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1. Wykaz stosowanych skrotow
AF - atrial fibrillation, migotanie przedsionkow
CT - computed tomography, tomografia komputerowa
DAPT — dual antiplatelet therapy, podwdjna terapia przeciwplytkowa
DRT - device-related thrombus, skrzeplina zwigzana z urzadzeniem
LA - left atrium, lewy przedsionek
LAA - left atrial appendage, uszko lewego przedsionka
LAAC - left atrial appendage closure, zamknigcie uszka lewego przedsionka
LMWH - low-molecular-weight heparin, heparyna drobnoczasteczkowa
NOAC - new oral anticoagulants, nowe doustne antykoagulanty
OAC - oral anticoagulants, doustne antykoagulanty
PDL - peri-device leak, przeciek wokét urzadzenia
TEE - transesophageal echocardiography, echokardiografia przezprzetykowa
TIA - transient ischaemic attack, przejsciowy epizod niedokrwienny

VKA - vitamin K antagonists, antagonisci witaminy K



2. Streszczenie w jezyku polskim.

Migotanie przedsionkow (z ang. Atrial Fibrillation - AF) jest najczgstsza tachyarytmia
przedsionkowa, a czgstos¢ jej wystepowania wzrasta wraz z wiekiem populacji. Charakteryzuje si¢
nieskoordynowang czynnoscia elektryczng przedsionkdw, ktéra powoduje utrate ich czynnosci
skurczowej. Migotanie przedsionkow jest gtdwnym czynnikiem ryzyka zdarzen
zakrzepowo-zatorowych, niezaleznie czy jest napadowe, przetrwate lub utrwalone. Nieleczone
wiaze si¢ z 5-krotnie wigkszym ryzykiem wystgpienia udaru niedokrwiennego mozgu.

Doustne leczenie przeciwkrzepliwe jest podstawowa metoda zapobiegania incydentom
zakrzepowo-zatorowym u pacjentoéw z rozpoznanym AF. Wytyczne Europejskiego Towarzystwa
Kardiologicznego dotyczace migotania przedsionkdéw z 2024 roku zastapity dotychczas
wykorzystywang skale CHA2DS2-VASc, nowg skala CHA2DS2-VA i zalecaja jej wykorzystanie u
wszystkich pacjentoéw w celu stratyfikacji ryzyka wystapienia zdarzenia zakrzepowo-zatorowego.
Pozwala ona podja¢ decyzj¢ odnosnie rozpoczecia leczenia doustnymi antykoagulantami (z ang.
Oral Anticoagulants - OAC). U pacjentdw, ktorzy uzyskali 2 punkty lub wiecej nalezy rozpoczac
przewlekla terapi¢ przeciwzakrzepowa (klasa zalecen: I, poziom dowodu A), a u pacjentow z 1
punktem nalezy rozwazy¢ wiaczenie takiej terapii (klasa zalecen: Ila, poziom dowodu C).
Preferowanym leczeniem jest wykorzystanie nowych doustnych antykoagulantéw (z ang. New Oral
Anticoagulants - NOAC) zamiast antagonistow witaminy K (z ang. Vitamin K Antagonists - VKA)
(klasa zalecen: I, poziom dowodu A).

Posrod chorych wymagajacych OAC jest duza grupa pacjentow, u ktorych takie leczenie
jest przeciwwskazane lub nieskuteczne. Do przeciwwskazan takiego leczenia nalezy m. in. bardzo
wysokie ryzyko krwawienia lub przebyte powazne krwawienie, a o nieskutecznosci terapii
méwimy, gdy w trakcie odpowiedniego leczenia u pacjenta wystgpit incydent
zakrzepowo-zatorowy. Na podstawie danych z badan pokazujacych, ze ponad 90% materiatu
zatorowego u chorych z niezastawkowym AF pochodzi z uszka lewego przedsionka (z ang. Left

Atrial Appendage - LAA), zaproponowano procedur¢ polegajaca na zamknigciu LAA. Skuteczny



zabieg ma za zadanie zapobiec wytworzeniu si¢ skrzepliny w LAA, a nastepnie jej migracji do
krwiobiegu. Takie postepowanie wydaje si¢ zapobiega¢ incydentom zatorowym, jednoczesnie
zmniejszajac ryzyko krwawienia zwigzane z przewlekltym stosowaniem OAC. Obecnie zamykanie
uszka lewego przedsionka (a ang. Left Atrial Appendage Closure - LAAC) stanowi
niefarmakologiczng metod¢ prewencji zdarzen zakrzepowo-zatorowych u pacjentow z
niezastawkowym AF. Wytyczne Europejskiego Towarzystwa Kardiologicznego dotyczace
migotania przedsionkow z 2024 wskazuja, ze LAAC mozna rozwazy¢ u pacjentéw z
przeciwwskazaniami do dlugotrwalej terapi przeciwkrzepliwej (klasa zalecen: IIb, poziom dowodu
O).

Zabieg LAAC jest procedurg inwazyjng i wigze si¢ z wystepowaniem powiktan takich jak
udar niedokrwienny, powazne krwawienie, tamponada oraz uszkodzenie naczynia. Ponadto
skuteczna implantacja okludera do LAA wiaze si¢ z mozliwo$cig wytworzenia si¢ skrzepliny
zwigzanej z urzadzeniem (z ang. Device-Related Thrombus - DRT), dlatego tez zaleca si¢ leczenie
przeciwzakrzepowe w okresie pozabiegowym. Postgpowanie to ma na celu zmniejszy¢ ryzyko
wytworzenia si¢ DRT. Pierwotnie po zabiegu stosowano VKA, jednakze z uwagi na wysokie
ryzyko krwawienia w populacji poddanej procedurze rozpoczgto poszukiwania innych metod
leczenia. Zastosowanie NOAC lub lekow przeciwplytkowych byto przedmiotem wielu badan
klinicznych, w ktorych wykazano, Ze takie postgpowanie moze by¢ skuteczne przy zachowanym
profilu bezpieczenstwa. W chwili obecnej nie ma jednoznacznych zalecen dotyczacych
farmakoterapii pozabiegowej. Trwajg badania randomizowane, ktore w przysztosci pomoga nam
ustandaryzowa¢ farmakoterapi¢ po skutecznym zabiegu LAAC, jednak do tego czasu eksperci
zalecaja indywidualizacje leczenia.

W ramach pierwszego badania retrospektywnie przeanalizowano 91 pacjentéw poddanych
zabiegowi LAAC z wykorzystaniem urzadzenia WATCHAMAN w jednym os$rodku akademickim.
Celem pracy byla ocena zabiegu, okresu okotozabiegowego oraz skutecznos$ci i bezpieczenstwa

pozabiegowej terapii przeciwptytkowej. Urzadzenie udato si¢ skutecznie implantowaé u 90



pacjentdw. Powazne krwawienie w skali BARC (z ang. Bleeding Academic Research Consortium)
> 3 wystapito u 3 pacjentow, tamponada u 3 pacjentéw, a z przyczyn sercowo-naczyniowych zmarta
1 osoba. Ponadto 1 osoba zmarta nie z przyczyn sercowo-naczyniowych. Po zabiegu, do czasu
kontrolnego badania echokardiograficznego przezprzetykowego (z ang. Transesophageal
Echocardiography - TEE), 85 pacjentow otrzymato podwdjng terapi¢ przeciwplytkowa, sktadajaca
si¢ z kwasu acetylosalicylowego 1 klopidogrelu. Pozostate 3 osoby zostalty wypisane z zaleceniem
pojedynczej terapii przeciwptytkowej jednym z powyzszych lekéw. Po medianie 67 dni od zabiegu
u wszystkich pacjentéw wykonano oceng kliniczna, a kontrolne badanie TEE wykonano u 78
badanych. Pierwszorzgdowy punkt koncowy oceniajacy bezpieczenstwo terapii, zdefiniowany jako
duze krwawienie, wystapil u 2 pacjentéw, z ktorych zaden nie wymagat hospitalizacji, ani
przetoczenia krwi. Natomiast, pierwszorzedowe punkty oceniajgce skutecznos$¢ terapii wystapity u
4 pacjentéw (1 udar niedokrwienny, 1 zgon z przyczyny sercowo-naczyniowej i 2 zgony nie z
przyczyny sercowo-naczyniowej). W kontrolnym badaniu TEE nie stwierdzono istotnego przecieku
wokot urzadzenia (z ang. Peri-Device Leak - PDL), a skrzepline na urzadzeniu stwierdzono u 5
pacjentéw. Wyniki badania pokazuja, Ze terapia przeciwptytkowa po LAAC wydaje si¢ by¢
skuteczng i bezpieczng opcja leczenia.

Celem drugiej pracy byta ocena czgstosci wytworzenia si¢ skrzepliny na urzadzeniu
WATCHMAN 1 okres$lenie predyktorow jej wystapienia. Grupe badang stanowili wszyscy pacjenci,
ktorzy mieli wykonane kontrolne badanie TEE po skutecznej implantacji okludera. Skrzepling
zwigzang z urzadzeniem stwierdzono u 5 pacjentow. W poréwnaniu do grupy pacjentdw bez DRT,
chorzy z DRT byli mtodsi, mieli nizsza frakcj¢ wyrzucania lewej komory, nizszg predkos¢
oprézniania LAA, oraz mieli glgbiej implantowane urzadzenie w LAA. Wszyscy badani ze
stwierdzonym DRT otrzymali leczenie przeciwkrzepliwe heparyng drobnoczasteczkowa uzyskujac
rezolucj¢ skrzepliny przy braku wystapienia powiktan krwotocznych.

