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3. STRESZCZENIE

Kardiomiopatia przerostowa (ang. hypertrophic cardiomyopathy, HCM) jest najczgstsza
monogenowy dziedziczng chorobg serca. Wraz z wydhuzajacym si¢ czasem zycia populacji, wzrasta
liczba 0s6b z HCM 1 niewydolno$cia serca (ang. heart failure, HF), ktéra stanowi obecnie gtowna
przyczyng ich zgondéw. Progresje do zaawansowanej HF obserwuje si¢ u nawet 17% tych
pacjentow. Zaburzona geometria lewej komory serca czgsto stanowi skuteczng — bariere
do wszczepienia urzadzenia wspomagajacego prace lewej komory (ang. left ventricular assist
device, LVAD). Stad wigkszo$¢ pacjentow z HCM, ktorzy rozwijaja zaawansowang HF,
jest kierowana na przeszczepienie serca (ang. heart transplantation, HT).

Obecnie dostepne dane na temat profilu klinicznego, jego ewolucji na przestrzeni lat,
wynikéw oczekiwania na przeszczep w dobie réznych systemow alokacji serca, przebiegu okresu
przed- i pooperacyjnego oraz wynikow po HT u pacjentéw z HCM, w poréwnaniu z najczesciej
spotykanymi w praktyce klinicznej kardiomiopatiamii, sa bardzo ograniczone.

Seri¢ publikacji otwiera artykut zatytutowany Long-term post-transplantation outcomes
in patients with hypertrophic cardiomyopathy: Single-center 35-year experience. Celem pracy
byto przeprowadzenie doglebnej analizy cech klinicznych pacjentéw z kardiomiopatig przerostowa,
ktorzy przeszli przeszczepienie serca, analizg¢ przebiegu ich okresu  okotooperacyjnego,
a takze krotko- 1 dlugoterminowych wynikow po przeszczepie. Nastepnie dane 1 wyniki pacjentow
kardiomiopatig przerostowa zostaly porownane z danymi pacjentéw z kardiomiopatig rozstrzeniowa
1 niedokrwienna.

W tej jednoosrodkowej retrospektywnej analizie poréwnano dane 319 dorostych pacjentow, ktorzy
przeszli pierwsze jednonarzagdowe przeszczepienie serca w latach 1984-2019: 24 pacjentow
z HCM, 160 z kardiomiopatia niedokrwienng (ang. ischemic cardiomyopathy, ICM)
1 135 z kardiomiopatig rozstrzeniowg (ang. dilated cardiomyopathy, DCM). W chwili umieszczenia

na liscie oczekujacych na HT, pacjenci z HCM byli mtodsi niz ich odpowiednicy z ICM oraz DCM
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(41,3£12,9 vs. 56,6£7,9 vs. 48,3£13,3 lat, p<0,01), rzadziej chorowali na cukrzyce
(8% vs. 38% vs. 23%, p<0,01), nadci$nienie tetnicze (25% vs. 51% vs. 35%, p=0,03),
hiperlipidemi¢ (30% vs. 94% vs. 39%, p<0,01), a w chwili przeszczepienia serca, byli rzadziej
pomostowani LVAD (12,5% vs. 26% vs. 26%, p<0,01). Bezposrednio po przeszczepieniu, biorcy
z HCM czesciej niz osoby z ICM 1 DCM wymagali przedtuzonego (>7 dni) wsparcia lekami
inotropowymi (37% vs. 12% vs. 17%, p=0,02), krétkoterminowego mechanicznego wspomagania
krazenia (ang. mechanical circulatory support, MCS) (45% vs. 13% vs. 14%, p<0,01) czy terapii
nerkozastepczej (55% vs. 19% vs. 24%, p<0,01). Przezywalnos¢ po HT u pacjentéw z HCM, ICM
oraz DCM wynosita odpowiednio: po 1 roku 92%, 90%, 90%, p=0,97, po 5 latach 79%, 78%, 82%,
p=0,59, a po 10 latach 67% vs. 62% vs. 69%, p=0,04.

Nasze badanie wykazalo, ze biorcy przeszczepu serca z historig kardiomiopatii przerostowej byli
mtodsi 1 mniej obcigzeni chorobami wspdtistniejacymi niz osoby z kardiomiopatig rozstrzeniowa
czy niedokrwienng. Pomimo bardziej skomplikowanego bezposredniego okresu pooperacyjnego
u biorcoOw z kardiomiopatia przerostowa, ich krotkoterminowa przezywalno$¢ po przeszczepieniu
serca byta porownywalna z tg u biorcow z kardiomiopatig rozstrzeniowa i niedokrwienng. Podczas
gdy dlugoterminowa przezywalno$¢ po HT wsrdod biorcow z kardiomiopatia przerostowa

1 rozstrzeniowg byta porownywalna, 10-letnia przezywalno$¢ wsrdd biorcéw z kardiomiopatiag
przerostowa byta wyzsza niz u biorcoOw z kardiomiopatig niedokrwienna.

W artykule zatytutowanym Heart Transplantation QOutcomes in Patients With
Hypertrophic Cardiomyopathy in the Era of Mechanical Circulatory Support, dokonali$my,
na poziomie mi¢dzynarodowym, analizy ewolucji cech klinicznych oraz wynikéw przeszczepienia
serca  u pacjentow z kardiomiopatia przerostowa na przestrzeni dwoéch er:
przed i po rozpowszechnieniu stosowania mechanicznego wspomagania krazenia (odpowiednio Era
1: 1998-2007 i Era 2: 2008-2017). Nastepnie dane i wyniki pacjentéw z kardiomiopatig przerostowa

zostaly poréwnane z danymi i1 wynikami pacjentow z kardiomiopatia niedokrwienng
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1 rozstrzeniowa. Korzystajac z migdzynarodowego rejestru International Society for Heart and Lung
Transplantation w Erze 1 zidentyfikowaliSmy: 742 biorcow z HCM, 15 964 z kardiomiopatia
rostrzeniowq (ang. nonischemic cardiomyopathy, NICM) i 14 140 z ICM, a w Erze 2: 1 211 biorcow
z HCM, 20 394 z NICM 1i 12 986 z ICM. Na przestrzeni dwéch er, u biorcow z HCM
zaobserwowano wzrost liczby wykonanych przeszczepow (A=63%), a w chwili kiedy odpowiedni
dawca organu zostat znaleziony wzrost odsetka wszczepionych kardiowerteréw-defibrylatorow
(67% vs. 89,1%, p<0,01), trend czestszej hospitalizacji w oddziale intensywnej opieki medycznej
27,1% vs. 32,2%, p=0,07), wzrost odsetka pacjentow wspieranych kontrapulsacja
wewnatrzaortalng (ang. intra-aortic balloon pump, IABP) (2,4% vs. 6,3%, p<0,01). Mimo to,
odsetek pacjentow z wysokim poziomem stanu czynnosciowego przed HT wzrdst w tej grupie
(16% vs. 31,1%, p<0,01). Na przestrzeni dwdch analizowanych er, wérdd biorcow z HCM 1-roczna
1 5-letnia przezywalno$¢ po HT byty poréwnywalne. W Erze 2, biorcy z HCM w pordéwnaniu

z biorcami z NICM i ICM, w chwili kiedy odpowiedni dawca organu zostat znaleziony byli czesciej
hospitalizowani w oddziale intensywnej opieki medycznej (32,2% vs. 27,8% vs. 26,4%), czesciej
wspierani lekami inotropowymi (44,1% vs. 36,3% vs. 33,8%, p<0,01). We tej samej erze, 1-roczna
1 5-letnia przezywalno$¢ po HT byly wyzsze u pacjentow z HCM w pordwnaniu z grupg z ICM
(odpowiednio, 83,4% vs. 82,4%, p<0,01; 76,9% vs. 70%, p<0,01) i porownywalne z kohorta

z NICM (odpowiednio, 85,3% vs. 87%, p=0,5; 78,2% vs. 76,1%, p=0,6).

Nasza praca jest pierwsza w literaturze $wiatowej miedzynarodowa analizag ewolucji profilu

1 wynikow przeszczepienia serca u pacjentow z kardiomiopatig przerostowa. Zaobserwowany

na przestrzeni dwoch er wzrost odsetka pacjentdw z kardiomiopatig przerostowa z kardiowerterem-
defibrylatorem oraz dobrym stanem czynnos$ciowym w momencie przeszczepienia serca dowodzi
znacznego postgpu w leczeniu tych pacjentow. Pomimo, iz we wspolczesnej erze (Era 2)
powszechnego stosowania mechanicznego wspomagania krazenia pacjenci z kardiomiopatig

przerostowa oczekujacy na przeszczepienie serca znacznie czesciej niz w Erze 1 byli wspierani
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kontrapulsacja wewnatrzaortalng 1 wykazali trend czgstszej hospitalizacji na oddziale intensywnej
terapii medycznej, ich krotko- 1 dlugoterminowe wyniki po przeszczepieniu serca pozostaty
niezmienione na przestrzeni dwoch dekad i1 korzystne w poréwnaniu z wynikami biorcow
z kardiomiopatia rozstrzeniowg i niedokrwienng.

W kolejnym artykule zatytulowanym Impact of the New Heart Allocation System
on the Medium-Term Outcomes in Patients With Hypertrophic Cardiomyopathy, celem bylo
zbadanie wplywu wprowadzenia nowego systemu alokacji serca na $miertelnos¢
w trakcie oczekiwania na organ oraz po przeszczepieniu serca u osob z kardiomiopatig przerostowa
na podstawie modelu amerykanskiego.

Korzystajac z narodowego rejestru przeszczepoOw United Network for Organ Sharing,
przeprowadziliSmy analize pordwnawcza poziomu $miertelnoSci w czasie oczekiwania
na przeszczep oraz po HT u biorcow z HCM przed 1 po zmianie systemu alokacji serca w Stanach
Zjednoczonych (odpowiednio, Era 1: od 17 pazdziernika 2015 do 17 pazdziernika 2018 r.
i1 Era 2: od 18 pazdziernika 2018 do 18 pazdziernika 2021 r.). W badanym okresie
zidentyfikowalismy 665 pacjentow z HCM, ktorzy byli wpisani na list¢ oczekujacych na HT
(Era 1: n=304; Era 2: n=361). W ramach nowego systemu alokacji serc wskaznik przeszczepien
wsrod tych pacjentow byt wyzszy (odpowiednio Era 1 1 Era 2, 1 rok: 66,8% vs. 72,8%, p<0,01;
3 lata: 80,1% vs. 84,7%, p<0,01), podczas gdy $miertelno$¢ na liscie oczekujacych pozostata
niezmieniona. tacznie 444 pacjentow z HCM przeszto HT (Era 1: n=204; Era 2: n=240).
W Erze 2 czas oczekiwania na HT byl krotszy (151188 vs. 90+134 dni, p<0,01), a pacjenci
rzadziej byli wspierani lekami inotropowymi (49,5% vs. 30,8%, p<0,01), ale czg$ciej IABP (10,3%
vs. 19,6%, p<0,01). W ciggu dwoch analizowanych er (odpowiednio, Era 1 i Era 2), przezywalno$¢
po HT byla porownywalna: po 1 roku: 92,6% vs. 92,5%, a po 3 latach: 89,7% vs. 88,8%, p=0,6.
Nasze badanie wykazato, ze mimo, iz od chwili wprowadzenia nowego systemu alokacji serc

u pacjentdéw z kardiomiopatia przerostowa zaobserwowano wzrost wskaznika przeszczepien,
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$miertelno$¢ podczas oczekiwania na oraz po przeszczepieniu serca pozostaly niezmienione. Dalsze
zmiany w systemie alokacji sg niezb¢dne w celu zredukowania $miertelnosci u pacjentow z HCM
w trakcie oczekiwania na przeszczep.

Seri¢ publikacji zamyka artykul zatytulowany Hypertrophic Cardiomyopathy: From
Medical Treatment to Advanced Heart Failure Therapies, w ktérym dokonaliémy przegladu
literatury dotyczacej strategii leczenia pacjentow z kardiomiopatia przerostowa w rdznych
jej stadiach. Dla pacjentow z kardiomiopatia przerostowa, ktdrzy rozwing zaawansowang
niewydolnos$¢ serca, przeszczepienie serca pozostaje ztotym standardem. Jednak jak wykazaty,
gléwnie jednoosrodkowe, badania, dla pacjentow z kardiomiopatia przerostowq
1 koncoworozkurczcowym wymiarem lewej komory pomigdzy 46 a 70 mm urzadzenie

wspomagajace pracg lewej komory pozostaje realng alternatywa.
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4. ABSTRACT

Hypertrophic cardiomyopathy (HCM) is the most common inherited monogenic cardiovascular
disease. With extended longevity, the incidence of heart failure (HF) in patients with HCM has been
growing exponentially and currently is the predominant mode of demise. The progression
to end-stage HF, requiring advanced therapies, is observed in up to 17% of those individuals.
Altered ventricular geometry often precludes patients with HCM from even being considered
for left ventricular assist device (LVAD) implantation. Therefore, most of those who develop
end-stage HF are referred for heart transplantation (HT).

The data on clinical characteristics, their evolution over the years, waitlist outcomes across various
heart allocation systems, immediate pre- and postoperative course, and post-HT outcomes
in patients with HCM, compared to the most commonly encountered cardiomyopathies, are scarce.
The series of publications opens with a paper titled Long-term post-transplantation outcomes
in patients with hypertrophic cardiomyopathy: Single-center 35-year experience. Its primary
objective was to conduct an in-depth analysis of clinical characteristics of patients
with hypertrophic cardiomyopathy who underwent heart transplantation, analyze their immediate
pre- and post-transplant course along with short- and long-term post-transplantation outcomes.
Subsequently, the data and outcomes of patients with hypertrophic cardiomyopathy were contrasted
with those of patients with dilated and ischemic cardiomyopathy:.

In this single-center study, we retrospectively analyzed and compared data of 319 adult patients
who underwent first-time single-organ HT between 1984 and 2019: 24 patients with HCM,
160 with ischemic cardiomyopathy (ICM) and 135 with dilated cardiomyopathy (DCM). At listing,
patients with HCM were younger than their ICM and DCM counterparts (41.3+12.9 vs. 56.6+7.9
vs. 48.3£13.3 years, p<0.01), less frequently carried a diagnosis of diabetes mellitus
(8% vs. 38% vs. 23%, p<0,01), peripheral vascular disease (0% vs. 13% vs. 4%, p=0.01), essential

hypertension (25% vs. 51% vs. 35%, p=0.03), hyperlipidemia (30% vs. 94% vs. 39%, p<0.01),
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and at the time of HT were less frequently supported with LVAD (12.5% vs. 26% vs. 26%, p<0.01).
Immediately post-HT, recipients with HCM more often than the ICM and DCM groups required
prolonged (>7 days) inotropic support (37% vs. 12% vs. 17%, p=0.02), temporary mechanical
circulatory support (MCS) (45% vs. 13% vs. 14%, p<0.01), and renal replacement therapy

(55% vs. 19% vs. 24%, p<0.01). Post-HT survival among patients with HCM, ICM, and DCM,
respectively, was: at 1 year 92% vs. 90% vs. 90%, p=0.97; at 5 years 79% vs. 78% vs. 82%, p=0.59;
and at 10 years 67% vs. 62% vs. 69%, p=0.04.

Our study demonstrated that heart transplant recipients with a history of hypertrophic
cardiomyopathy were younger and less burdened with comorbidities than their dilated and ischemic
cardiomyopathy counterparts. Despite their more challenging immediate postoperative course,
recipients with hypertrophic cardiomyopathy showcased comparable with those with dilated

and ischemic cardiomyopathy short-term post-transplant survival. While the long-term post-HT
survival among recipients with hypertrophic and dilated cardiomyopathy was comparable,
recipients with hypertrophic cardiomyopathy had more favorable, than those with ischemic
cardiomyopathy, 10-year post-HT survival.

In a paper titled  Heart Transplantation Qutcomes in Patients With Hypertrophic
Cardiomyopathy in the Era of Mechanical Circulatory Support, we assessed at the international
level the evolution of clinical profile and outcomes of HT recipients with hypertrophic
cardiomyopathy in two eras: before and after the widespread use of mechanical circulatory support
(Era 1: 1998-2007 and Era 2: 2008-2017, respectively). Subsequently, the data and outcomes

of patients with hypertrophic cardiomyopathy were contrasted with those of patients with ischemic

and nonischemic cardiomyopathy.

Using the International Society for Heart and Lung Transplantation Thoracic Organ Transplant
Registry, we identified in Era 1: 742 recipients with HCM, 15,964 with nonischemic

cardiomyopathy (NICM), and 14,140 with ICM and in Era 2: 1,211 recipients with HCM,
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20,394 with NICM, and 12,986 with ICM. Across the two eras, among patients with HCM,
the number of HTs increased exponentially (by 63%), as did the rate of recipients with implantable
cardioverter-defibrillator (ICD) in place at the time of HT (67% vs. 89.1%, p<0.01), there was also
a trend towards higher rate of patients in the intensive care unit (ICU) at HT (27.1% vs. 32.2%,
p=0.07) and statistically significant increase in the rate of patients supported with intra-aortic
balloon pump (IABP) (2.4% vs. 6.3%, p<0.01), while the rate of those with good functional status
at HT increased (16% vs. 31.1%, p<0.01). Across the two eras, among recipients with HCM there
was no difference in 1- and 5-year post-HT survival. In Era 2, at the time when a suitable organ
donor was identified recipients with HCM compared to their NICM and ICM counterparts were
more frequently in the ICU (32.2% vs. 27.8% vs. 26.4%, p<0.01) and supported with inotropes
(44.1% vs. 36.3% vs. 33.8%, p<0.01). In the same era, 1-year and 5-year post-HT survival was
more favorable in HCM compared to ICM (85.3% vs. 84.5%, p<0.01; 78.2% vs. 72%, p<0.01,
respectively) and comparable to NICM (85.3% vs. 87%, p=0.5; 78.2% vs. 76.1%, p=0.6,
respectively).

The current paper is the first one to report the evolution of the clinical profile and post-transplant
outcomes in patients with hypertrophic cardiomyopathy at the international level. The higher rate
of ICDs in place along with better functional status at the time of HT in the contemporary era
suggests significant improvement in the management of these patients. Even though
in the contemporary era of widespread mechanical circulatory support use there is a trend among
patients with hypertrophic cardiomyopathy awaiting heart transplantation to be more frequently
in the intensive care unit and significantly more often supported with intra-aortic balloon pump,
their short- and long-term post-transplantation outcomes remain unchanged across eras
and favorable compared to those of recipients with ischemic and nonischemic cardiomyopathy.

In a subsequent paper titled Impact of the New Heart Allocation System on the Medium-Term

Outcomes in Patients With Hypertrophic Cardiomyopathy, the objective was to investigate
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whether an introduction of the new heart allocation system in the United States resulted
in changes in the waitlist and post-transplant mortality in individuals with hypertrophic
cardiomyopathy.

Using the United Network for Organ Sharing Transplant national database we conducted
a comparative analysis of the waitlist and post-HT outcomes of the recipients with HCM before
and after the US heart allocation system change (Era 1: October 17, 2015, to October 17, 2018
and Era 2: October 18, 2018, to October 18, 2021). In the studied period, we identified 665 patients
with HCM who were listed for HT (Era 1: n=304; Era 2: n=361). Under the new heart allocation
system, transplant rates were higher (Era 1 and Era 2, at 1 year: 66.8% vs. 72.8%, p<0.01;
at 3 years: 80.1% vs. 84.7%, p<0.01, respectively) while the waitlist mortality remained unchanged.
A total of 444 patients with HCM underwent HT (Era 1: n=204; Era 2: n=240). In Era 2, the waitlist
time was shorter (151+188 vs. 90+£134 days, p<0.01) and patients were less frequently supported
with inotropes (49.5% vs. 30.8%, p<0.01) but more often with an IABP (10.3% vs. 19.6%, p<0.01).
Across the two analyzed eras (Era 1 and Era 2), post-HT survival was comparable: at 1 year:
92.6% vs. 92.5%, and at 3 years: 89.7% vs. 88.8%, p=0.6, respectively.

Our study showed that despite the significant increase in the transplant rate among patients
with hypertrophic cardiomyopathy since the new organ allocation system was introduced,
both waitlist and post-transplant mortality remained unchanged. Further improvement in the heart
allocation system is needed to reduce waitlist mortality in this group.

The series closes with a paper titled Hypertrophic Cardiomyopathy: From Medical Treatment
to Advanced Heart Failure Therapies. In this publication, we reviewed the literature
on management strategies of patients with HCM at various stages of the disease.
For patients with hypertrophic cardiomyopathy who develop advanced heart failure, transplantation
remains the gold standard. However, for patients with a left ventricular end-diastolic diameter

of 46-70 mm a left ventricular assist device remains a viable option.
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5. WSTEP

5.1. Epidemiologia

Kardiomiopatia przerostowa (ang. hypertrophic cardiomyopathy, HCM) jest najczestsza
monogenowa dziedziczng chorobg uktadu sercowo-naczyniowego wystepujaca u 0,09-0,5%
populacji [1-4]. Poniewaz HCM moze by¢ dziedziczona jako choroba autosomalna dominujaca,
ocenia si¢, ze w samych Stanach Zjednoczonych potencjalnie dotknigtych tym schorzeniem jest
co najmniej az 750 000 oséb. Mimo to, oficjalne rozpoznanie HCM ma jedynie okoto 100 000
pacjentdow, co sugeruje znaczace niedoszacowanie rzeczywistej liczby chorych [5]. W praktyce

klinicznej mamy wigc do czynienia ze zjawiskiem "wierzchotka gory lodowe;j".

5.2. Podloze genetyczne

Wedlug szacunkowych danych, ok. 40-60% przypadkéw HCM jest spowodowanych mutacja
jednego z gendéw kodujacych biatka sarkomeru [6]. Najczestszymi patogennymi wariantami

sa mutacje biatka wigzacego miozyne typu C3 (ang. myosin-binding protein C3, MYBPC3)

oraz tancucha cigzkiego beta-miozyny 7 (ang. myosin heavy chain beta 7, MYH?7). Mutacje te moga
by¢ dziedziczone (50-60% probantow) lub mie¢ charakter spontaniczny 'de novo' (30-40%)

1 charakteryzuja si¢ zmienng penetracja [7,8]. Warto zauwazy¢, ze wedlug najnowszych badan
dodatni genotyp nie jest predyktorem progresji niewydolnosci serca, $miertelnosci ogodlnej
czy zwigzanej z HCM [9].

