

lw)

Patients with poor quality
Holter ECG (n = 4)

Y

Patients with poor quality
Holter ECG (n = 4)

Y

Y

Patients with evaluated two Holter ECGs
(at baseline and after 9-week HCTR) (n = 382)

Patients with evaluated two Holier ECGs
(at baseline and after 9-week UC) (n = 391)

Figure 1. Study flow diagram

HCTR — hybrid comprehensive telerehabilitation, UC — usual care, ECG — electrocardiography.

Non-sustained ventricular tachycardia and
PVCs > 10 in HCTR vs. UC group

An improvement effect in nsVT was found in
44 (30.8%) patients in the HCTR group and 57
(34.5%) patients in the UC group and the differ-
ence between groups was not statistically signifi-
cant (p = 0.481). A worsening effect on nsVT was
observed in 23% and 20.3% patients (p = 0.487),
respectively.

There were also no statistically significant
differences between HCTR and UC groups in the
improvement (p = 0.41) or worsening (p = 0.964)
effect on PVCs > 10 (Table II).

Demographic/clinical characteristics and
effect on nsVT in HCTR vs. UC group

Comparison of the improvement in nsVT in the
HCTR and UC groups depending on the 14 demo-
graphic and clinical characteristics did not show
significant differences between groups (Table IlI).

Comparison of the worsening in nsVT in the
HCTR and UC groups depending on the 14 demo-
graphic and clinical characteristics also did not
show significant differences between groups (Ta-
ble IV).

Demographic/clinical characteristics and
effect on PVCs > 10 in HCTR vs. UC group

Comparison of the improvement in PVCs > 10
in the HCTR and UC groups depending on 14 de-
mographic and clinical characteristics did not
show significant differences between groups.

The univariable analysis revealed LVEF > 35% in
the UC group as a statistically significant predictor
of the improvement effect on PVCs > 10. Further-
more, LVEF > 35% was significantly more predic-
tive in the UC group than HCTR group (12.9% vs.
29.1%, p = 0.03) (Table V).

Comparison of the worsening in PVCs > 10
in the HCTR and UC groups depending on the
14 demographic and clinical characteristics did
not show significant differences between groups.
The statistically significant predictor of the wors-
ening effect on PVCs > 10 in univariable analysis
was the presence of CRT in the UC group (16.35
vs. 42.9%, p = 0.009) (Table VI).

Improvement/worsening effect on nsVT or
PVCs > 10 in the entire population

Finally, multivariable analysis of the entire pop-
ulation (both HCTR and UC groups) that includ-

Arch Med Sci



Antiarrhythmic effect of 9-week hybrid comprehensive telerehabilitation and its influence on cardiovascular mortality in long-term
follow-up — subanalysis of the TELEREHabilitation in Heart Failure Patients randomized clinical trial

Table 1. Baseline characteristics

Characteristic HCTR (n = 382) UC (n = 391) P-value
Males, n (%) 342 (89.5) 347 (88.7) 0.727
Age, mean + SD [years] 62.1 +10.8 61.9 +10.3 0.701
Left ventricular ejection fraction, mean + SD [%] 31.0 +6.9 30.3 £7.0 0.168
Atrial fibrillation or atrial flutter, n (%) 76 (19.9) 73 (18.7) 0.666
BMI, mean + SD [kg/m?] 28.8 £5.1 29.1 4.7 0.397
Heart failure etiology, n (%):
Ischemic 253 (66.2) 249 (63.7) 0,458
Nonischemic 129 (33.8) 142 (36.3)
Medical history, n (%):
Myocardial infarction 226 (59.2) 217 (55.5) 0.303
Angioplasty 185 (48.4) 178 (45.5) 0.418
Coronary artery bypass grafting 58 (15.2) 63 (16.1) 0.722
Hypertension 226 (59.2) 250 (63.9) 0.172
Diabetes mellitus 129 (33.8) 134 (34.3) 0.883
Stroke 21 (5.5) 28 (7.2) 0.343
Chronic kidney disease 71 (18.6) 63 (16.1) 0.364
Hyperlipidemia 189 (49.5) 170 (43.5) 0.095
Depression* (22.9) 87 (26.6) 0.275
Functional status according to New York Heart
Association class, n (%):
| 51(13.4) 48 (12.3) 0.387
Il 271 (70.9) 267 (68.3)
il 60 (15.7) 76 (19.4)
Treatment, n (%):
B-Blocker 367 (96.1) 383 (97.9) 0.124
Angiotensin-converting enzyme inhibitors/ 357 (93.5) 367 (93.9) 0.817
angiotensin-receptor blockers
Digoxin 47 (12.3) 50 (12.8) 0.839
Loop diuretics 279 (73.0) 306 (78.3) 0.091
Spironolactone/eplerenone 316 (82.7) 320 (81.8) 0.748
Aspirin/clopidogrel 218 (57.1) 222 (56.8) 0.735
Anticoagulants 113 (29.6) 119 (30.4) 0.796
Novel oral anticoagulants 61 (16.0) 54 (13.8) 0.399
Statins 318 (81.9) 321 (82.1) 0,954
Cardiovascular implantable electronic devices 301 (78.8) 319 (81.6) 0,330
Implantable cardioverter-defibrillator 190 (63.1) 206 (64.6) 0.964
Cardiac resynchronization therapy with 4 (1.3) 4(1.3)
pacemaker function
Cardiac resynchronization therapy and 104 (34.5) 105 (32.9)
cardioverter-defibrillator

BMI - body mass index (calculated as weight in kilograms divided by height in meters squared). *Defined by a Beck Depression Inventory-I
score of more than 13 points. HCTR — hybrid comprehensive telerehabilitation; UC — usual care.

ed HCTR and UC as explanatory variables was
performed (Table VII). In relation to nsVT, female
gender (OR = 2.39, 95% Cl: 1.07-5.34, p = 0.034)
and LVEF > 35% (OR = 2.95, 95% Cl: 1.72-5.06,
p < 0.0001) were the only independent factors of
the improvement effect and NYHA Il was the only

independent factor of the worsening effect (OR =
1.81, 95% Cl: 1.05-3.12, p = 0.032). In relation to
PVCs > 10, age < 62 years (OR = 2.13, 95% ClI:
1.28-3.52, p = 0.03) and NYHA | or Il (OR = 2.23,
95% Cl: 1.03-4.86, p = 0.042) were the only in-
dependent factors of the improvement effect and
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Table II. Hybrid comprehensive telerehabilitation vs usual care: impact (improvement, no change, worsening) on
non-sustained ventricular tachycardia (nsVT) and premature ventricular complexes > 10 beats per hour (PVCs > 10)

Holter ECG monitoring results HCTR (n = 382) UC (n = 391) P-value
H-0 H-9
nsVT (+) All patients 143 (37.4%) 165 (42.2%) 0.176
nsvT (-) 44 (30.8%) 57 (34.5%) 0.481
nsVT (+) No change 99 (69.2%) 108 (65.5%)
nsvVT (-) All patients 239 (62.6%) 226 (57.8%) 0.176
nsVT (+) 55 (23.0%) 46 (20.3%) 0.481
ns VT (-) No change 184 (77.0%) 180 (79.7%)
PVC > 10 (+) All patients 221 (57.8%) 242 (61.9%) 0.252
PVC > 10 (-) 33 (14.9%) 43 (17.8%) 0.410
PVC > 10 (+) No change 188 (85.1%) 199 (82.2%)
PVC > 10 (-) All patients 161 (42.2%) 149 (38.1%) 0.252
PVC > 10 (+) 36 (22.4%) 33 (22.2%) 0.964
PVC>10 () No change 125 (77.6%) 116 (77.8%)

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation, Improvement — (+) in H-0 and (-) in
H-9, nsVT — non-sustained ventricular tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (=) — absence of nsVT in ECG Holter,
PVCs — premature ventricular complexes, PVC > 10 (+) — presence PVCs > 10 beats per hour in ECG Holter, PVC >10 (=) — absence of PVCs
> 10 beats per hour in ECG Holter; UC, usual care, Worsening — (=) in H-0 and (+) in H-9.

diabetes mellitus was the only independent fac-
tor of the worsening effect (OR = 3.41, 95% Cl:
1.95-5.97, p < 0.001).

It is worth emphasizing that the overall prog-
nostic association of clinical and demographic
variables with the improvement/worsening of
nsVT or PVCs > 10 was weak to moderate as indi-
cated by the model C statistics in the 0.54 to 0.64
range (Table VII).

Functional effectiveness of HCTR versus
improvement/worsening effect in relation
to nsVT or PVCs > 10

In all the analyses presented above, we took
into account the importance of the physical ca-
pacity improvement/lack of improvement after
9 weeks of telerehabilitation (A pVO,) in CPET >
2.0 ml/kg/min and A% pVO, > 6%. Functional re-
sponse after 9 weeks of HCTR did not affect the
occurrence of nsVT or PVCs > 10 (Tables I1I-VII).

Improvement effect on nsVT and long-term
prognosis

In the HCTR group, the achievement of an an-
tiarrhythmic effect significantly reduced the car-
diovascular mortality in 2-year follow-up; logrank
p < 0.001 (Figure 2, Table VIII). In the UC group,
favorable effects in terms of prognosis were not
observed.

Discussion

Our study is the first large, randomized trial
with a control group that attempts to analyze the

impact of home-based cardiac telerehabilitation
on the incidence of prognostically significant VA
in HF patients with reduced LVEF.