W ostatniej pracy przedstawiono podsumowanie aktualnej wiedzy na temat LAAC z

wykorzystaniem urzadzenia WATCHMAN. W sposob szczegdtowy omowiono istote zabiegu,



wskazania oraz rozne wersje okludera. Przedstawiono rowniez mozliwe formy leczenia
przeciwzakrzepowego po skutecznym zabiegu LAAC. Analizie poddano powiktania zabiegu, takie
jak wystapienie DRT oraz PDL i omdwiono metody ich leczenia.

Podsumowujac, w cyklu publikacji stanowigcych ponizsza rozprawe poddano analizie
rozwijajaca si¢ metod¢ LAAC, ktora stanowi alternatywe dla OAC u chorych z niezastawkowym
AF 1 z przeciwwskazaniami do leczenia przeciwkrzepliwego. Na podstawie publikacji wydaje sie,
ze terapia przeciwplytkowa po LAAC jest skuteczna i bezpieczna u pacjentow wysokiego ryzyka.
Ponadto biorac pod uwage czynniki ryzyka wystapienia DRT jesteSmy w stanie bardziej $wiadomie
zindywidualizowa¢ leczenie pozabiegowe minimalizujac ryzyko wystapienia DRT. Praca
pogladowa porusza najistotniejsze aspekty zabiegowej metody prewencji udaru mozgu i

przedstawione w tej pracy dane stanowig przydatne narz¢dzie w codziennej praktyce kliniczne;.
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3. Streszczenie w jezyku angielskim.
“Analysis of left atrial appendage closure procedures as a method of stroke prevention in
patients with nonvalvular atrial fibrillation.”

Atrial fibrillation (AF) is the most common atrial tachyarrhythmia, and its prevalence
increases with age. It is characterized by uncoordinated electrical activity of the atria, which causes
loss of their contractile function. Atrial fibrillation is a major risk factor for thromboembolic events,
regardless of whether it is paroxysmal, persistent or permanent. If left untreated, it is associated
with a 5-fold increased risk of ischemic stroke.

Oral anticoagulation therapy is the default method for preventing thromboembolic events in
patients with diagnosed AF. The 2024 European Society of Cardiology guidelines on atrial
fibrillation replaced the previously used CHA2DS2-VASc score with the new CHA2DS2-VA score
and recommends its use in all patients to stratify the risk of a thromboembolic event. It allows
doctors to decide whether to initiate treatment with oral anticoagulants (OAC). In patients with 2
points or more, chronic anticoagulation therapy should be initiated (class of recommendation: I,
level of evidence A), while in patients with 1 point, such therapy should be considered (class of
recommendation: Ila, level of evidence C). The preferred treatment is the use of new oral
anticoagulants (NOAC) instead of vitamin K antagonists (VKA) (class of recommendation: I, level
of evidence A).

Among patients requiring OAC, there is a large group of patients in whom such treatment is
contraindicated or ineffective. Contraindications to such treatment include a very high risk of
bleeding or a history of serious bleeding, while therapy ineffectiveness is defined as appearance of
thromboembolic event during appropriate anticoagulation treatment. Based on data from studies
showing that over 90% of embolic material in patients with nonvalvular AF comes from the left
atrial appendage (LAA), a procedure involving closure of the LAA was proposed. An effective
procedure prevents the clot formation in the LAA and its subsequent migration into the

bloodstream. This approach appears to prevent embolic events while reducing the risk of bleeding
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associated with chronic OAC use. Currently, left atrial appendage closure (LAAC) is a
non-pharmacological method for preventing thromboembolic events in patients with nonvalvular
AF. The 2024 European Society of Cardiology Guidelines on Atrial Fibrillation indicate that LAAC
may be considered in patients with contraindications to long-term OAC (class of recommendation:
IIb, level of evidence C).

Left atrial appendage closure is an invasive procedure and is associated with complications
such as ischemic stroke, major bleeding, tamponade, and vessel injury. In addition, successful
occluder implantation is associated with the possibility of device-related thrombus (DRT)
development, therefore post-procedural antithrombotic treatment is recommended. This approach is
intended to reduce the risk of DRT. Initially, VKA was used after the procedure, however, due to the
high risk of bleeding in the population undergoing the procedure, a search for alternative treatment
methods began. The use of NOAC or antiplatelet drugs has been the subject of many clinical trials,
which have shown that such treatment can be effective with a preserved safety profile. There are
currently no clear recommendations for post-procedure pharmacotherapy. Randomized trials are
underway and will help us standardize pharmacotherapy after a successful LAAC procedure, but
until then, experts recommend individualizing the treatment.

The first study retrospectively analyzed 91 patients who underwent LAAC using the
WATCHAMAN device at a single academic center. The aim of the study was to evaluate the
procedure, the periprocedural period, and the efficacy and safety of postprocedural antiplatelet
therapy. The device was successfully implanted in 90 patients. Major bleeding with BARC
(Bleeding Academic Research Consortium) scale > 3 occurred in 3 patients, tamponade in 3
patients, and 1 person died of cardiovascular causes. Additionally, 1 non-cardiovascular death
occurred. After the procedure, until the follow-up transesophageal echocardiography (TEE)
examination, 85 patients received dual antiplatelet therapy consisting of acetylsalicylic acid and
clopidogrel. The remaining 3 patients were discharged with a recommendation for single

antiplatelet therapy with one of the above drugs. After a median of 67 days after the procedure, all
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patients underwent clinical evaluation, and follow-up TEE examination was performed in 78
subjects. The primary endpoint assessing the safety of the therapy, defined as major bleeding,
occurred in 2 patients, none of whom required hospitalization or blood transfusion. However, the
primary endpoints assessing the efficacy of the therapy occurred in 4 patients (1 ischemic stroke, 1
cardiovascular death, and 2 non-cardiovascular deaths). The control TEE examination did not reveal
any significant peri-device leak (PDL), and a DRT was found on the device in 5 patients. The
results of the study show that antiplatelet therapy after LAAC seems to be an effective and safe
treatment option.

The aim of the second study was to assess the frequency of thrombus formation on the
WATCHMAN device and to determine the predictors of its occurrence. The study group consisted
of all patients who had a control TEE examination after successful implantation of the occluder.
Device-related thrombus was found in 5 patients. Compared to the group of patients without DRT,
patients with DRT were younger, had a lower left ventricular ejection fraction, a lower LAA
emptying velocity, and had the device implanted deeper in the LAA. All patients with confirmed
DRT received anticoagulation with low-molecular-weight heparin, achieving thrombus resolution
without bleeding complications.

The last study presents a summary of the current knowledge on LAAC using the
WATCHMAN device. The essence of the procedure, indications, and different versions of the
occluder are discussed in detail. Possible forms of anticoagulation after successful LAAC are also
presented. Complications of the procedure, such as DRT and PDL, were analyzed and methods of
their treatment were discussed.

In summary, in the series of publications constituting the following dissertation, the
developing LAAC method was analyzed, which is an alternative to OAC in patients with
nonvalvular atrial fibrillation and contraindications to anticoagulation therapy. Based on the
publications, it seems that antiplatelet therapy after LAAC is effective and safe in high-risk patients.

Moreover, taking into account the risk factors for DRT, we are able to better individualize
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post-procedural treatment, minimizing the risk of DRT. The review paper discusses the most
important aspects of the interventional method of stroke prevention and the data presented in this

paper are a useful tool in everyday clinical practice.
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4. Wstep

4.1. Migotanie przedsionkow i zapobieganie incydentom zakrzepowo-zatorowym.

Migotanie przedsionkow (z ang. Atrial Fibrillation - AF) jest najczgsciej wystepujaca
arytmia w populacji ogdlnej, a czestos¢ jej wystgpowania rosnie wraz z wiekiem [1]. Chorobowo$¢
siegga 10-12% u pacjentéw po 80 roku zycia [1]. Oprocz starzenia si¢ organizmu, kilka innych
schorzen zwigksza ryzyko rozwoju i wystapienia AF, a naleza do nich m.in.: nadci$nienie tetnicze,
cukrzyca, niewydolno$¢ serca, choroba niedokrwienna serca, zastawkowe wady serca, nadczynnos¢
tarczycy, otyto$¢, naduzywanie alkoholu, przewlekta choroba nerek i choroby ptuc [2,3]. Na
podstawie momentu wystgpienia arytmii oraz czasu jej trwania wyrdézniamy 4 gtéwne rodzaje:
pierwszorazowe AF, napadowe, przetrwale, oraz utrwalone AF [4]. Niezaleznie od rodzaju, AF jest
czynnikiem ryzyka wystgpienia udaru niedokrwiennego mozgu i zdarzen zakrzepowo-zatorowych,
co znaczaco zwigksza $miertelno$¢ oraz moze powodowac powazne niepelnosprawnosci [5].
Wystapienie arytmii wigze si¢ z pigciokrotnie wigkszym ryzykiem wystapienia udaru
niedokrwiennego mézgu [6]. Migotanie przedsionkéw diagnozuje si¢ u okoto 7% pacjentéw z
ostrym udarem niedokrwiennym w ciggu pierwszych 3-5 dni po incydencie niedokrwiennym [7], a
odsetek stwierdzonej arytmii wzrasta do 25% przy przedluzonym monitorowaniu serca [8]. Jednym
z proponowanych mechanizmoéw wystapienia udaru niedokrwiennego u pacjentéw z AF jest
nieskoordynowana czynnos¢ elektryczna przedsionkow, ktora powoduje utrate ich czynnosci
skurczowej, czego konsekwencja jest zastdj krwi i zwiekszone ryzyko wystapienia incydentu
zakrzepowo-zatorowego [9].