Nieprawidlowosci w budowie biatek sarkomeru prowadza do przerostu i beztadnego utozenia
kardiomiocytow (ang. myocardial disarray). Procesom tym czgsto towarzyszy miedzykomorkowa
ekspansja tkanki tgcznej, skutkujagca ogniskowymi bliznowaceniami mig$nia sercowego
oraz witoknieniem okotonaczyniowym [10]. Zmiana struktury migénia sercowego moze
doprowadzi¢ do powstania malej, sztywnej lewej komory serca z uposledzong funkcja

rozkurczowa.
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5.3. Definicje jednostki chorobowej

Istnieje rozbiezno$¢ w definicji HCM pomigdzy europejskim i amerykanskimi towarzystwami
kardiologicznymi. Wytyczne American Heart Association (AHA)/American College of Cardiology
(ACC) stosuja klasyfikacje przyczynowa i definiujg HCM jako przerost migsnia lewej komory
(ang. left ventricular hypertrophy, LVH) bez wspoOltowarzyszacego poszerzenia jej jamy,
ktéry nie moze by¢ wyjasniony przez chorobe ukltadowa badz inng chorobe serca. Definicja
ta obejmuje przypadki, w ktérych stwierdza si¢ obecno$¢ znanej mutacji genetycznej lub gdy status
genetyczny jest nierozstrzygniety [11]. Wytyczne European Society of Cardiology (ESC) opierajace
si¢ na klasyfikacji morfologicznej, poszerzaja t¢ definicje, uwzglgdniajac wszystkie jednostki

chorobowe prowadzace do LVH, w tym m.in. choroby spichrzeniowe [12].

Ze wzgledu na fakt, Zze prezentowane nizej badania naukowe zostaty przeprowadzone gltownie
poza Europa, w niniejszym cyklu prac bedzie stosowana definicja amerykanskich towarzystw

kardiologicznych.

5.4. Diagnostyka

Echokardiografia przezklatkowa stanowi metode obrazowania pierwszego rzutu w diagnostyce
HCM. Wskazane jest réwniez wykonanie rezonansu magnetycznego serca (ang. cardiac magnetic
resonance imaging, cMRI), zwlaszcza w przypadkach kiedy jako$¢ obrazow echokardiograficznych
jest suboptymalna lub niejednoznaczna (tj. graniczny przerost lewej komory lub podejrzenie HCM
koniuszkowej). Dla pacjentow, u ktorych niemozliwe jest przeprowadzenie badania cMRI, nalezy

rozwazy¢ tomografie komputerowa serca (ang. cardiac computer tomography, CCT) [11,13].

Niezaleznie od wykorzystanej metody obrazowania, raport powinien szczegétowo opisywaé
maksymalng grubo$¢ S$ciany komory wraz z dokladnym wskazaniem segmentéw z LVH.
Wedhug wytycznych AHA/ACC, koncoworozkurczowa grubo$¢ co najmniej jednego segmentu

$ciany lewej komory >15 mm, ktéra nie moze by¢ wyjasniona przez chorobg uktadowa badz inng
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chorobe serca, jest tozsama z diagnoza HCM [11]. Wytyczne ESC z 2023 roku dopuszczaja
przesunigcie tego punktu odcigcia i uznanie grubosci $Sciany >13 mm jako diagnostycznej,

jesli pacjent jest nosicielem znanej mutacji genetycznej lub w wywiadzie rodzinnym ma HCM [12].
Warto zauwazy¢, ze nasilenie przerostu $ciany komory jest zazwyczaj wieksze u osob bedacych

nosicielami patogennych mutacji [14].

Mimo, iz HCM jest uznawana za chorob¢ dotyczaca gléwnie lewej komory serca,

opisy przypadkow oraz nieliczne badania jednoosrodkowe wskazujg na wystepowanie u pacjentow
z HCM wspodtistniejacego lub izolowanego przerostu prawej komory serca (ang. right ventricular
hypertrophy, RVH), definiowanego jako koncoworozkurczowa grubo$¢ $ciany prawej komory

>5 mm [15,16].

5.5. Zalecenia dotyczace badan genetycznych

Kazdej osobie z rozpoznaniem HCM powinno by¢ zaproponowane badanie genetyczne

umozliwiajace identyfikacje potencjalnej mutacji odpowiedzialnej za chorobg. Wytyczne
AHA/ACC zalecaja wykonanie badan genetycznych ws$rod krewnych pierwszego stopnia
probantow z HCM zaczynajac od 12 roku zycia. W przypadku osob z przedwczesnym skokiem
wzrostu, planujacych uprawianie sportow wyczynowych lub z historig naglego zgonu sercowego
(ang. sudden cardiac death, SCD) w wywiadzie rodzinnym, badanie genetyczne powinno zostaé
wykonane wcze$niej (klasa zalecenia I, stopien wiarygodnosci C) [11]. ESC zaleca rozpoczecie
skriningowych badan genetycznych u krewnych pierwszego stopnia probantow z HCM od 10 roku
zycia (klasa zalecenia Ila, stopien wiarygodnosci C). W przypadku obecnosci jakichkolwiek
objawow kardiologicznych, planéw podjecia intensywnej aktywnos$ci fizycznej lub historii
wczesnego gwaltownego postepu choroby w wywiadzie rodzinnym, nalezy rozwazy¢
przeprowadzenie tych badan w mtodszym wieku (klasa zalecenia IIb, stopien wiarygodnosci C)

[12].
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Diagnostyka genetyczna pozwala na wczesng identyfikacje nosicieli patogennych mutacji
przed wystapieniem objawdéw klinicznych, co pozwala na wczesng modyfikacje stylu zycia

oraz zastosowanie prewencji pierwotnej SCD.

5.6. Formy kardiomiopatii przerostowej

Proces postepujacego przerostu migsnia sercowego jest procesem dynamicznym 1 zazwyczaj
przyspiesza w okresie dojrzewania. W diagnostyce HCM, istnieje wiele postaci LVH, co do zasady
asymetrycznych 1 dotyczacych niesgsiadujacych segmentow lewej komory. Najczesciej
obserwowany jest asymetryczny przerost przegrody miedzykomorowej, ktora w  40-70%
przypadkéw wpukla sie do wnetrza jamy lewej komory 1 prowadzi do zawezenia drogi odpltywu
lewej komory (ang. left ventricular outflow tract obstruction, LVOTO) [17]. W zaleznoS$ci

od obecnosci lub braku gradientu w drodze odptywu lewej komory (ang. left ventricular outflow

tract, LVOT) HCM roéznicuje si¢ na postac z oraz bez zawg¢zenia drogi odptywu [11,12].

Gradient spoczynkowy LVOTO, zdefiniowany jako szczytowy gradient wewnatrzkomorowy,
wynoszacy >30 mmHg wystepuje w spoczynku u 25-30% objawowych pacjentow z HCM [13,18].
U tej grupy pacjentdéw, roczne ryzyko progresji objawdéw do klasy czynnosciowej New York Heart
Association (NYHA) III wynosi 7% [19]. U kolejnych 35% pacjentow objawowych, LVOTO moze
by¢ wywolane jedynie poprzez testy prowokacyjne, takie jak manewr Valsalvy lub podanie azotanu
amylu. W przypadku gdy testy te nie przynosza rezultatow, zalecane jest przeprowadzenie badania

echokardiografii wysitkowej [13,19].

Wsréd objawowych pacjentow z HCM, okoto 30% ma spoczynkowy i wysitkowy gradient
<30 mmHg 1 jest klasyfikowane jako HCM bez LVOTO [18,20,21]. Jedna z przyktadowych postaci
tej formy jest HCM koniuszkowa obserwowana u 1-2% 1 15% pacjentéw z HCM odpowiednio

w panstwach zachodnich i Japonii [17,22,23].
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5.7. Prezentacja kliniczna i leczenie

Znaczny odsetek pacjentow z HCM nie doswiadcza zadnych objawdéw lub jedynie minimalne
ograniczenie tolerancji wysitku. Jednak istotna mniejszo$¢ doswiadcza uporczywych
1 ograniczajacych funkcjonowanie objawow, takie jak bol/ucisk w klatce piersiowej, dusznosé
podczas wysitku, zmegczenie, oraz stany przedomdleniowe/omdlenia. Moga one wynikaé
z zawezenia drogi odplywu lewej komory, niedomykalno$ci zastawki mitralnej, arytmii
przedsionkowych lub komorowych a takze niewydolno$ci serca (ang. heart failure, HF).

W niektérych przypadkach nagly zgon sercowy jest pierwsza manifestacja choroby.

5.7.1. Farmakoterapia

Rozpoczgcie farmakoterapii w HCM jest wskazane jedynie u pacjentow objawowych [11,12].
Terapia pierwszego rzutu u pacjentow z LVOTO obejmuje beta-blokery, ktore przez dziesigciolecia
byly stosowane gltownie na podstawie kohortowych badan obserwacyjnych [24,25]. Dopiero
niedawno opublikowano pierwsze randomizowane kontrolowane placebo badanie kliniczne
oceniajace efektywnos$¢ stosowania selektywnych beta-blokeréw u pacjentow z HCM. Wyniki
wykazaly, ze metoprolol (bursztynian metoprololu) skuteczniej niz placebo zmniejsza gradient
LVOT zaréwno w spoczynku (odpowiednio, 25 mm Hg vs. 72 mm Hg, p<0,01), jak i podczas
wysitku (28 mm Hg vs. 62 mm Hg, p<0,01) [26,27]. Beta-blokery sa zazwyczaj dobrze tolerowane
1 rzadko istniejg przeciwwskazania do ich stosowania.

Niedihydropirydynowe blokery kanaléw wapniowych (ang. calcium channel blockers, CCB),
takie jak werapamil czy diltiazem, moga by¢ stosowane jako alternatywa lub terapia uzupehiajaca
beta-blokeréw [11,12,28,29]. Poniewaz CCB maja pewne wlasciwosci naczyniorozszerzajace,
nalezy je stosowac ostroznie u pacjentow z wysokim gradientem LVOT. Jesli mimo stosowania
beta-blokeréw i CCB objawy utrzymuja si¢, mozna rozwazy¢ dodanie dyzopiramidu [11,12].
Ten lek antyarytmiczny klasy IA, z silnymi ujemnymi wlasciwo$ciami inotropowymi,
byt pierwszym, ktory udowodniono, zZe redukuje LVOTO w spoczynku. Ze wzgledu
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na potencjalne wydluzenie odstgpu QT 1 ryzyko wywolania arytmii komorowych, terapi¢
dyzopiramidem zazwyczaj rozpoczyna si¢ w warunkach szpitalnych. Jego stosowanie jest czgsto
ograniczone przez nasilone antycholinergiczne dziatania niepozadane [30].
W ostatnich latach, nowa grupa lekéw, inhibitory miozyny sercowej (ang. cardiac myosin
inhibitors, CMI), zostala wlaczona do algorytmu leczenia pacjentow z HCM i LVOTO.
Mawakamten jest pierwszym lekiem w klasie CMI zatwierdzonym w 2022 przez amerykanska
agencj¢ Food and Drug Administration (FDA), a nastgpnie w 2023 przez European Medicines
Agency (EMA). Randomizowane, prowadzone metoda podwojnie $lepej proby, kontrolowane
placebo badanie kliniczne III fazy EXPLORER-HCM (Mavacamten for treatment of symptomatic
obstructive hypertrophic cardiomyopathy), wykazalo, ze w trakcie 30-tygodniowego okresu
obserwacji, stosowanie mawaktemu skutkowato redukcja szczytowego powysitkowego gradientu
LVOT do <30 mm Hg, wzrostem szczytowego zuzycia tlenu (pVO2) o co najmniej 1,5 mL/kg/min
oraz poprawg stanu czynnosciowego o co najmniej jedng klasg NYHA u 30-60% pacjentow,
bez wzgledu na pte¢ czy obecno$¢ nadci$nienia te¢tniczego [31-33]. Ze wzgledu na fakt,
ze u 6-10% pacjentéw zaobserwowano spadek frakcji wyrzutowej lewej komory do <50%,
dawkowanie mawakamtenu powinno odbywac si¢ pod nadzorem echokardiograficznym [31-33].
Wstepne wyniki toczacego sie¢ badania klinicznego bedacego 5-letnim przedtuzenia badania
EXPLORER-HCM (MAVA-LTE: A Long-Term Safety Extension Study of Mavacamten in Adults
Who Have Completed EXPLORER-HCM), potwierdzity utrzymujaca si¢ redukcje spoczynkowego
gradientu LVOT oraz poprawe¢ klasy czynnosciowej NYHA w trakcie 62 tygodniowej obserwacji.
Ostateczne wyniki tego badania powinny by¢ dostgpne w 2025 roku [34]. W oparciu o wyniki
powyzszych badan, w 2023 roku ESC zaktualizowato swoje wytyczne dotyczace leczenia HCM
z LVOTO i zalecito:

1. Rozwazenie dodania inhibitora miozyny sercowej (mawakamtenu) do beta-blokera

w celu ztagodzenia objawdéw u pacjentow z HCM i1 LVOTO w spoczynku lub w trakcie
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wysitku (klasa zalecenia Ila, stopien wiarygodnosci A);
2. Stosowanie mawakamtenu w monoterapii u pacjentow z LVOTO w spoczynku
lub w trakcie wysitku, ktorzy nie toleruja lub maja przeciwwskazania do terapii opartej
na beta-blokerach, CCB lub dyzopiramidzie (klasa zalecenia Ila, stopien wiarygodnos$ci B)
[12].
W 2024 roku AHA/ACC w swoich wytycznych zalecity rozwazenie wiaczenia mawakamtenu
u pacjentdéw, ktorzy nie uzyskuja poprawy objawow w wyniku stosowania co najmniej jednego leku
pierwszego rzutu (beta-blokery, CCB) [11].
Podczas gdy leczenie farmakologiczne pacjentéw z HCM z LVOTO jest dobrze udokumentowane,
pacjenci z HCM bez LVOTO, stanowiacy blisko jedng trzecia wszystkich przypadkéw HCM, sa
bezsprzecznie wyzwaniem terapeutycznym. Objawy takie jak duszno$¢ oraz ucisk lub bol w klatce
piersiowe] sa czesto obserwowane u tej grupy pacjentow i wynikaja z podwyzszonego ci$nienia
napelniania  lewej komory spowodowanego dysfunkcja rozkurczowa, zwigkszonym
zapotrzebowaniem mig¢$nia sercowego na tlen oraz zaburzeniami mikrokrazenia [11]. Aktualne
terapie dla pacjentéw z tg formg HCM obejmujg beta-blokery, CCB oraz diuretyki. Dotychczas brak

jest wytycznych dotyczacych stosowania CMI u tej grupy pacjentow.

5.7.2. Ocena ryzyka i profilaktyka naglego zgonu sercowego

Pacjenci z HCM maja wyzsze niz populacja ogoélna ryzyko naglego zgonu sercowego

w mechanizmie czestoskurczu komorowego (ang. ventricular tachycardia, VT) lub migotania
komor (ang. ventricular fibrillation, VF). Leki antyarytmiczne czy ablacja przezcewnikowa

nie zmniejszaja ryzyka wystapienia tachyarytmii komorowych w tej grupie pacjentow, co czyni
wszczepienie kardiowertera-defibrylatora (ang. implantable cardioverter-defibrillator, ICD)
jedynym dostepnym skutecznym sposobem leczenia.

Wprowadzenie ICD zrewolucjonizowato leczenie tachyarytmii komorowych i zapobieganie

zgonom u pacjentow z chorobg niedokrwienng serca juz w latach 80. XX wieku. Jednak dopiero
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w 2000 roku, po opublikowaniu przetomowego artykutu w New England Journal of Medicine
przez Maron et al., ICD zaczgto stosowa¢ w leczeniu pacjentéw z HCM [35]. Doprowadzito
to do znacznego zmniejszenia rocznej $miertelnosci pacjentow z HCM z 6-8% do 0,5%, niezaleznie
od plci, rasy czy wieku [36].

Implantacja ICD jest zalecana w ramach prewencji wtornej pacjentom, ktdrzy doswiadcezyli
VT, VF lub SCD [11,12,37]. W prewencji pierwotnej natomiast, algorytm oceny ryzyka SCD
u pacjentow z HCM ewoluowal przez ostatnie dwie dekady. Obecnie uwzglednia nastgpujace
kryteria: masywny przerost lewej komory (grubo$¢ $ciany >30 mm), niewyjasnione omdlenie,
nawracajace i/lub przedtuzajace si¢ epizody nieutrwalonego czgstoskurczu komorowego
(ang. nonsustained ventricular tachycardia, NSVT) w ambulatoryjnym monitorowaniu EKG metoda
Holtera, frakcja wyrzutowa lewej komory serca <50%, obecnos¢ te¢tniaka koniuszka lewej komory
z miejscowymi bliznami, rozlegle pdéZzne wzmocnienie pokontrastowe (ang. late gadolinium
enhancement, LGE) w c¢cMRI oraz SCD wynikajacy z HCM w wywiadzie rodzinnym [11].
Oparty na powyzszych kryteriach model oceny ryzyka AHA/ACC roku wykazat 95% czuto$¢
w identyfikacji pacjentow, ktérzy moga doswiadczyé co najmniej jednej adekwatnej terapii ICD
skutecznie przerywajacej tachyarytmi¢ komorowa [38]. Z kolei model opracowany przez ESC,
uwzgledniajacy wiek pacjenta, SCD w wywiadzie rodzinnym, niewyjasnione omdlenie, NSVT,
gradient LVOT, maksymalny LVH oraz wymiar lewego przedsionka, charakteryzuje si¢ wysoka
swoistoscia 1 skutecznie redukuje liczbe wszczepien ICD u pacjentéw o niskim ryzyku SCD [39].
Liczba potrzebna do leczenia (ang. number needed to treat, NNT) w przypadku ICD u pacjentow
z HCM wynosi 6, co pokrywa si¢ z wynikami randomizowanych badan klinicznych
wsrod pacjentéw z choroba niedokrwienng serca [40]. Moment wystapienia wlasciwej terapii ICD
jest bardzo zmienny i u ponad jednej trzeciej pacjentow z HCM ma miejsce po ponad 10 latach
od implantacji [41]. Terapie ICD w ramach prewencji pierwotnej 1 wtornej wystgpuja rocznie

u odpowiednio 3-4% 1 10% pacjentow [40-42]. W przeciwienstwie do pacjentow z chorobg
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niedokrwienng serca, pacjenci z HCM rzadko do$wiadczaja niewydolnosci serca po terapii ICD
[41].

Dane dotyczace mozliwosci zastosowania podskornych ICD u pacjentow z HCM pozostaja
sprzeczne, gtdéwnie ze wzgledu na male proby badanych oraz brak danych na temat ich skutecznosci

u pacjentdéw z masywnym przerostem $ciany czy tetniakiem koniuszka lewej komory [43,44].

5.7.3. Redukcja przegrody miedzykomorowej

Dla wigkszo$ci pacjentow z HCM 1 objawami NYHA klasy II/IV oraz gradientem

LVOT >50 mm Hg (w spoczynku lub przy wysitku) mimo stosowania optymalnej farmakoterapii,
chirurgiczna miektomia przegrody miedzykomorowej jest preferowang metoda leczenia [11,12].
Zabieg ten prowadzi do natychmiastowej i trwatej redukcji gradientu LVOT, normalizujac ci$nienie
w lewej komorze serca przy jednoczesnym zachowaniu jej funkcji skurczowej. W rezultacie, moze
doj$¢ do umiarkowanego cofnigcia przerostu migsnia lewej komory, co zmniejsza ryzyko
wystgpienia migotania przedsionkéw 1 zgonu [45]. Miektomia, je$li wykonywana

w doswiadczonych osrodkach, wigze si¢ z najkorzystniejszymi wynikami i najnizszym odsetkiem
powiktan okolooperacyjnych. Ryzyko wystapienia bloku przedsionkowo-komorowego wysokiego
stopnia wymagajacego wszczepienia stymulatora serca wynosi 1-5%. Na przestrzeni ostatnich
trzech dekad $miertelno$¢ okolooperacyjna zmniejszyla si¢ z 6-8% do okolo 0,5% [45.,46].
Niektorzy chirurdzy z powodzeniem tacza miektomi¢ z jednoczesnym zabiegiem naprawy aparatu
zastawki mitralnej oraz ablacji $rodoperacyjnej, co zmniejsza ryzyko nawrotu migotania

przedsionkoéw oraz objawow niewydolnosci serca [47,48].

Dla pacjentdow wysokiego ryzyka operacyjnego, alternatywa jest przezskorna ablacja alkoholowa
przegrody migedzykomorowej (ang. alcohol septal ablation, ASA) [11,12]. Podobnie jak miektomia,
ASA powinna by¢ wykonywana w do$§wiadczonym osrodku HCM, gdzie zespodt interwencyjny jest
zaznajomiony z morfologiczng zmienno$cia spotykang u pacjentow z HCM [49-51].
Okres rekonwalescencji oraz pobytu w szpitalu sa krotsze po ASA niz po miektomii.
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Jednak redukcja gradientu LVOT po ASA jest zmienna i nastgpuje znacznie wolniej

(ponad 90 dni w poréwnaniu z natychmiastowym efektem po miektomii). Ryzyko wystapienia
bloku przedsionkowo-komorowego wysokiego stopnia wymagajacego wszczepienia stymulatora
serca jest wyzsze po ASA (10-15%) w poréwnaniu z miektomiag (<5%). Krotko- i dlugoterminowa
przezywalno$¢ po miektomii i ASA sg porownywalne (odpowiednio 95% 1 92%) [52]. Jednak ASA
ma pewne ograniczenia. U niewielkiej grupy pacjentow w wyniku zastosowania alkoholu moze
doj$¢ do powstania blizny w przegrodzie, co moze skutkowa¢ arytmig komorowa. Ponadto, wyniki
skutecznosci ASA u pacjentow z masywnym lub tagodnym przerostem przegrody
migdzykomorowej lub u tych z nieprawidtowos$ciami aparatu zastawkowego mitralnej, sg niespdjne

[49-52].

Wsrdéd nowo ksztattujacych sig zabiegéw redukcji gradientu LVOT pojawiaja si¢: wsierdziowa
ablacja przegrody o czestotliwosci radiowej, przezskdrna $rédmig$niowa ablacja pradem

o czgstotliwosci radiowej przez dostep koniuszkowy oraz SESAME (ang. septal scoring along
the midline endocardium) z uzyciem echokardiografii przezprzetykowej lub wewnatrzsercowe;j

[53,54].