To the best of our knowledge, this is the first
study to evaluate the impact of 9-week telereha-
bilitation on VA and its influence on long-term
cardiovascular mortality in a large group of HF
patients. Previously published results of the
TELEREH-HF study demonstrated improvements
in functional outcomes evaluated by pVO, in
CPET, after 9 weeks of HCTR [6]. The main find-
ing of the current subanalysis is that when com-
pared to 9-week UC, the 9-week HCTR was not
associated with changes in VA that would raise
safety concerns: changes in the occurrence of
nsVT and frequent PVCs > 10 were similar af-
ter 9 weeks after both types of management in
HF patients. There was no significant difference
between HCTR and UC groups regarding the im-
provement/worsening of the above-mentioned
arrhythmias after 9 weeks of performing both
procedures.

The fact that arrhythmias did not worsen con-
firms previously published data on the safety of
the tested modalities. However, the lack of im-
provement in arrhythmias in the HCTR group may
raise questions and requires consideration. It
should be explained why, on the one hand, prog-
nostically significant improvement in physical ca-
pacity after 9 weeks of HCTR did not correlate with
the antiarrhythmic effect in terms of incidence of
nsVT. On the other hand, the antiarrhythmic effect
after the 9-week HCTR significantly reduced car-
diovascular mortality in long-term follow-up.
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Table lll. Comparison of improvement effect on nsVT (nsVT (+) in H-0 and nsVT(-) in H-9) in the HCTR and UC
groups depending on the demographic and clinical characteristics — univariable analysis and group heterogeneity
in terms of relative benefit analysis

Variable HCTR uc Relative benefit  P-value: P-value:
H-0: nsVT (+) H-0: nsVT (+) [95% ClI] HCTR vs. heterogeneity
N =143 N =165 uc of relative
benefits
_ 44 (30.8%) 57 (34.5%) 0.89[0.64-1.23]  0.481

Gender:
Male 37 (28.7%) 50 (33.1%) 0.87 [0.61-1.23] 0.425 0.795
Female 7 (50.0%) 7 (50.0%)  1.00[0.47-2.10]  1.000

Age [years]:
<62 21 (36.2%) 27 (32.9%) 1.10 [0.69-1.74] 0.687 0.248
> 62 23 (27.1%) 30 (36.1%) 0.75[0.48-1.18]  0.205

Heart failure etiology:
Ischemic 25 (28.1%) 32 (33.0%) 0.85[0.55-1.32]  0.469 0.743
Nonischemic 19 (35.2%) 25 (36.8%) 0.96 [0.59-1.54] 0.857

Left ventricular injection fraction (%):
<35 27 (25.5%) 35 (27.8%) 0.92 [0.60-1.41] 0.692 0.582
> 35 17 (45.9%) 22 (56.4%) 0.81[0.52-1.27] 0.362

pVO, [ml/kg/min]:
<14 13 (29.5%) 22 (32.8%) 0.90[0.51-1.59] 0.715 0.907
> 14 31 (31.3%) 35 (36.1%) 0.87 [0.59-1.29] 0.480

A pVO, [ml/kg/min]:
<20 31 (29.5%) 42 (34.7%) 0.85[0.58-1.25] 0.406 0.577
220 13 (35.1%) 12 (33.3%) 1.05 [0.56-2.00] 0.871

A % pVO, (%):
<6 29 (30.5%) 42 (37.2%) 0.82 [0.56-1.21] 0.314 0.341
>6 15 (31.9%) 12 (27.3%)  1.17[0.62-2.22]  0.628

NT-proBNP (tercile):
1+2 25 (32.5%) 39 (41.9%) 0.77 [0.52-1.16] 0.205 0.231
3 19 (28.8%) 18 (25.0%)  1.15[0.66-2.00]  0.616

Estimated glomerular filtration rate

[ml/min]:
<60 13 (25.0%) 14 (26.9%) 0.93[0.48-1.78] 0.823 0.892
> 60 31 (34.1%) 43 (38.1%) 0.90 [0.62-1.30] 0.556

Basic cardiac rhythm:
Sinus rhythm 33 31.7%) 41 (32.5%) 0.98 [0.67-1.43] 0.896 0.302
Atrial fibrillation 11 (28.2%) 16 (42.1%)  0.67[0.36-1.25]  0.201

Diabetes mellitus:
Yes 12 (24.0%) 17 (30.4%) 0.79 [0.42-1.49] 0.464 0.675
No 32 (34.4%) 40 (36.7%)  0.94[0.65-1.36]  0.735

New York Heart Association class:
/1l 37 (31.1%) 47 (35.6%) 0.87[0.61-1.24]  0.449 0.818
I 7 (29.2%) 10 (30.3%) 0.96 [0.43-2.16] 0.926

Cardiac resynchronization therapy:
Yes 13 (29.5%) 12 (25.0%) 1.18[0.60-2.31]  0.624 0.321
No 31 (31.3%) 45 (38.5%) 0.81[0.56-1.18] 0.273

Implantable cardioverter defibrillator:
Yes 18 (23.7%) 34 (35.8%) 0.66 [0.41-1.07] 0.087 0.088
No 26 (38.8%) 23 (32.9%) 1.18 [0.75-1.85] 0.468

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation; heterogeneity of relative benefits,
p-value for null hypothesis testing equality of relative benefits in subgroups, pVO, — peak oxygen consumption, nsVT — non-sustained
ventricular tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (-) — absence of nsVT in ECG Holter, NT-proBNP — N-terminal
fragments of B-type natriuretic peptide; Relative benefit, the ratio of benefits of the HCTR group and the UC group, UC — usual care.
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Table IV. Comparison of worsening on nsVT [nsVT (-) in H-0 and nsVT(+) in H-9] in the HCTR and UC groups de-
pending on the demographic and clinical characteristics — univariable analysis and group heterogeneity in terms
of relative risk analysis

Variable HCTR uc Relative risk P-value: P-value:
H-0: nsVT (=)  H-0: nsVT (-) [95% CI] HCTR vs. heterogeneity
N =239 N =226 uc of relative
risks
_ 55(23.0%) 46 (20.4%) 1.13[0.80-1.60]  0.487
Gender:
Male 50 (23.5%) 43 (21.9%) 1.07 [0.75-1.53] 0.711 0.407
Female 5 (19.2%) 3(10.0%)  1.92[0.51-7.28]  0.451
Age [years]:
<62 22 (18.6%) 22 (19.6%) 0.95 [0.56-1.61] 0.847 0.372
> 62 33 (27.3%) 24 (21.1%) 1.30[0.82-2.05] 0.266
Heart failure etiology:
Ischemic 42 (25.6%) 28 (18.4%) 1.39[0.91-2.12]  0.124 0.083
Nonischemic 13 (17.3%) 18 (24.3%) 0.71[0.38-1.35] 0.293
Left ventricular injection fraction (%):
<35 38 (26.9%) 31 (21.4%) 1.26 [0.83-1.91] 0.271 0.422
> 35 17 (17.3%) 15 (18.5%) 0.94 [0.50-1.76] 0.839
pVO, [ml/kg/min]:
<14 21 (30.0%) 13 (21.0%) 1.43[0.78-2.61] 0.236 0.319
> 14 34 (20.1%) 33 (20.2%) 0.99 [0.65-1.52] 0.977
ApVO, [ml/kg/min]:
<20 27 (19.0%) 36 (21.1%) 0.90 [0.58-1.41] 0.654 0.235
>2.0 27 (28.1%) 10 (19.6%) 1.43[0.76-2.72]  0.257
A% pVO, (%):
<6 32 (22.5%) 35 (20.6%) 1.09 [0.72-1.67] 0.677 0.980
>6 22 (22.9%) 11 (21.1%)  1.08[0.57-2.06]  0.805
NTproBNP (tercile):
1+2 42 (23.6%) 28 (17.8%) 1.32[0.86-2.03] 0.196 0.213
3 13 (21.3%) 18 (26.1%) 0.82[0.44-1.53]  0.524
Estimated glomerular filtration rate
[ml/min]:
<60 17 (18.9%) 15 (21.4%) 0.88 [0.47-1.64] 0.690 0.319
> 60 38 [25.5%) 31 (19.9%) 1.28 [0.85-1.95] 0.240
Basic cardiac rhythm:
Sinus rhythm 48 (24.0%) 38 (19.9%) 1.21 [0.83-1.76] 0.327 0.412
Atrial fibrillation 7 (18.9%) 8(23.5%)  0.80[0.33-1.98]  0.634
Diabetes mellitus:
Yes 20 (25.3%) 19 (24.4%) 1.04 [0.60-1.79] 0.890 0.707
No 35 (21.9%) 27 (18.2%) 1.20[0.76-1.88]  0.427
New York Heart Association class:
/1l 45 (22.2%) 32(17.5%) 1.27[0.84-1.90]  0.250 0.347
il 10 (27.8%) 14 (32.6%) 0.85[0.43-1.68] 0.645
Cardiac resynchronization therapy:
Yes 17 (26.6%) 16 (26.2%)  1.01[0.56-1.82]  0.966 0.676
No 38 (21.7%) 30 (18.2%) 1.19[0.78-1.83] 0.416
Implantable cardioverter defibrillator:
Yes 28 (24.6%) 20 (18.0%) 1.36 [0.82-2.27] 0.231 0.318
No 27 (21.6%) 26 (22.6%) 0.95 [0.59-1.54] 0.851