Zapobieganie udarom niedokrwiennym oraz zdarzeniom zakrzepowo-zatorowym stanowi
podstawe leczenia pacjentow z AF. Obligatoryjne jest rozpoczecie terapii doustnymi
antykoagulantami (z ang. Oral Anticoagulants - OAC) u chorych ze stwierdzonym AF i bedacych
w grupie ryzyka wystapienia zdarzen zakrzepowo-zatorowych, a skutecznos¢ terapii OAC zostata
udowodniona w wielu badaniach klinicznych [10]. Dotychczas zalecang skalg do oceny ryzyka

zakrzepowo-zatorowego byta skala CHA2DS2-VASc, ktora w wytycznych Europejskiego
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Towarzystwa Kardiologicznego dotyczacych migotania przedsionkéw z 2024 roku zostata
zastgpiona nowg skala CHA2DS2-VA. W chwili obecnej zalecane jest rozpoczecie terapii OAC u
wszystkich chorych, ktory w skali CHA2DS2-VA otrzymali 2 punkty lub wigcej (klasa zalecen: I,
poziom dowodu A), a u pacjentdw z 1 punktem nalezy rozwazy¢ wlaczenie takiej terapii (klasa
zalecen: Ila, poziom dowodu C) [4]. W chwili obecnej dostepnych jest kilka doustnych lekow
przeciwkrzepliwych, z dwoch gtownych grup: antagonisci witaminy K (z ang. Vitamin K
Antagonists - VKA) oraz nowe doustne antykoagulanty (z ang. New Oral Anticoagulants - NOAC).
Terapia przeciwkrzepliwa jest wysoce skuteczna w zapobieganiu wystepowania zdarzen
zakrzepowo-zatorowych. Badania poréwnujace VKA z placebo wykazaty, ze zastosowanie OAC
zmniejsza ryzyko udaru niedokrwiennego o 64% i zgonu z jakiejkolwiek przyczyny o 26% [10]. Od
czasu wprowadzenia NOAC w 2009 roku, leki z tej grupy prawie catkowicie wyparly VKA z
leczenia chorych z niezastawkowym AF. Leki z tej grupy sa porownywalne do VKA pod wzgledem
zapobiegania zdarzeniom zakrzepowo-zatorowym i lepsze pod wzgledem ryzyka krwawienia [11].
W metaanalizie badan porownujacych VKA z NOAC, obejmujacej ponad 70 000 pacjentéw z
migotaniem przedsionkow, zastosowanie NOAC wigzato si¢ z istotng redukcjg liczby wszystkich
udarow o 19%, co wynikalo gtoéwnie ze znacznego zmniejszenia liczby udaré6w krwotocznych (HR
0,49, 95% CI 0,38-0,64) [12]. Zgodnie z wytycznymi Europejskiego Towarzystwa
Kardiologicznego preferowanym leczeniem jest wykorzystanie NOAC zamiast VKA (klasa
zalecen: I, poziom dowodu A) [4].

Pacjentom z wysokim ryzykiem krwawienia i/lub z wywiadem powaznego krwawienia, lub
chorym u ktérych wystapit epizod zakrzepowo-zatorowy pomimo odpowiednio zastosowane;j
terapii przeciwkrzepliwej, mozna zaproponowac interwencyjne metody prewencji powiktan
zakrzepowo-zatorowych w miejsce leczenia OAC. Zastosowanie niefarmakologicznej profilaktyki
przeciwzakrzepowej dodatkowo znaczaco zmniejsza obcigzenie wynikajace z dlugotrwatego

przyjmowania OAC. Sposrod dostepnych technik, przezcewnikowe zamykanie uszka lewego
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przedsionka (z ang. Left Atrial Appendage Closure - LAAC) jest dobrg alternatywa dla dotychczas

stosowanych OAC u pacjentéw z niezastawkowym AF.

4.2. Zamykanie uszka lewego przedsionka.

Zamykanie uszka lewego przedsionka jest stale rozwijajaca si¢ metoda niefarmakologicznej
prewencji udaru mozgu u pacjentéw z niezastawkowym AF. Zapoczatkowanie metody bylo
poktosiem analizy wynikow badan echokardiografii przezprzetykowej (z ang. Transesophageal
Echocardiography - TEE), autopsji oraz raportow operacyjnych, ktéra okreslita i podkreslita role
lokalizacji powstawania materialu zatorowego [13]. Powyzsze analizy wykazaty, Ze u pacjentow z
niezastawkowym AF Zrédtem skrzeplin powodujacych incydenty zakrzepowo-zatorowe jest w
ponad 90% uszko lewego przedsionka (z ang. Left Atrial Appendage - LAA), w przeciwienstwie do
chorych z zastawkowym AF, u ktorych skrzeplina byla stwierdzana gldwnie w jamie lewego
przedsionka (z ang. Left Atrium - LA) [13, 14]. Ponadto w 2019 opublikowano analiz¢ ponad 1400
badan TEE u pacjentow z niezastawkowym AF, w ktorej wykazano, ze w przypadku stwierdzenia
materiatu zatorowego w jamach serca, to we wszystkich przypadkach byla to skrzeplina w LAA 1
ewentualnie dodatkowo w LA lub prawym przedsionku [15].

Biorac pod uwagg istotny udzial LAA w powiktaniach zatorowych u pacjentéw z AF, duza
uwaga naukowcow skupia si¢ na rozwoju metod wykluczania LAA z obiegu krwi w celu prewencji
powstania skrzeplin w jego §wietle. W 2009 roku ukazaty si¢ wyniki pierwszego, duzego,
randomizowanego badania PROTECT AF, ktore wykazaty, ze LAAC z wykorzystaniem urzadzenia
WATCHMAN nie jest gorsze od terapii warfaryng w zakresie pierwszorzgdowego punktu
koncowego sktadajacego si¢ z udaru, zatoru systemowego 1 zgonu z przyczyny
sercowo-naczyniowej [16]. Kolejne badanie PREVAIL z 2014 roku, ktore zostato zaprojektowane
w celu potwierdzenia bezpieczenstwa metody, wykazato, ze LAAC z uzyciem urzadzenia
WATCHMAN nie jest gorsze od warfaryny w zakresie udaru oraz incydentu zatorowego [17]. Po 5

latach obserwacji, LAAC zapewnia profilaktyke udaru poréwnywalng do VKA z istotng redukcja
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istotnych krwawien, udaréw krwotocznych, zgonéw z przyczyn sercowo-naczyniowych, oraz
zgonow z jakiejkolwiek przyczyny [18]. Badanie PRAGUE-17 wykazato réwniez, ze LAAC nie
jest gorsze od NOAC w zakresie prewencji udaru lub przej$ciowego epizodu niedokrwiennego (z
ang. Transient Ischamic Attack - TIA), zgonu z przyczyny sercowo-naczyniowej, istotnego
klinicznie krwawienia i jest skuteczniejsze w zakresie prewencji wystapienia krwawienia nie
zwigzanego z zabiegiem w 4-letniej obserwacji [19]. Prowadzone w kolejnych latach metaanalizy
oraz rejestry dalej potwierdzaty skutecznosc¢ i bezpieczenstwo zabiegowej metody prewencji udaru
moézgu u chorych z niezastawkowym AF [20, 21]. Niedawno opublikowana metaanaliza
poréwnujaca LAAC z NOAC wykazala, ze ryzyko udaru mozgu/TIA jest podobne w przypadku
obu metod, podczas gdy LAAC wykazal przewage w zmniejszaniu $§miertelnosci z przyczyn
sercowo-naczyniowych oraz ryzyka powaznych i niewielkich krwawien [22]. Do dzisiaj nie mamy
badan randomizowanych porownujacych pacjentéw poddanych LAAC, z pacjentami, ktorzy z
uwagi na przeciwwskazania lub nietolerancj¢ OAC nie otrzymuja zadnej formy leczenia
przeciwkrzepliwego. W chwili obecnej okluder WATCHMAN jest najlepiej przebadanym
urzadzeniem przeznaczonym do LAAC.

Przezcewnikowe LAAC jest coraz czgsciej stosowang metodg profilaktyki zdarzen
zakrzepowo-zatorowych u pacjentéw z niezastawkowym AF, zwlaszcza w Stanach Zjednoczonych
Ameryki [23]. Podczas gdy, w Europie rejestry pokazuja, ze metoda LAAC jest wykorzystywana u
< 1% pacjentéw z niezastawkowym AF [24]. Wytyczne Europejskiego Towarzystwa
Kardiologicznego z 2024 roku dotyczace migotania przedsionkdéw podtrzymalo poprzednia
rekomendacje, ze LAAC mozna rozwazy¢ u pacjentow z przeciwwskazaniami do dlugotrwatej

terapii przeciwkrzepliwej (klasa zalecen: IIb, poziom dowodu C) [4].

4.3. Farmakoterapia po zabiegu zamkni¢cia uszka lewego przedsionka.

Leczenie przeciwzakrzepowe jest wymagane po skutecznym zamknigciu uszka lewego

przedsionka w celu uniknigcia powstania skrzepliny zwigzanej z urzadzeniem (z ang.
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Device-Related Thrombus - DRT) 1 powinno by¢ kontynuowane przez okres pokrywania si¢
urzadzenia Srodbtonkiem [25]. Biorgc pod uwagg fakt, ze pacjenci z przeciwwskazaniami do OAC
majg odnie$¢ najwigkszg korzys¢ z LAAC 1 maja wyjéciowo wysokie ryzyko krwawienia,
farmakoterapia po zabiegu stanowi wyzwanie w praktyce klinicznej. Dostgpne dane o
farmakoterapii pozabiegowej zostaly uzyskane z badan rekrutujacych chorych bez przeciwwskazan
do OAC, jak réwniez z badan i rejestrow oceniajacych chorych z przeciwwskazaniami do OAC lub
nietolerancja takiego leczenia [26].