5.8. Niewydolnos¢ serca

Ze wzgledu na znaczng niejednorodno$¢ prezentacji klinicznej HCM, ustalenie doktadnej czesto$ci
wystepowania HF u tej grupy pacjentdéw jest trudne. Szacunkowe dane wskazuja, ze moze wynosic¢
od 50% do 67% [18,55,56]. Niewydolno$¢ serca w HCM ma dwie odrgbne postaci. U wiekszosci
pacjentow manifestuje si¢ jako niewydolno$¢ serca z zachowang frakcja wyrzutowa

(ang. heart failure with preserved ejection fraction, HFpEF), wystepujaca gtownie u pacjentow
z LVOTO oraz u okoto 10% pacjentéw bez LVOTO [18]. Jedynie niewielki odsetek pacjentow
rozwija niewydolno$¢ serca z obnizong frakcja wyrzutowa (ang. heart failure with reduced ejection

fraction, HFrEF). Objawy niewydolnosci serca charakteryzuja si¢ czesta zmienno$cig
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(,,dobre i zte dni”) i1 zaleza od obcigzenia wstepnego 1 nastepczego [56].

Progresja HF u pacjentow HCM nie jest zjawiskiem jednolitym, a jej objawy moga pojawic si¢
lub nasili¢ w kazdym wieku, jednak najczescie] wystepuja w wieku $rednim [56]. Niewydolnosé¢
serca jest dominujacym objawem HCM u kobiet, ktoére zazwyczaj sa diagnozowane i kierowane
do o$rodkow referencyjnych w starszym wieku, z wyzszym gradientem LVOT 1 gorszymi
wskaznikami wydolno$ci aerobowej [57,58]. U pacjentow z HCM rzadko obserwuje si¢ ostra
niewydolno$¢ serca. Jest ona najczgsciej] wywolana arytmig (np. migotaniem przedsionkdéw)

lub pogorszeniem si¢ niedomykalnosci zastawki mitralnej [59,60].

Pacjentéw z obnizong frakcja wyrzutowa lewej komory (<50%) i HCM bez LVOTO nalezy leczy¢
zgodnie z wytycznymi optymalnej farmakoterapii medycznej HF [37]. Ponadto, nalezy rozwazyc
implantacj¢ ICD, a u pacjentoéw z blokiem lewej wiazki Hisa i objawami niewydolnosci serca
opornymi na farmakoterapi¢ (NYHA II-IVa) terapi¢ resynchronizujaca (ang. cardiac

resynchronization therapy-defibrillator, CRT-D; klasa zalecenia Ila, poziom wiarygonosci C) [11].

5.8.1. Zaawansowana niewydolnos$¢ serca

Wsréd pacjentow z HCM postep do zaawansowanej HF obserwuje sie u 3,5-17% osob [61-64].

Roczne ryzyko jej rozwoju wynosi 3,2% i 1,6% odpowiednio u pacjentéw z i bez LVOTO [65].

Spiroergometryczna proba wysitkowa (ang. cardio-pulmonary exercise test, CPET) jest najbardziej
obiektywng metoda oceny wydolnosci wysitkowej u pacjentéw z HF pomocng w podejmowaniu
decyzji o kwalifikacji do zaawansowanych terapii HF. Pozwala ona na ocen¢ zaawansowania
choroby, skutecznosci stosowanego leczenia oraz stratyfikacje ryzyka zgonu. Wsrdd mierzonych
parametréw, pVO2 jest ztotym standardem w obiektywnej ocenie ograniczen czynnos$ciowych
oraz parametrem o znaczeniu prognostycznym. Odzwierciedla ono poziom maksymalne;j
wydolnos$ci aerobowej oraz ograniczenia wydolnos$ci uktadu sercowo-ptucnego. Obnizona wartos¢

pVO2 (<12 ml/kg/min w trakcie terapii beta-blokerami oraz <14 ml/kg/min bez beta-blokerow)
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koreluje z klasg czynno$ciowa NYHA u wigkszo$ci, jednak nie u wszystkich, objawowych
pacjentow z HCM. U niektérych z nich zaobserwowano rozbiezno$¢ miedzy poziomem pVO?2

a klasg czynno$ciowa [66-68]. Dlatego warto$¢ pVO2 powyzej wspomnianych progéw nie moze
sama w sobie stanowi¢ argumentu przeciwko kwalifikacji pacjenta z HCM do zaawansowanych

terapii HF [69].

5.8.2. Urzadzenie wspomagajace prace¢ lewej komory

Wprowadzenie urzadzen wspomagajacych praceg lewej komory (ang. left ventricular assist device,
LVAD) znaczaco zmienilo sposéb leczenia pacjentéw z zaawansowang niewydolnoscig serca oporng
na farmakoterapi¢. Zastosowanie LVAD nie tylko poprawito jako$¢ zycia, ale, co wazniejsze,
zwigkszylo przezywalno$§¢ pacjentow z kardiomiopatia niedokrwienng (ang. ischemic
cardiomyopathy, ICM) 1 rozstrzeniowa (ang. dilated cardiomyopathy, DCM) zarowno w ramach
leczenia pomostowego do czasu transplantacji (ang. bridge to transplant, BTT), jak i terapii
docelowej (ang. destination therapy, DT) [70,71]. Wsréd pacjentow z HCM korzy$¢ ptynaca

z tej innowacyjnej terapii okazala si¢ marginalna z kilku powodow [72]. Jama lewej komory

u pacjentéw z HCM jest czgstokro¢ mata, a jej $ciany sg przerosniete i zwtoknione. To sprawia,
ze implantacja LVAD stanowi chirurgiczne wyzwanie a w okresie pooperacyjnym wigze si¢

z ryzykiem wystapienia przewlektego uposledzenia napetniania lewej komory oraz mechanicznego
zablokowania wlotu kaniuli naptywowej (ang. suction events). Moze to prowadzi¢ do wystapienia
arytmii komorowych, niskich przeplywéw w pompie oraz powstania skrzepliny w kaniuli
naplywowej [72,73].

U pacjentow z HCM 1 HFrEF z poszerzong lewa komorg czesto obserwuje sie rozlegta przebudowe
migénia sercowego (remodeling) ze wspotistniejacym zwldknieniem zastgpczym. Prowadzi

to do zwigkszenia sztywno$ci komory i skutkuje wyzszym ryzykiem dysfunkcji rozkurczowe;j

po implantacji LVAD. W efekcie pacjenci z HCM i1 zaawansowang HF sa zazwyczaj wykluczani
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z badan klinicznych dotyczacych LVAD, co sprawia, ze wyniki implantacji w tej populacji
nie s dobrze zdefiniowane. Z tego powodu zarowno wytyczne International Society for Heart
and Lung Transplantation (ISHLT), ESC jak 1 ACC/AHA dotyczace diagnostyki i leczenia HCM
z zaawansowang HF zalecaja przeszczepienie serca, a nie implantacje LVAD, u tej grupy pacjentow.

[11,12,74].

5.8.3. Przeszczepienie serca

Na poczatku lat 90. XX wieku pierwsi pacjenci z HCM bez LVOTO i zaawansowang HF oporng
na farmakoterapi¢ zostali zakwalifikowani do przeszczepienia serca (ang. heart transplantation,
HT) [75]. Od tego czasu liczba przeszczepow serca u pacjentow z HCM znaczaco wzrosta.
Poniewaz HCM jest stosunkowo rzadka kardiomiopatia, pacjenci nig dotknigci stanowig zaledwie
okoto 2-3% wszystkich biorcow przeszczepow serca [76]. Sposrod tej grupy, okoto potowa

to pacjenci z HFpEF [77].

We wspolczesnej literaturze, dane kliniczne dotyczace pacjentdow z HCM 1 zaawansowang HF,
szczegotowy przebieg ich okresu przed- oraz pooperacyjnego oraz krotko- i dlugoterminowe
wyniki po HT, sg ograniczone. Ponadto, jednym z kluczowych wyzwan u tej grupy pacjentow jest
wysoka $miertelno$¢ w czasie oczekiwania na HT [72]. Systemy alokacji i dystrybucji serc
zazwyczaj priorytetowo traktuja pacjentow wspieranych lekami inotropowymi lub/i mechanicznym
wspomaganiem krazenia (ang. mechanical circulatory support, MCS). Pacjenci z HCM

1 zaawansowang HF czesto nie kwalifikuja si¢ do zadnej z tych strategii pomostowania do HT
ze wzgledu na ryzyko wywolania arytmii komorowych oraz specyficzng geometri¢ lewej komory.
Problem ten jest szczegdlnie istotny w konteks$cie coraz powszechniejszego zastosowania zaro6wno
krotko- jak 1 dlugoterminowego MCS u pacjentdéw z innymi rodzajami kardiomiopatii,

ktorzy konkuruja z pacjentami z HCM o wyzsze miejsce na liScie oczekujacych na HT.

Lepsze zrozumienie unikalnego profilu klinicznego pacjentow z HCM i zaawansowang HF,
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przebiegu ich okresu przed- i pooperacyjnego, oraz krotko- i dlugoterminowych wynikow po HT
W poréwnaniu z najczesciej spotykanymi kardiomiopatiami, jest kluczowe w codziennej praktyce
klinicznej kardiologéw i kardiochirurgéw transplantacyjnych. Swiadomo$é, jak profil kliniczny
tych pacjentéw zmienit si¢ w dobie MCS, moze pomdc nie tylko w optymalizacji ich leczenia

lecz rowniez w bardziej efektywnym planowaniu strategii terapeutycznej w momencie kwalifikacji
do zaawansowanych terapii HF. Istotnym elementem tej kwalifikacji jest odpowiedni system
alokacji, pozwalajacy na priorytetyzacje pacjentdow na podstawie cigzkosci ich stanu klinicznego

a nie jedynie bazujacy na obecnos$ci wsparcia lekami inotropowymi lub/i MCS. Lepsze zrozumienie
systemOw alokacji serc pozwolitoby nie tylko na sprawniejsze nawigowanie

w ich meandrach ale rowniez wicksze zaangazowanie klinicystow w ich projektowanie i tworzenie,
w celu ulepszenia dostgpu do tego, czesto jedynego, leczenia dla pacjentow z HCM

1 zaawansowang HF.
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6. CELE PRACY

Przedstawiona ponizej seria publikacji ma na celu:

1. Przeprowadzenie na poziomie jedno- i wieloosrodkowym analizy cech klinicznych pacjentéw
z kardiomiopatig przerostowa, ktorzy przeszli przeszczepienie serca, przebiegu ich okresu
przed- jak i pooperacyjnego oraz krotko- i dlugoterminowych wynikow po przeszczepieniu serca,
1 porownanie ich z danymi pacjentéw z kardiomiopatig rozstrzeniowa i niedokrwienng (publikacja
nrli?2);

2. Oceng, jak liczba, profil kliniczny oraz krotko- i dtugoterminowe wyniki po przeszczepieniu
serca ewoluowaty u pacjentow z kardiomiopatig przerostowa we wspotczesnej erze powszechnego
stosowania mechanicznego wspomagania krazenia (publikacja nr 2);

3. Zbadanie wptywu wprowadzenia nowego systemu alokacji serca na $miertelnos¢ w trakcie
oczekiwania na organ oraz na przezywalno$¢ po przeszczepieniu serca u pacjentow

z kardiomiopatia przerostowa, w oparciu o model amerykanski (publikacja nr 3);

4. Dokonanie przegladu metod leczenia u pacjentéw z kardiomiopatig przerostowa, ze szczegdlnym
uwzglednieniem nowych grup lekéw oraz terapii stosowanych w zaawansowanym stadium choroby

(publikacja nr 4).
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7. PUBLIKACJE

7.1. Publikacja nr 1: Long-term post-transplantation outcomes in patients with hypertrophic

cardiomyopathy: Single-center 35-year experience
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Abstract

Background: Heart transplantation (HT) is the anly option for most patients with end-
stage heart failure and hypertrophic cardiomyopathy (HCM] who fail medical therapy,
Dataon the leng-term outcomes post-transplant in HCM individuals remain scarce.
Methods: We analyzed data of 31% adult patients who underwent HT between 1984
and 2019. Patients were followed for cardiac allograft rejection, cardiac allograft
vasculopathy (CAV), death, or re-transplantation.

Results: Outcomes of 24 patients with HCM, 160 with ischemic, and 135 with dilated
cardiomyopathy were compared. During a mean follow-up of 11.6 + 7.2 (max 27.8),
167 + 82 (max 32.7). and 161 + 9.7 [max 34.5) years after HT in hypertrophic,
ischemic, and dilated cardiomyopathy groups, respectively: 10-year survival rate was
&7%, 62%, 69%, respectively {p = 04). Post-transplantation, HCM individuals more
often than the other two studied groups required prolonged inotropic support [37%,
12%, 17%, respectively, p = .02), temporary mechanical circulatory support (45%,
13%, 14%, respectively, p < 01), and renal replacement therapy immediately post-
HT (55%, 19%, 24%, respectively, p < 01). No significant inter-group differences
were noted in the 10-year freedom from acute allograft rejection (38%, 46%, 43%,
respectively, p = 38) or 10-year freedom from CAV (BB%, 78%, B1%, respectively,
p=57).

Conclusions: The long-term post-transplant prognosis of adult patients with hyper-
trophic cardiomyopathy is favorable despite more challenging immediate post-HT
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1 | INTRODUCTION

Hypertrophic cardiomyopathy (HCM) is the most common inherited
cardiovascular disease.! Variable genetic penetration and phenotypic
presentation make an early diagnosis challenging and are most likely
responsible for variable prevalence reparted in different age groups:
.02-3%7"% More recently, widely available genetic testing and con-
temporary cardiac imaging technigues with enhanced spatial reso-
lution suggest that the prevalence of this disease might have been
underestimated. 8- 1¢

Over the past four decades lifestyle modifications, prevention of
embolic stroke death with anticoagulants, genetic testing, periodic
sudden cardiac death (5CD) risk evaluation, and close clinical follow-
up along with a timely referral for septal reduction therapies and
implantahle cardioverter-defibrillator (ICD) resulted in better clini-
cal outcomes of HCM patients.!™ '* With extended longevity, the
incidence of heart failure (HF) in that group of patients has been
on a rise and is currently a predominant mode of demise.)” Pro-
gression to end-stage HF requiring advanced therapies is observed
in 3.5%—17% of HCM individuals.’® *® Altered ventricular geome-
try, thickened intraventricular septum, and reduced left ventricular
end-diastolic diameter in those patients often preclude them from
left ventricular assist device (LVAD) implantation. Therefore, most of
those who develop end-stage HF are referred for heart transplantation
{HT).

Data on the pretransplant characteristics, immediate post-
operative course and long-term post-HT outcomes in HCM individuals
remains limited. The current report demonstrates our institution's
35-year experience,

2 | MATERIALS AND METHODS

2.1 | Patient selection

We retrospectively reviewed all adult patients (aged =18 years) who
had undergone a first-time, single-organ heart transplant at our ter-
tiary referral center between 1984 (when an HT program was founded
at our institution) and 2019, Patients were excluded from the cur-
rent analysis If they had: (1) uncertain HF eticlogy; {2) congenital
heart disease; (3] valvular or restrictive cardiomwopathy; (4] multi-
organ of repeat cardiac transplantation; or {5) they have been lost
to follow-up or transferred their care to another center. Analyzed
patients were classified into three groups: hypertrophic, ischemic,
and dilated cardiomyopathy. HCM diagnosis was made based on a 2-
dimensional {2D) transthoracic echocardiography (TTE) and/or cardiac
magnetic resonance [cMRI1) showing an end-diastolic left ventricular
(V) wall thickness =15 mm within any segment. in the absence of
another cardiac, systemic, or metabolic disease causing hypertrophy.2?
Additionally, histologic characteristics of explanted hearts were used
to confirm the diagnosis of HCM and exclude infiltrative or storage
diseases.
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2.2 | Clinical data

Medical records of patients meeting the inclusion criteria were thor-
oughly reviewed and, if needed, supplemented with the data from
the Organ Transplant Tracking Registry (OTTR}. Patients’ compre-
hensive clinical and laboratory data were extracted, including age,
sex, ethnicity, blood type, preexisting cardiovascular risk factors, and
comorbidities, prior cardiac surgeries, arrhythmias, ICD presence, fam-
iy histary (FH) of HF and HT, FH of sudden cardiac death, peak VO2
and VEMNCO2 on cardiopulmonary exercise test (CPET), hemodynamic
measurements: right atrial pressure (RAP), pulmonary capillary wedge
pressure (PCWE), mean pulmonary artery pressure (mPAP), cardiac
index (Cl), pulmenary vascular resistance (PVR), transpulmonary gra-
dient (TPG), and listing status at the time of patient registration.

Listing status in the US is assigned to an HT candidate by the Organ
Procurement and Transplantation Metwork {OPTN) in collaboration
with United Metwork for Organ Sharing (UNOS). In 1988 a 2-tier
OPTM/UNOS allocation system was established and was based on the
severity of iliness and national waitlist time. A decade later,in 1998, the
advent of LVADs resulted in expanding it to a 3-tier system; 1A for can-
didates with the highest priority, 1B with intermediate priority, and 2
for candidates with the lowest priority.?* |n October 2018, to address
emerging concerns about waitlist mortality, a new &-tiered allocation
system was implemented assigning status 1 to the sickest patients and
status & to those who were hemodynamically stable and did not meet
higher status criteria.

Im the current study, peri-operative and donor-recipient data
included the presence of inotropic support, temporary and/or perma-
nent mechanical circulatory support (MCS), ventilatory support. wait-
list status at the time of HT, donor age and sex, donor-recipient CMY
serology mismatch, ischemic time, presence of inotropic and/or MCS
support after transplant, renal dysfunction requiring renal replace-
ment therapy (RRT) immediately post-HT and after discharge, infection
post-HT, length of intensive care unit (ICU) stay post-HT, a total length
of hospital stay post-HT, and discharge disposition. After a transplant,
acute cellular rejection (ACR) was graded according to the revised
International Society of Heart and Lung Transplantation (ISHLT)
criteriza®? Biopsy-proven antibody-mediated rejection (AMR) was
defined as intramyocardial capillaries positive for C4d, regardless of
patient hemodynamic status 4 Follow-up was established as the inter-
val between HT and the most recent encounter or death/retransplant
(up until January 1, 2021). Vital status, death/retransplant date
infarmation was derived from the medical records and, if needed,
supplemented with OTTR.

2.3 | Ethics approval

This study was performed in line with the principles of the Declaration
of Helsinki and approved by the Penn State Health Milton 5, Hershey
Medical Center Institutional Review Board (IRB) in Hershey, PA, A
waiver of consent was granted by IRB.
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2.4 | Statistical analysis

Demographic and clinical patient characteristics are presented as
mean + standard deviation for continuous variables and as frequency
{percentage) for categorical variables. Baseline comparison between
participants with hypertrophic, ischemic, and dilated cardiomyopathy
was conducted using a chi-square test or Fisher exact test (for variables
with frequency < 5} for categorical variables, Normally distributed con-
tinuous variables were compared using the student t-test or ANOVA,
when appropriate, while Wilcoxon and Kruskal-Wallis tests were used
for skewed data. Cumulative post-transplant survival rates were esti-
mated using the Kaplan-Meier method and group comparisons were
made using the log-rank test. Univariate and multivariate modeling
of long-term outcomes was assessed using Cox proportional hazards
maodels. Hazard ratios (HRs) and 5% confidence intervals (Cls) were
generated for univariate and multivariate anzlyses as measures of
strength of association and precision. The P values are two-sided and
were considered statistically significant when <05, All statistical anal-
yses were performed using JMP, version 17, software [SAS Institute,
Cary, North Carolina).

3 | RESULTS

In the current study, we analyzed characteristics and post-transplant
outcomes of patients undergoing HT at a single tertiary referral cen-
ter over 35 years. Patients undergoing multiorgan transplantation or
re-transplantation (total of 12) were not included in the analysis, Indi-
viduals with valvular cardiomyopathy (n = 1), congenital heart disease
{n = 2), and restrictive cardiomyopathies (n = 3) were excluded as
their profile differs from other types of cardiomyopathies. Among 319
patients meeting the inclusion criteria, 24 individuals with HCM, 160
with ischemic cardiomyopathy, and 135 with dilated cardiomyopathy
were identified and constituted the studied groups. All HCM patients

that have been ever listed at our institution received a heart transplant.

3.1 | Patient population

Patients with HCM who underwent a heart transplant were predomi-
nantly male [71%]} and all white (100%), Within that group, the average
age at the time of HF diagnosis, patient registration to the waitlist,
and the time of transplant was significantly younger than among indi-
wviduals with ischemic and dilated cardiemyopathy. Patients with HCM
compared to the other two studied groups were less frequently carny-
ing diagnoses of diabetes mellitus (DM), arterial hypertension (HTN],
hyperlipidemia (HLD), and peripheral vascular disease (PVD). At the
time of transplant, individuals with HCM mare often than the other two
analyzed groups had a history of supraventricular tachycardia (SVT),
syncope and were also more frequently on antiarrhbwthmics, Genetic
testing in HCM became available in the US in 2003. In our study, thir-
teen HCM patients underwent genetic testing, revealing three positive
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results (IMYH7 n = 2 and MYPBC3 n = 1) and five cases with variants
of unknown significance. The pretransplant demographic and clinical
characteristics for all analyzed groups are listed in Table 1.

Among patients with HCM, transthoracic echocardiography at the
time of listing showed mean left ventricular ejection fraction (LVEF, %)
by vse of modified biplane Simpson method of 454 + 18.4, left ven-
tricular end-diastolic diameter (LWVEDd, mm) of 46.9 + 15.3, and left
atrium volume index (LAVI, mL/m? ) of 44.7 = 11. Right ventricular (RV)
hypertrophy was noted in two and RV dilation in three patients, Twa
patients with HCM had a history of septal myectomy, and one patient
had an alcohal ablation; all procedures successfully relieved LV outflow
tract obstruction before listing for HT. One HCM patient had a history
of mitral valve replacement (MVR), and another patient had an aortic
valve replacement (AVR). At the time of heart transplant, among indi-
viduals with HCM two patients were supported with a total artificial
heart (TAH), three with an LYAD, and three with an intra-aortic bal-
loon pump (LABP). UNOS status distribution did not significantly differ
between the three studied groups of patients (Table 2). The majority of
patients included in the current study received HT based on the organ
allocation system in force between 1998 and 2018 (Supplement 1),

Post-HT, individuals with HCM more often than patients with
ischemic and dilated cardiomyopathy required prolonged (=7 days)
inotropic support (37%, 12%, 17%, respectively, p = 02), temporary
MCS support (45%, 13%, 14%, respectively. p £ .01}, RRT immedi-
ately post-HT {55%, 19%, 24%, respectively, p < 01) and hemodialysis
(HD)} for end-stage renal disease {ESRD] developed during the study
follow-up (21%, 5%, 8%, respectively, p=04) (Table 3).