H-0 - Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation; heterogeneity of relative risks, P-value
for null hypothesis testing equality of relative risks in subgroups, pVO, — peak oxygen consumption, nsVT — non-sustained ventricular
tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (=) — absence of nsVT in ECG Holter, NT-proBNP — N-terminal fragments of
B-type natriuretic peptide, relative risk — the ratio of risks of the HCTR group and the UC group, UC — usual care.
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Table V. Comparison of improvement in PVC > 10 (PVC > 10 (+) in H-0 and PVC > 10 () in H-9) in the HCTR and UC
groups depending on the demographic and clinical characteristics — univariable analysis and group heterogeneity
in terms of relative benefit analysis

Variable HCTR uc Relative benefit  P-value: P-value:
H-0: H-0: [95% CI] HCTR vs. heterogeneity
PVC>10(+) PVC=>10(+) uc of relative
N =221 N = 242 benefits
_ 33 (14.9%) 43 (17.8%) 0.84[0.55-127]  0.411

Gender:
Male 31 (15.2%) 40 (17.9%) 0.85 [0.55-1.31] 0.460 0.835
Female 2 (11.8%) 3(16.7%)  0.71[0.13-3.72]  1.000

Age [years]:
<62 21 (23.6%) 25 (21.5%) 1.09 [0.66-1.82] 0.728 0.225
> 62 12 (9.1%) 18 (14.3%) 0.64[0.32-1.27]  0.193

Heart failure etiology:
Ischemic 18 (12.2%) 27 (16.9%) 0.72[0.41-1.25]  0.240 0.388
Nonischemic 15 (20.5%) 16 (19.5%) 1.05 [0.56-1.98] 0.872

Left ventricular injection fraction (%):
<35 25 (15.7%) 27 (14.4%)  1.09[0.66-1.80]  0.739 0.046
> 35 8 (12.9%) 16 (29.1%)*  0.44[0.21-0.95] 0.030

pVO, [ml/kg/min]:
<14 6 (8.2%) 13 (14.6%) 0.56 [0.22-1.41] 0.209 0.326
> 14 27 (18.2%) 30 (19.7%) 0.92 [0.58-1.48] 0.742

ApVO, [ml/kg/min]:
<20 22 (13.9%) 34 (19.0%) 0.73[0.45-1.20] 0.212 0.138
220 11 (18.0%) 6 (11.3%) 1,59 [0.63-4.02] 0.316

A% pVO, (%):
<6 20 (13.8%) 33 (18.9%) 0.73[0.44-1.22] 0.225 0.178
>6 13 (17.6%) 7 (12.3%)  1.43[0.61-3.35]  0.404

NTproBNP (tercile):
1+2 24 (17.8%) 25 (18.2%) 0.97 [0.59-1.62] 0.920 0.316
3 9 (10.5%) 18 (17.1%) 0.61[0.29-1.29]  0.187

Estimated glomerular filtration rate

[ml/min]:
<60 10 (12.3%) 13 (17.3%) 0.71[0.33-1.53] 0.380 0.596
> 60 23 (16.4%) 30 (18.0%) 0.91 [0.56-1.50] 0.723

Basic cardiac rhythm:
Sinus rhythm 28 (16.7%) 32 (16.7%) 0.99 [0.63-1.58] 0.982 0.121
Atrial fibrillation 5 (9.4%) 11 (22.0%) 0.43[0.16-1.15]  0.078

Diabetes mellitus:
Yes 14 (17.11) 12 (13.9%) 1.22 [0.60-2.49] 0.576 0.195
No 19 (13.7%) 31(19.9%) 0.69[0.41-1.16]  0.156

New York Heart Association class:
/1l 31 (16.9%) 37 (19.7%)  0.86[0.56-1.33]  0.495 0.475
I 2 (5.3%) 6 (11.1%) 0.47 [0.10-2.22] 0.463

Cardiac resynchronization therapy:
Yes 11 (16.9%) 9(12.2%)  1.39[0.62-3.15]  0.425 0.147
No 22 (14.1%) 34 (20.2%) 0.70[0.43-1.14] 0.144

Implantable cardioverter defibrillator:
Yes 20 (16.9%) 26 (18.8%) 0.90 [0.53-1.53] 0.694 0.737
No 13 (12.6%) 17 (16.4%) 0.77 [0.40-1.51] 0.447

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation, heterogeneity of relative benefits —
p-value for null hypothesis testing equality of relative benefits in subgroups, pVO, — peak oxygen consumption, NT-proBNP — N-terminal
fragments of B-type natriuretic peptide, PVCs — premature ventricular complexes, PVC > 10 (+) — presence of PVCs > 10 beats per hour in
ECG Holter, PVC > 10 (=) — absence of PVCs > 10 beats per hour in ECG Holter, relative benefit — the ratio of benefits of the HCTR group
and the UC group, UC — usual care.
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Table VI. Comparison of worsening in PVCs > 10 [PVC > 10 (-) in H-0 and PVC > 10 (+) in H-9] in the HCTR and UC
groups depending on the demographic and clinical characteristics — univariable analysis and group heterogeneity
in terms of relative risk analysis

Variable HCTR uc Relative risk P-value: P-value:
H-0: H-0: [95% ClI] HCTR vs. heterogeneity
PVC>10(-) PVC>10(-) uc of relative
N =161 N = 149 risks
_ 36 (22.4%) 33 (22.1%) 1.01[0.67-1.53]  0.964
Gender:
Male 32 (23.2%) 28 (22.8%) 1.02 [0.65-1.59] 0.935 0.854
Female 4 (17.4%) 5(19.2%) 0.90 [0.28-2.97] 1.000
Age [years]:
<62 17 (19.5%) 13 (16.7%) 1.17 [0.61-2.26] 0.633 0.562
>62 19 (25.7%) 20 (28.2%)  0.91[0.53-1.56]  0.735
Heart failure etiology:
Ischemic 28 (26.7%) 24 (27.0%)  0.99[0.62-1.58]  0.963 0.946
Nonischemic 8 (14.3%) 9 (15.0%) 0.95 [0.40-2.30] 0.913
Left ventricular injection fraction (%):
<35 21 (23.9%) 23 (27.4%) 0.87 [0.52-1.45] 0.597 0.345
> 35 15 (20.5%) 10 (15.4%) 1.34 [0.65-2.76] 0.432
pVO, [ml/kg/min]:
<14 12 (29.3%) 11 (27.5%) 1.06 [0.53-2.13] 0.860 0.853
> 14 24 (20.0%) 22 (20.4%) 0.98[0.59-1.65]  0.944
ApVO,[ml/kg/min]:
<20 18 (20.2%) 29 (25.7%) 0.79 [0.47-1.32] 0.364 0.070
>2.0 18 (25.0%) 4(11.8%) 2.12[0.77-5.80] 0.117
A% pVO, (%):
<6 19 (20.6%) 26 (24.1%)  0.86[0.51-1.45]  0.563 0.323
>6 17 (25.6%) 7 (17.9%) 1.37 [0.30-3.02] 0.422
NTproBNP (tercile):
1+2 19 (15.8%) 23 (20.4%) 0.78 [0.45-1.35] 0.370 0.123
3 17 (41.5%) 10 (27.8%) 1.49 [0.79-2.83] 0.209
Estimated glomerular filtration rate
[ml/min]:
<60 18 (29.5%) 14 (29.8%) 0.99 [0.55-1.78] 0.975 0.959
> 60 18 [18.0%) 19 (18.6%)  0.97[0.54-1.73]  0.908
Basic cardiac rhythm:
Sinus rhythm 30 (22.1%) 30 (23.8%) 0.93 [0.59-1.44] 0.736 0.433
Atrial fibrillation 5(21.7%) 3(13.6%)  1.59[0.43-5.89]  0.699
Diabetes mellitus:
Yes 16 (34.0%) 20 (41.7%) 0.82[0.49-1.37]  0.444 0.228
No 20 (17.5%) 13 (12.9%) 1.36 [0.72-2.60] 0.343
New York Heart Association class:
1711 29 (20.9%) 24 (18.9%) 1.10 [0.68-1.79] 0.688 0.460
11 7 (31.8%) 9 (40.9%) 0.78 [0.35-1.72] 0.531
Cardiac resynchronization therapy:
Yes 7 (16.3%) 15 (42.9%) 0.38[0.17-0.83] 0.009 0.002
No 29 (24.6%) 18 (15.8%)  1.56[0.92-2.64]  0.096
Implantable cardioverter
defibrillator:
Yes 20 (27.8%) 12 (17.7%) 1.57 [0.83-2.97] 0.154 0.057
No 16 (18.0%) 21 (25.9%) 0.69[0.39-1.23]  0.210

H-0 — Holter at baseline, H-9 — Holter after 9 weeks, HCTR — hybrid comprehensive telerehabilitation, heterogeneity of relative risks —
p-value for null hypothesis testing equality of relative risks in subgroups, pVO, — peak oxygen consumption, NT-proBNP — N-terminal
fragments of B-type natriuretic peptide, PVCs — premature ventricular complexes, PVC > 10 (+) — presence of PVCs > 10 beats per hour in
ECG Holter, PVC > 10 () — absence of PVCs > 10 beats per hour in ECG Holter, relative risk — the ratio of risks of the HCTR group and the
Uc group, UC — usual care.
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Table VII. Independent factors determining improvement/worsening effect in nsVT /PVCs > 10 in HCTR+UC groups
— multivariable analysis

Clinical variables 0Odds ratio [95% ClI] P-value C-statistic [95% Cl]

LVEF > 35% vs. < 35%

Gender: female vs. male

< 0.0001
0.034

2.95[1.72-5.06]
2.39[1.07-5.34]

0.620 [0.561; 0.679]

NYHA class at base — Il vs. /Il 1.81[1.05-3.12] 0.546 [0.500; 0.592]
Age < 62 years

NYHA class at base — /11 vs. llI

2.13[1.28-3.52]
2.23[1.03-4.86]

0.625 [0.562; 0.687]

DM (+) vs. DM (-) 3.41[1.95-5.97] < 0.001 0.641[0.575; 0.707]

95% Cl — 95% confidence interval, DM (+) — presence of diabetes mellitus, DM (-) — absence of diabetes mellitus, LVEF — left ventricular
injection fraction, nsVT — non-sustained ventricular tachycardia, nsVT (+) — presence of nsVT in ECG Holter, nsVT (-) — absence of nsVT in
ECG Holter, NYHA — New York Heart Association, PVCs — premature ventricular complexes, PVC > 10 (+) — presence of PVCs > 10 beats per

hour in ECG Holter, PVC > (-) — absence of PVCs > 10 beats per hour in ECG Holter.