Do pierwszych badan randomizowanych oceniajacych urzadzenie WATCHMAN wiaczono
pacjentéw bez przeciwwskazan do OAC i1 zgodnie z protokolem badania stosowano VKA przez 45
dni, a nastgpnie podwojng terapi¢ przeciwptytkowa (z ang. Dual Antiplatelet Therapy - DAPT)
przez 6 miesigcy [16,17]. Jednakze, praktyka kliniczna jest inna i czgsto zré6znicowana.
Bezposrednie inhibitory krzepnigcia w petnych lub zredukowanych dawkach zostaty
zaproponowane jako alternatywa leczenia do VKA [ 27]. Wiele badan obserwacyjnych sugerowato
réwniez, ze zastosowanie terapii przeciwplytkowej jest skuteczng i bezpieczng opcja, bez
zwigkszonego ryzyka DRT [20, 28]. W zbiorczej analizie danych z badan oceniajacych stosowanie
OAC vs. leczenie przeciwplytkowe po skutecznym LAAC z wykorzystaniem urzadzenia
WATCHMAN, pacjenci zostali porownani pod katem wystapienia powaznego krwawienia i
udaru/zatorowosci obwodowe] w szesciomiesigcznej obserwacji. Badanie wykazato, ze czgstos§¢
wystapienia incydentu zakrzepowo-zatorowego i powaznego krwawienia niezwigzanego z
procedurg byty podobne w obu grupach [29].

W praktyce, po skutecznym LAAC zalecana jest indywidualizacja leczenia
przeciwzakrzepowego. Powinna ona zapewni¢ rownowage pomi¢dzy ryzykiem wystgpienia DRT, a
ryzykiem powaznego krwawienia. Decyzja ta powinna zosta¢ podj¢ta na podstawie danych
klinicznych pacjenta, chorob wspoétistniejacych, ryzyka zakrzepowo-zatorowego, ryzyka

krwawienia, jak i rOwniez na podstawie doswiadczenia lekarza prowadzacego.

19



4.4. Skrzeplina zwiazana z urzadzeniem po skutecznym zabiegu zamknigcia uszka
lewego przedsionka.

Zabieg LAAC jest procedurg inwazyjng i wigze si¢ z wystgpieniem powiklan
okotozabiegowych takich jak krwawienie, udar, tamponada i uszkodzenie naczynia. Ponadto
istnieje ryzyko wystapienia powiktan zwigzanych z samym urzadzeniem i nalezg do nich DRT,
przeciek wokot urzadzenia (z ang. Peri-Device Leak - PDL) oraz tez bardzo rzadko spotykana
embolizacja urzadzenia [11]. Wraz z rozwojem technologii, rejestry oceniajace urzadzenia nowej
generacji pokazuja, ze ryzyko wystapienia powiktan zwigzanych z okluderem jest nizsze niz
obserwowane w pierwszych badaniach randomizowanych [30, 31].

Skrzeplina zwigzana z urzadzaniem jest jednym z groznych powiktan po implantacji
okludera do LAA, a czgsto$¢ wystepowania waha sie¢ od 2% do 4% [32-36]. Wystapienie DRT jest
zwigzane z wyzszym ryzykiem wystapienia udaru niedokrwiennego lub TIA [37]. Najczesciej DRT
zostaje wykryte w badaniu TEE lub tomografii komputerowej (ang. Computed Tomography - CT),
wykonywanych w ramach rutynowej kontroli po zabiegu. Poza zwigzanymi z pacjentem
czynnikami ryzyka wystapienia DRT, istnieja czynniki ryzyka, ktére sa zwigzane z technika zabiegu
1 urzadzeniem. Badania wykazaly, ze gleboka implantacja urzadzenia w LAA stanowi niezalezny
czynnik ryzyka wystapienia DRT [37, 38]. Do innych czynnikow ryzyka nalezy niewydolnos¢
nerek, stan nadkrzepliwosci, jatrogenny wysigk osierdziowy 1 przetrwate/utrwalone AF [37].

Stosowana farmakoterapia przeciwzakrzepowa po zabiegu ma calu zapobiega¢ incydentom
DRT, jednak nie zawsze jest skuteczna. Postgpowanie w przypadku wystgpienia DRT wymaga
eskalacji terapii przeciwzakrzepowej 1 wlaczenia heparyny drobnoczasteczkowej (z ang.
Low-Molecular-Weight Heparin - LMWH) lub OAC [11]. Dobranie odpowiedniej terapii stanowi
wyzwanie przy wspolistniejagcym najczesciej wysokim ryzyku powiktan krwotocznych, dlatego tez
zintensyfikowane leczenie przeciwkrzepliwe powinno trwac jak najkrdcej, a jego skuteczno$¢

powinna zosta¢ potwierdzona w kontrolnym badaniu obrazowym.
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4.5. Uzasadnienie polaczenia prac w cykl publikacji.

Prace wchodzace w sktad cyklu publikacji tworza spojna catos¢, analizujac wazne aspekty
zabiegu LAAC, farmakoterapii pozabiegowej oraz ewentualnych powiklan zwigzanych z
zabiegowg metodg prewencji powiklan zakrzepowo-zatorowych u pacjentow z niezastawkowym
AF. Pierwsza praca pokazuje skuteczno$¢ i bezpieczenstwo metody LAAC w grupie chorych
spotykanych w codziennej praktyce klinicznej, ktdra czesto stanowi wigksze wyzwanie niz
populacje wiaczane do duzych badan klinicznych. W drugiej pracy przedstawiono czynniki ryzyka
wystapienia DRT, poglebiajac wiedz¢ na temat groznego dla pacjenta powiklania oraz
przedstawiono dalsze postgpowanie w przypadku wystapienia DRT. Ostatnia publikacja jest praca
pogladowa, ktora szczegdélowo opisuje metode LAAC z wykorzystaniem urzagdzenia WATCHMAN,
wskazania do zabiegu i dostgpne dotychczas rodzaje okludera. Ponadto doglebnie porusza temat
leczenia przeciwzakrzepowego po skutecznym zabiegu oraz przedstawia najczgstsze powiktania

wraz z dalszym postgpowaniem.
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5. Cel pracy.
Celem niniejszej rozprawy doktorskiej byto przedstawienie pr¢znie rozwijajacej si¢ metody
LAAC z wykorzystaniem urzagdzenia WATCHMAN, a w szczegdlnosci:
° ocena skutecznosci i bezpieczenstwa metody LAAC
° ocena leczenia przeciwptytkowego po skutecznym zabiegu LAAC u pacjentow wysokiego
ryzyka zdarzen zakrzepowo-zatorowych 1 wysokiego ryzyka krwawienia.
° okreslenie predyktorow wystapienia DRT

° szczegodtowe omowienie metody LAAC, wskazan do zabiegu 1 farmakoterapii pozabiegowe]
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6.

Prace tworzace cykl publikacji.
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6.1.

Safety and efficacy of percutaneous atrial appendage closure followed by
antiplatelet therapy in a high-risk population: single-center experience with a

WATCHMAN device.
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Abstract

Introduction: In our everyday practice we encounter many patients with non-valvular atrial fibrillation with either a contraindi-
cation to oral anticoagulation or with its inefficiency.

Aim: To investigate whether left atrial appendage closure (LAAC) followed by post-procedure antiplatelet therapy is safe and
efficient in a high-risk population.

Material and methods: Ninety-one (48 males) consecutive patients with non-valvular atrial fibrillation (NVAF) underwent an
LAAC procedure using a first-generation WATCHMAN 2.5 device followed by antiplatelet therapy. Clinical and transesophageal echo-
cardiography data were collected at baseline and at the follow-up visit.

Results: The median (IQR) CHA,DS -VASc score was 5 (4.0-6.0) and the HAS-BLED score was 3 (3.0-4.0); the mean (SD) age was
74.4 (8.4). A bleeding history was observed in 89% of patients and 24.2% of patients had a history of stroke or transient ischemic
attack (TIA). The procedure was successful in 98.9%. Post-procedure therapy was dual antiplatelet therapy in 85 patients; 3 patients
received single antiplatelet therapy and the therapy was maintained until the follow-up visit. Peri-procedural complications were
tamponade (3.3%), pericardial effusion (2.2%) and two deaths (2.2%) with no bleeding or vascular complications. The median fol-
low-up was 67 (52.75-84.75) days. Primary safety endpoint (bleeding BARC type 3 or more, tamponade, pericardial effusion, and
device embolization) and primary efficacy endpoint (stroke or TIA, hemaorrhagic stroke, peripheral embolism, cardiovascular (CV) and
non-CV death) were observed in 2 and 4 patients, respectively.

Conclusions: The LAAC procedure followed by antiplatelet therapy seems to be safe and efficient in the high-risk population.
Further studies in this field are required.

Key words: antiplatelet therapy, atrial fibrillation, stroke prevention, left atrial appendage closure.

Summary

Mowadays left atrial appendage closure is a vigorously developing method of stroke prevention in patient with
non-valvular atrial fibrillation. The most challenging group consists of high-risk patients. In this population, on the one hand
we must cope with the high bleeding risk but on the other hand we have high risk of thromboembolic complication. More-
over, we do not have exact recommendations regarding the optimal post-procedure treatment. Our study suggests that the
left atrial appendage closure procedure followed by antiplatelet therapy is safe and efficient in a high-risk population.