3.2 | Clinical outcomes

During amean follow-up of 11.6+7.2, 16,7 + 8.2, and 16,1 + 5.7 years
after HT in patients with HCM, ischemic and dilated cardiomyopa-
thy, respectively, 1-year survival rate was 92%, 20%, 0%, respectively
{p = .97). 5-year survival rate was 79%, 78%, 82%, respectively (p= .59),
10-year survival rate was &7%, 62%, 69%, respectively (p = .04)
(Figure 1). No significant inter-group differences were noted in the
10-year freedom from cardiac allograft vasculopathy (88%, 78%, 81%,
respectively, p=.57) (Figure 2). The incidence of acute allograft rejec-
tion in the first year after HT was higher among individuals with HCM
when compared to those with ischemic and dilated cardiomyopathy.
However, there were no significant inter-group differences observed
in 10-year freedom from acute allograft rejection (38%, 44%, 43%,
respectively, p=.38) (Figure 3).

In the current study, of five HCM patients requiring prolonged
inotropic support (no MCS), one patient died 4 years after HT due
to non-cardiac causes, OF eleven HCM patients requiring temporary
MCS post-HT (four with concurrent prolenged inotropic support),
one patient died of multiorgan failure within 30 days; one patient
died within 1 year, and one patient 3 years after HT due to non-
cardiac causes (Table 3). Donor-recipient characteristics and transplant
outcomes are summarized in Table 3.
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TABLE 1 Demographic. clinical, and laboratory characteristics of heart transplant candidates on the waitlist according to type of

cardinomyopathy.

Age at HF diagnosis (years), mean + 5D
Age at OHT listing {vears), mean + 50D
Age at transplant (years), mean + 50
Male, n (%)
Ethnicity, n (%)

White

Asian

Latino

Elack
BMI at listing (kg/m?), mean + SD
Diagnasis of DM at listing, n (%)
History of HTN at listing, n (%)
History of HLD at listing. n (%)
History of CVA at fisting, n (%)
History of PVD at listing. n (%)
CKD at listing, m (%)
History of COPD at listing n (%)
History of tobacco use, n (%}
History of SVT prior to transplant, n (%)
History of sustained VT/VF pricr to transplant, n (%)
History of syricape at listing, n (%)
Presence of ICD at listing, n (%}
History of cardiac surgery at listing, n{%}
Medications
Beta-blocker at listing. n (%)
CCB at listing, n (%)
ACE-| at listing, m (%)
ARB at listing, n (%)
Loop diuretlc at listing, n (%)
Aldpsterane antagonist at listing. n (%)
Antiarrhythmic at listing, n (%)
Laboratory findings
HgAdc atlisting. mean + 5D
Creatinine at listing {mg/dL), mean + SD
BUN at listing (mg/dL), mean + 5D
Na level at listing (mmol/L}, mean = 50
Total bilirubin at listing (mg/dL), mean + 5D
AST at listing (u/L), mean + 5D
ALT at listing (u/L), mean + 5D
Albumin at listing (g/dL). mean + 5D
Family history
Family history of HF, a (%]
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Hypertrophic Ischemic Dilated
(N=24) (N=160) (N=135) pvalue
351+ 161 547+ 9.1 3994131 <01
40.7 £134 353+ 84 489+ 120 <01
413+ 129 566479 483+13.3 <01
17 (71%) 141 (8B%) 101 (75%) =01

29
24 (100%) 154 (96%) 124{92%)
0(0%) 01.0%) 1013%)
010%) 0 L0%) 413%)
010%4) & 4%) &14%)
30+82 2864 4.88 276+ 49 A7
2 (8%) £1{38%) 32 (23%) 01
£125%) B2{51%) 47 (35%) 03
7 130%) 150 (94%) 53(39%) <01
1(5%) 10(8%) 15(11%) 09
0(0%) 201{13%) 5 (49%) 01
11 {46%) T2(45%) 44(33%) <.01
21(8%) 17{11%) B85 (63%) 01
8133%) 102 (&4%) 58(43%) <01
21(87%) 37(23%) 34(25%) <01
12 (508) 74 (46%) 47 (35%) 22
11(47%) 30(19%) 23017%) 02
19 {80%) 134 (84%) 109 {81%) A3
10 (43%) 124 (79%) 7052%) <01
19 (79%) 114 (71%) 115 (85%) <01
3112%) 11(7%) F(7%) <.01
6(26%) 53(33%) 57 (42%) =01
2 (8%) 19412%) 59 (44%) <.01
21(88%) 128 (80%) 107 [79%) <01
13 {54%) 53(33%) &69(51%) <01
22(92%) &1(38%) &6 (49%) <01
59+.9 65+15 6.5+15 57
1447 1449 13+ 9 78
234282 3221 25%+16 09
137.3£3.5 136.6 4.8 1364 4.1 L9
179+ 4 14+.2 12+.2 A2
56.1x£222 49.8 + 106 396+101 T
79324 394+ 126 332+124 62
38+.1 38+1 3B+ 57
14 (47%) 27(17%) 39(29%) <01

(Continues)
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TABLE 1 (Continued)

i Ischemic Dilated
Characteristic (N=24) [N = 160) (N =135} pvalue
Family history of end-stage HF, n (%} 8133%) 5(3%) 19(14%) <01
Family history of OHT,n (%) & (25.0%) 1{1%} B16%) <01
Family history of SCD, n (%} 14 (&0%) 19{12%) 23(17%) =01
Family history of SCD in 1st degree relative, n (%) 12 {5086) 14(9%) 17 {13%) <01

All bold values in the table indicate statistical signifance.

TABLE 2 Clinical and hemeodynamic characteristics at the time of listing for heart transplantation according to type of cardiomyopathy.

Hypertrophic Ischemic Dilated

Characteristic {N=24) N = 160] (N=135) p-value
HF dizgnosis to OHT listing (years) A6 =41 59459 B8+ 64 01
Listing ta OHT (days) 319272 207 + 59 225437 5
Blood type, n (%) 04

e} 18(73%) 59 (38%) 47 135%)

A 219%) 87 (54%) 59 (44%)

B 21(9%) 7 (4%) 18{13%)

AR 2 (9% 7 (4%) 11 (8%}
UMNOS status at listing (1998-Oct 17, 2018). n (%) 28

1A 3113%) 34 (21.3%) 31(23%)

1B & (25%) 61 (3B.3%) 28(21%)

2 11(44%) 23(14.4%) 25 (18%)
UMOS status at listing (after Oct 2018), n (%) et

1 0 (08%) 0(0%e) 10(1%)

2 0(0%) 01(0%) 5 (4%)

3 01(0%) 2(1.3%) 3 (2%)

4 11(4%) 1(.7%) 1{1%)
CPET performed, n (%} 12 {50%) 29(18%) 44 {33%) <.01
Peak VO 2 imL/min/kgl, mean + 50 12222 132+ 46 14.1+8% frrd
VENCOZ, mean + 50 38.1+B3 35.4 + 6.2 IT6L7R 58
R pressure at listing (mm Hgl, mean + 5D 149+ 111 102+7 113+75 .03
Mean PA pressure at listing {mm Hgk mean = 50 349 +142 276+ 104 319 +11 .03
PCWP at listing {mm Hgl, mean = 5D 76+14.6 20=578 217+ 104 o]
Cl by Fick (L/min/m?}, mean + 5D 17+3 246 19+ .57 23
Transpulmonary gradient (mm Hgl. mean « 5D Bl+44 8451 10+50 .03
Pulmonary vascular resistance (Woods units), mean + 50 28+ 9 204+ 1.1 24+19 05
Inotropic support prior transplant, n (%) 14 {4605) 83(52%) A5 (485 09
Ventilator support prior transplant, m (%) 1(.5%) 2{1%) 15(11%) =01
MCS prior transplant, n (%) =.01
None 16(67%) 100163%] 91 (68%)
LVAD {alone) 3112.5%) 42 (26%) 35(26%)
RWVAD (alone) 01(0%) 0(0%) 0105)
IVAD + RVAD 0 (0] 0 {0%e) 10(1%)
TAH 2(B%) 5 {3%) 010%)

(Continues)
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TABLE 2  (Continued)
Hypertrophic  Ischemic St
Characteristic (N=24) (N = 160) (N =135) p-value
ECMO 010%) O{0%) 010%)
IABP 3(12.5%) 13 (8%) & (4%)
Impella 0(D%] 0(0%) 2(1%)
UMOS status at transplant (1998-0ct 17, 2018),n (%) B85
1A 14(58%) 85 (53.234) 64 (475%)
1B 4(17%) 26 (16.3%) 13 {10%)
2 2 (B%) 7 (4.4%) 7 15%)
UMOS status at transplant (new system after Oct 17, 2018), n (%) A6
1 0 (0%) 0{0%) 1(1%)
2 114%) Qo) 5 (4%)
3 010%) 1(7%) 3(2%)
4 010%) 2(1.3%) 1(1%)
All bold values in the table indicate statistical signifance,
TABLE 3 Donor-recipient characteristics. post-transplant life support, disposition and transplant outcomes according to type of
cardiomyopathy.
Hypertrophic Isehemic Dilated
Characteristic (N =24) (N=160) {N=135) pvalue
Donor-recipient characteristics
Ischemic time (min), mean + 50 172445 191449 183 + 46 34
Donor age (years), mean + 50 325413 3664129 336+ 11 38
Donor BMI (kg/m?), mean = 5D 29+ 5.8 271+46 2B2:61 57
Donor-recipient BM | mismatch (%), mean + 50 1+171 6+1469 1+£190 27
Danar gender {female], n (%) 15 (63%) 115(72%) 9B (73%]) 01
Donor-recipient gender mismatch, n (%) =01
Female-female 729%) 16 (10%) 32(24%)
Female-male 81{33%) 99 (62%) 66 (49%)
Male-male 7 {38%) 39(24%) 35(26%)
Male-female 0l0%) & [43) 2(1%)
CMV serology mismatch, n (%) a7
D—/R— 2 {3é%) 36(22%) 23(17%)
D+/R- 13(55%) 64(40%) 60 (44%)
D=/E+ 2(9%) 30{19%) 24(18%)
D+/R+ (0% 30(19%) 28(21%)
Recipient post-OHT support
Reintubation after transplant, n (%) 144%) 21(13%) 16(12%) 01
Prolanged inotrapic support after transplant (= 7 days), n (%) {37%) 12{12%) 23(17%) 02
Renal dysfunction requiring replacement therapy after transplant. n %) 13 [55%) 30 {19%) 32 (24%) <01
Permanent HD after transplant, n (%) 5(21%) B(5%) 11 (83) .04
Infection after transplant (prior dischargel, n (%) 2(8.3%) 27 {17%) 34(25%) 04
(Continues)
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TABLE 3 (Continued)
Hypertrophic Ischemic Dilated

Characteristic (N =24) (N=160) (N =135) p-value
MCS after transplant, n (%) =04

Nane 13(55%) 140 (87%) 116 (84%)

LVAD (alone) 010%} 0 (038 0 {0%)

RVAD (alone} 010%) 3(2%) 0(0%)

LVAD + RVAD 010%) 0(0) 0{0%)

TAH 0%} 0 (0%a) 0{0%)

ECMO 6 {25%) 8(5%) 11(8%)

IABP 5(20%) 6 (43%) 8(a%)

Impella (0%} 3(2%) 0{D%)
OHT to extubation [days), mean + 50 48119 3519 28+.5 4
OHT to downgrade from ICU (days), mean £ 50D 17.1+4.3 11+13 11.2+£11 I |
OHT to discharge (days), mean + 50 262+ 50 159426 1691411 09
Discharge dispoesition, n %} 5

Home 18(75%) 134 (B4%) 112 (83%)

Acute rehabilitation facility 6125%) 24(15%) 1B (13%)

Skilled nursing facility 005l 2{1%) 5(4%)
Death at the end of study period, rn (36) B1(33%) 110 (69%) To(565%]) <01
Cause of death, cardiac, n (%) 2125%) 15(14%) 14(18%) a1
Cause of death, non-cardiac, n (%) o7

Infection 2(25%) 12(11%) 10(13%)

Malignancy 1(12.5%) 14{13%) 4(5%)

Single organ failure [non-cardiac) 1(12.5%) 5 (4%) 0 (o)

Other 2(25%) 64 (45%) 48 (63%)
Retransplant, n (%) 0 1 5 18

Al bold values in the table indicate statistical signifance.

In a multivariate analysis of covariates modeled as a time to the
first event, the following variables were independent predictors of
all-cause mortality or retransplant: ventilator use prior to transplant
{1-year mortality/retransplant), infection after transplant (1-year mor-
tality/retransplant), reintubation after transplant (1-, 5-, and 10-year
mortality/retransplant), donor female sex (1- 5- 10-year mortal-
ity/retransplant), renal dysfunction requiring RRT immediately after
transplant {5- and 10-year mortality/retransplant), ESRD requiring
HD after transplant (5- and 10-year mortality/retransplant), hyperlipi-
demia (5+, 10- year mortality/retransplant) and DM at listing (10-year
martality/retransplant) (Table 4, Supplement 2).

4 | DISCUSSION

The main finding of this study is that patients with hypertrophic car-
diomyopathy undergoing a heart transplant have a favorable long-term
prognosis despite the challenging immediate post-transplant clinical
COourse,

39

In the current study, patients with HCM were younger at the time
of HT than individuals with ischemic and dilated cardiomyopathies,
which is consistent with previous single-center reports. 2324 However,
age itzelf was not found to be a predictor of all cause mortality at any
studied time point in our analysis, similarly to the findings of a multi-
institutional study.2’ Although younger age can be certainly a favorable
characteristic since it is usually associated with less comorbidities and
higher functional status, we argue that it is not the chronological zge
per se that determines the cutcomes, Patients with HCM included
in our study were less frequently than individuals with ischemic and
dilated cardiomyopathy, affectad by HLD and DM at the time of listing,
which is consistent with other single-center reports and validated by
the UNOS data analysis. 2252531 Hyperlipidemia and DM are known
risk factors for developing coronary artery disease, They are also major
risk factors for developing cardiac allograft vasculopathy (CAV) which
is the leading factor limiting long-term survival post-transplant.®2 In
the current study hyperlipidemia and DM at the time of listing were
found to be independent predictors of 5-, 10-year post-HT mortality.
The prevalence of HLD and DM prior to heart transplant was the high-
est among patients with ischemic cardiomyopathy, a group with the
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FIGURE 1 Kaplan-Meier survival curves after heart transplantation in patients with history of HCM, ischemic cardiomyopathy, and dilated
cardiomyopathy (A) in patients with history of HCM and ischemic cardiomyapathy (B),
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2@ = BEchemic CM Dilated si
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FIGURE 2 Fresdom from cardiac allograft vasculopathy after
cardiac transplantation in patients with history of HCM, ischemic
cardiomyopathy, and dilated cardiomyopathy.

highest all-cause 10-year mortality. We hypothesize that pre-existing
HLD and DM were exacerbated post-transplant by the use of immunc-
suppressants and periodic use of high-dose steroids used for the
treatment of allograft rejection, which might have contributed to CAW
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Freedom from rejection (%)
10 years
i HCM 38
Ischemic 46
FTY
Dalated 43

Logramk pvalue 038

I — 1schemse CLEF
—_— dilated CAP

o
e 1" 2 I 4 & & T ® ® 1w
Follie- uap [y wen #fter HT)

Number at risk

HCM 24 9 92 9 9 9 9 9 9 9 9
Ischemic o) 104 S6 93 00 B85 B3 852 80 75 74
Dilated 13581 72 72 70 &8 66 61 39 58 58
FIGURE 3 Freedom from acute allograft rejection after cardiac

transplantation in patients with history of HCM, ischemic
cardiomyopathy, and dilated cardiomyopathy.

and resulted in higher mortality. CAV incidence observed in all analyzed
groups of our study was lower than in recent large-scale registries.**
That can stem from the fact that our study period included an era when
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TABLE 4 Univariate and multivariate Cox regression analyses for mortality/retransplant at 10 years after heart transplant.

Univariate analysis Multivariate analysis
Characteristics HR (95%CI) p-value HR [_95%£l',l p-value
Demographics
Age at transplant 1.02(,37-2.94) o
HCM eticlogy 55(23-1.1) A2
Blood type O 79 (48-1.24) 34
DM at listing 1.34(1.18-147) <.01 1.11(1.06-1.34) 04
HLD at listing 3.7712.53-573) <01 2.31(1.54-335) =01
Pre-OHT
Ventilator use prior transplant 3.1 (247-4.01) =01
TAH pre-OHT 95 (,29-2.28) 5
IABP pre-OHT 1.58 (,85-2.70) A3
Post-OHT
Prolonged inotropic support after transplant 2.87(222-374) <01
Renal dysfunction requiring renal replacement therapy after 3.10(2.35-411) <01 2.19(1.329-3.618) <01
transplant
Permanent HD after transplant 2.39{192-2.95) <01 2.04(1.25-238) 01
Infection after transplant (prior discharge} 341(259-448) =01
ECMO after transplant 84 (,39-1.58) 62
Female donor 5.53(347-9.21) <01 472(2.91-801) =01

All bald values in the table indicate statistical signifance,

CAV surveillance with coronary angiography and intravascular ultra-
sound (IVUS) was not a clinical standard. Therefore, CAV incidence
could have been underestimated in all three analyzed groups.?*

Maoreover, in the current study, female donors and donor-recipient
mismatch [female-male) were less common among HCM patients
compared to ischemic and dilated cardiomyopathy individuals. Donor
female gender was an independent predictor of 1, 5-, and 10-year all-
cause mortality which is consistent with the previous UNOS registry
data report.®’ Numerous explanations have been postulated to explain
this phenomenaon. The leading hypothesis is that the smaller mass of
the female heart has insufficient reserve te supply a male badv.’ Inthe
current study, there was no significant difference in donor-recipient
BMI mismatch among analyzed groups.

In the largest to date (41 HCM patients) single-center study, Kato
et al. demonstrated favorable 1= and S-year post-transplant outcomes
in HCM patients compared to those with ischemic cardiomyopathy and
non-inferior to other types of cardiomyopathies ™ This observation
was further substantiated by Maron et al. In a comprehensive 10-
year follow-up based on the UNOS registry.** Our current study aligns
with these findings. Additionally, both aforementioned reports focused
primarily on post-transplant rejection and survival rates. In contrast,
our study provides supplementary data on renal dysfunction, infection
and CAV rates, all of which constitute relevant factors contributing
to post-transplant outcomes. Moreover, we provide insights into the
post-transplant course, including the utilization of life-support inter-
ventions, While previous reports were primarily conducted in 1990s
and early 2000s, it is important to note that 15 of 24 HCM patients in
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our study underwent transplantation after 2008, in an era marked by
increased utilization of temporary and permanent MCS devices, Con-
sequently, our findings offer a more contemporary perspective on the
subject matter. Patients with hypertrophic cardiomyopathy analyzed
inour study, maore frequently than other two studied groups required
prolonged inotropic and temporary mechanical circulatory support
after transplant, Notably, pre-transplant mPAP among patients with
HCM was significantly higher. Moreover, there was a trend towards
higher PVR in HCM individuals. When compared to the other two ana-
lyzed groups, the difference was not statistically significant. We argue
it stems from the small HCM sample size that did not generate sta-
tistically significant incremental difference. Therefore, we hypothesize
that HCM patients were at higher risk for RV failure and subsequent
multiorgan failure which is in line with the chservation by Pasqualucei
et al?® Venema et al. demonstrated that inotropic score (calculated
based on the type and dose of an inotrope) within 48 h post-HT was a
significant predictor of up te 5-year mortality, ™ In our study, prolonged
Inotropic use after transplant was not a predictor of 1-, 5- and 10- year
post-transplant mortality.

Monetheless, postoperative hemodynamic instability can certainly
contribute to kidney hypoperfusion. Renal function impairment is
very common immediately post-heart transplantation.®” Recently, in
a national cohort analysis HCM was identified as a predictor of need
for RRT immediately post-HT.%% In the current study, individuals with
HCM more often than those with ischemic and dilated cardiomyopathy
required RRT immediately post-HT and later on developed ESRD. End-
stage renal disease in post-transplant patientsis a result of pre-existing
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chramic kidney disease (CKD), long cardio-pulmonary bypass time, and
the use of immunosuppressants. The prevalence of CKD at listing diel
not significantly differ between HCM and ischemie cardiomyopathy
groups. However, we noticed that HCM patients had more elevated Ra
pressure and PCWP compared to the other two analyzed groups, That
might suggest that more pronounced venous congestion can result
in a smaller renal reserve that can lead to a more frequent need for
RRT post-transplant. In the current study, both RRT immediately after
transplant and ESRD were independent predictors of 5- and 10-year
mortality. Wang et al reported that ESRD was a predictor of 3- and
S-year mortality after transplant.?” Our study provides a piece of evi-
dence that this correlation persists for 10 years. Despite higher renal
failure incidence seen post-transplant among HCM patients, their 10-
year outcomes were more favorable than in individuals with ischemic
and non-inferior to the individuals with dilated cardiomyopathy. That
can be attributed to the attenuating effect of other aforementioned
mortality predictors identified in the current study.

Additionally, our analysiz showed that the etiology of cardiomy-
opathy (HMC] was not a predictor of investigated outcomes. That
is consistent with previously reported multi-institutional database
analysis. ™ Mareover, in the current study, HCM patients had a lower
incidence of infections immediately past-HT, Unsurprisingly, infection
after transplant was an independent predictor of 1-year mortality.

41 | Study limitations

The current study should be interpreted in the context of several lim-
itations. Firstly, it is a single-center, retrospective analysis relying on
the accuracy of medical records. Secondly, the study is limited by a
small sample size of HCM patients similarly to previous single-center
reports, 2% However, the low incidence of hypertrophic cardiomy-
opathy and end-stage HF within that group hinders performing a
large-scale single-center study. Thirdly, while national registry stud-
ies report that 68%-E%% of HCM patients undergoing HT are White,
in the current study 100% of the HCM patients were of White eth-
nicity, which certainly limits the generalizability of our results to a
certain extent.***? Fourthly, a long follow-up included an era when
guidelines and available medical, and device treatment options were
significantly different. However, that would affect all three groups
of analyzed patients. In addition, although several covariates were
included in our multivariate analysis, we acknowledge that residual
confounding remains a possibility.