Heart failure, VA and safety of exercise
training

Changes in the electrical and mechanical func-
tion of the failing heart, including left ventricular
remodeling, fibrosis, regional hypertrophy and in-
creased vascular resistances, can predispose a HF
patient to VA [1, 12].

One of the factors responsible for VA in HF pa-
tients is the activation of neurohormonal mech-
anisms. Sympathetic stimulation and down-regu-
lation of the parasympathetic system contribute
not only to the proarrhythmic environment, but
also to changes in the mechanical function of the
heart muscle that lead to myocardial remodeling
and fibrosis, which in turn increase the risk of ar-
rhythmias [1].

Considering the above, it should be noted that
physical effort during exercise training can lead to
an acute increase in the susceptibility to VA by ac-
tivating the sympathetic nervous system, decreas-
ing vagal activity and increasing hemodynamic
overload of the cardiovascular system [13, 14].

These considerations underscore the impor-
tance of the exercise training plan in terms of
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Figure 2. Kaplan-Meier plot of cardiovascular mor-
tality by randomized treatment arm and nsVT

nsVT — non-sustained ventricular tachycardia, HCTR —
hybrid comprehensive telerehabilitation, UC — usual care.

its type (endurance, resistance and strength), in-
tensity (aerobic versus anaerobic); method (con-
tinuous versus intermittent/interval); setting
(center-based versus home-based); application
(systemic, regional and respiratory muscle) and

Table VIII. Cardiovascular death; multiple comparisons of the pairs of survival curves using the Bonferroni correc-

tion of the raw p-values

nsVT P-value

Strata comparison %2 Raw Bonferroni
HCTR, worsening effect HCTR, improvement effect 12.0127 0.0005 0.0032
HCTR, worsening effect UG, worsening effect 0.0755 0.7835 1.0000
HCTR, worsening effect UC, improvement effect 4.8831 0.0271 0.1627
HCTR, improvement effect UG, worsening effect 10.2235 0.0014 0.0083
HCTR, improvement effect UC, improvement effect 1.2201 0.2693 1.0000
UG, worsening effect UG, improvement effect 3.8069 0.0510 0.3063

Adjustment for multiple comparisons for the logrank test, nsVT — non-sustained ventricular tachycardia, HCTR — hybrid comprehensive

telerehabilitation, UC — usual care.
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control (supervised versus non-supervised) [15].
This highly systematic approach to training makes
it safe as a therapeutic strategy in HF patients.

Previously published results of the TELEREH-HF
study confirmed the safety of HCTR when it is in-
dividually tailored to the patient’s clinical presen-
tation and needs.® In comparison with UC, HCTR
is safe due to not being associated with exacer-
bation of VA.

These findings should further encourage the
implementation of telerehabilitations at the pa-
tient’s home.

In this substudy, we analyzed another is-
sue; namely, we sought to determine whether
a 9-week safe and functionally effective exercise
training program activates mechanisms affecting
the frequency of occurrence of potentially prog-
nostically significant VA.

Heart failure, exercise training and the
incidence of prognostically significant VA

The beneficial effects of long-term moderate
exercise on preventing arrhythmias include the
improvement in autonomic balance in favor of the
vagal component, the improvement in baroreflex
sensitivity, the improvement in left ventricular
dysfunction through the enhancement of myocar-
dial perfusion and contractility, and the improve-
ment in the endothelium-dependent dilation of
coronary arteries [16].

Despite this pathophysiological evidence, there
are very few available studies assessing whether
the improvement effect of exercise training on
functional outcomes results in a positive effect
on VA in HF patients. Moreover, in published trials
evaluating the effect of the rehabilitation process
on VA, we found a small number of patients with
a reduced LVEF < 40% [4, 9].

The available studies are further limited by
their methodology as they are mostly single cen-
tered retrospective studies, hindered by small
numbers of subjects and lack of randomization or
a control group.

Hertzeanu et al. concluded that a long-term
(36 or 60 months) rehabilitation program de-
creases neuroadrenergic activity, the arrhythmo-
genic effect of catecholamines and consequently
the incidence of VA in post-myocardial infarction
patients with left ventricular dysfunction (LVEF
< 40%), compared with similar patients who were
not in any rehabilitation program [9]. Comparing
the above results to ours, we should point out that,
on the one hand, we were concentrated only on
potentially prognostically significant arrhythmias
(nsVT and PVC frequency), and, on the other hand,
the period of exercise training in the TELEREH-HF
study was shorter (9 weeks). Perhaps it was too
short to achieve the advantageous impact on the

neuroadrenergic activity and trigger the beneficial
effect on preventing VA.

Boukhris et al. assessed the impacts of out-pa-
tient rehabilitation on ventricular repolarization
indexes (QTc, QTc dispersion) and VA in patients
suffering from coronary artery disease with type 2
diabetes (8% of them had LVEF less than 30%) [4].
They concluded that rehabilitation resulted in im-
provement in the majority of ventricular repolar-
ization indexes in the studied population, decreas-
ing the frequency of VA. The relatively small and
heterogeneous sample of the study (122 patients),
the fact that the ECG Holter analysis focused only
on Lown classes and the lack of a control group for
the intervention make it difficult to directly com-
pare these results to our study. Moreover, different
protocols and models of rehabilitation and their
different intensity, duration, comprehensiveness
make them difficult to compare to the results ob-
tained in our study.

Predictors determining improvement and
the worsening effect of HCTR in VA

The multivariable analysis of the entire popula-
tion (both HCTR and UC groups) did not identify
HCTR as an independent factor determining both
improvement and the worsening effect in terms of
nsVT or PVCs > 10, after 9 weeks of both therapeu-
tic strategies. It should be mentioned, however,
that it identified independent factors associated
with an improvement effect such as female sex,
age < 62 years, LVEF > 35% and NYHA class | or Il.
These variables are not unexpected and were pre-
viously identified in other reports [5]. Unfortunate-
ly, none of these studies focused on the occurrence
of prognostically significant VA evaluated as in our
study (nsVT, PVCs > 10). This also supports the no-
tion that healthier HF subjects (relatively young,
with better functional class and higher LVEF) have
lower risk of arrhythmic events [5].

We found no previous reports indicating the
worsening effect of rehabilitation on VA. Howev-
er, it should be noted that the multivariable anal-
ysis of the entire population (both HCTR and UC
groups) identified independent factors associated
with the worsening effect, namely, NYHA class IlI
at baseline and diabetes mellitus. This is in line
with the notion that high NYHA functional class
is a marker of high-risk patients and was inde-
pendently related to an increased risk of death
from cardiovascular origin [5, 17]. Briongos-Figue-
ro et al. found that cardiovascular mortality risk
was highest in NYHA class Il compared with
NYHA | and NYHA Il patients [17].

Also, it is becoming increasingly apparent that
diabetes mellitus impacts the electrical conduc-
tion system of the heart, leading to brady- and
tachyarrhythmias, including life-threatening VA.
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The relationship between diabetes and arrhyth-
mias is complex and multifactorial, including auto-
nomic dysfunction, atrial and ventricular remodel-
ing and molecular alterations [18].

Movahed et al. concluded that diabetes could
be an independent risk marker of VA and using
multivariate analysis, diabetes remained inde-
pendently associated with ventricular fibrillation
[19]. The presence of diabetes negates the ben-
eficial effects of rehabilitation on QT dispersion
as an independent predictor for VA and sudden
cardiac death [7].

Prognostically significant improvement
of physical capacity and long-term
cardiovascular mortality

Considering the physical capacity assessed on
the basis of CPET results as a prognostic signifi-
cance parameter of the effect of HCTR, we com-
pared it with the effect of HCTR on nsVT or PVCs
> 10 treated also as a prognostic significance
parameter. According to Tabet et al. we assumed
ApVO, = 2.0 ml/kg/min and A% pVO, > 6% after
9 weeks of telerehabilitation as the prognostical-
ly significant improvement of physical capacity in
CPET [20]. In our study, being assigned to the HCTR
group, and achieving prognostically significant
improvement of physical capacity in CPET, did not
correlate with the antiarrhythmic effect in terms of
incidence of nsVT or PVCs > 10. On the other hand,
in the HCTR group alone, the antiarrhythmic effect
in terms of incidence of nsVT significantly reduced
cardiovascular mortality in long-term follow-up. It
means that significant improvement in physical
capacity after 9 weeks of HCTR is insufficient to
reduce cardiovascular mortality in long-term fol-
low-up. The achievement of an antiarrhythmic ef-
fect in the HCTR group is the necessary condition
to significantly reduce cardiovascular mortality in
long-term follow-up in HF patients.