Introduction for up to 20% of ischemic strokes, which are associated

Atrial fibrillation (AF) is the most commonly diag-  with worse prognosis compared to those due to other
nosed arrhythmia, and its prevalence increases with the  etiologies [2]. Oral anticoagulation (DAC) therapy, with
population’s age [1]. It is proved that AF is responsible  vitamin-K antagonist (VKA) or with new oral anticoagu-
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lants (NOACs), remains the standard strategy to reduce
the risk of ischemic events [3]. However, the application
of OAC therapy carries increased risk of bleeding com-
plications. Data show that about 40% of patients who
require OAC do not receive the treatment despite the in-
troduction of potentially safe drug therapies [4].

Left atrial appendage closure (LAAC) is the non-phar-
macological option for stroke prevention in patients with
non-valvular AF who are not good candidates for long-
term OAC therapy. The development of the procedure
was based on finding that approximately 90% of cardi-
oembolic strokes in AF originate from a thrombus that
developed in the left atrial appendage (LAA) [5]. Two ran-
domized trials, PROTECT-AF and PREVAIL, have shown the
non-inferiority of LAAC with a WATCHMAN device (Bos-
ton Scientific, Marlborough, MA, USA) to warfarin thera-
py in AF patients [6, 7). The 5-year outcomes of the trials
demonstrated that LAAC with the WATCHMAN provides
stroke prevention comparable to warfarin, with addition-
al reduction in major bleeding [8]. These trials included
patients without an absolute contraindication to OAC, so
warfarin was used after successful device deployment.
Current European guidelines recommended LAAC in pa-
tients with AF and contraindications to long-term antico-
agulant treatment (class b indication, level of evidence B)
[9]. The same guidelines also recommend antiplatelet
therapy after the procedure in patients with high bleed-
ing risk, and this antithrombotic management has never
been assessed in a randomized trial [9].

The choice of the antithrombotic regimen after the
LAAC procedure seems to be a crucial issue. On the one
hand, we must consider the bleeding risk of the patient,
but on the other hand, we cannot forget about the pos-
sible thromboembolic complications. Nowadays, we have
limited data on optimal treatment after the LAAC proce-
dure in a high-risk population.

Aim

The aim of this study was to evaluate the safety and
efficacy of the LAAC procedure with the first-generation
WATCHMAN 2.5 device followed by an antiplatelet regi-
men in a high-risk population.

Material and methods
Study population

In our retrospective analysis we included 91 consecu-
tive patients who were scheduled for the LAAC procedure
with a WATCHMAN device from March 2015 to Septem-
ber 2019 in a single center (First Department of Cardi-
ology, University Clinical Center, Warsaw, Poland). All
patients were diagnosed with non-valvular AF and were
at high thromboembolic risk assessed by the CHA DS -
VASc score. Furthermore, all patients who underwent the
procedure had one of the following: a contraindication
for oral anticoagulation, history of bleeding complication

Advances in Interventional Cardiology 2023; 19, 3 (73)
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while using oral anticoagulation, inability to maintain
INR level within the therapeutic range, history of stroke
while using oral anticoagulation. Exclusion criteria in-
cluded presence of thrombus in the left atrial appendage,
inappropriate size of the left atrial appendage in prepro-
cedural transesophageal echocardiography (TEE), and
lack of patients’ consent.

At admission, all patients underwent medical eval-
uation with laboratory testing, and calculation of the
CHA,DS -VASc score and bleeding scores such as HAS-
BLED, ORBITA and ATRIA. At baseling, in all patients the
TEE was performed to exclude the presence of thrombus
in the LAA, to assess the feasibility of the procedure and
to determine the size of the device.

LAAC procedure

All procedures were performed under general an-
esthesia with TEE and fluoroscopic guidance. The tran-
scatheter access was the right femoralvein in all patients
and then under TEE guidance the transseptal puncture
was made to access the left atrium. Each patient received
intravenously unfractionated heparin (UFH) at a dose of
1000 U/10 kg to continue the procedure with prolonged
activated clotting time (ACT) to at least 250 s. Half of the
dosage was given before transseptal puncture and the
rest after crossing the intraatrial septum. Following intro-
duction of the sheath into the LAA, the angiographic pro-
jection with contrast injection was obtained to evaluate
the shape of the LAA. The assessment of LAA anatomy
and landing zone was based on acquired angiographic
planes and TEE visualization, so the most suitable size of
the device could be chosen. When the proper position of
the WATCHMAN introduction system was obtained, the
first-generation WATCHMAN 2.5 device (Boston Scien-
tific, St. Paul, Minnesota) was deployed under TEE and
angiographic guidance. After device implantation, a sta-
bility test was performed before its final release. Con-
trast angiography and color Doppler in TEE were used to
eliminate peri-device leaks. Peri-device jet size of 5 mm
or more was classified as a significant leak. If need-
ed, recapturing and reimplantation were done. Within
24 h all patients underwent transthoracic echocardiogra-
phy (TTE) to exclude peri-procedural complications, such
as pericardial effusion, as well as to confirm WATCHMAN
device position.

Antithrombotic regimen and follow-up

All patients were treated with dual antiplatelet ther-
apy (DAPT) (aspirin 75 mg and clopidogrel 75 mg once
a day) or with single antiplatelet therapy (SAPT) (aspirin
75 mg or clopidogrel 75 mg once a day). The treatment
regimen was at the discretion of the implanting physi-
cian and was maintained until follow-up examination.
The treatment regimen choice was guided by patients’
medical history, risk scores, and operators’ experience.
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All patients were clinically evaluated approximately
3 months after the procedure, preferably by in-hospital
visit. We excluded from follow-up visits patients who had
unsuccessful device implantation. The follow-up TEE was
planned during the same visit. If the patient refused to
come, the clinical evaluation was done by telephone con-

tact.

Clinical events

Procedural success was defined as a successful de-
ployment of the device that fulfilled all release criteria
and an absence of significant peri-device leak, i.e. less
than 5 mm as assessed by intra-procedural imaging.

Bleeding events were assessed according to the
Bleeding Academic Research Consortium (BARC) defi-

Table I. Baseline characteristics

Parameter Value
Age [years] 744 +8.4
Male 539% (48/91)
BMI [kg/m?] 7.4 +4.4
Adtrial fibrillation:
Paroxysmal/persistent 60% (55/91)
Perrmanent 40% (36/91)
Hypertension 87.9% (80/91)
Congestive heart failure 52.7% (48/91)
Diabetes mellitus 39.6% (36/91)
COPD 13.2% (12/91)
Chronic kidney disease: 64.8% (59/91)
Stage 3a 31.9% (29/91)
Stage 3b 231% (21/91)
Stage 4 9.9% (9/91)
Stage 5 0% (0/91)
History of ischemic stroke/TIA 24.2% (22/91)
History of hemorrhagic stroke 9.9% (9/91)
Vascular disease 40.7% (37/91)
History of bleeding 89% (81/91)
CHA D5 -VASC score 47+16
HAS-BLED score 32+09
ORBITA score 4.4 42
ATRIA score 44426
OAC before procedure:
VKA 9.9% (9/91)
NOAC 15.4% (14/91)
LMWH 25.3% (23/91)
SAPT 9.9% (9/91)
DAPT 7.7% (7/91)
None 31.9% (29/91)

Unless indicated otherwise, data are given as the mean (Standard deviation),
median (interquartile range) or as n (%). BMI - body mass index, COPD - chron-
ic obstructive pulmonary disease, DAPT — dual antiplatefet therapy, LMWH — low
malecular weight heparin, NOAC — new oral anticoagulation, OAC — oral anti-
coagulation, SAPT - single antiplatelet therapy, TIA — transient ischemic attad,
VA —vitamin K antagonist.
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nitions [10]. Major bleeding, i.e. that classified as BARC
type 3 or more, was overt bleeding requiring blood trans-
fusion or bleeding with hemoglobin drop of = 3 g/d|, car-
diac tamponade, bleeding requiring surgical intervention
or use of vasoactive agents, intracranial or intraocular
bleeding and fatal bleeding.

Peri-procedural adverse events were defined as
events that occurred within 7 days after the procedure or
hefore patients’ discharge.

Primary safety and efficacy endpoints at follow-up
were defined following the Valve Academic Research
Consortium consensus [11]. For a more accurate assess-
ment of events related to the postoperative treatment
regimen, the peri-procedural events were excluded.

The primary safety endpoint at follow-up was a com-
posite of bleeding BARC type 3 or more, tamponade, peri-
cardial effusion, and device embolization.

The primary efficacy endpoint at follow-up was
a composite of stroke or TIA, hemorrhagic stroke, periph-
eral embolism, cardiovascular (CV) and non-CV death.

The TEE-guided secondary endpoint was the de-
vice-related thrombus (DRT).

Statistical analysis

Categorical variables are presented as counts and
percentages. Continuous variables are presented as
mean with standard deviation (SD) if normally distribut-
ed or otherwise by median and interquartile range. All
statistical analyses were conducted with SPSS Statistics,
version 22 (IBM SPSS Statistics, New York, US).