5 | CONCLUSIONS

The current study provides evidence that the long-term post-
transplant prognosis of adult patients with hypertrophic cardiomyopa-
thy is more favorable than in patients with ischemic cardiomyopathy
and non-inferior to patients with dilated cardiomyopathy despite more
challenging immediate post-HT course.
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Supplement 1. Number of transplants performed under different organ allocation systems

according to type of cardiomyopathy

Organ allocation system eras Hypertrophic Ischemic Dilated
in the US (N=24) (N=160) (N=135)

1984 — 1997, n (%) 3 (13%) 39 (24%) 41 (31%)

1998 ~ 2018 (until Oct 17), n (%) 20 (83%) 118 (74%) 84 (62%)
2018 (after Oct 17) - 2019, n (%) 1 (4%) 3 (2%) 10 (7%)
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Supplement 2. Univariate and multivariate Cox regression analyses for mortality/retransplant

at 1 and 5 years after heart transplant.

Univariate analysis

Multivariate analysis

(1 year) (1 year)
Characteristics HR (95%CI) P- value HR (95%CI) P- value
Demographics
Age at transplant 0.89 (0.14 —6.9) 0.9
HCM etiology 0.55 (0.09 - 1.86) 0.42
Blood type O 1.26 (0.54 - 2.66) 0.36
DM at listing 1.29 (0.92 - 1.58) 0.1
HLD at listing 185 (088 —4.1) 0.1
Pre-OHT
Ventilator use prior (189 =500 =001 1.82(1.01-3.2) <01
transplant
TAH pre-OHT 2.64 (0,63 - 7.50) 0.15
IABP pre-OHT 1.95 (0.63 — 4.84) 022
Post-OHT
Prolonged inotropic  |2.53 (1.44 - 4.3) =().01
support after
transplant
Renal dysfunction 3.49(1.97 - 6.16) <0.01
requiring renal
replacement therapy
after transplant
Permanent HD after | 3.23 (2,16 — 4.82) <0,01
transplant
Infection after 3.55(2.03-6.12) =0.01 3.259(1.047, 10.147) 0,04
transplant (prior
discharge)
ECMO after 228 (0.84 — 5.28) 0.09
transplant
Female donor 516 (2.28-13.19) <0.01 347(1.51-9.02) <0.01
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Multivariate analysis

Univariate analysis (5 years)
(5 years)
Characteristics HR (95%CI) P- value HR (95%CI) P- value
Demographics
Age at transplant .94 {0.26 - 3.89) 0.9
HCM ctiology 0.68 (023 - 1.55) 0.41
Blood type O 098 (0.53 - 1.71) 0.94
DI at listing 1.24 (098 — 1.45) 0.06
HLD at listing 1.89(1.12 - 3.27) 0.02 1.70 (1.02 — 2.95) 0.04
Pre-OHT
Ventilator use prior | 3.11{2.23 — 4.29) =i.01
transplant
TAH pre-OHT 1.67 (0,50 — 4.08) 0.35
TABP pre-OHT 23(1.12-431) 0.13
Post-OHT
Prolonged inotropic (2,49 (1.71 — 3.59) =0.01
support after
transplant
Renal dysfunction 2.85(1.93,4.19) =001 1.547 (1.103,2.979) | 0.02
requiring renal
replacement therapy
after transplant
Permanent HD alter | 2.30(1.70 - 3.05) =i.01 2.15(1.03 - 2.68) 0.04
transplant
Infection after 2.95(2.01 -4.29) =i.01
transplant (prior
discharge)
ECMO after 1.50 (0.69 — 2.90) 0.28
transplant
Female donor 4.34 (2,48 — 7.98) =001 3.76 (2.11-7.02) =0.01
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Heart Transplantation Outcomes in Patients With Hypertrophic
Cardiomyopathy in the Era of Mechanical Circulatory Support

MaryLoa MazuriD,* Rosert DowLing, T GeetHA Buat, T Anpres Carmona Rusio,* ann Howaro |, Bisend

Mechanical circulatory support has emerged as a vital thera-
peutic modality for patients awaiting heart transplantation
(HT). However, it is unknown how it affected the character-
istics and post-HT outcomes of patients with hypertrophic
cardiomyopathy (HCM). This retrospective cohort study ana-
lyzed adult HT recipients from the International Society for
Hearl and Lung Transplantation registry (1998-2017). Two
equal-duration eras were defined: era 1 1998-2007 and era
2 2008-2017. Patients with HCM were compared across the
two eras (n, = 742 and n, = 1,211) and within each era, they
were contrasted with individuals with nonischemic (NICM)
(n, = 15,964 and n, = 20,394) and ischemic cardiomyopathy
(ICM) (n, = 14,140 and n, = 12,986). Across eras, the number
of HTs among patients with HCM increased by 63 %. The rate
of recipients with HCM in the intensive care unit (ICU) sup-
ported with intra-aortic balloon pump (IABP) increased, yet
their pre-HT functional status improved, and 5 year post-HT
survival remained unchanged and favorable. In era 2, at the
time of HT, patients with HCM were more frequently than
their NICM and ICM counterparts in the ICU and supported
with inotropes. In the same era, 1 and 5 year survival were
more favorable in HCM compared to ICM and comparable to
NICM. ASAIO Journal 2024; XX:XX-XX

Link do manuskryptu:
https://journals.lww.com/asaiojournal/abstract/9900/heart _transplantation outcomes in_patients wi
th.591.aspx
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ASAIO Journal 2024 Clinical Cardiovascular

Impact of the New Heart Allocation System on the
Medium-Term Outcomes in Patients With Hypertrophic
Cardiomyopathy

MarvLoa Mazur®®,* Anpres Carmona Rusio,® Howarp ). Bisen, T GeetHA BHAT, # anD Rosert DowuncE§

The introduction of the new heart allocation system in the
United States in 2018 resulted in an increase in the number
of heart transplants (HT) performed among patients with
hypertrophic cardiomyopathy (HCM}. However, whether
that affected medium-term post-HT outcomes in this group
of patients remains unknown. We conducted an analysis of
the United Network for Organ Sharing Transplant Database,
including adults with HCM who underwent heart transplanta-
tion between 2015 and 2021. Patients were divided into two
equal-duration eras: Era 1 (October 17, 2015, to October 17,
2018) and Era 2 (October 18, 2018, to October 18, 2021).
In the studied period, 444 patients with HCM underwent
HT: 204 in Era 1 and 240 in Era 2. In Era 2, the waitlist time
was shorter, lransplant rates were higher, patients were less
frequently supported with inotropes but more offen with an
IABP, ischemic time was longer, and donor-to-recipient dis-
tance larger. Pre- and post-transplant functional status was
comparable across the two eras, while the pre-HT employ-
ment rate was higher in the new system. The 3 year survival
was unchanged across eras. In the new allocation system,
despite more frequent mechanical circulatory support (MCS)
use and increased ischemic time, the medium-term outcomes
of patients with HCM remained favorable. ASAIO jJournal
2024; 70:778-786

Link do manuskryptu:

https://journals.lww.com/asaiojournal/abstract/2024/09000/impact_of the new heart allocation sy
stem_on_the.12.aspx
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Abstract

Purpose of Review There has been much debate surrounding novel medical therapies and heart transplantation listing chal-
lenges in patients with hypertrophic cardiomyopathy (HCM).

Recent Findings Recent clinical trials led to FDA approval of mavacamten (a cardiac myosin inhibitor), offering symptom
relief and potentially delaying/avoiding invasive septal reduction therapies for some patients with HCM and left ventricular
outfow obstruction (LVOTO). For those with refractory symptoms and end-stage heart failure, heart transplantation remains
the gold standard. However, the concern for the organ allocation system failing to prioritize those individuals persists.
Summary HCM is a heterogeneous genetic condition with variable penetration and clinical presentation. Even though a
large portion of patients remain asymptomatic, an important minority develops debilitating symptoms refractory to medical
therapy. Post-HT short- and long-term outcomes are favorable. However, HT waitlist mortality remains high. For highly

selected patients with HCM, a lefl ventricular assist device is a viable option.

Keywords Hypertrophic cardiomyapathy - Heart failure - Cardiac myosin inhibitors - Heart transplant - Left ventricular

assist device

Introduction

Hypertrophic cardiomyopathy (HCM) is defined by the pres-
ence of left ventricular hypertrophy (LVH) in the absence of
other potentially causative cardiac, metabolic, or systemic
conditions [1]. It is the most common inheritable mono-
genic cardiac disease with prevalence ranging from 1:1,124
to 1:200 [2-5]. HCM is considered an entity caused by
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mutations in one of at least 11 genes encoding sarcomeric
or 7 disc proteins. The most commen pathogenic gene vari-
ants are myosin-binding protein C3 (MYBPC3) and myo-
sin heavy chain 7 (MYHT7) [6-8]. Given that HCM can be
inherited as a Mendelian autosomal dominant disorder, it is
estimated that in the United States alone there are at least
750,000 individuals affected by this condition. The fact that
only about 100,000 patients are carrying this diagnosis, sug-
gests that HCM is significantly underdiagnosed [9].

The condition now recognized as HCM was first reported
by French clinicians between 1868—1869 and subsequently
by French pathologist Dr. Teare in 1958 [ 10-13]. Shortly
after the latter, its clinical description was presented by the
Braunwald group from the National Institutes of Health [ 14].
This inaugurated an era of clinical research that revealed this
condition to have variable penetrance and a wide range of
clinical presentations,

Clinical manifestation and diagnosis
Many individuals with HCM experience no or only mild

exercise intolerance. However, an important minority suf-
fers from debilitating symptoms such as chest pain, syncope,

@_ Springer
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and dyspnea on exertion. Those can be attributed to a range
of pathophysiologic mechanisms such as LV outflow tract
obstruction, mitral regurgitation, heart failure with preserved
or reduced ejection fraction (HFpEF or HEFrEF, respec-
tively), and atrial or ventricular arrhythmias [1, 15-24]. In
some cases sudden cardiac death (SCD) is the first manifes-
tation of the disease.

Transthoracic echocardiography (TTE) is the initial and
preferred imaging modality used for making an HCM diag-
nosis. Cardiac magnetic resonance imaging (cMR1) is also
indicated and particularly useful when TTE fails to provide
optimal images or is inconclusive (i.e. borderline LVH or
concern for apical HCM). For patients who cannol have a
¢MRI performed, cardiac computer tomography (CCT) can
be considered. Regardless of the imaging modality used,
end-diastolic wall thickness = 15 mm in the absence of other
potential causes of hypertrophy in a non-dilated LV is con-
sistent with the HCM diagnosis. If there is a family his-
tory of HCM or a known genetic mutation, a wall thickness
of = 13 mm can be diagnostic 1],

There are several hypertrophy patterns seen in patients
with HCM. The most commonly observed is asymmetric
septal hypertrophy (also called a reversed septal curvature)
[25]. In up to 70% of patients, hypertrophied septum pro-
trudes into the LV cavity and resulis in obstructive physi-
ology. Within this cohort, resting lefi ventricular outflow
obstruction (LVOTO) defined by an LV intracavitary peak
gradient 2 30 mmHg is seen at rest in 25-30% of patients
[26, 27]. In another 35% LYOTO is inducible only by pro-
vocative maneuvers (i.e. Valsalva or amyl nitrate inhalation).
If those fail to evoke LVOTO, the exercise echocardingraphy
is recommended [27, 28]. The presence of a resting or pro-
voked gradient> 30 mmHg is associated with an increased
risk of progression to New York Heart Association (NYHA)
class TIT or IV HF symptoms and SCD [29]. The remaining
30% of patients with HCM have LV outflow gradient < 30
mmHg at rest and/or with exercise, and are classified as hav-
ing non-obstructive HCM [26, 30, 31]. One of the anatomi-
cal patterns of hypertrophy with non-obstructive physiology
is apical HCM, It is characterized by mid and apical segment
hypertrophy and a spade-shaped LV cavity seen on imaging
[25].

Ventricular arrythmias

Patients with HCM are at risk of SCD in the mechanism
of ventricular tachycardia (VT) and ventricular fibrilla-
tion (VF). Antiarrhythmics and catheter-based ablation
do not reduce the risk of ventricular tachyarrhythmias in
this cohort, making an implantable cardioverter-defibrilla-
tor (ICD) the only currently available effective treatment.
Although ICDs revolutionized the landscape of ischemic
heart disease in the 1980s, it was not until a sentinel New
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England Journal of Medicine publication by Maron et al.
in 2000, that they were incorporated into the management
of patients with HCM [32-34]. That contributed to a sub-
stantial reduction in the yearly mortality within this group,
from 6-8% 1o (0.5% regardless of gender, race, or age. Nota-
bly, none of the medications used in patients with HCM has
proven to reduce their mortality [35].

Obstructive HCM treatment

Pharmacotherapy in HCM is reserved for symptomatic
patients only (Fig. 1). In 1964, fi-blockers were introduced
by Dr. Braunwald to alleviate HCM symptoms and they
constitute a first-line HCM therapy in the current era as
well [14]. The advent of [i-blockers was followed by non-
dihydropyridine calcium channel blockers (CCBs), predomi-
nantly verapamil, which are used as the second-line therapy
[36-38]. If f-blockers and CCBs fail to control LVOTO
symptoms disopyrimide can be added. It is a class Ia antiar-
rhythmic with potent negative inotropic properties and was
the first agent proven (o reduce LVOTO at rest (by 50%)
serving as an option to delay elective myectomy (or alcohol
septal ablation) [37]. However, its use 15 often limited by
significant anticholinergic side effects.

In recent years cardiac myosin inhibitors (CMIs) have
been becoming the preferred medical therapy in HCM
with LVOTO, with mavacamten being the first-in-class
Food and Drug Administration-approved agent [39, 40].
EXPLORER-HCM (Evaluation of Mavacamten in Adults
With Symptomatic Obstructive Hypertrophic Cardiomyo-
pathy) and MAVA-LTE (A Long-Term Safety Extension
Study of Mavacamten in Adults Who Have Completed
EXPLORER-HCM) clinical trials demonstrated that mava-
camten more frequently than placebo resulted in reduction in
a resting LVOT gradient to < 30 mm Hg along with at least
one NYHA functional class improvement and an increase
of peak VO2 = 1.5 ml/kg/min or an improvement of peak
VOZ2 by 3.0 mL/kg/min without compromising the baseline
NYHA class [41]. The agent was well tolerated overall. In
6% of trial participants a reversible reduction in left ventric-
ular ejection fraction (LVEF) to < 50% was observed [42].
Therefore, the mavacamten dose should be titrated under
echocardiographic surveillance of LVEF [43]. In 2023, the
European Society of Cardiology updated their cardiomyo-
pathy management guidelines and recommended consider-
ing (1) adding mavacamten to a -blocker to alleviate the
symptoms in patients with HCM and LVOTO at rest or with
exercise (class Ila, level A) (2) using it in monotherapy in
patients with LVOTO at rest or with exercise who are intol-
erant of or have contraindications to f-blocker, CCB, or dis-
opyrimide-based therapy (class [Ta, level B) [43]. In 2024,
the AHA/ACC guidelines for the management of HCM
included mavacamten in the medical treatment algorithm,
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LVEF, Left wventricular ejection fraction; HFpEF, Heart failure with preserved ejection fraction; HFrEF,
Heart failure with reduced ejection fraction; NYHA, New York Heart Association; LV, Left ventricle

Fig. 1 Therapeutics for Hypertrophic Cardiomyopathy Across the Disease Spectrum

recommending its use in patients with symptoms refractory
to at least one of the first-line agents (p-blockers or CCB)
[1]. The subsequent clinical irial, VALOR-HCM (A Siudy to
Evaluate Mavacamten in Adults With Symptomatic Obstruc-
tive HCM Who Are Eligible for Septal Reduction Therapy),
demonsirated that the administration of mavacamien as part
of maximally wlerated medical therapy resulied in a lower
need for invasive septal reduction therapies compared to a
placebo group [44]. Since mavacamten mitigates the pro-
gression of HF symptoms, in the future, it might be indicated
in patienis who do not have access to an experienced cenier
performing septal myectomy or alcohol ablation or those
wishing to delay/avoid it [45-47].

The next promising agent in the CMI group is aficamten,
Results from the SEQUOIA-HCM (Safety, Efficacy, and
Quantitative Understanding of Obstruction, Impact of Afi-
camten in HCM) clinical trial, announced at the Heart Fail-
ure Association (HFA) conference in Lisbon in May 2024,
showed that after 24 weeks of aficamten treatment in patients
with LVOTO, there was a significantly greater improvement
in peak myocardial oxygen consumption (pVO2) compared
to the placebo group. The average change in pVO2 in the
treated group was 1.8 ml/kg/min (95% confidence interval
[CI]: 1.2 to 2.3). Additionally, an improvement of at least
one NYHA functional class occurred more freugently in
the treatment than in the placebo group (58.5% vs. 24.3%,
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p<0.01). Reduction of LVOT gradient to< 30 mm Hg
after Valsalva maneuver was scen in 49.3% and 3.6% of afi-
camien and placebo patients respectively. The frequency of
adverse events was similar in both groups. Aficamten has
an advantage over mavacamten: it reaches pharmacokinetic
steady state more quickly (2 weeks compared to 6 weeks for
mavacamtien) and does not induce cytochrome P450 (CYP)
enzymes, thereby reducing the risk of drug-to-drug interac-
tions [48].

Septal reduction therapy

For most patients with obstruetive HCM, LVOT gradi-
ent>50 mm Hg at rest or with exercise and NYHA class
IV symptoms refractory to optimal medical therapy,
transaortic septal myectomy is the preferred treatment
method [17. It results in immediate relief of outflow obstruc-
tion, reduction in left veniricular end-diastolic pressure
(LVEDP), and improvement in symploms, while preserving
systolic function. When performed at highly-volume HCM
centers with highly experienced surgeons, myectomy is asso-
ciated with the most favorable outcomes and lowest perio-
perative complications (high-degree heart block requiring
a permanent pacemaker 1-5%. mortality 0.5%) [49]. Some
surgeons successfully combine septal myectomy with simul-
taneous mitral valve apparatus repair and intraoperative
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ablation, which reduces the risk of heart failure symptoms
and atrial fibrillation recurrence [30. 51].

For patients ineligible for septal myectomy, percutaneous
alcohol septal ablation (ASA) has become the most frequent
alternative. Similar to septal myectomy, this procedure is
also recommended to be performed at a high-volume HCM
center by an interventionalist experienced with the morpho-
logical variability of this entity. Even though both recovery
and hospital stay are shorter after ASA when compared to
myectomy, the reduction in LV gradient can be variable and
may nol be immediate (> 90 days), and the incidence rate
of complete heart block requiring a permanent pacemaker
1s higher (10%-15%). Moreover, in patients with extreme
or only mild septal hypertrophy or those with mitral valve
apparatus abnormalities, the results of ASA are inconsistent.
There is also a small group of patients who develop ventricu-
lar arrhythmias as a result of alohol-induced septal scar [52].

Non-obstructive HCM treatment

Patients with HCM without LVOTO constitute a therapeutic
challenge. Commonly observed in this cohort symptoms,
dyspnea, and chest pressure/angina, result from increased
LV filling pressures due to diastolic dysfunction. increased
myocardial oxygen demand, and microvascular dysfunction
[1]. Therefore, current therapies for HCM without LVOTO
consist of [ -blockers, verapamil, and diuretics. For patients
with debilitating angina or HF symptoms refractory to medi-
cal therapy, heart transplantation is the only definite therapy
(Fig. 1).

So far, there are no guidelines for the use of CMI in this
group of patients. Results from the MAVERICK-HCM
clinical trial {Mavacamien in Adults with Symptomatic
Non-Obstruetive Hypertrophic Cardiomyopathy) sug-
zest that mavacamten may reduce myocardial wall tension
in patients with HCM without LVOTO [53]. Currently, a
phase 3 clinical trial (ODYSSEY-HCM: A Swdy of Mava-
camten in Non-Obstructive Hypertrophic Cardiomyopathy:
NCT05582395) is underway to determine whether mavaca-
mien leads to symptom reduction, NYHA class improve-
ment, and increased pVO2 in patients with HCM without
LVOTO. The results are expected to be available in 2025,

Heart failure

Substantial clinical heterogeneity of HCM makes ascertain-
ing the incidence of HF in this group of patients challenging.
Therefore, it has been reported to be anywhere from 50 to
67% [26]. Those numbers can be overestimated given that
a significant number of asymptomatic patients with HCM
remain undiagnosed. HF has two distinet clinical presenta-
tions in patients with HCM. In the majority of them, it mani-
fests as HFpEF affecting mostly patients with obstructive
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and about 10% with non-obstructive HCM [26]. Only a
minority of patients develop HFrEF, also described as end-
stage HCM. While the progress of HCM is not uniform,
and HF symptoms can arise or worsen at any age, midlife is
the most common timeframe of their onset [22, 33, 35, 37,
54]. HF symptoms constitute a predominant manifestation
of HCM in women, who are usually referred 1o HCM cent-
ers at an older age, with higher LVOTO gradients and worse
cardiopulmonary exercise testing (CPET) measures [54, 55].

Symptoms of HF frequenily fluctuate (“good and bad
days™) and are greatly dependent on LV preload [1, 35].
Acute HF is observed seldom and can be precipitated by
arrhythmia (atrial fibrillation) or worsening of mitral regur-
gitation [26]. Discontinuation of negative inoiropes (CCB,
disopyramide and CMIs) is of paramount importance.
Patients with LVEF < 50% and non-obstructive HCM should
be treated with guideline-directed medical therapy (GDMT)
for HFrEF (f-blockers, ACE-I, ARB, ARNI, MRA, SGLT2i)
and diuretics to relieve congestion [56]. There is a scarcity
of data supporting cardiac resynchronization therapy (CRT)
in patients with HCM [57]. However, those with LBBB and
LVEF < 50% should be considered for CRT [35, 58].

Progression 1o the end-stage HF is observed in 3.5-17%
of patients with HCM, predominantly as a result of LVH and
LVOTO [26]. The risk of developing advanced HF is 3.2%
per year among those with obstructive and 1.6% per year
among those with non-obstructive HCM [33]. Peak myo-
cardial oxygen consumption assessed by CPET is one of the
objective measures reflecting a patient’s functional capacity
and determining candidacy for advanced HF therapies. lis
reduced value (< [4 mlfkg/min or < 50% predicted for age)
correlates with the NYHA functional class in most, but not
all, symptomatic patients with HCM. As demonstrated in a
single-center study, up to 16% of patients with HCM requir-
ing advanced HF therapies have pVO2 above that cutoff
[20]. That showcases a significant mismatch between pVO2
and the actual level of functional limitations in patients with
HCM. Therefore, this variable alone should not be used as
an argument for excluding them from being considered for
advanced HF therapies [59].