The question is why in our study the functional
improvement after telerehabilitation did not af-
fect the occurrence of nsVT or PVCs > 10. Perhaps
the period of 9 weeks of telerehabilitation is suffi-
cient to improve physical capacity but too short to
trigger the beneficial effect of long-term moderate
exercise on preventing arrhythmias, particularly
the improvement in autonomic balance in favor
of the vagal component and the improvement in
baroreflex sensitivity [15, 16].

In conclusion, significant improvement in
physical capacity after 9 weeks of HCTR did not
correlate with the antiarrhythmic effect in terms
of incidence of nsVT or PVCs > 10, and this im-
provement is insufficient to reduce cardiovascu-
lar mortality in long-term follow-up. Only through
the achievement of the antiarrhythmic effect in
terms of incidence of nsVT after the 9-week HCTR

is cardiovascular mortality significantly reduced in
long-term follow-up in HF patients.
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ARTICLE INFO ABSTRACT
Keywords: Background: Regular exercise training is beneficial in heart failure (HF) patients. However, its potential proar-
Predictors of proarrhythmia rhythmic effect is possible but has not been sufficiently investigated.

Exercise training

Heart fail Objective: To identify patients at risk for proarrhythmic effect after the 9-week of hybrid comprehensive tele-
eart railure

rehabilitation (HCTR) program vs the 9-week of usual care (UC) and to investigate its predictors and impact on
cardiovascular mortality based on data from the TELEREH-HF RCT.

Methods: Proarrhythmic effect, strictly defined on the basis of available standards was evaluated by comparing
24-h Holter ECG before and after 9-week of HCTR or UC of 773 HF patients (The New York Heart Association
class I-II1, left ventricular ejection fraction <40%).

Results: The proarrhytmic effect was found in 78 (20.4%) and in 61 (15.6%) patients in the HCTR and UC group
respectively, and the difference between groups was not statistically significant (p = 0.081). However, univariate
analysis identified several statistically significant predictors of proarrhythmia in HCTR only vs the UC group.
After a multivariate analysis ischaemic aetiology of HF (OR = 2.27, p = 0.008), peak oxygen consumption at
baseline <14 ml/kg/min (OR = 2.03, p = 0.012) and level of N-terminal-pro B-type natriuretic peptide (NT-proBNP)
in the first and the second tercile (OR = 1.85, p = 0.043) were identified to be independent predictors of proar-
rhytmic effect of exercise training among the HF patients in HCTR group only.

Conslusions: Patients who underwent a 9-week HCTR were not at a higher risk of proarrhythmic effect after its
completion compared to UC. However, predictors of proarrhythmia such as ischemic aetiology of HF, poor
physical capacity, lower NT-proBNP level were discovered in the HCTR group only, yet it does not cause a
significant risk of cardiovascular mortality including sudden cardiac death in long-term follow-up.
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Introduction

The role of novel strategies of heart failure (HF) management are of
intense interest [1,2]. Hybrid cardiac telerehabilitation (HCTR) is an
innovative option encompassing lifestyle and nutritional counselling,
optimization of cardiovascular risk factors, psychological support, and
remotely supervised exercise training as the core component [3,4]. The
beneficial effects of exercise training regarding physical capacity and
quality of life improvement are well established but its effect on ven-
tricular arrhythmias (VA) still remains unclear [1,5-7].

Despite pathophysiological evidence of the positive effects of long-
term moderate exercise on preventing arrhythmias in HF patients,
such as improvement of the abnormal sympathovagal balance, lowering
levels of circulating catecholamines, increased vagal tone, there is
insufficient clinical data to show that exercise training reduces the
burden of VA as well as the risk of sudden cardiac death (SCD) and
mortality [7-10].

On the other hand, depending on the duration of exercise training, its
effect on the autonomic nervous system may vary. At the beginning
sympathetic stimulation and down-regulation of the parasympathetic
system contribute not only to the proarrhythmic environment, but also
to changes in the mechanical function of the heart muscle that lead to
myocardial remodelling and fibrosis, which in turn increase the risk of
arrhythmias [8,9]. Therefore, the problem of VA in the context of ex-
ercise training in HF patients should be considered in two aspects. Its
potentially antiarrhythmic effect and the possibility of the occurrence of
its proarrhythmic effect as well. Thus, in our previous substudy of the
TELEREH-HF RCT we focused on potentially antiarrhythmic effect of
exercise training [7]. The main finding is that when compared to 9-week
of usual care (UC), the 9-week of HCTR was not associated with changes
in VA. However, the antiarrhythmic effect in terms of decreasing inci-
dence of nsVT in HCTR group alone, significantly reduced cardiovas-
cular mortality in long-term observation [7]. The positive effect of
exercise training on VA can also be found in a few studies available
[8,9].

To date, there are no published studies assessing potential proar-
rhythmic effect of exercise training in HF patients. This is especially
important in the context of patients for whom the exercise training is
individually tailored based on symptom-limited cardiopulmonary ex-
ercise test results. We also found no previous reports indicating in detail
the worsening effect of exercise training on VA.

Another important issue is the defining of the risk factors for a
proarrhythmic effect after the cardiac rehabilitation program is
completed. Determining the risk factors and predictors contributing to
proarrhythmic effect of exercise training may play an additional role
both in qualification for rehabilitation as well as optimization of exercise
training modalities including its type, intensity, and method.

Therefore, the present subanalysis was aimed to identify patients at
risk for proarrhythmic effect after the 9-week of hybrid comprehensive
telerehabilitation (HCTR) program vs the 9-week of usual care (UC) and
to investigate its predictors and impact on long term cardiovascular
mortality based on data from the TELEREH-HF study.

Materials and methods

The design and main results of the TELEREH-HF trial have been
published already elsewhere [5,12]. The study was a randomized, multi-
centre (5 centres in Poland), prospective, open-label, parallel group,
controlled trial, which included 850 HF patients with the New York
Heart Association (NYHA) class I-III and left ventricular ejection fraction
(LVEF) < 40% after a hospitalization due to worsening HF within 6
months prior to randomization. All patients were randomized in a 1:1
ratio to either HCTR plus UC or to UC only. The HCTR intervention
encompassed telecare, telerehabilitation (including three training mo-
dalities: endurance aerobic Nordic walking training, respiratory muscle
training, and light resistance and strength exercises) and remote
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monitoring of cardiovascular implantable electronic devices. Patients
from the UC group after the baseline clinical examinations were
observed until the end of the ninth week. They received UC appropriate
for their clinical status and standardized within a particular centre
(some of them could participate in a rehabilitation program). All pa-
tients, regardless of the treatment group, received recommendations for
suitable lifestyle changes and self-management according to guidelines
[1-3]. The research protocol was registered in a clinical database
(ClinicalTrials.gov NCT02523560) and followed the ethical guidelines
of Declaration of Helsinki. The trial was approved by the local ethics
committee (IK-NP-0021-85/1402/13). Informed consent was obtained
from patients.

Holter electrocardiography

A twelve-channel 24-h Holter electrocardiographic monitoring
(Holter ECG) was performed using Holter digital recorder Lifecard CF
(Del Mar Reynolds Medical UK/USA). The Holter ECG was a part of the
patients' assessments at entry and repeated after completing the 9-week
of HCTR or completing the 9-week of UC. The Holter recordings were
analyzed using commercially available analysis software (Pathfinder SL,
Spacelab's Healthcare, Snoqualmie, Wisconsin, USA). The crucial con-
dition for including the patient in the study was to receive two good
quality Holter ECG for each analyzed patient. Quality control was per-
formed by trained cardiologists.

Holter analysis

In our substudy we focused on the potential proarrhythmic effect of
HCTR or UC. We performed and compared quantitative (number of
premature ventricular contractions [PVCs]) and qualitative (new onset
of arrhythmia, presence or absence of non-sutained ventricular tachy-
cardia [nsVT]) VA analysis based on assessment of Holter ECG at
baseline and after 9 weeks of HCTR or UC.

According to the recommendation, three criteria for occurrence of
proarrhythmia were strictly defined. The proarrhythmic effect existed if
there was: (a) an increase of >3-fold in the frequency of PVCs when
baseline PVCs are >100 PVCs/h; (b) an increase of >10-fold in the
frequency of PVCs when baseline PVCs are <100 PVCs/h; or (c) new
onset of arrhythmia (PVCs, nsVT) not presented at the baseline [13,14].

In uni- and multivariable analyses 16 demographic and clinical
factors: gender, age, HF aetiology, LVEF, peak oxygen consumption
(pVOy) in cardiopulmonary exercise test, ApVO,, N-terminal-pro B-type
natriuretic peptide (NT-proBNP), estimated glomerular filtration rate
(eGFR), basic cardiac rhythm, diabetes mellitus, NYHA class, cardiac
resynchronization therapy (CRT) or implantable cardioverter defibril-
lator (ICD) and amiodaron or digoxin therapy were considered.

Statistical analysis

Descriptive statistics were used to report the characteristics of the
patients at baseline. The continuous variables are presented as means +
SD or as medians and inter-quartile ranges for normally and non-
normally distributed data. The categorical variables are presented as
counts and percentages. For between-group comparisons Student's t-test,
the Wilcoxon rank-sum test, the chi? test of independence or Fisher's
exact test was used, as appropriate. The ordinal variable (NYHA) was
compared using Cochran-Mantel-Haenszel modified ridit scores (row
mean scores statistic). In the main proarrhythmic effect analysis, pa-
tients were first stratified into 2 categories according to their de-
mographic or clinical characteristics. For this purpose, continuous
variables (age, LVEF, pVO,) were dichotomized (NT-proBNP according
to the worst tercile vs the other two terciles). Subsequently, the relative
risk with their 95% confidence limit (CL) of the subgroups was calcu-
lated. After that, multivariable logistic regression analysis was used to
identify independent predictors of proarrhythmia. Variables were
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selected in the backward elimination manner. A significance level of
0.05 was required to allow a variable to stay in the model. Cardiovas-
cular survival curves were constructed using Kaplan-Meier methods and
compared by the log-rank test with Bonferroni correction to the raw p-
values of the paired tests. Two-tailed p-values of 0.05 or less were
considered to indicate statistical significance. SAS software, version 9.4,
was used for all analysis.