Results
Patient characteristics

A total of 91 patients were included in the analysis.
Baseline demographics and risk factors are summarized
in Table I. Fifty-three percent of the patients were male,
and the mean (SD) age was 74.4 (8.4). Most patients
(87.9%) had a history of hypertension, and more than
a half (52.7%) were diagnosed with heart failure. Chron-
ic kidney disease with glomerular filtration rate (GFR)
< 60 ml/min/1.73 m?was observed in almost 65% of our
patients. Type Il diabetes mellitus and vascular disease
were present in 39.6% and 40.7% of subjects, respec-
tively. Based on the CHA_DS_-VASc risk score, patients
enrolled in the study were at high risk of thromboem-
bolic complication with a median (IQR) CHA,DS,-VASc
score of 5 (4.0-6.0). Almost one fourth (24.2%) of the
subjects had a history of stroke or TIA. Moreover, most of
the patients (89%) had a history of bleeding and 86.8%
of patients had a HAS-BLED score of 3 or more. At base-
line, half of the subjects (50.5%) were on OAC therapy
with either VKA, NOAC or low molecular weight heparin
(LMWH), 9.9% were on single antiplatelet therapy (SAPT),
7.7% were on dual antiplatelet therapy, and 31.9% were
not on any form of antithrombotic regimen.
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Table II. Transesophageal echocardiography para-
meters

Jakub Maksym et al. Antiplatelet therapy after LAA closure

Table Ill. Procedural data

Variable Value
Parameter Value Successful deployment 98.9% (90/91)
Rhythm: Rhythm during procedure:
Sinus 49.5% (45/91) Sinus 46.2% (42/9))
Adrial fibrillation 50.5% (46/91) Adrial fibrillation 53.8% (49/91)
Thrombus in LAA 0% (0/91) General anesthesia 100% (91/91)
SEC 16.5% (15/91) Procedure time [min] 7764193
Laa flow velodty [cm/s] 532323 Fluoroscopy time [min] 17.5+79
Ostium diameter [mm]: Fluoroscopy dose [mGy] 669.3 #4582
i 201+32 Contrast agent [mi] 124 +493
45 19.6+26 Size of device [mm] 295456
90* 19.3+32 Partial recapture: 28.6% (26/91)
135° 202131 One 69% (18/26)
Depth of LAA [mm] 295+5.6 Two 27% (7/26)
Unless indicated otherwise, data are given as the mean (standard devig- Three 4% (1/26)
ggg)i ::;3;::; gﬁiﬁﬁi ;zr;gg] ar as h (%). LAA — left atrial appendage, Full recapture 3.3% (3/91)
Change in size of the device 3.3% (3/91)
A history of bleeding during OAC therapy occurred o bn e
in 81 patients, and it was the most common indication i
for the LAAC procedure. Three patients had a history of Com_plem it i U Bl
stroke during OAC therapy, 2 patients were diagnosed bkl G0
with vascular pathologies (one cavernous hemangioma L1 ok b2
Jet size 5 and more 0% (0/90)

in the occipital lobe and one cerebral arteriovenous mal-
formation), which were contraindications to initiate OAC
therapy. The other indications were labile INR (n = 3),
recurrent thrombus in the left atrial appendage (LAA) de-
spite different OAC regimen (n = 1) and intolerance of
OAC therapy (n = 1).

All patients had TEE before the procedure. No throm-
bus in the LAA was found and the spontaneous echo con-
trast (SEC) was observed in 15 patients. Detailed data of
LAA are presented in Table II.

Procedural and peri-procedural details

The procedural data are shown in Table Ill. All proce-
dures were performed under general anesthesia and in
98.9% of the cases the device was implanted successfully,
comparing favorably with rates reported in the previous-
ly published first-generation WATCHMAN trial (Figure 1).
In 1 patient the device could not be implanted due to
unfavorable LAA anatomy. In 26 cases the device had to
be partially recaptured because of its unstable position,
and in only 3 patients the full recapture was necessary.
In all 3 cases the device size was changed to a bigger
size. Complete sealing of the LAA was achieved in 81% of
cases. Peri-device leaks were observed in 17 cases, and
in all cases the residual flow was < 5 mm assessed with
peri-procedural TEE. The median size of the device and its
compression after deployment were 27 mm (24.0-20.0)
and 16.67% (14.81-20.21), respectively.

All peri-procedural serious adverse events (SAEs) are
summarized in Table IV. Major bleeding assessed as BARC
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Unless indiaated otherwise, data are given as the mean (standard deviation),
median (interquartile range) or as n (%). Abbreviations: see Table .

> 3 was observed in 3 cases excluding tamponade. In
the peri-procedural period 3 tamponade occurred, out
of which one was during the procedure and was treated
successfully by pericardiocentesis after the device de-
ployment. Another 2 were observed several hours after
the procedure. One was treated with pericardiocentesis,
and the other one required surgical drainage of the peri-
cardial sac. Moreover, 2 cases of mild pericardial effusion
were observed and were treated conservatively. A day af-
ter the procedure one device embolization was observed
during follow-up TTE, which required cardiac surgery and
resulted in death. One more death occurred 1 week after
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Figure 1. Device deployment success in Medical
University of Warsaw (MUW) compared to previ-
ous WATCHMAN device studies
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Table IV. Peri-procedural serious adverse events

Variable Value

Serious bleeding BARC =3 3.3%(3/91)
Tamponade 3.3% (3/91)
Pericardial effusion 2.2%(2/91)
Ischemic stroke 0% (0/91)
TIA 0% (0/91)
Hemorrhagic stroke 0% (0/91)
Systemic embolization 0% (0/91)
Air embolization 0% (0/91)
CV death 1.1% (1/91)
Non-CV death 11% (1/91)

Unless indicated otherwise, data are given as the mean (standard deviation),
median (interquartile range) or as n (%). BARC — Bleeding Academy Research
Consortium, OV —cardiovascular, non-CV — non-cardiovascular “exciuding tam-
ponade.

Table V. Primary safety and efficacy outcomes at
follow-up

Variable Value

Primary safety end points: 22% (2/88)
Serious bleeding BARC> 3 22% (2/88)
Tamponade 0% (0/38)
Pericardial effusion 0% (0/88)
Device embolization 0% (0/88)

Primary efficacy endpoints: 45% (4/88)
Ischemic stroke 11% (1/88)
Hemorrhagic stroke 0% (0/88)
Systemic embolization 0% (0/88)
oV death 1.1% (1/88)
Non-CV death 22% (2/88)

Unless indicated otherwise, data are given as the maan (standard deviation),
median (interquartile range) or as n (%). BARC — Bleeding Academy Research
Consortium, OV —cardiovasculay ron-CV - non-cardiovascular

the procedure at the cardiac intensive care unit due to
a septic shock.

The median (IQR) in-hospital period lasted 3 (2.0-5.0)
days. Eighty-five patients were discharged on DAPT with
aspirin and clopidogrel, and 3 patients on SAPT — two on
clopidogrel and one on aspirin alone. All patients with
a history of unsuccessful OAC treatment received DAPT.

Clinical follow-up

The median follow-up was 67 (52.75-84.75) days. At
this time, an in-clinic visit with TEE was performed in 78
(88.6%) cases. Seven (8%) patients refused to undergo
the TEE examination; thus, the clinical assessment was
done over the phone. Three (3.4%) deaths occurred. The
TEE was performed to confirm or exclude thrombus on
the device and confirm complete sealing of the LAA.

The primary safety and efficacy endpoints are pre-
sented in Table V.

The primary safety endpoints were observed in
2 patients, and all were serious bleeding. None of these

266

patients required hospitalization or blood transfusion.
Neither tamponade, pericardial effusion nor device em-
bolization was observed within this period.

The primary efficacy endpoints were observed in
4 patients. Three (3.4%) deaths occurred, of which one
was due to worsening of heart failure and the other two
were non-cardiovascular deaths. One ischemic stroke oc-
curred 1 month after the procedure. At discharge, the pa-
tient was prescribed with DAPT, but after 3 weeks the pa-
tient abandoned clopidogrel and continued aspirin alone.
One week later the patient was admitted with ischemic
stroke, resulting in complete recovery after a few days,
and no thrombus was detected in follow-up TEE.

All patients who refused to have follow-up TEE were
recommended to continue DAPT after the follow-up peri-
od. If the follow-up TEE revealed complete sealing of the
LAA and no thrombus was detected, lifelong SAPT was
recommend. In 7 cases DAPT was continued because of
previous percutaneous coronary intervention with stent
deployment and 1 patient, who experienced an ischemic
event, was discharged on NOAC therapy.

Device-related thrombus (DRT) was observed in 5 pa-
tients and all were treated successfully with OAC therapy.

Discussion

Two randomized trials, PROTECT AF and PREVAIL
were conducted to assess the LAAC with a WATCHMAN
device. In those studies, OAC therapy with warfarin was
continued for 45 days after device implantation, followed
by DAPT up to 6 months and aspirin lifelong [7, 12]. Post-
LAAC warfarin treatment is feasible in patients without
contraindications to anticoagulation therapy. There are
also several trials assessing the post-procedure NOAC
regimen with favorable outcomes, but until we get the
results of ongoing randomized trial, there is no indica-
tion for such treatment [13]. There is a growing amount
of evidence for the effectiveness of post-procedure anti-
platelet therapy, and our population consists of patients
with either a contraindication to OAC or its failure, which
is why VKA was not administered after the LAAC proce-
dure. In 2018 Bergmann et al. evaluated patients treated
with DAPT in the EWOLUTION trial and at 1 year they
concluded that this treatment regimen after successful
LAAC with the WATCHMAN device is safe and is associ-
ated with risk reduction regarding ischemic stroke and
major bleeding compared to the expected base on risk
scores [14]. Investigators of the PRAGUE-17 trial found
that the LAAC procedure followed by DAPT for 3 months
was noninferior to NOAC in preventing major AF-related
cardiovascular, neurological, and bleeding events [15].
According to Glikson et al., DAPT is the currently recom-
mended therapy in high bleeding risk patients during the
post-procedure period, although this regimen needs fur-
ther evaluation [16].
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This study aimed to evaluate the safety and effi-
cacy of the antiplatelet regimen after LAAC with the
WATCHMAN device in our single-center experience.
For this purpose, we evaluated consecutive, high-risk
patients who were treated with LAAC. The median
CHA,DS -VASc score shows higher thrombo-embolic
risk than either the PROTECT AF PREVAIL or even the
EWOLUTION trial. Furthermore, almost 87% of our pa-
tients had a HAS-BLED score of = 3, compared with 40%
of EWOLUTION participants, 20% of PROTECT AF partic-
ipants and 30% of PREVAIL participants. We achieved
successful device deployment in 90 out of 91 patients
(98.9%), which is higher success in comparison to the
91% in PROTECT AF or 98.5% in the EWOLUTION trial.