LVAD

The advent of left ventricular assist devices (LVADs) has
substantially changed the treatment landscape for patients
with advanced HF refractory to GDMT. The use of LVADs
allowed not only to improve the quality of life but more
importantly increased survival of patients with ischemic
and dilated non-ischemic cardiomyopathy (ICM and NICM,
respectively) [60, 61]. For patients with HCM the implemen-
tation of LVAD therapy has been more challenging, primar-
ily due to anatomical differences compared to those with
dilated cardiomyopathy. Patients with HCM usually have



Current Cardiology Reports (2024) 26:985-994

989

non-dilated LV cavities with thick fibrotic walls which can
make LVAD implantation surgically challenging and post-
operatively puts patients at risk of ongoing impaired dias-
tolic filling, inflow cannula obstruction, and suction events
[62, 63]. The combination of the latter two can propagate
ventricular arrhythmias, lead to low pump flows and cannula
thrombosis [62]. In patients with HCM and dilated end-stage
phenotype, extensive ventricular remodeling with replace-
ment fibrosis is observed. That results in increased ventricu-
lar stiffness and might contribute to continued diastolic dys-
function after LVAD implantation [63].

Individuals with HCM and end-stage HF have been usu-
ally excluded from LVAD clinical trials. As a resull, the
post-LVAD ouicomes in this population are not well defined.
Both the 2016 International Society for Heart and Lung
Transplantation (ISHLT) guidelines and the 2024 American
College of Cardiology/American Heart Association (ACC/
AHA) guidelines on the diagnosis and managemeni of HCM
recommend heart transplantation and only selective use of
LVADs for patients with HCM who develop HF refractory to
medical therapy [ 1. 64]. However, a handful of single-center
observational studies demonstrated that carefully selected
patients with HCM have comparable outcomes to the
NICM LVAD-supported group at 1- and 3-years (Table 1)
[65, 66, 6T]. Notably, all patients with HCM included in
those studies had dilated end-stage phenotype with severely
reduced LV systolic function and only moderate septal
hypertrophy [62, 66, 68, 69]. Higher preoperative left ven-
tricular end-diastolic diameter (LVEDD > 46 mm) was an
important determinant of better post-LVAD mortality and
morbidity [66, 70]. However, one study showcased that in
patients with pre-operative LVEDD of 70 mm axial con-
figuration LVAD was associated with a higher risk of device
thrombaosis compared to centrifugal configuration (HR 1.61,
95%CI 1.17-2.22, p < (0.01). This risk continued to rise as
the LVEDD increased suggesting a U-shaped phenomenon
with extrerne LVEDD values being associated with inferior
post-LVYAD outcomes [69]. Additionally. right ventricular
failure is of concern in this cohort. Its incidence post-LVAD
implantation is observed in 12.5% to 50% of patients and
is significantly higher than in ICM/NICM cohorts [62, 66,
67]. This can be attributed to a long-standing pulmonary
hypertension and RV myocardial dysfunction beyond the
obvious LV findings.

The largest to-date analysis of patients with HCM (n=94)
who underwent continuous-fAow LVAD implantation (2008
and 2014) was performed using the Interagency Registry for
Mechanically Assisted Circulatory Support (INTERMACS )
(Table 1), HCM patients were younger which was consist-
ent with previous single-center studies., and less frequently
INTERMACS 1-3 compared to the NICM group. Although
left ventricles of patients with HCM were dilated by stand-
ard criteria, they were smaller compared to those with
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NICM. Patients with LVEF < 40% constituted 95% of stud-
ied patients with HCM. These patients showcased LV cavity
dilation and wall thinning consistent with dilated end-stage
HCM phenotype that resembles NICM. The rate of patients
with HCM with moderately or severely reduced RV function
based on TTE findings was comparable to the NICM group.
Survival rate at 1 year was similar between patients with
HCM and NICM: 81 4% (50.2% alive on LVAD, 31.5% were
transplanted) vs 81.75%. The rate of adverse events (arrhyth-
mias, pump malfunction, hemolysis, CVA, renal dysfunc-
tion) was similar between the HCM and NICM groups.
There was a clear effect of higher mortality in patients with
smaller LV cavity (for pre-implantation LVEDD greater or
smaller than 50 mm: 35% vs 88%, p<0.01) [62].

In conclusion, in the current clinical practice, LVAD
implantation can be considered for highly selected patients
with HCM with LV cavity dilation and LV systolic dysfunc-
tion consistent with the dilated end-stage phenotype, and
who have exhausted all other alternative therapeutic options.

Heart transplantation

Heart transplantation (HT) is the gold-standard treatment
for end-stage HF in patients with HCM. In the early 1990s,
few patients with non-obstructive HCM and HF refractory
to medical therapy were referred for HT [64]. Since then the
number of HTs performed in patients with HCM has been
erowing exponentially. Given that HCM is still a relatively
rare disease, patients with HCM constitute about 2-3% of
all HTs performed, and those with HFpEF comprise aboui
one-hall of all patients with HCM listed for HT [35, 71].

Reports on post-HT outcomes of patients with HCM are
summarized in Table 2. Several single-center studies along
with a national registry-based report demonstrated that
patients with HCM undergoing HT compared to their non-
HCM counterparts were younger (4148 vs. 55-57 years)
and had fewer comorbidities (diabetes, peripheral vascular
disease, hypertension, hyperlipidemia, chronic kidney dis-
ease, and chronic obstructive pulmonary disease). A national
registry-based study demonstrated that functional status at
listing was better among patients with HCM compared to the
ICM and NICM cohorts (62.1% vs 53.4% vs 52.3%, respec-
tively, p<0.01) [19, 72-77].

In 2015, a two-center small sample (n=14) study
reported higher 1-year post-HT mortality due to RV failure
attributed to the presence of pulmonary hypertension [19].
Subsequent single-center publications demonstrated favora-
ble 1-, 5-, and 10-year post-HT survival among recipients
with HCM despite more challenging immediate post-HT
course [19, 74, 77, T8]. Their survival was superior to that
observed in recipients with ischemic cardiomyopathy and
comparable to recipients with dilated non-ischemic cardi-
omyopathy [77]. The analysis of the United Network for

&) Springer



90 Current Cardiology Reports (2024) 26:985-994

Table 1 Characteristics and outcomes of patients with hypertrophic cardiomyopathy who underwent lef ventricular assist device implantation

Characteristic Topilsky et al. [60] Grupper et al. [61] Patel et al. [56] Yagi et al. [59]
Year 2011 2015 2017 2021
Study type and center(s) Single-center retrospective  Single-center retrospective  Multi-center rerrospective  Single-center retrospective
Mayo Clinic, MN, USA Mayo Clinic, MN, USA INTERMACS Registry MNational Cerchral and
{North America) Cardiovascular Center.
Osaka, Japan
Implamtation period 2007 = 2010 2008—2013 2008-—2014 2011—2020
No. of patients g 28" 94 24
Age (years), mean£5SD or 63 [44.5, 68] §T+13 51140 483+£89
median [IQR]
Females, n (%) 2125) B (29} 15 (16} Ri(33.3)
Creatinine (mg/dl), 1.4 [0.97,2.0] L4+0.6 NR 1.1 [0.84, 1.30]
mean + S0 or median
[1QR]
INTERMACS profile, n (%)
1 NE 7(25) 10 (10.6) 5(20.8)
2 NR 19 (68) 32 (34 2(8.3)
3 NR 2(M 17 (18.1) 12 (50)
Ejection fraction 21 [20, 36] 2716 NR 20[17.26]
(%), mean = 5D or
median [IQR]
LVEDD {mm), mean £S5 52.5+6 537113 6l 10 626+112
RVEWI (mm Hg/mlim2), 39+30 0.45+0.35 NR NR
mean = S0
Mean PA pressure (mm 33398 33x8 NR 28121, 35]
Hg), mean+ 50D or
median [TQR]
Mcan RA pressure (mm 17.5 (12, 20] 16+6 NR a3, 11
Hir), mean + 5D or
median [1QR]
Cardiac index (Vmin/m2),  1.6£03 1.7+0.4 NR 1.9]1.45,2.3]
mean 4+ 5D or median
[TQR]
Septal thickness (mm), 16 [12, 19] NE NR 816, 9]
median [IQR]
Severe RV dysfunction, 5(62) 10 (35.5) 6(10.9) MR
n{%)
Pulmonary vascular resisi- 3.1 |11, 5.2] 58430 NE 221|162, 4.05]

ance { Woods units ),
mean + S0 or median

[IQR]
Severe MR (%), n (%) 10123 NR 14 (16.1) NR
Severe TR (%), n (%) ERRF 9{32) 9(10.3) NR
Destination therapy (%), 2015 11 (39) 23 (24.5) NE
n (%)
Bridge to transplant (%), 6(75) 17 (61 320340 NE
n (%)
Operative or shori-term 1(12) 4 (14 17 (18.3) NE
mortality, n (%)
Right ventricalar failure, 4 (50} 11(39) NR 3(12.5)
n (%)
Need for RVAD, n {%) 1(12) 1(3.5) NR NR
Infection, n (%) 7 (88) NR 5(54) 7 (28 8)
Bleeding, n (%) 3om 7 (25) 8(8.5) NR
Acute renal failure, n (%) 33N 7 (25) 9(0.9) NE
@ Springzr
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Table 1 (continued)

Characteristic Topilsky et al, [60] Grupper et al. [61] Patel et al. [56] Yagi ei al. [59]
Thromboembolic events, (e 2(M NR NR

n (%)
Stroke, n (%) 1012} NR 9{0.% 9(39.2)
Arrhythmia, n (%) 2{25) 5{18) 2(1.9) 10 (40.6)

Abbreviations: INTERMACS Interagency Registry for Mechanically Assisted Circulatory Support, LVEDD Left ventricular end-diastolic dimen-
sion, RVSWF Right ventricular stroke work index. M1 Pulmonary artery, RA Right atrial, &V Right ventricle, MR Mitral regurgitation, 7% Tricus-
pid regurgitation, RVAD Right ventricular assist device, NR Not recorded

"4 patients with restrictive cardiomyopathy included

e} patients with restrictive cardiomyopathy included

Table 2 Post-transplant outcomes in patients with hy pertrophic cardiomyopathy

Author, Year [Ref], Study type

Transplant period and center(s)

Na. of patients

Biagini et al.. 2008 [T1]
Single-center retrospective cohort study

Maron et al., 20010 [72]

Multi-center

retrospective cohort study

Katoetal, 2012 [69]

Single-center retrospective cohort study
Lee et al.. 2004 [70]

Single-center retrospective cohort study

Pasqualucci et al., 2015 [17]
Two-center
retrospective cohort study

1987 — 2003
University of Bologna and 5.Orsola-Malpighi Hospital, Ttaly

19490 - 2004

UNOS registry,

USA

1995 - 2010

Columbia University Medical Center, MY, USA

1996 - 2004

Umiversity of California Los Angeles Medical Center, CA,
LSA

1980 -2012

Careggi University Hospital and Brotzu Hospital, Cagliari,
Italy

N=181 year: 100%
3 years: 94%
7 years: 94%
N=3031 year: 5%
5 years: 75%
10 years: 615
N=411 year: 90.1%,
5 years: §3.9%
N=111 year 91%
4.5 years: 64%

N=141 year: 86%
10} years: T9%

N=261 year: 92%
5 years: 92%

N=6611 year: 941.6%
5 years: 82.5%

N=31 (HFrEF only) 5.8 years: 945

Post-HT survival

Rowin et al., 2008 [73] 2002 ~ 2016

Single-center retrospective cohort study  Tufts Medical Center, MA,
USA

Zumiga Cisneros et al., 2008 [66] 1999 - 2016

Multi-center retrospective cohort study  SRTR registry
Usa

Rowinetal.. 2020 [15] 2004 - 20017

Single-center retrospective cohort study  Tufts Medical Center, MA, UISA

Mazur et al., 2024 [68] 1984 — 2019

Single-center rétrospective cohort study

Hershey Medical Center, PA, USA

N=241 year; 22%
5 years: 79%
10 years: 6T%

Abbreviations: HT Heart transplantation. UNOS United Network for Organ Sharing. SRTR Scientific Registry of Transplant Recipients

Organ Sharing (UNOS) registry data demonstrated that the
1-, 3-, and 10-year survival among recipients with HCM was
85%, 75%, and 61%, respectively, and confirmed a trend of
a better survival when compared to non-HCM recipients.
(B2%, BO%, and 49%, p=0.05) [77]. Notably, 5-year sur-
vival reported by most individual HCM centers was > 90%
[75]. More contemporary Scientilic Registry of Transplant
Recipients (SRTR)-based analysis demonstrated that sur-
vival in patients with HCM compared to the ICM cohort was
significantly higher at 1 year (91.6% versus 87.5%: p=0.03)
with even more pronounced difference between those two
groups at 5 years (82.5% versus 75.3%; p=0.01). Survival
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of the NICM group was comparable [72]. None of the afore-
mentioned studies demonstrated that the diagnosis of HCM
was an independent predictor of post-HT mortality.

Even though post-HT outcomes in recipients with HCM
are favorable, their waitlist mortality remains high [19].
Patients with HCM often do not benefit from inotropes as
they can trigger ventricular archythmias. Those with small
LV cavity and impaired filling are usually not eligible for
durable mechanical circulatory support (MCS) as a bridge
to transplantaiion which often results in organ allocation
systems precluding them from being prioritized for HT [26].
To address these concerns, in 2018 a new 6-tiered organ
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allocation system was introduced in the US, Aside from pri-
oritizing patients with temporary rather than durable MCS,
it created an additional “exception” pathway for those whose
pathophysiology, like in patients with HCM, does not fall
into a typical realm of HFrEF. That resulted in higher trans-
plant rates among patients with HCM without compromising
their 1- and 3-year post-HT mortality. Nonetheless, waitlist
mortality remained unchanged [79-81].

Conclusions

HCM is a heterogeneous condition with variable penetrance
and non-uniform course. Contemporary therapies, particu-
larly ICD, have significantly reduced sudden cardiac death-
related mortality in this cohort. Recent clinical trials led to
FDA approval of mavacamten (a cardiac myosin inhibitor),
offering symptom relief and potentially delaying/avoiding
invasive septal reduction therapies for some patients with
HCM and left ventricular outflow obstruction LVOTO. Up
to 17% of patients with HCM develop end-stage HF. Assess-
ment of those patients needs o be based on a collection of
variables (hemodynamics, CPET, and imaging) rather than a
single data point. Although LVADs are not the optimal ther-
apy for most individuals with HCM, they can be considered
for highly selected patients with dilated end-stage phenotype
if all possible alternative options have been exhausted, Heart
transplantation remains the gold standard for patients with
HCM and end-stage HE. The number of HTs performed in
this cohort has been rising as the post-HT outcomes continue
to be favorable. Nonetheless, designing an organ allocation
system that would successfully reduce their waitlist mortal-
ity remains a challenge.
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8. PODSUMOWANIE I WNIOSKI

1. Zar6wno badanie jedno-, jak i wieloosrodkowe (odpowiednio publikacja nr 1 i 2) wykazaly,
ze biorcy przeszczepu serca z historig kardiomiopatii przerostowej w poréwnaniu z pacjentami
z kardiomiopatia niedokrwienng i rozstrzeniowa, byli mlodsi i rzadziej obcigzeni chorobami
wspotistniejacymi takimi jak cukrzyca czy choroba tetnic obwodowych.

Analiza profilu hemodynamicznego bezposrednio przed przeszczepieniem serca w badaniu
jednoosrodkowym wykazata znaczaco wyzsze S$rednie ci$nienie t¢tnicy plucnej u pacjentow
z kardiomiopatiag przerostowa. Natomiast w badaniu wieloosrodkowym, mimo statystycznie
istotnych roznic w tym zakresie, nie mialy one istotnego znaczenia klinicznego.
Co wazniejsze, w obu badaniach plucny opor naczyniowy byt porownywalny we wszystkich trzech
grupach, co jeszcze bardziej ujednolicito ich profil hemodynamiczny. Ponadto, oba badania
wykazaly, ze w okresie przedoperacyjnym pacjenci z kardiomiopatig przerostowa byli rzadziej
niz ci z kardiomiopatig niedokrwienng i rozstrzeniowa pomostowani urzadzeniem wspomagajacym
lewa komore serca.

Zaréwno badanie jedno-, jak 1 wieloosrodkowe wykazaty, Ze bezposrednio
po przeszczepieniu serca pacjenci z kardiomiopatig przerostowg czesciej anizeli ci z kardiomiopatig
niedokrwienng czy rozstrzeniowg wymagali tymczasowego leczenia nerkozastepczego. Dodatkowo,
badanie jednoosrodkowe wykazato, ze pacjenci ci cze$ciej wymagali rowniez przedtuzonego
(trwajacego ponad 7 dni) wsparcia lekami inotropowymi oraz krotkoterminowego mechanicznego
wspomagania krazenia.

Mimo trudniejszego bezposredniego okresu pooperacyjnego, krotko- 1 dlugoterminowa
przezywalno$¢ po przeszczepieniu serca u pacjentdéw z historig kardiomiopatii przerostowej byta
korzystna. Badanie wieloosrodkowe wykazato, ze krétkoterminowa przezywalno$¢ (30 dni)
po przeszczepieniu serca u pacjentow z kardiomiopatia przerostowa byta poréwnywalna

do tej obserwowanej u pacjentow z kardiomiopatig niedokrwienng i rozstrzeniowg. W tym samym
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badaniu stwierdzono réwniez poréwnywalng przezywalnos$¢ $rednio- (1 rok) i dtugoterminowa
(5 lat) wsrod pacjentow z kardiomiopatia przerostowa i1 rozstrzeniowa. Ten trend zostal
potwierdzony w badaniu jednoosrodkowym i1 dodatkowo rozszerzony do 10 lat po przeszczepieniu
serca. Ponadto, wyniki wieloosrodkowego badania wykazaly, ze 1- i 5-letnia przezywalno$¢
pacjentow z kardiomiopatia przerostowa jest lepsza niz u pacjentow z kardiomiopatig
niedokrwienng. Badanie jednoo$rodkowe wykazato identyczny trend w perspektywie 10-letnie;.
Rezultaty te podkreslaja, ze mimo poczatkowych wyzwan w okresie pooperacyjnym pacjenci
z HCM moga osiggna¢ bardzo dobre wyniki po przeszczepieniu serca. Lepsze zrozumienie
ich specyficznych potrzeb i wyzwah moze prowadzi¢ do poprawy strategii terapeutycznych
1 optymalizacji wynikow leczenia.

2. W ciggu dwoch dekad liczba biorcow przeszczepdw serca z historig kardiomiopatii przerostowe;j
znaczaco wzrosta na calym $wiecie. Wérod tej grupy biorcodw, wspodlczesna era przyniosta wyzszy
odsetek pacjentow z implantowanym kardiowerterem-defibrylatorem w momencie przeszczepienia
serca, co wskazuje na znaczng poprawe jakosci wezesnego leczenia tych pacjentéw, zanim rozwing
zaawansowang niewydolno$¢ serca. Jednocze$nie, pacjenci z kardiomiopatig przerostowa w tej erze
czgsdciej niz we wcezesniejszej mieli nadwage (BMI > 25 kg/m?), cukrzyce oraz udar w wywiadzie,
przy czym udar wystgpowal glownie u pacjentow wspomaganych urzadzeniem wspomagajacym
prace lewej komory serca. We wspolczesne] erze powszechnego stosowania mechanicznego
wspomagania krazenia, w poroOwnaniu z wczesniejsza dekada, pacjenci z kardiomiopatig
przerostowa w chwili gdy odpowiedni dawca organu zostal zidentyfikowany byli czgsciej
wspierani kontrapulsacja wewnatrzaortalng (ang. intra-aortic balloon pump, IABP) lub
urzadzeniem wspomagajacym prace lewej komory serca. Mimo iz w tej samej erze, w porownaniu
z poprzednig dekada, wsrdd pacjentdw z kardiomiopatig przerostowa w chwili przeszczepienia
obserwowano trend czestszej hospitalizacji na oddzialach intensywnej opieki medycznej, wigkszy

odsetek wykazywat dobry stan czynnoS$ciowy. Sugeruje to, ze pacjenci z kardiomiopatig
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przerostowa sa obecnie lepiej diagnozowani i wcze$nie kierowani do osrodkéw oferujacych
zaawansowane terapie leczenia niewydolno$ci serca, zanim ich stan czynno$ciowy pogorszy si¢
w wyniku zaawansowanej niewydolnosci serca.

Co wazniejsze, ich krotko- 1 dlugoterminowa przezywalno$¢ po przeszczepieniu serca
na przestrzeni dwoch dekad pozostata niezmiennie korzystna.

Te obserwacje podkreslaja znaczenie wczesnej diagnozy 1 odpowiedniego kierowania pacjentow
z kardiomiopatia przerostowa do specjalistycznych os$rodkow, co przeklada si¢ na lepsze
przygotowanie do przeszczepienia i dobre wyniki pooperacyjne.

3. Od momentu wdrozenia w Stanach Zjednoczonych nowego systemu alokacji serca, ktory miat
na celu optymalizacje statusu na liscie oczekujacych pacjentdéw, ktorzy nie wpisuja si¢ w typowe
kryteria niewydolno$ci serca z obnizong frakcja wyrzutowa, zaobserwowano wzrost odsetka
przeszczepow serca wsrod pacjentow z kardiomiopatia przerostowa oczekujacych na liscie.
Jednak $miertelno$¢ podczas oczekiwania na przeszczepienie serca wsrod tej grupy badanych
pozostata niezmieniona. Wraz z wprowadzeniem nowego systemu alokacji, ktory jednoczesnie
priorytetowo traktuje pacjentow wspieranych krétkoterminowym mechanicznym wspomaganiem
krazenia, ws$rod pacjentow z kardiomiopatia przerostowa, mimo niezmienionego profilu
hemodynamicznego, zaobserwowano czgstsze stosowanie kontrapulsacji wewnatrzaortalnej. Mimo
to, w poréwnaniu z poprzednim systemem alokacji serca, ich 1-, 2- i 3-letnia przezywalno$¢
po przeszczepieniu serca nie ulegla zmianie. Nasza analiza sugeruje, Ze wzrost czgsto$ci stosowania
kontrapulsacji wewnatrzaortalnej u tej grupy pacjentow nie jest wynikiem pogorszenia ich stanu
klinicznego, lecz zmiang strategii leczenia przez o$rodki transplantacyjne w celu maksymalizacji
szans na przeszczepienie. W zwigzku z tym konieczne sa dalsze modyfikacje systemu alokacji
serca, aby zredukowac $miertelno$¢ wsrdd pacjentow z kardiomiopatig przerostowa oczekujacych
na przeszczep.