Results

A total of 1562 Holter recordings of 781 patients were analyzed.
Three hundred eighty-six patients were from the HCTR and 395 from the
UC groups. Due to the poor quality Holter ECG recording, we excluded 4
patients from each group. Eventually, 382 and 391 patients from the
HCTR and the UC arms, respectively were included in our substudy
(Fig. 1).

Study arms HCTR vs UC were not significantly different by
randomization in terms of demographic data, baseline clinical parame-
ters and treatment. The baseline characteristics of the cohort at
randomization are presented on the left side of Table 1. Beta-blockers,
digoxin and antiarrhythmic agents dosing did not change over the 9-
week period of HCTR or observation. The baseline demographic data,
clinical parameters and treatment of the HCTR vs UC patients with only
proarrhythmic effect are presented on the right side of Table 1. Proar-
rhythmic arms of HCTR vs UC were significantly different in terms of
ischaemic aetiology of HF (79.5 vs 60.7%, p = 0.015), digoxin (5.1 vs
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16.4%, p = 0.028) and aspirin/clopidogrel (71.8 vs 42.6%, p < 0.001)
therapy. The differences in aetiology of HF and digoxin therapy were
consistent with the results of the univariate analysis between that group
and antiplatelet therapy is directly related to ischaemic aetiology of HF.

The current subanalysis showed that the defined proarrhytmic effect
was found in 78 (20.4%) patients in the HCTR group and in 61 (15.6%)
patients in the UC group and the difference between groups was not
statistically significant (p = 0.081) (Table 2).

Comparison of the proarrhythmic effect in the HCTR and UC groups
depending on 16 demographic and clinical characteristics showed sig-
nificant differences between these groups. Univariable analysis showed
that ischaemic aetiology of HF (24.5 vs 14.9%, p = 0.007), pVO_ at
baseline <14 ml/kg/min (26.3 vs 14.7%, p = 0.025), level of NT-proBNP
in the first and the second tercile (22.8 vs 14.4%, p = 0.016), eGFR > 60
ml/min. (21.2 vs 14.1%, p = 0.035), presence of ICD (20.5 vs 13.1%, p =
0.048), absence of CRT (21.2 vs 13.5%, p = 0.016) and lack of amio-
darone (21.0 vs 14.9%, p = 0.043) or digoxin therapy (22.1 vs 15%, p =
0.017) were statistically significant predictors of proarrhythmia in
HCTR than UC group (Table 3).

In multivariable analysis of the only HCTR group, ischaemic aeti-
ology of HF (OR = 2.27,95% CI: 1.24-4.17, p = 0.008), pVO; at baseline
<14 ml/kg/min vs > 14 ml/kg/min (OR = 2.03, 95% CI: 1.17-3.52,p =
0.012) and level of NT-proBNP in the first and the second tercile vs 3
tercile (OR = 1.85, 95% CI: 1.02-3.37, p = 0.043) were independent
predictors of proarrhythmia.

In multivariable analysis of only the UC group, no independent

Assessed for eligibility (n = 2333)

Did not meet inclusion/exclusion

4

(n=8306)
Not meeting inclusion criteria

A 4

A 4

Unwilling to participate (n = 647)

Randomized 1:1 (n = 850)

A 4

Hybrid comprehensive telerehabilitation group (n = 425)

Did not undergo HCTR (n =27)

A

A 4

Started HCTR (n = 398)

Discontinued HCTR
Death (n =2) <
Another reason (n = 10)

v
Completed HCTR
Data at 9 weeks (n = 386)

Evaluated two 24-hour Holter ECGs
(at baseline and after 9-week HCTR) (n = 382)

A 4

Usual care group (n=425)

Discontinued UC
Death (n=2)
Another reason (n=28)

A\ 4
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Data at 9 weeks (n = 395)

'

Evaluated two 24-hour Holter ECGs
(at baseline and after 9-week UC) (n=391)

Fig. 1. Flow of patients through the TELERH-HF study — subanalysis of proarrhythmic effect.
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Table 1
Baseline Characteristics.
Characteristic Hybrid Comprehensive Usual Care Group (n pl- Patients, No. (%) p2-
Telerehabilitation =391) value with proarrhythmic effect value
Group (n = 382) .. ..
Receiving Receiving
Hybrid Usual Care
Comprehensive (n=61)
Telerehabilitation
(n=78)
Males, n (%) 342 (89.5) 347 (88.7) 0.727 71 (91.3) 55 (90.2) 0.862
Age (years), mean + SD 62.1 £10.8 61.9 +£10.3 0.701 63.0 +£10.3 62.2 + 0.679
10.3
LVEF (%), mean =+ SD 31.0 £ 6.9 30.3+7.0 0.168 31.9 £ 6.5 299 +7.0 0.092
BMI (kg/m®), mean + SD 28.8 £5.1 29.1 £4.7 0.397 29.7 £ 4.5 29.1 + 4.8 0.498
Aetiology of heart failure, n (%)
Ischaemic 253 (66.2) 249 (63.7) 0.458 62 (79.5) 37 (60.7) 0.015
Non-ischaemic 129 (33.8) 142 (36.3) 16 (20.5) 24 (39.3)
Past medical history, n (%)
Myocardial infarction 226 (59.2) 217 (55.5) 0.303 52 (66.7) 33 (54.1) 0,131
Angioplasty 185 (48.4) 178 (45.5) 0.418 42 (53.8) 25 (41.0) 0.132
Coronary artery bypass grafting 58 (15.2) 63 (16.1) 0.722 22 (28.2) 11 (18.0) 0.162
Hypertension 226 (59.2) 250 (63.9) 0.172 49 (62.8) 41 (67.2) 0.591
Atrial fibrillation or atrial flutter 76 (19.9) 73 (18.7) 0.666 11 (14.1) 10 (16.4) 0.708
Diabetes mellitus; 129 (33.8) 134 (34.3) 0.883 31(39.7) 24 (39.3) 0.962
Stroke 21 (5.5) 28(7.2) 0.343 7 (9.0) 7 (11.5) 0.627
Chronic kidney disease 71 (18.6) 63 (16.1) 0.364 10 (12.8) 10 (16.4) 0.551
Hyperlipidemia 189 (49.5) 170 (43.5) 0.095 39 (50.0) 24 (39.3) 0.210
Depression * 74 (22.9) 87 (26.6) 0.275 19 (28.8) 21 (41.2) 0.161
Functional status by New York Heart Association class
I, n (%) 51 (13.49) 48 (12.3) 0.387 10 (12.8) 7 (11.5) 0.502
1L, n (%) 271 (70.9) 267 (68.3) 54 (69.2) 38 (62.3)
111, n (%) 60 (15.7) 76 (19.4) 14 (18.0) 16 (26.2)
Treatment, n (%)
p-Blocker 367 (96.1) 383 (97.9) 0.124 75 (96.1) 61 (100) 0.256
Angiotensin-converting enzyme inhibitors/ 357 (93.5) 367 (93.9) 0.817 73 (93.6) 57 (93.4) 1.00
angiotensin-receptor blockers
Digoxin 47 (12.3) 50 (12.8) 0.839 4(5.1) 10 (16.4) 0.028
Loop diuretics 279 (73.0) 306 (78.3) 0.091 59 (75.6) 49 (80.3) 0.510
Spironolactone/eplerenone 316 (82.7) 320 (81.8) 0.748 64 (82.1) 51 (83.6) 0.810
Aspirin/clopidogrel 218 (57.1) 222 (56.8) 0.735 56 (71.8) 26 (42.6) <0.001
Anticoagulants 113 (29.6) 119 (30.4) 0.796 19 (24.49) 21 (34.4) 0.193
Novel oral anticoagulants 61 (16.0) 54 (13.8) 0.399 12 (15.4) 12 (19.7) 0.507
Statins 318 (81.9) 321 (82.1) 0.954 67 (85.9) 49 (80.3) 0.380
Amiodarone 68 (17.8) 62 (15.9) 0.470 12 (15.4) 12 (19.7) 0.506
Cardiovascular implantable electronic devices 301 (78.8) 319 (81.6) 0.330 60 (76.9) 51 (83.6) 0.330
Pacemaker 3.1 4(1.2) 0.964 11.7) 1(2.0) 0.468
Implantable cardioverter-defibrillator 190 (63.1) 206 (64.6) 39 (65.0) 27 (52.9)
Cardiac resynchronization therapy with peacemaker 4(1.3) 4(1.3) 0 (0.0) 1 (2.0)
function
Cardiac resynchronization therapy and cardioverter- 104 (34.5) 105 (32.9) 20 (33.3) 22 (43.1)
defibrillator

pl-value, p value for the group receiving hybrid comprehensive telerehabilitation vs the group receiving usual care;
p2-value, p value for the group of patients with proarrhythmic effect receiving hybrid comprehensive telerehabilitation.
group vs the group of patients with proarrhythmic effect receiving Usual Care; BMI, body mass index;

LVEF, Left ventricular ejection fraction.
" Defined by a Beck Depression Inventory-II score of >13 points.

predictors of proarrhythmia were found.