The peri-procedural safety that consists of tampon-
ade, pericardial effusion, stroke, major bleeding, and
death was observed to be at a similar or higher level than
in previously mentioned studies. To our analysis we in-
cluded the very first cases performed in our department.
LAAC has been shown to be a relatively safe procedure
with complications related to the operator's experience,
so with time fewer complications were noted. The com-
parison of bleeding complications in the available lit-
erature remains an issue because of different types of
bleeding classifications used in different studies. We
used the BARC classification, and serious bleeding was
defined as at least type BARC 3. In the peri-procedural
period, we observed all serious bleeding complications in
6.6% of patients, while in another ‘real-life’ cohort seri-
ous bleeding was observed in 5.5%, but major bleeding
was defined as in-hospital need for blood transfusion, so
it seems that the classification was narrower than ours
[17]. On the other hand, in the EWOLUTION trial the ma-
jor bleeding complications were assessed in a period of
30 days after the procedure, and they occurred in 11%
of patients [18]. High bleeding risk among our patients
may be a reason for such a rate of major bleeding. We
did not observe procedure-related stroke in our popula-
tion, while in the PROTECT AF, PREVAIL and EWOLUTION
registries this complication appeared in 0.9%, 0.3%, and
0.1% of cases, respectively, One device embolization
was observed 1 day after the procedure that required
surgical intervention and resulted in the patient's death
7 days after surgery.

Similarly to other cardiovascular implants, the LAAC
device has potential to develop DRT on the free surface,
raising the risk of thromboembolic events [19]. Some
studies show that the endothelialization of the im-
planted device may require up to 90 days [20]. As we
mentioned, antiplatelets are recommend in a specific
patient population and seem to be an effective strate-
gy to prevent thrombus formation on the surface of the
WATCHMAN device until its complete endothelization.
In the EWOLUTION registry 3-month results were ob-
tained in 979 patients and the data revealed that the
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WATCHMAN device provides high safety and efficacy.
Moreover, there was no significant influence on all SAEs,
regardless of whether patients were on VKA, SAPT, DAPT,
NOAC, or nothing at all [21]. Among this group, 605 pa-
tients were treated with DAPT after LAAC. Major bleeding
complications were observed in a similar percentage of
patients with DAPT compared to warfarin therapy, 2.4%
and 2.0%, respectively. In our study, serious bleeding as-
sessed as at least BARC 3 bleeding was noted in 2.3%.

EWOLUTION registry data showed that in the 92-day
follow-up 0.5% of the patients who received DAPT ex-
perienced ischemic stroke [21]. In our study, 1 patient
experienced a stroke complication 1 month after the pro-
cedure. Discontinuation of one antiplatelet drug, despite
a different recommendation, could have had an impact
on such complication. However, Ledwoch et al. in their
analysis of patients in the EWOLUTION trial found that
post-procedure SAPT or no therapy in high bleeding risk
patients is possible. In those two groups, they observed
very similar rates of thromboembolic complications in
comparison to the DAPT group [22]. In the EWOLUTION
registry, only patients on SAPT had a higher rate of isch-
emic stroke (1.4%) at 3 months compared to those on
DAPT. Reddy et al. in their 5-year outcomes from PREVAIL
and PROTECT AF trials found that there were fewer dis-
abling/fatal strokes related to LAAC compared with those
observed in the warfarin-regimen group [8]. In our case,
the patient recovered completely after a few days. More-
over, our patient’s indication for the procedure was recur-
rent thrombi in LAA despite OAC therapy, so we suspect
that in this case we had to deal with higher prothrom-
botic propensity of the patient. Yaghi et al. reported that
patients with AF and a history of ischemic stroke on an-
ticoagulation may have higher ischemic risk compared
with anticoagulation-naive patients, probably because of
different underlying pathomechanisms [22]. A recent tri-
al published by Pracon et al. evaluated patients with OAC
failure compared to those with classic indications of OAC
contraindications [23]. They found that the CHA,DS,-
VASc predicted to observed annual stroke/TIA rate was
smaller in the study vs control group and concluded that
long-term OAC or prolonged DAPT should be considered.
Thus, this population needed further evaluation to iden-
tify the optimal post-procedural drug regimen, minimiz-
ing risk for stroke or bleeding.

Device-related thrombus was found in 6.4% of our
patients who had at 3-month follow-up TEE All patients
were successfully treated within 6 weeks of LIMWH admin-
istration and none of them experienced a thromboembol-
ic event. Previously mentioned publications of Ledwoch
et al. and Boersma et al. did not report any association
with DRT and type of antithrombotic regimen. We as-
sume that there are other clinical, procedural and echo-
cardiographic factors that have an impact on DRT forma-
tion, and this field requires further evaluation [24, 25].
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This is a retrospective, single-center, observational
study. The follow-up was limited to the time of device
endothelialization, i.e. to 3 months after device implan-
tation. Results of the study included the first generation
WATCHMAN device for the LAAC procedure, so our out-
comes do not necessarily relate to other devices, such
as the latest generation WATCHMAN Flex device or the
Amulet device. Larger population, prospective and ran-
domized trials are needed to provide more powerful data
to confirm LAAC safety and efficacy.

Conclusions

The data from our study showed that LAA closure with
the WATCHMAN device can be successfully performed
with a low rate of adverse events with their reduction
with operators’ experience. Even using the first genera-
tion WATCHMAN device the results are convincing. Safety
and efficacy when using the latest generation of the LAAC
devices is significantly higher. It seems that the high-risk
population requires at least antiplatelet treatment after
the LAAC procedure to prevent thrombotic complications.
Within the first 3 months after WATCHMAN device im-
plantation, antiplatelet therapy seems to be a safe and
effective regimen in this population. In addition, with-
drawal of anticoagulation therapy after the LAAC proce-
dure does not increase the rate of stroke, whereas the
bleeding rate decreases, as compared to large clinical
trials. However, further efforts are needed to define its
duration and the population that benefits the most.
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Abstract

Introduction: Left atrial appendage closure (LAAC) with Watchman device prevents thromboembolism in patients with atrial
fibrillation (AF). However, thrombus may develop on the atrial surface of the device.

Aim: To investigate the incidence and predictors of device-related thrombus (DRT) in patients with AF who were treated with
LAAC.

Material and methods: Ninety-one consecutive patients with AF underwent LAAC procedure using first-generation Watchman
2.5 device followed by antiplatelet therapy. In our analysis we have included all patients (n = 78) who had clinical follow-up visits
with transesophageal echocardiography (TEE) after the procedure.

Results: The median (IQR) CHA DS -VASC score was 4 (4.0-6.0) and HAS-BLED score was 3 (3.0-4.0). DRTs were observed in
5 (6.4%) patients. When compared with patients without DRT, those with DRT presented more often with lower median ejection
fraction (40% (23.5-45.5) versus 55% (48.0-60.0); p = 0.005), lower emptying velocity of LAA (25 cm/s (17.5-27.0) versus 53 cm/s
(26.5-78.0); p = 0.009), and with greater depth of implantation (18 mm (14.0-20.5) versus 8 mm (5.0-11.0); p < 0.001). Further-
more, patients with DRT had greater depth of LAA (35 mm (29.5-41.0) versus 29 mm (25.5-31.0); p = 0.003), greater mean (SD)
dimension in 90° (22.4 mm (3.2) versus 19 mm (2.7); p = 0.02). Patients with DRT were also younger than those without DRT (67.4
years (7) versus 75 years (8.3), p= 0.045).

Conclusions: The DRT after Watchman device implantation remains a rare complication. Its formation was related to several
patient and procedural characteristics, which need to be confirmed in larger studies.

Key words: antiplatelet therapy, atrial fibrillation, device-related thrombus, left atrial appendage closure, stroke prevention.

Summary

Percutaneous left atrial appendage closure (LAAC) is an alternative option to permanent oral anticoagulation (OAC) ther-
apy for stroke prevention in patients with non-valvular atrial fibrillation and who are not a good candidate to lifelong OAC.
However, LAAC devices are made of artificial material and initially after implantation they have potential to initiate thrombus
formation on the atrial surface of the device. Despite the suggested post-procedural regimen we still observe device-related
thrombus (DRT) during a follow-up visit, which becomes an even bigger issue in patients with initially high bleeding risk. In
our study we showed that this is not a common complication after LAAC procedure with no further thromboembolic events
in our population. Moreover, we were able to demonstrate several risk factors for DRT formation which can be helpful in iden-
tification of patients with a higher risk of DRT.