4. W czwartej pracy dokonano przegladu literatury dotyczacej wyzwan klinicznych oraz aktualnych
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metod leczenia objawowych pacjentow z kardiomiopatia przerostowa. Szczegdlng uwage
pos$wiecono mawakamtenowi, ktory jest przedstawicielem nowej grupy lekdw — inhibitorow
miozyny sercowej. Obecnie zaleca si¢ go jako lek wuzupeliajacy lub alternatywe
dla beta-blokeréw i blokeréw kanatu wapniowego. Dzigki skutecznemu obnizaniu gradientu
w drodze odplywu lewej komory, mawakamten moze w przysziosci sta¢ si¢ alternatywa
dla inwazyjnych zabiegéw redukujacych przegrode miedzykomorowa.

Dla pacjentow z kardiomiopatia przerostowa 1 zaawansowang niewydolnoscig serca,
przeszczepienie serca nadal pozostaje ztotym standardem leczenia. Jednakze, jak pokazuja, glownie
jednoosrodkowe, badania, dla wysoko wyselekcjonowanych pacjentdow z niewydolno$cig serca
ze zredukowang frakcja wyrzutowg i poszerzong lewa komora (koncoworozkurczowy wymiar lewe;j
komory >46-50 mm), urzadzenie wspomagajace prac¢ lewej komory serca stanowi realng
alternatyw¢ z dlugoterminowymi wynikami poréwnywalnymi do pacjentow z kardiomiopatig
rozstrzeniowa, ktorzy przeszli implantacje. Interesujacym spostrzezeniem jest to, ze pacjenci
z kardiomiopatig przerostowa i koncoworozkurczowym wymiarem lewej komory >70 mm cze$ciej
doswiadczaja zakrzepicy w urzadzeniu wspomagajacym prace lewej komory serca.
Sugeruje to, ze zard6wno zbyt mata, jak 1 zbyt poszerzona lewa komora serca u pacjentow
z kardiomiopatig przerostowa, sa zwigzane z niekorzystnymi wynikami leczenia po implantacji

urzadzenia wspomagajacego prace lewej komory serca.

62



9. PISMIENNICTWO

1. Karim S, Chahal CAA, Sherif AA, Khanji MY, Scott CG, Chamberlain AM, et al. Re-evaluating
the Incidence and Prevalence of Clinical Hypertrophic Cardiomyopathy: An Epidemiological Study
of Olmsted County, Minnesota. Mayo Clinic Proceedings. 2024;99(3):362-374.

2. Semsarian C, Ingles J, Maron MS, Maron BJ. New perspectives on the prevalence
of hypertrophic cardiomyopathy. J Am Coll Cardiol. 2015;65(12):1249-54.

3. Maron BJ, Gardin JM, Flack JM, Gidding SS, Kurosaki TT, Bild DE. Prevalence of hypertrophic
cardiomyopathy in a general population of young adults. Echocardiographic analysis of 4111
subjects in the CARDIA Study. Coronary Artery Risk Development in (Young) Adults. Circulation
1995;92:785-9.

4. Maron BJ, Mathenge R, Casey SA, Poliac LC, Longe TF. Clinical profile of hypertrophic
cardiomyopathy identified de novo in rural communities. J Am Coll Cardiol 1999;33:1590-5.

5. Maron MS, Hellawell JL, Lucove JC, FarzanehFar R, Olivotto I. Occurrence of clinically
diagnosed hypertrophic cardiomyopathy in the United States. Am J Cardiol. 2016;117:1651-1654.
6. Marian AJ, Braunwald E. Hypertrophic cardiomyopathy: genetics, pathogenesis, clinical
manifestations, diagnosis, and therapy. Circ Res. 2017;121:749-770.

7. Alfares AA, Kelly MA, McDermott G, Funke BH, Lebo MS, Baxter SB, et al. Results of clinical
genetic testing of 2912 probands with hypertrophic cardiomyopathy: Expanded panels offer limited
additional sensitivity. Genet Med. 2015;17:880-888.

8. Ingles J, Sarina T, Yeates L, Hunt L, Macciocca I, McCormack L, et al. Clinical predictors
of genetic testing outcomes in hypertrophic cardiomyopathy. Genet Med. 2013;15:972-977.

9. Bonaventura J, Rowin EJ, Chan RH, Chin MT, Puchnerova V, Polakova E, et al. Relationship
between genotype status and clinical outcome in hypertrophic cardiomyopathy. J Am Heart Assoc.
2024 May 17:€033565.

10. Ariga R, Tunnicliffe EM, Manohar SG, Mahmod M, Raman B, Piechnik SK, et al. Identification

63



of myocardial disarray in patients with hypertrophic cardiomyopathy and ventricular arrhythmias.
J Am Coll Cardiol. 2019;73(20):2493-2502

1. Ommen SR, Ho CY, Asif IM, Balaji S, Burke MA, Day SM, et al. 2024
AHA/ACC/AMSSM/HRS/PACES/SCMR  guideline for the management of hypertrophic
cardiomyopathy: A report of the American Heart Association/American College of Cardiology Joint
Committee on Clinical Practice Guidelines. J Am Coll Cardiol. 2024;83(23):2324-2405.

12. Arbelo E, Protonotarios A, Gimeno JR, Arbustini E, Barriales-Villa R, Basso C, et al. ESC
Scientific Document Group. 2023 ESC Guidelines for the management of cardiomyopathies.

Eur Heart J 2023;44:3503-3626.

13. Nagueh SF, Phelan D, Abraham T, Armour A, Desai MY, Dragulescu A, et al.
Recommendations for Multimodality Cardiovascular Imaging of Patients with Hypertrophic
Cardiomyopathy: An Update from the American Society of Echocardiography, in Collaboration
with the American Society of Nuclear Cardiology, the Society for Cardiovascular Magnetic
Resonance, and the Society of Cardiovascular Computed Tomography. J Am Soc Echocardiogr.
2022:35:533-6.

14. Ho CY, Day SM, Ashley EA, Michels M, Pereira AC, Jacoby D, et al. Genotype and lifetime
burden of disease in hypertrophic cardiomyopathy: insights from the sarcomeric human
cardiomyopathy registry (SHaRe). Circulation 2018;138:1387-98.

15. Zhang Y, Zhu Y, Zhang M, Liu J, Wu G, Wang J, et al. Implications of structural right
ventricular involvement in patients with hypertrophic cardiomyopathy. Eur Heart J Qual Care Clin
Outcomes. 2023;9(1):34-41.

16. Cabello-Ganem A, Garcia-Cardenas M, Melendez-Ramirez G, Meave-Gonzalez A, Saenz-
Ancira S, Molina-Castillo S, et al. Right ventricular apical hypertrophic cardiomyopathy

in association with infundibular, valvular, and supravalvular pulmonary stenosis. JACC Case Rep.

2023;18:101920.

64



17. Klues HG, Schiffers A, Maron BJ. Phenotypic spectrum and patterns of left ventricular
hypertrophy in hypertrophic cardiomyopathy: morphologic observations and significance
as assessed by twodimensional echocardiography in 600 patients. J Am Coll Cardiol 1995;26:1699-
708.

18. Seferovic PM, Polovina M, Bauersachs J, Arad M, Ben Gal T, Lund LH, et al. Heart failure
in cardiomyopathies: a position paper from the Heart Failure Association of the European Society
of Cardiology. Eur J Heart Fail. 2019;21:553-576.

19. Rowin EJ, Maron BJ, Olivotto 1., Maron M.S. Role of exercise testing in hypertrophic
cardiomyopathy. J Am Coll Cardiol Img 2017;10:1374-1386.

20. Maron BJ, Ommen SR, Semsarian C, Spirito P, Olivotto I, Maron MS. Hypertrophic
cardiomyopathy: present and future, with translation into contemporary cardiovascular medicine.
J Am Coll Cardiol 2014;64:83-99.

21. Wigle ED. Cardiomyopathy: The diagnosis of hypertrophic cardiomyopathy. Heart
2001;86:709-14.

22. Nakano M, Kondo Y, Nakano M, Kajiyama T, Ito R, Kitagawa M, et al. Prognosis
of hypertrophic cardiomyopathy in Japanese patients with an implantable cardioverter defibrillator -
focus on apical hypertrophic cardiomyopathy. Eur Heart J. 2022;43(S2):544.

23. Kitaoka H, Doi Y, Casey SA, Hitomi N, Furuno T, Maron BJ. Comparison of prevalence
of apical hypertrophic cardiomyopathy in Japan and the United States. Am J Cardiol.
2003;92(10):1183-6.

24. Hutt E, Desai MY. Medical Treatment Strategies for Hypertrophic Cardiomyopathy.
Am J Cardiol. 2024;212:33-41.

25. Hubner PJ, Ziady GM, Lane GK, Hardarson T, Scales B, Oakley CM, Goodwin JF. Trial of
propranolol and practolol in hypertrophic cardiomyopathy. Br Heart J 1973;35:1116-1123.

26. Dybro AM, Rasmussen TB, Nielsen RR, Andersen MJ, Jensen MK, Poulsen SH. Randomized

65



trial of metoprolol in patients with obstructive hypertrophic cardiomyopathy. J Am Coll Cardiol
2021;78:2505—2517.

27. Dybro AM, Rasmussen TB, Nielsen RR, Pedersen ALD, Andersen MJ, Jensen MK, Poulsen SH.
Metoprolol improves left ventricular longitudinal strain at rest and during exercise in obstructive
hypertrophic cardiomyopathy. J Am Soc Echocardiogr 2023;36:196-204.

28. Rosing DR, Kent KM, Maron BJ, Epstein SE. Verapamil therapy: a new approach
to the pharmacologic treatment of hypertrophic cardiomyopathy: II, effects on exercise capacity
and symptomatic status. Circulation. 1979;60(6):1208- 1213.

29. Toshima H, Koga Y, Nagata H, Toyomasu K, Itaya K, Matoba T. Comparable effects of oral
diltiazem and verapamil in the treatment of hypertrophic cardiomyopathy. Double-blind crossover
study. Jpn Heart J 1986;27:701-715.

30. Sherrid MV, Barac I, McKenna WJ, et al. Multicenter study of the efficacy and safety
of disopyramide in obstructive hypertrophic cardiomyopathy.J Am Coll Cardiol. 2005;45(8): 1251-
1258.

31. Olivotto I, Oreziak A, Barriales-Villa R, Abraham TP, Masri A, Garcia-Pavia P, et al.
Mavacamten for treatment of symptomatic obstructive hypertrophic cardiomyopathy (EXPLORER-
HCM): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet.
2020;396(10253):759-769.

32. Cresci S, Bach RG, Saberi S, Owens AT, Spertus JA, Hegde SM, et al. Effect of mavacamten
in women compared with men with obstructive hypertrophic cardiomyopathy: Insights
from EXPLORER-HCM. Circulation. 2024;149(7):498-509.

33. Wang A, Spertus JA, Wojdyla DM, Abraham TP, Nilles EK, Owens AT, et al. Mavacamten
for obstructive hypertrophic cardiomyopathy with or without hypertension: Post-hoc analysis
of the EXPLORER-HCM trial. JACC Heart Fail. 2024;12(3):567-579.

34. Rader F, Oreziak A, Choudhury L, Saberi S, Fermin D, Wheeler MT, et al. Mavacamten

66



treatment for symptomatic obstructive hypertrophic cardiomyopathy: Interim results
from the MAVA-LTE study, EXPLORER-LTE cohort. JACC Heart Fail. 2024;12(1):164-177.

35. Maron BJ, Shen WK, Link MS, Epstein AE, Almquist AK, Daubert JP, Bardy GH, Favale S,
Rea RF, Boriani G, Estes NA, Spirito P. Efficacy of implantable cardioverter-defibrillators
for the prevention of sudden death in patients with hypertrophic cardiomyopathy. N Engl J Med
2000;342:365-373.

36. Maron BJ, Rowin EJ, Maron MS. Paradigm of Sudden Death Prevention in Hypertrophic
Cardiomyopathy. Circulation Research. 2019;125:370-378.

37. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al
2022 AHA/ACC/HFSA Guideline for the Management of Heart Failure: A Report of the American
College of Cardiology/American Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation. 2022;145(18):€895-¢1032.

38. Ommen SR, Mital S, Burke MA, Day SM, Deswal A, Elliott P, Evanovich LL, Hung J, Joglar
JA, Kantor P, Kimmelstiel C, Kittleson M, Link MS, Maron MS, Martinez MW, Miyake CY, Schaff
HV, Semsarian C, Sorajja P. 2020 AHA/ACC Guideline for the Diagnosis and Treatment of Patients
With Hypertrophic Cardiomyopathy: A Report of the American College of Cardiology/American
Heart Association Joint Committee on Clinical Practice Guidelines. Circulation.
2020;142(25):e558-e631.

39. Mahony C, Jichi F, Ommen SR, et al. International external validation study of the 2014
European Society of Cardiology Guidelines on Sudden Cardiac Death Prevention in Hypertrophic
Cardiomyopathy (EVIDENCE-HCM). Circulation. 2018;137:1015-1023.

40. Maron BJ, Rowin EJ, Maron MS. Evolution of risk stratification and sudden death prevention
in hypertrophic cardiomyopathy: 20 years with the implantable cardioverter-defibrillator. Heart
Rhythm. 2021;18:1012—-1023.

41. Rowin EJ, Burrows A, Madias C, Estes NAM, Link MS, Maron MS, Maron BJ. Long-term

67



outcome in high-risk patients with hypertrophic cardiomyopathy after primary prevention
defibrillator implants. Circ Arrhythm Electrophysiol. 2020;13:e008123.

42. Maron BJ, Spirito P, Shen WK, Haas TS, Formisano F, Link MS, Epstein AE, Almquist AK,
Daubert JP, Lawrenz T, Boriani G, Estes NA 3rd, Favale S, Piccininno M, Winters SL, Santini M,
Betocchi S, Arribas F, Sherrid MV, Buja G, Semsarian C, Bruzzi P. Implantable cardioverter-
defibrillators and prevention of sudden cardiac death in hypertrophic cardiomyopathy. JAMA.
2007;298(4):405-12.

43. Maron MS, Steiger N, Burrows A, et al. Evidence that subcutaneous implantable
cardioverterdefibrillators are effective and reliable in hypertrophic cardiomyopathy.

J Am Coll Cardiol EP. 2020;6:1019—-1021.

44, Lambiase PD, Gold MR, Hood M, Boersma L, Theuns DAMJ, Burke MC, Weiss R, Russo AM,
Kaib S, Knight BP. Evaluation of subcutaneous ICD early performance in hypertrophic
cardiomyopathy from the pooled EFFORTLESS and IDE cohorts. Heart Rhythm. 2016;13:1066—
1074.

45. Maron MS, Rastegar H, Dolan N, Carpino P, Koethe B, Maron BJ, Rowin EJ. Outcomes over
follow-up >10 years after surgical myectomy for symptomatic obstructive hypertrophic
cardiomyopathy. Am J Cardiol. 2022;163:91-97.

46. Maigrot J-LA, Weiss AJ, Steely AM, Firth A, Moros D, Blackstone EH, Smedira NG. Efficacy
and safety of a transaortic approach to midventricular and apical septal myectomy. Thorac
Cardiovasc Surg. 2024 Apr 17;S0022-5223(24)00358-1.

47. Boll G, Rowin EJ, Maron BJ, Wang W, Rastegar H, Maron MS. Efficacy of combined Cox
Maze IV and ventricular septal myectomy for treatment of atrial fibrillation in patients with
obstructive hypertrophic cardiomyopathy. Am J Cardiol. 2020;125:120-126.

48. Stassano P, Di Tommaso L, Triggiani D, Contaldo A, Gagliardi C, Spampinato N. Mitral valve

replacement and limited myectomy for hypertrophic obstructive cardiomyopathy: A 25-year follow-

68



up. Tex Heart Inst J. 2004;31(2):137-142.

49. Sorajja P. Alcohol septal ablation for obstructive hypertrophic cardiomyopathy: a word
of balance. J] Am Coll Cardiol. 2017;70:489-494.

50. Nagueh SF, Groves BM, Schwartz L, et al. Alcohol septal ablation for the treatment of
hypertrophic obstructive cardiomyopathy: a multicenter North American registry. J Am Coll
Cardiol. 2011;58:2322-2338.

51. Batzner A, Pfeiffer B, Neugebauer A, Aicha D, Blank C, Seggewiss H. Survival after alcohol
septal ablation in patients with hypertrophic cardiomyopathy. J Am Coll Cardiol. 2018;72:3087—
3094.

52. Maron BJ, Nishimura RA. Surgical septal myectomy versus alcohol septal ablation: assessing
status of the controversy in 2014. Circulation. 2014;130:1617-1624.

53. Zhou M, Ta S, Hahn RT, Hsi DH, Leon MB, Hu R, et al. Percutaneous intramyocardial septal
radiofrequency ablation in patients with drug-refractory hypertrophic obstructive cardiomyopathy.
JAMA Cardiol. 2022;7(5):529-538.

54. Khan JM, Bruce CG, Greenbaum AB, Babaliaros VC, Jaimes AE, Schenke WH, et al.
Transcatheter myotomy to relieve left ventricular outflow tract obstruction: The septal scoring along
the midline endocardium procedure in animals. Circ Cardiovasc Interv. 2022;15(6):e011686.

55. Charron P, Elliott PM, Gimeno JR, Caforio AL, Kaski JP, Tavazzi L, Tendera M, Maupain C,
Laroche C, Rubis P, Jurcut R, Calo L, Helio TM, Sinagra G, Zdravkovic M, Kavoliuniene A, Felix
SB, Grzybowski J, Losi MA, Asselbergs FW, Garcia-Pinilla JM, Salazar-Mendiguchia J, Mizia-Stec
K, Maggioni AP. The cardiomyopathy registry of the EURObservational Research Programme
of the European Society of Cardiology: baseline data and contemporary management of adult
patients with cardiomyopathies. Eur Heart J 2018;39:1784—1793.

56. Maron BJ, Rowin EJ, Udelson JE, Maron MS. Clinical spectrum and management of heart

failure in hypertrophic cardiomyopathy. J Am Coll Cardiol. Heart Fail. 2018;6:353-363.

69



57. Rowin EJ, Maron MS, Wells S, Patel PP, Koethe BP, Maron BJ. Impact of sex on clinical course
and survival in the contemporary treatment era for hypertrophic cardiomyopathy. J Am Heart Assoc.
2019;8:e012041.

58. Geske JB, Ong KC, Siontis KC, Hebl VB, Ackerman MJ, Hodge DO, Miller VM, Nishimura
RA, Oh JK, Schaff HV, Gersh BJ, Ommen SR. Women with hypertrophic cardiomyopathy have
worse survival. Eur Heart J. 2017;38(46):3434-3440.

59. Olivotto I, Cecchi F, Casey SA, Dolara A, Traverse JH, Maron BJ. Impact of atrial fibrillation
on the clinical course of hypertrophic cardiomyopathy. Circulation 2001;104:2517-2524.

60. Kuperstein R, Klempfner R, Ofek E, Maor E, Freimark D, Sternik L, Goldenberg I, Raanani E,
Arad M. De novo mitral regurgitation as a cause of heart failure exacerbation in patients with
hypertrophic cardiomyopathy. Int J Cardiol 2018;252:122—-127.

61. Melacini P, Basso C, Angelini A, Calore C, Bobbo F, Tokajuk B, Bellini N, Smaniotto G,
Zucchetto M, Iliceto S, Thiene G, Maron BJ. Clinicopathological profiles of progressive heart
failure in hypertrophic cardiomyopathy. Eur Heart J 2010;31:2111-2123.

62. Olivotto I, Cecchi F, Poggesi C, Yacoub MH. Patterns of disease progression in hypertrophic
cardiomyopathy: an individualized approach to clinical staging. Circ Heart Fail 2012;5:535-546.
63. Thaman R, Gimeno JR, Murphy RT, Kubo T, Sachdev B, Mogensen J, Elliott PM, McKenna
WIJ. Prevalence and clinical significance of systolic impairment in hypertrophic cardiomyopathy.
Heart 2005;91:920-925.

64. Harris KM, Spirito P, Maron MS, Zenovich AG, Formisano F, Lesser JR, Mackey-Bojack S,
Manning WIJ, Udelson JE, Maron BJ. Prevalence, clinical profile, and significance of left
ventricular remodeling in the end-stage phase of hypertrophic cardiomyopathy. Circulation
2006;114:216-225.

65. Maron BJ, Rowin EJ, Udelson JE, Maron MS. Clinical spectrum and management of heart

failure in hypertrophic cardiomyopathy. J Am Coll Cardiol HF. 2018;6:353-363.

70



66. Sorajja P, Allison T, Hayes C, Nishimura RA, Lam CS, Ommen SR. Prognostic utility
of metabolic exercise testing in minimally symptomatic patients with obstructive hypertrophic
cardiomyopathy. Am J Cardiol 2012;109:1494-8.

67. Coats CJ, Rantell K, Bartnik A, et al. Cardiopulmonary exercise testing and prognosis
in hypertrophic cardiomyopathy. Circ Heart Fail 2015;8:1022-31.

68. Masri A, Pierson LM, Smedira NG, et al. Predictors of long-term outcomes in patients
with  hypertrophic  cardiomyopathy  undergoing cardiopulmonary  stress  testing
and echocardiography. Am Heart J 2015;169:684-92.

69. Rowin EJ, Maron BJ, Kiernan MS, et al. Advanced heart failure with preserved systolic function
in nonobstructive hypertrophic cardiomyopathy: under-recognized subset of candidates for heart
transplant. Circ Heart Fail 2014;7:967-75.

70. Rose EA, Gelijns AC, Moskowitz AJ, et al; Randomized Evaluation of Mechanical Assistance
for the Treatment of Congestive Heart Failure (REMATCH) Study Group: Long-term use of a left
ventricular assist device for end-stage heart failure. N Engl J Med 2001;345:1435-1443.

71. Rogers JG, Butler J, Lansman SL, et al; INTrEPID Investigators: Chronic mechanical
circulatory support for inotrope-dependent heart failure patients who are not transplant candidates:
Results of the INTrEPID Trial. J Am Coll Cardiol 2007;50:741-747.

72. Zuiniga Cisneros J, Stehlik J, Selzman CH, Drakos SG, McKellar SH, Wever-Pinzon O:
Outcomes in patients with hypertrophic cardiomyopathy awaiting heart transplantation. Circ Heart
Fail 2018;11:e004378.