Two patients died in the HCTR arm, 1 of noncardiovascular causes
and 1 because of a hemorrhagic stroke. Two deaths occurred during the
9-week observation period in the UC arm, 1 via SCD and the other at
home of an unknown cause [5].

After a mean follow-up of 14-26 months, there was no significant
difference in cardiovascular mortality including SCD (Table 4) between
the HCTR and UC regardless of the presence or of the absence of
proarrhythmic effect (p = 0.474; Fig. 2). Additionally, the cardiovas-
cular death including SCD analysis only in the HCTR group did not show
statistical significance between the 2 curves (HCTR No proarrhythmic
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effect vs HCTR Proarrhythmic effect) defined on the basis of the
occurrence of proarrhythmia (p = 0.174; Fig. 2).

Discussion

Exercise training is a recognized method of therapy that can affect
the factors determining not only the antiarrhythmic effect but also the
proarrhythmic effect. In our substudy we found that the risk of proar-
rhythmia does not differ significantly in the HCTR vs UC group. How-
ever, our substudy is the first randomized, controlled trial presenting an
assessment of the potential proarrhythmic effect of exercise training in a
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Table 2
Impact of 9-week Hybrid Comprehensive Telerehabilitation versus 9-week Usual Care on proarrhythmic effect.
Arrhythmic effect 24- h Holter ECG monitoring results HCTR (n = 382) UC (n = 391) P-value
(changes from the baseline)
Holter at baseline Holter after 9 weeks of HCTR/UC
Proarrhythmic effect PVCs <100/h > 10-fold increase in frequency of PVCs/h 78 61 0.081
PVCs >100/h > 3-fold increase in frequency of PVCs/h (20.4%) (15,6%)
PVCs (-) PVCs (+)
nsVT (-) nsVT (+)
No proarrhythmic effect PVCs <100/h < 10-fold increase in frequency of PVCs/h 304 330
PVCs >100/h < 3-fold increase in frequency of PVCs/h (79.6%) (84.4%)
PVCs (-) PVCs ()
nsVT (—) nsVT (-)

HCTR, hybrid comprehensive telerehabilitation; UC, usual care;
PVCs, premature ventricular contractions; nsVT, non-sustained ventricular tachycardia;
PVCs > 100/h, PVCs frequency is >100 PVCs/h in Holter ECG;
PVCs < 100/h, PVCs frequency is <100 PVCs/h in Holter ECG.

Table 3
Comparison of proarrhythmic effect in the HCTR and UC groups depending on the demographic and clinical characteristics —univariable analysis and group's het-
erogeneity in terms of relative risk analysis.

Hybrid Comprehensive Telerehabilitation Group and Usual Care Group Proarrhythmic effect Relative risk p-value:
. . . [95% CI] HCTR
Proarrhythmic effect (n = 139) Relative risk p- value HCTR ucC Ref. UC vs UC
[95% CI] (n=78) (n=61)
Gender, n (%)
Male 126 (18.3%) Ref 0.526 71 (20.8%) 55 (15.8%) 1.31 [0.95-1.80] 0.095
Female 13 (15.5%) 0.85 [0.50-1.43] 7 (17.5%) 6 (13.6%) 1.28 [0.47-3.50] 0.625
Age (years), n (%)
<62 64 (17.3%) Ref 0.635 35 (19.9%) 29 (14.9%) 1.33 [0.85-2.08] 0.210
>62 75 (18.6%) 1.08 [0.80-1.46] 43 (20.9%) 32 (16.2%) 1.29 [0.85-1.94] 0.232
Heart failure aetiology, n (%)
Ischaemic 99 (19.7%) Ref. 0.087 62 (24.5%) 37 (14.9%) 1.65 [1.42-2.38] 0.007
Non-ischaemic 40 (14.8%) 0.75 [0.53-1.05] 16 (12.4%) 24 (16.9%) 0.73 [0.41-1.32] 0.297
LVEF (%),n (%)
>35 49 (19.2%) Ref. 0.531 31 (23.0%) 18 (15.0%) 1.53 [0.90-2.59] 0.107
<35 90 (17.4%) 0.90 [0.66-1.24] 47 (19.0%) 43 (15.9%) 1.20 [0.82-1.75] 0.343
pVO; (ml/kg/min), n (%)
>14.0 90 (17.1%) Ref. 0.295 48 (17.9%) 42 (16.1%) 1.18 [0.76-1.62] 0.591
<14.0 49 (20.2%) 1.18 [0.86-1.62] 30 (26.3%) 19 (14.7%) 1.79 [1.07-2.99] 0.025
A pVO; (ml/kg/min), n (%)
>2.0 49 (22.3%) Ref. 0.062 36 (27.1%) 13 (14.9%) 1.81 [1.02-3.21] 0.035
<2.0 89 (16.5%) 0.74 [0.54-1.01] 41 (16.6%) 48 (16.4%) 1.01 [0.69-1.48] 0.960
NT-proBNP (tertile), n (%)
1+2 94 (18.6%) Ref. 0.530 58 (22.8%) 36 (14.4%) 1.58 [1.08-2.30] 0.016
3 45 (16.8%) 0.90 [0.65-1.25] 20 (15.7%) 25 (17.7%) 0.89 [0.52-1.52] 0.665
Estimated glomerular filtration rate (ml/min), n (%)
>60 89 (17.5%) Ref. 0.618 51 (21.2%) 38 (14.1%) 1.50 [1.03-2.20] 0.035
<60 50 (18.9%) 1.08 [0.79-1.48] 27 (19.0%) 23 (18.8%) 1.01 [0.61-1.66] 0.973
Basic Cardiac Rhythm, n (%)
Sinus Rhythm 118 (18.8%) Ref. 0.239 67 (21.7%) 51 (15.9%) 1.37 [0.99-1.90] 0.060
Atrial Fibrillation 21 (14.6%) 0.78 [0.51-1.19] 11 (14.9%) 10 (14.3%) 1.04 [0.47-2.30] 0.922
Diabetes mellitus, n (%)
No 84 (16.5%) Ref. 0.128 47 (18.6%) 37 (14.4%) 1.29 [0.87-1.91] 0.203
Yes 55 (20.9%) 1.27 [0.94-1.72] 31 (24.0%) 24 (17.9%) 1.34 [0.83-2.16] 0.222
NYHA class, n (%)
I/11 109 (17.1%) Ref. 0.173 64 (19.9%) 45 (14.3%) 1.39 [0.98-1.97] 0.061
I 30 (22.0%) 1.29 [0.90-1.85] 14 (23.3%) 16 (21.0%) 1.11 [0.59-2.09] 0.750
CRT therapy, n (%)
No 96 (17.3%) Ref. 0.407 58 (21.2%) 38 (13.5%) 1.57 [1.08-2.28] 0.016
Yes 43 (19.8%) 1.14 [0.83-1.59] 20 (18.5%) 23 (21.1%) 0.88 [0.51-1.50] 0.633
ICD, n (%)
No 73 (19.4%) Ref. 0.329 39 (20.3%) 34 (18.4%) 1.11 [0.73-1.67] 0.635
Yes 66 (16.7%) 0.86 [0.64-1.16] 39 (20.5%) 27 (13.1%) 1.76 [1.00-2.45] 0.048
Amiodarone, n (%)
No 115 (17.9%) Ref. 0.876 66 (21.0%) 49 (14.9%) 1.41 [1.01-1.97] 0.043
Yes 24 (18.5%) 1.03 [0.69-1.54] 12 (17.6%) 12 (19.3%) 0.91 [0.44-1.88] 0.802
Digoxin, n (%)
No 125 (18.5%) Ref. 0.330 74 (22.1%) 51 (15.0%) 1.48 [1.07-2.04] 0.017
Yes 14 (14.4%) 0.78 [0.47-1.30] 4 (8.5%) 10 (20.0%) 0.43 [0.14-1.26] 0.108

HCTR, hybrid comprehensive telerehabilitation; UC, usual care; 95% CI, 95% confidence interval; p-value, for null hypothesis testing equality of relative benefits in
subgroups; LVEF, left ventricular ejection fraction; pVO,, peak oxygen consumption; NT- proBNP, N-terminal-pro B-type natriuretic peptide; eGFR, estimated
glomerular filtration rate; NYHA, New York Heart Assiciation; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator; RR, relative risk.
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Table 4
Sudden cardiac death in 14-26 months follow-up.
HCTR Group (n = 382) UC Group (n = 391) P
SCD 6 (1.6%) 7 (1.8%) 0.812

HCTR Group Patients, No. (%) UC Group Patients, No. (%)
with proarrhythmic effect (n = with proarrhythmic effect (n =
78) 61)
SCD 1 (1.3%) 3 (4.9%) 0.319
HCTR Group Patients, No. (%) UC Group Patients, No. (%)
with no proarrhythmic effect (n ~ with no proarrhythmic effect (n
=304) = 330)
SCD 5 (1.6%) 4 (1.2%) 0.744

HCTR, Hybrid Comprehensive Telerehabilitation; UC, Usual Care; SCD, Sudden
Cardiac Death;

P, p value for the group receiving hybrid comprehensive telerehabilitation vs the
group receiving usual care;

large cohort of HF patients. Furthermore, the main finding of our sub-
analysis is that we discovered independent factors predisposing to
proarrhythmia in telerehabilitated patients only. We did not find such
factors in the UC group in which the majority of patients were not
rehabilitated (only 12% of patients participated in cardiac rehabilitation
programs) [5].

Positive effect of exercise training on VA — data from the studies

The positive effect of exercise training on VA can be found in a few
available studies. Hertzeanu et al. concluded that the proarrhythmic
effect of catecholamines and consequently the incidence of VA decreases
in rehabilitated post-myocardial infarction patients with LVEF <40%
included in a 36 or 60-months rehabilitation program in comparison
with analogues patients who did not participate in exercise training [9].
Boukhris et al. also confirmed that exercise training provided an
improvement in the majority of ventricular repolarization indexes in
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patients with diabetes type 2 and coronary artery disease, decreasing the
frequency of VA [8]. In addition to the studies cited above, Kato et al.
confirmed that the incidence of electrical storm relapse was not
increased by in-hospital cardiac rehabilitation. Aerobic exercise training
was also reported to significantly reduce the indices of ventricular
repolarization dispersion in patients with HF [15].

Piotrowicz et al. reported the safety of home-based cardiac rehabil-
itation with evaluation of the frequency of cardiac arrhythmias during
exercise training in HF patients [16]. Buckley et al. in the latest large
retrospective cohort study stated that exercise-based cardiac rehabili-
tation was associated with lower odds of all-cause mortality, at 2-year
follow-up for patients with HF [17].

Neutral effect of exercise training on VA — data from the studies

In turn, our previous subanalysis of the TELEREH-HF trial showed
neutral effect of exercise training on VA [7]. When compared to 9-week
of UC, the 9-week of HCTR was not associated with changes in VA. The
changes in the occurrence of nsVT and frequent PVCs >10 beats per hour
in Holter ECG were similar after 9 weeks of both types of management in
HF patients [7]. However, the antiarrhythmic effect in terms of inci-
dence of nsVT in HCTR group alone, significantly reduced cardiovas-
cular mortality in long-term follow-up [7].

Predictors of the proarrhythmic effect of exercise training

To the best of our knowledge, our analysis is also the first study to
identify independent factors associated with proarrhytmic effect of
cardiac rehabilitation among the homogenous population of HF pa-
tients. Univariable analysis revealed that ischemic aetiology of HF, pvVO,
at baseline <14 ml/kg/min., level of NT-proBNP in the first and the
second tercile, eGFR >60 ml/min., presence of ICD, absence of CRT and
lack of amiodarone or digoxin therapy were significant predictors of
proarrhythmia in patients in HCTR vs UC group. In multivariable

1.00
0.95
©
2
<
2 090
S
=
5
o
Q2
o
& 085
0.80
Logrank p=0.474
0.75

0 200

400 600 800

Days following randomization

——— HCTR, No proarrhythmic effect
—— UC, No proarrhythmic effect

———— HCTR, Proarrhythmic effect
—— UC, Proarrhythmic effect

Fig. 2. Kaplan-Meier plot of cardiovascular mortality by randomized treatment arm and proarrhythmic effect.
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analysis of the HCTR group only, ischemic HF, pVO, at baseline <14 ml/
kg/min and level of NT-proBNP in the first and the second tercile were
independent predictive factors of proarrhythmia.

The first predictive factor of proarrhythmia we identified was
ischemic aetiology of HF. This seems to be in line with the data available
so far. There are different mechanisms of increased vulnerability of
failing hearts to arrhythmia and most of them are associated with
ischaemic aetiology of HF. In ischemic cardiomyopathy structural al-
terations such as myocardial scarring may be prominent [18]. Conse-
quently, the reentrant mechanism around scar tissue significantly
contributes to arrhythmogenesis. Ischemia and tissue hypoxia may
generate anaerobic metabolites, pH changes and electrolyte abnormal-
ities, all of which can alter the electrophysiologic properties of the
myocardium. On the cellular level, it is well established that elevated
cytosolic calcium (calcium overload) can provoke oscillations in mem-
brane potential (delayed afterdepolarizations) that, if of sufficient
magnitude to reach threshold, can trigger extrasystoles [19]. Published
in 2016, results of the DANISH trial confirmed that an ICD does not
reduce the risk of all-cause or cardiovascular mortality in patients with
nonischemic aetiology of HF, although it does cut the risk of sudden
cardiovascular death [20].

It is worth noting that in the 2021 ESC Guidelines for HF, recom-
mendation for ICD therapy to reduce the risk of SCD and all-cause
mortality in patients with symptomatic HF (NYHA class II-III) is in
class I (should be performed) for ischaemic aetiology and in one class
lower (IIa) for a non-ischaemic aetiology [1].

Although we randomized patients in NYHA functional class I-III with
an LVEF of 40% or lower, most patients (70.9% in HCTR and 68.3% in
UC group) had NYHA II class. As previously reported, SCD was more
common among patients with less advanced HF (NYHA class II)
[1,21,22]. Meta-analysis of pooled NYHA class II and III HF patients
(LVEF <35%) from 4 primary prevention ICD trials (MADIT-I, MADIT-II,
DEFINITE, SCD-HeFT) showed that primary prevention ICDs reduce
mortality in NYHA class II patients and trend toward reducing mortality
in the heterogeneous group of NYHA class III patients [23].

Hence, it was not surprising that in our analysis the lower concen-
tration of NT-proBNP and the presence of an ICD, which are usually
associated with mild HF (usually with NYHA class II), are also risk fac-
tors for proarrhythmia in HCTR [1].

On the other hand, patients requiring CRT-D were more likely to be
classified in the NYHA class III [24], which might explain the absence of
CRT-D as a predictive factor for proarrhythmia.

The presence of higher eGFR (> 60 ml/min.) as proarrhythmic factor
in our analysis remained consistent with the recent conclusions of
MADIT-CRT trial [25]. Goldenberg et al. showed, in a competing risk
model, a lower risk of ventricular tachycardia/ventricular fibrillation
events and a higher risk of mortality without an arrhythmic event in
patients with moderate renal dysfunction (with eGFR <52 ml/min.).
This analysis also pointed out that patients with eGFR <52 ml/min had a
lower recurrent ventricular arrhythmia event rate of any ventricular
tachycardia/ventricular fibrillation or appropriate shock.

Lack of amiodarone therapy as a univariate predictor of proar-
rhythmic effect was also not unexpected. Amiodarone has emerged as
the leading treatment of a wide variety of VA because of its proven ef-
ficacy and safety [26]. Piccini et al. in their meta-analysis identified 15
trials, which randomized 8552 patients with post-myocardial infarction
or with systolic HF to amiodarone or placebo/control. Authors
concluded that amiodarone reduces the risk of SCD by 29% and car-
diovascular death by 18% [27].

Lack of digoxin therapy (12.3% and 12.8% patients were treated
with digoxin, in HCTR and UC group, respectively) was another uni-
variate predictor of proarrhythmic effect in HCTR group vs UC. The
efficacy of cardiac glycosides remains unclear and the only randomized
controlled and adequately powered trial investigating the impact of
cardiac glycosides on mortality risk in HF was the DIG trial. In this study
the overall effect on mortality with digoxin was neutral. But a post-hoc
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analysis indicated that HF patients (NYHA II-1V) treated with digoxin at
lower serum level of 0.5-0.9 ng/L experienced a statistically significant
mortality risk reduction compared to placebo [28]. DIGIT-HF study
currently underway was designed to demonstrate that digitoxin on top
of standard of care treatment decrease mortality and morbidity in pa-
tients with HF [29]. Perhaps our finding is also forming a premise that
the use of digoxin may have beneficial effect on the HF patients'
prognosis.

Clinical value

The obtained results may indirectly confirm that the final effect of
exercise training depends on the resultant and the balance of many re-
actions that are induced by the exercise training in the body, as well as
the patients' initial clinical status. Therefore, we should take into
consideration that these phenomena are overlapping and difficult to
study using the tools currently available in science.

Although the positive pleiotropic effect of exercise training is un-
deniable, published data suggests that exercise training may have a
different effect on repolarization, which may induce a positive T-wave
alternans and, in turn, predispose to arrhythmia [11].

Our results can also be interpreted in such a way, that although there
are groups particularly at risk of proarrhythmia among patients with HF
who undergo exercise training, the positive pleiotropic effect of exercise
training is able to effectively offset the proarrhythmic effect. As a result,
the patients do not experience a significant risk of sustained ventricular
tachycardia or ventricular fibrillation nor are at risk for cardiovascular
mortality including SCD in long-term follow-up.

On the other hand, predicting who is at risk of arrhythmia perhaps
will allow the individualization of exercise training qualification and
performance in patients with HF.

Limitation

It is possible that the duration of telerehabilitation in our trial was
too short (9 weeks) to further reduce the proarrhythmic effect in HCTR
group seen in our analysis. Perhaps there was not enough time to ach-
ieve the advantageous impact on all the mechanisms that contribute to
arrhythmogenesis in failing heart.

Another limitation of the study is that the detection of VA during 24-
h Holter ECG monitoring can be a spontaneous variable. However in our
proarrhythmia methodology assessment we used generally recognized
criteria to minimize this error.

The final limitation of the study is the lack of coronary reserve
assessment by means of coronary angiography or other imaging tests in
the context of determining the influence of ischaemic aetiology on the
increased risk of proarrhythmia.

Conclusions

Patients who underwent a 9-week HCTR were not at a higher risk of
proarrhythmic effect after its completion compared to UC. However,
predictors of proarrhythmia such as ischemic aetiology of HF, poor
physical capacity, lower NT-proBNP level were discovered in the HCTR
group only, yet it does not cause a significant risk of sustained ventric-
ular tachycardia/ventricular fibrillation or cardiovascular mortality
including sudden cardiac death in long-term follow-up.

Predictors of proarrhythmia could be considered as useful factors for
the more optimal planning of exercise training for HF patients.
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