73. Patel SR, Saeed O, Naftel D, Myers S, Kirklin J, Jorde UP, Goldstein DJ. Outcomes
of Restrictive and Hypertrophic Cardiomyopathies After LVAD: An INTERMACS Analysis.
J Cardiac Fail. 2017;23(11):859-867.

74. Mehra MR, Canter CE, Hannan MM, et al; International Society for Heart Lung Transplantation

(ISHLT) Infectious Diseases, Pediatric and Heart Failure and Transplantation Councils:

71



The 2016 International Society for Heart Lung Transplantation listing criteria for heart
transplantation: A 10-year update. J Heart Lung Transplant 2016;35:1-23.

75. Shirani J, Maron BJ, Cannon RO III, Shahin S, Roberts WC. Clinicopathologic features
of hypertrophic cardiomyopathy managed by cardiac transplantation. Am J Cardiol.
1993;72(5):434-440.

76. Lund LH, Edwards LB, Dipchand Al, Goldfarb S, Kucheryavaya AY, Levvey BJ, Meiser B,
Rossano JW, Yusen RD, Stehlik J. The registry of the International Society for Heart and Lung
Transplantation: Thirty-third Adult Heart Transplantation Report-2016; focus theme: primary
diagnostic indications for transplant. J Heart Lung Transplant 2016;35:1158-1169.

77. Maron BJ, Rowin EJ, Udelson JE, Maron MS. Clinical spectrum and management of heart

failure in hypertrophic cardiomyopathy. J Am Coll Cardiol HF 2018;6:353-363.

72



10. OPINTIA KOMISJI BIOETYCZNEJ

Publikacja nr 1

PennState

Title of the Study:
Cardiac transplantation outcomes in patients with hypertroplie cardiomyopathy: single-center

eXperience

Principal Investigator:

Matylda Magur, MD

Pam State Heart and Vaseular Institute

500 University Duve| PO Box 850 | MC HO47 Hershey. PA 17033
P: 717-531-6746 (p.5373)| F: 717-531-7969

IRB Approval Information:

CATS Study ID: STUDY00015173

Date of Approval: June 10, 2020

IRB Chawperson: Sara Hom

Contact Information for [RB Office:

110 Technology Center. 200 Innovation Bhvd.
University Park. PA 16803

Phone: 814-865-1775

Email: erp@psu.edn

Waiver of Consent:

The Institutional Review Board (IRB) of Pennsyh-ania State University/ Milkon S, Hershey Medical
Center has reviewed and approved the request to waive the requiranent for obtaining informed
consent from participants for the rescarch study titled Cardiac transplantation outcomes in patients
with hypertrophic cardiomyopathy: single-center expenience This waiver has been granted based on
the following cniteria being mct m accordance with federal regulations (45 CFR 46.116)

1. Minimal Risk: The research mvolves no more than minimal risk to the participants.

2. No Adverse Effect on Rights and Welfare: The waiver will not adversely affect the rights and
welfare of the participants.

3. Impracticability: The research could not practicably be carmied out without the waiver.

4. Provision of Information: Whenever appropriate. the participants will be provided with additional
pertinent mformation after participation.

Duration of Approval:
This waiver is valid for the duration of the study data collection, from June 10, 2020 to Jine ©, 2021,
unless otherwise specified or revoked by the IRB.

Responsibilities of the lovestigator:

The Prncipal Investigator i respensible for ensiring that the study is conducted m aceordance wath
the approved protocol and m compliance with all apphecable ethical guidelnes and regulations. Any
modifications to the study protocol must be submitted to and approved by the IRB before
mnplementation.

St

Sara Hom

Director of IRB

Human Research Protection Program Institutional Review Board
Office for Rescarch Protections

101 Technology Center Innovation Park University Pare. PA 16802
Phone Number: §14-865-3696

Email: sjh246@ psu.edu



TLUMACZENIE

Tytul Badania:

Cardiac transplantation outcomes in patients with hypertrophic cardiomyopathy: single-center
experience

Gléwny Badacz:

Matylda Mazur, MD

Penn State Heart and Vascular Institute

500 University Drive | PO Box 850 | MC H047 Hershey, PA 17033

Tel: 717-531-6746 (pager 5373) | Fax: 717-531-7969
mmazur@pennstatehealth.psu.edu

Informacje o Zatwierdzeniu przez IRB:

Numer badania CATS: STUDY00015173

Data zatwierdzenia: 10 czerwca 2020

Przewodniczaca IRB: Sara Horn

Dane kontaktowe biura IRB:

110 Technology Center, 200 Innovation Blvd. University Park, PA 16803
Tel: 814-865-1775

Email: orp@psu.edu

Zniesienie Wymogu Uzyskania Zgody Pacjenta:

Komisja Bioetyczna przy Pennsylvania State University/ Milton S. Hershey Medical Center
przeanalizowala 1 zatwierdzita wniosek o zniesienie wymogu uzyskania §wiadomej zgody pacjenta
od uczestnikéw badania pt. ,,Cardiac transplantation outcomes in patients with hypertrophic
cardiomyopathy: single-center experience.” na podstawie nastepujacych kryteriow zgodnych

z przepisami federalnymi (45 CFR 46.116):

1. Minimalne ryzyko: Badanie nie wigze si¢ z wigkszym ryzykiem dla uczestnikow.

2. Brak negatywnego wplywu na prawa i dobro uczestnikow: Zniesienie nie wplynie
negatywnie na prawa i dobro uczestnikow.

3. Niepraktyczno$¢: Badanie nie mogloby by¢ przeprowadzone bez zniesienia wymogu
zgody.

4. Dostarczenie informacji: Uczestnikom badania zostang dostarczone dodatkowe istotne

informacje po udziale w badaniu, jesli zajdzie taka konieczno$¢.
Okres Obowigzywania:

Powyzsza zgoda obowigzuje w okresie zbierania danych na cele badania, tj. od 10 czerwca 2020

74



do 9 czerwca 2021, chyba Ze zostanie okreslone inaczej lub odwotane przez IRB.

Obowiazki Badacza:

Glowny Badacz jest odpowiedzialny za zapewnienie, ze badanie jest prowadzone zgodnie
z zatwierdzonym protokotem oraz z wszystkimi obowigzujacymi wytycznymi etycznymi
1 przepisami. Wszelkie modyfikacje protokotu badania musza zosta¢ przedtozone i zatwierdzone

przez IRB przed ich wdrozeniem.

75



Publikacja nr 2

Akceptacja Komisji Bioetycznej ani indywidualna $wiadoma zgoda na retrospektywne badanie

obejmujace analizg zdepersonalizowanego rejestru nie byla wymagana.

76



Publikacja nr 3

Akceptacja Komisji Bioetycznej ani indywidualna $wiadoma zgoda na retrospektywne badanie

obejmujace analizg zdepersonalizowanego rejestru nie byla wymagana.

71



Publikacja nr 4

Akceptacja Komisji Bioetycznej ani indywidualna §wiadoma zgoda na badanie przegladowe

nie byta wymagana

78



11. OSWIADCZENIA WSPOLAUTOROW

Publikacja nr 1

The
! Christ Hospital

Health Network

February 5, 2024

Geetha Bhat, MD, PhD, FACC, FAST, FHFSA
Program Director, Cardiac Transplantation
Heart Failure, Mechanical Circulator Support
Professor of Medicine, University of Cincinnati
The Christ Hospital

2123 Auburn Ave

Cincinnati OH, 45219

USA

email; Geetha bhat@thechristhospital com

STATEMENT

As a co-author of the research paper entitled:

Long-term Post-Transplantation Cutcomes in Patients with Hypertrophic Cardiomyopathy: Single-Center 35-
Year Experience

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

s Meticulous manuscript revision
I specify my percentage of contribution 1o the preparation of the publication as 5%,

I ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined to be 75%
(in the capacity of the first and corresponding author), This encompassed:

Study concept and design

Data collection

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuseript

Coneurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur,

Regards,

W&/—

Geetha Bhat, MD, PhDD, FACC, FAST, FHFSA

2139 Auburn Ave. | Cincinnati, OH 45219
TheChristHospital.com

79



TLUMACZENIE

5 lutego 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Long-term post-transplantation outcomes in patients with hypertrophic cardiomyopathy: Single-
center 35-year experience”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 75% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Zgromadzenie danych

Przeprowadzenie analizy statystycznej

Analiza i interpretacja wynikow

Przygotowanie manuskryptu (zardwno pierwszej jak i ostatecznej wersji)

Jednoczes$nie, wyrazam zgode¢ na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.

80



PennState Health Heart and Vascular Institute
Milton S. Hershey Medical Center Mail Code HO47
500 University Drive
P. 0. Box 850
Hershey, PA 17033-0850

February 6, 2024

STATEMENT

As a co-author of the research paper entitled:

Long-term Post-Transplantation Outcomes in Patients with Hypertrophic Cardiomyopathy: Single-Center
35-Year Experience

I hereby declare that my individual contribution to the planning, execution, and analysis of the results, as
well as the preparation of the work in the form of a publication, encompassed the following:

s Study concept and design
» Meticulous manuseript revision

I specify my percentage of contribution to the preparation of the publication as 10%.

I ascertain that Dr, Matylda Mazur's contribution to the preparation of the publication is determined to be
75% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Data collection

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

@ & @ @ @

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work as an integral
component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

il ’
Vi

Eric Popjes, MD
Assistant Professor of Medicine
Advanced Heart Failure and Transplant Program
Heart and Vascular Institute
Penn State Health Milton S. Hershey Medical Center
500 University Drive
Hershey, PA 17033
USA
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TLUMACZENIE

6 lutego 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Long-term post-transplantation outcomes in patients with hypertrophic cardiomyopathy: Single-
center 35-year experience”

oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Opracowanie koncepcji i metodologii badania
e Rewizja manuskryptu

Moj udzial procentowy w przygotowaniu publikacji okreslam jako 10%.

Wkiad lek. Matyldy Mazur oceniam na 75% (jako pierwszej oraz korespondencyjnej autorki).
Zawierat on:

Opracowanie koncepcji i metodologii badania

Zgromadzenie danych

Przeprowadzenie analizy statystycznej

Analiza i interpretacja wynikow

Przygotowanie manuskryptu (zaré6wno pierwszej jak 1 ostatecznej wersji)

Jednocze$nie, wyrazam zgod¢ na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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The
f' Christ Hospital

______ Health Network
February 20, 2024

Robert Dowling, MD, PhD

Full Professor of Surgery

Advanced Heart Failure and Transplant Program
Heart and Vascular Institute

The Christ Hospital

2123 Auburn Ave

Cincinnati OH, 45219

Usa

email: Robert.dowling@thechristhospital.com

STATEMENT
As a co-author of the research paper entitled:

Long-term Post-Transplantation Outcomes in Patients with Hypertrophic Cardiomyopathy: Single-
Center 35-Year Experience

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

o Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

[ ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined to
be 75% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Data collection

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuseript

Concurrently, | extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Regards, 7 9 ] '
Robert Dc»w]injg, MD, PhD

2139 Auburn Ave. [ Cincinnati, OH 45219
TheChristHospital.com
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TLUMACZENIE

20 lutego 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Long-term post-transplantation outcomes in patients with hypertrophic cardiomyopathy: Single-
center 35-year experience”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 75% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Zgromadzenie danych

Przeprowadzenie analizy statystycznej

Analiza i interpretacja wynikow

Przygotowanie manuskryptu (zardwno pierwszej jak i ostatecznej wersji)

Jednoczes$nie, wyrazam zgode¢ na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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Advanced Cardiac and
e erson ea t Pulmonary Vascular Disease Programs
- 925 Chestnut Street
Mezzanine Level
Philadelphia, PA 19107
- T215-555-2050
F 215-503-0052

February 5, 2024

Howard J. Eisen, MD, FACC, FAHA, FHFSA, FAST
Full Professor of Medicine

Advanced Heart Failure and Transplant Program
Division of Cardiology

Thomas Jefferson University Hospital

111 S 11*" Street

Philadelphia, PA 19107

usa

email: Howard.Eisen@jefferson.edu

STATEMENT

As a co-author of the research paper entitled:

Long-term Post-Transplantation Outcomes in Patients with Hypertrophic Cardiomyopathy: Single-
Center 35-Year Experience

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

¢ Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

[ ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined
to be 75% (in the capacity of the first and corresponding author). This encompassed:

e Study concept and design

e Data collection

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

.- o @

Concurrently, T extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincergly

Professor of Medicine
Thomas Jefferson University

HOME OF SIDNEY KIMMEL MEDICAL COLLEGE
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TLUMACZENIE

5 lutego 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Long-term post-transplantation outcomes in patients with hypertrophic cardiomyopathy: Single-
center 35-year experience”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 75% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Zgromadzenie danych

Przeprowadzenie analizy statystycznej

Analiza i interpretacja wynikow

Przygotowanie manuskryptu (zardwno pierwszej jak i ostatecznej wersji)

Jednoczes$nie, wyrazam zgode¢ na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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Publikacja nr 2

he
! TChrist Hospital

Health Network
October 21, 2024

Robert Dowling, MD, PhD (hon)

Full Professor of Surgery

Surgical Director, Cardiac Transplantation

Director. Research in MCS and Cardiac Replacement
Heart and Vascular Institute

The Christ Hospital

2123 Auburn Ave

Cincinnati OH, 45219

USA

email: robert.dowling@thechristhospital.com

STATEMENT

As a co-author of the research paper entitled:

Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support

1 hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

s Meticulous manuscript revision

I specify my percentage of contribution to the preparation of the publication as 5%.

1 ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined to
be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

e Critical evaluation and interpretation of the results

e Preparation of both the initial draft and the final version of the manuscript

Concurrently, I extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely,

R,

Robert Dowling, MD ,PhD

2139 Auburn Ave. | Cincinnati, OH 45219
TheChristHospital.com
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TLUMACZENIE

21 pazdziernika 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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The _
F Christ Hospital
¥ Health Network

October 21, 2024

Geetha Bhat, MD, PhD, FACC, FAST, FHFSA
Program Director, Cardiac Transplantation
Heart Failure, Mechanical Circulatory Support
Professor of Medicine, University of Cincinnati
The Christ Hospital

2123 Auburn Ave

Cincinnati OH, 45219

USA

email: Geetha.Bhat(@thechristhospital.com

STATEMENT

As a co-author of the research paper entitled:

Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of mechanical
circulatory support

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

e Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

I ascertain that Dr, Matylda Mazur's contribution to the preparation of the publication is determined to
be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely,

&

Geetha Bhat, MD, PhD, FACC, FAST, FHFSA

2139 Auburn Ave. | Cincinnati, OH 45219
TheChristHospital.com
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TLUMACZENIE

21 pazdziernika 2024

OSWIADCZENIE

Jako wspotautorka pracy zatytutowane;j:

,Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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[ ok | _—

&4 Cleveland Clinic Andres Carmona Rubio, MD
Staff Cardiolegist
Section of Heart Failure and
Cardiac Transplant Medicine

October 21, 2024
Andres Carmona Rubio, MD,
Assistant Professor of Medicine
Kaufman Center for Heart Failure,
Heart, Vascular and Thoracic Institute,
Cleveland Clinic
9500 Euclid Avenue
Cleveland, OH 44195, USA
email: CARMONA @cef.org

STATEMENT
As a co-author of the research paper entitled:

Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support

I hereby declare that my individual confribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

» Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

| ascertain that Dr, Matylda Mazur's contribution to the preparation of the publication is determined
to be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial drafl and the final version of the manuscript

Concurrently, [ cxtend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely,
m’ W
Andres Carmona Rubio, MD

Assistant Professor of Medicine
Cleveland Clinic

The Cleveland Clinic Foundation Tel 21644556843
Rabert and Suzanne Tomsich g500 Euclid Ave. / ]3-4 Fax 216 445-6197
Dept, of Cardiovaseular Medicine Cleveland, Ohio 44195 Appt 216 444-6697

91



TLUMACZENIE

21 pazdziernika 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wkiad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.

92



&J Jefferson Health e
Pulmonary Vascular Disease Programs
- 925 Chestnut Street
Mezzanine Level
Philadelphia, PA 19107
T 215-955-2050
F 215-503-0052

October 21, 2024

Howard J. Eisen, MD, FACC, FAHA, FHFSA, FAST
Full Professor of Medicine
Advanced Heart Failure and Transplant Program
Division of Cardiology
Thomas Jefferson University Hospital
111 S 11* Street
Philadelphia, PA 19107
USA
STATEMENT

As a co-author of the research paper entitled:

Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

e Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

I ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined
to be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely

Professor of Medicine
Thomas Jefferson University

HOME OF SIDNEY KIMMEL MEDICAL COLLEGE
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TLUMACZENIE

21 pazdziernika 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Heart transplantation outcomes in patients with hypertrophic cardiomyopathy in the era of
mechanical circulatory support”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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Publikacja nr 3

E: CIEVEIand C'lnlc Andres Carmona Rubio, MD

Staff Cardiologist
Section of Heart Failure and
Cardizc Transplant Medicine

April 22, 2024
Andres Carmona Rubio, MD,
Assistant Professor of Medicine
Kaufman Center for Heart Failure,
Heart, Vascular and Thoracic Institute,
Cleveland Clinic
9500 Euclid Avenue
Cleveland, OH 44195, USA
email: CARMONA@ccf.org

STATEMENT
As a co-author of the research paper entitled:

Impact of the New Heart Allocation System on the Medium-Term Qutcomes in Patients With
Hypertrophic Cardiomyopathy

| hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

*  Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

I'ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined
to be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of bath the initial draft and the final version of the manuscript

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely,

Andres Carmona Rubio, MD
Assistant Professor of Medicine
Cleveland Clinic

The Cleveland Clinic Foundation Tel 216 4455843
Rabert and Suzanne Tomsich g500 Euelid Ave. /]3-4 Fax 216 4456197
Dept. of Cardiovascular Medicine Cleveland, Ohio 44195 Appt 216 444-6697
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TLUMACZENIE

22 kwietnia 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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a Jefferson Health MO,

925 Chestnut Street
Mezzanine Level
Philadelphia, PA 19107
T 215-955-2050

F 215-503-0052

May 20, 2024

Howard J. Eisen, MD, FACC, FAHA, FHFSA, FAST
Full Professor of Medicine

Advanced Heart Failure and Transplant Program
Division of Cardiology

Thomas Jefferson University Hospital

111 S 11* Street

Philadelphia, PA 19107

USA

STATEMENT

As a co-author of the research paper entitled:

Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

e Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

I ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined
to be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely

Professor of Medicine
Thomas Jefferson University

HOME OF SIDNEY KIMMEL MEDICAL COLLEGE
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TLUMACZENIE

20 maja 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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-

The
r‘ Christ Hospital
e

Health Network

April 22, 2024

Geetha Bhat, MD, PhD, FACC, FAST, FHFSA
Program Director, Cardiac Transplantation
Heart Failure, Mechanical Circulatory Support
Professor of Medicine, University of Cincinnati
The Christ Hospital

2123 Auburn Ave

Cincinnati OH, 45219

USA

email: Geetha.Bhat@thechristhospital.com

STATEMENT

As a co-author of the research paper entitled:

Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

*  Meticulous manuscript revision
1 specify my percentage of contribution to the preparation of the publication as 5%.

[ ascertain that Dr, Matylda Mazur's contribution to the preparation of the publication is determined to
be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

e & & @

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely,

= fé&W

Geetha Bhat, MD, PhD, FACC, FAST. FHFSA

2139 Auburn Ave. | Cincinnati, OH 45219
TheChristHospital.com

99



TLUMACZENIE

22 kwietnia 2024

OSWIADCZENIE

Jako wspotautorka pracy zatytutowane;j:

,Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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he
H TChrist Hospital'

il
7" Health Network
April 22, 2024

Robert Dowling, MD, PhD (hon)

Full Professor of Surgery

Surgical Director, Cardiac Transplantation

Director, Research in MCS and Cardiac Replacement
Heart and Vascular Institute

The Christ Hospital

2123 Aubum Ave

Cincinnati OH, 45219

USA

email: robert.dowling@thechristhospital.com

STATEMENT

As a co-author of the research paper entitled:

Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy

I hereby declare that my individual contribution to the planning, execution, and analysis
of the results, as well as the preparation of the work in the form of a publication, encompassed
the following:

e Meticulous manuscript revision
I specify my percentage of contribution to the preparation of the publication as 5%.

1 ascertain that Dr. Matylda Mazur's contribution to the preparation of the publication is determined to
be 80% (in the capacity of the first and corresponding author). This encompassed:

Study concept and design

Conducting a detailed statistical analysis

Critical evaluation and interpretation of the results

Preparation of both the initial draft and the final version of the manuscript

Concurrently, 1 extend my formal consent for the utilization of the aforementioned work
as an integral component of the doctoral dissertation portfolio of Dr. Matylda Mazur.

Sincerely,

R,

Robert Dowling, MD ,PhD

2139 Auburn Ave. | Cincinnati, OH 45219
TheChristHospital.com
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TLUMACZENIE

22 kwietnia 2024

OSWIADCZENIE

Jako wspotautor pracy zatytutowane;:

,Impact of the New Heart Allocation System on the Medium-Term Outcomes in Patients With
Hypertrophic Cardiomyopathy”
oswiadczam, ze mdj wlasny wklad merytoryczny w przygotowanie i opracowanie pracy w formie
publikacji stanowi:

e Rewizja manuskryptu

Moj udziat procentowy w przygotowaniu publikacji okreslam jako 5%.

Wklad lek. Matyldy Mazur oceniam na 80% (jako pierwszej oraz korespondencyjnej autorki).
Zawieral on:

Opracowanie koncepcji 1 metodologii badania

Przeprowadzenie analizy statystycznej

Analiza 1 interpretacja wynikow

Przygotowanie manuskryptu (zarowno pierwszej jak 1 ostatecznej wersji)

Jednoczes$nie, wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek.

Matyldy Mazur.
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Publikacja nr 4

i
T WARSZAWSKI WARSZAWSKI UNIWERSYTET MEDYCZNY
NI 3
Y MEDICAL UNIVERSITY OF WARSAW
;DZIAL
LEKARSKI LAKLAD KARDIOLOGII SPORTOWE] | NIEINWAZYJNE] DIAGNOSTYKI KARDIOLOGICINE)

WYDZIAL LEKARSKI
Prof. dr hab, n. med. Wojdech Braksatar

Warszawa 15.07.2024

OSWIADCZENIE

Jako wspdtautor pracy zatytutowanej:
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