. increases the risk of bleeding complications [1]. Percu-
Introduction taneous left atrial appendage closure (LAAC) is an alter-
Atrial fibrillation (AF) is the most common cardiac ar-  native option to permanent OAC for stroke prevention in
rhythmia and its most severe complication is ischemic  patients with non-valvular AF and who are not a good
stroke. Oral anticoagulation (OAC) therapy reduces the  candidate to lifelong OAC [2]. The main aim of the proce-
risk of stroke in patients with AF but simultaneously it  dure is to completely seal the left atrial appendage (LAA)
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which is the main spot where the blood clots originate
[3]. Thereby we eliminate the main source of emboli, thus
we also eliminate the indication to OAC therapy [1]. The
main evidence supporting LAAC procedure comes from
the PROTECT AF (Watchman Left Atrial Appendage Sys-
tem for Embolic Protection in Patients with Atrial Fibril-
lation) and PREVAIL (Watchman LAA Closure Device in
Patients with Atrial Fibrillation Versus Long Term Warfa-
rin Therapy) randomized trials [4, 5]. Large observational
studies also support the safety and efficacy of percuta-
neous LAAC procedure [6-8]. However, LAAC devices are
made of artificial material and until its fully endotheliali-
zation they have potential to initiate thrombus formation
on the atrial surface of the device, by what they promote
subsequent systemic embolization [9]. The device-relat-
ed thrombus (DRT) has been observed in 0% to 17.6% of
the patients and it occurs mainly early after the proce-
dure [10]. We still do not know the clinical importance of
DRT and whether it is associated with more frequent epi-
sodes of ischemic stroke [11]. Moreover, an optimal post-
procedural antithrombotic regimen remains unknown. In
patients with a high bleeding risk who are not suitable
to OAC therapy current guidelines recommend initiating
dual antiplatelet therapy (DAPT) after successful LAAC
procedure with Watchman device to prevent thrombus
formation [2]. However, despite this regimen we still
observe DRT during follow-up visits, which becomes an
even bigger issue in patients with initially high bleeding
risk.

In our department we showed that DAPT seems to
be safe and efficient after successful LAAC, while there is
still a risk for DRT formation [12].

Aim

Thus, we decided to conduct this study to character-
ize the incidence and predictor of DRT after LAAC proce-
dure with first-generation Watchman 2.5 device.

Material and methods
Study population

The flow chart of this study is presented in Figure 1.
Retrospectively we have reviewed 91 consecutive pa-
tients who were qualified to LAAC procedure with
first-generation Watchman 2.5 device from March 2015
to September 2019 in the single cardiological depart-
ment (First Department of Cardiology, University Clinical
Center, Warsaw, Poland). All patients were diagnosed
with non-valvular AF and were at high thromboembolic
risk assessed in CHA,DS -VASc score. Moreover, they also
fulfilled at least one of the following inclusion criteria:
contraindication for oral anticoagulation, history of the
bleeding complication while using oral anticoagulation,
inability to maintain the INR level within therapeutic
range, history of a stroke while using oral anticoagula-
tion. All patients did not meet any of the following ex-
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clusion criteria: presence of the thrombus in left atrial
appendage, too small or too big left atrial appendage in
qualifying transesophageal echocardiography (TEE), lack
of patient’s consent. All operators who performed the
procedures attended an appropriate training and certifi-
cation program to minimize the risk of the procedure. In
our analysis we have included all patients (n = 78) who
had clinical follow-up visits with TEE.

LAAC procedure and postimplantation therapy
regimen

The procedure was performed under general anes-
thesia with TEE and fluoroscopic guidance. Left atrial
access was obtained through a transseptal puncture
at the inferior and posterior part of the fossa. Unfrac-
tionated heparin was administered to achieve activat-
ed clotting time » 250 s. Several views from 0° to 135°
were used initially to assess the LAA to choose the most
suitable size of the device. The final deployment of the
device was done under TEE and fluoroscopic guidance.
After device implantation, a stability test was performed
before its final release. Contrast angiography and col-
or-Doppler in TEE were used to eliminate the peri-device
leaks. If needed, recapturing and reimplantation were
performed. All patients were treated with DAPT (aspirin
75 mg and clopidogrel 75 mg once a day) or with single
antiplatelet therapy (SAPT) (aspirin 75 mg or clopidogrel
75 mg once a day). A decision on the therapy regimen
was made according to the implanting physician's judge-
ment and was continued until control examination. The

LACC procedure (n = 91)

1 unsuccessful implantation
2 periprocedural deaths

7| 3deaths

7 refused to have TEE

Y
Clinical follow-up with
TEE (n =78)

Patients without DRT Patients with DRT
(n=T73) (n=75)

¥
Repeated dinical
follow-up with TEE (n = 5)

¥
Complete DRT resclution
(n=5)

Figure 1. Study flowchart

DRT — device-related thrombus, LAAC — left atrial appendage closure,
TEE - transesophageal echocardiography:
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decision was based on patients’ medical history, espe-
cially history of bleeding or ischemic event, bleeding and
thromboembolic risk scores, patients’ comorbidities,
and procedure outcomes.

Follow-up

The follow-up visit was planned to be perform-
ed approximately 3 months after successful LAAC pro-
cedure. During the follow-up visit clinical data were ob-
tained and all patients had TEE examination to evaluate
the device position and the presence of DRT. TEE imag-
ing was performed in 4 planes (0°, 45°, 90°, and 135°)
as recommended and was evaluated by an experienced
specialist.

DRT was defined as an echo density on the left atrial
aspect of the device: (1) not explained by the imaging
artifact; (2) inconsistency with normal healing/device in-
corporation; (3) visible in multiple TEE planes; (4) in con-
tact with the Watchman device; and (5) exhibiting inde-
pendent motion [13]. In all patients during TEE, color-flow
Doppler was used to detect a peri-device leak and mea-
surements were taken in different planes to identify the
maximal jet dimension. Non-significant peri-device leak
was defined as a jet into the LAA < 5 mm. We also eval-
uate the depth of the implanted Watchman device. We
measured the distance between the left atrial appendage
occluder and the ridge of the upper left pulmonary vein,
so the distance of the uncovered rim was measured.

Study endpoint
The main endpoint of the study was DRT.

Staristical analysis

Categorical variables, presented as frequencies/
counts and percentages, were compared using ” test of
Fisher's exact test, as appropriate. Continuous variables,

Table I. Baseline characteristics

presented as mean with standard deviation (SD) if nor-
mally distributed or by median and interquartile range
(IQR) if not, were compared using a Student’s t test or
a Mann-Whitney U test, as appropriate. Univariate anal-
ysis was performed to evaluate the predictors of DRT in
the overall cohort. Results are presented as odds ratio
(OR) with 95% confidence intervals (Cl). P-value of < 0.05
was considered statistically significant. All statistical
analyses were conducted with SPSS Statistics, version 22
(IBM SPSS Statistics, New York, USA).

Results
Incidence of DRT

Ninety-one patients underwent the procedure of
LAAC in our clinic in the defined period. A clinical fol-
low-up with imaging was available in 78 (85.7%) patients
in our study. Thirteen patients were excluded from fur-
ther analysis because of one unsuccessful implantation,
2 periprocedural deaths, 3 patients died during follow-up
(2 non-cardiovascular death and 1 caused by exacerba-
tion of heart failure), and 7 patients refused to have TEE.
The median (IQR) follow-up time for the entire group was
68 (51.75-82.25) days. Among these patients, the diag-
nosis of DRT was made in 6.4% (5/78) after the median
time of 76 (68-302) days. All patients with DRT received
DAPT after the procedure.

Patients with and without DRT

Comparison of clinical baseline characteristics
of patients with and without DRT is presented in
Table 1. No significant differences were noted regarding
gender (male: 60% versus 52.1%, p = 1), but it was ob-
served that patients with DRT were significantly younger
than patients without DRT with a mean (SD) age of 67.4
years (7) versus 75 years (8.3) (p = 0.045). The medi-

Variable All (n=78) DRT (n = 5) No DRT (n=73) P-value
Male 41 (52.6%) 3 (60%) 38 (52.1%) 1
Age [years] 74.5(34) 67.4(7) 75 (83) 0.045
Hypertension 68 (87.2%) 4 (80%) 64 (87.7%) 051
Diabetes 28 (35.9%) 1(20%) 27 (37%) 0.65
Permanent AF 29 (37.2%) 4 (80%) 25 (34.2%) 0.06
Heart failure 39 (50%) 3 (B0%) 36 (49.3%) 1
Prior thromboembalism 20 (25.6%) 2 (40%) 18 (24.7%) 0.6
History of CAD 44 (56.4%) 4 (80%) 40 (54.8%) 0.38
CHAZDSZ-VASL 5 (4.0-6.0) 4(40-50) 5 (4.0-6.0) 0.62
HAS-BLED 3(3.0-4.0) 3 (3.0-4.0) 3 (3.0-4.0) 049
ATRIA 4(2.0-7.0) 2 (15-35) 4(2.0-7.0) 0.07
PLT [x 10%/1] 200 (161.25-244.5) 162 (150.0-196.5) 200 (164.0-248.5) 014
GFR [ml/min/L73 m?] (5D) 52.6 (39.0-75.5) 64 (395-77.0) 52.5 (38.5-76.0) 0.57

Unless indicated otherwise, data are given as the mean (standard deviation), median (interquartile range) or as n (%). AF - atrial fibrillation, CAD - coronary artery

disease, PIT - platelets, GFR — glomerular filtration rate
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an thromboembolic risk assessed with CHA,DS,-VASc
score were similar in both groups (4 (4.0-5.0) versus
5 (4.0-6.0), p = 0.62). Furthermore, the median bleeding
risk assessed with HAS BLED was also similar in both
groups (3 (3.0-4.0) versus 3 (3.0-4.0), p = 0.49), but we
have observed a trend of lower bleeding risk assessed
with ATRIA in patients with DRT than in patients with-
out, but it did not meet criteria for statistical significance
(2 (1.5-3.5) versus 4 (2.0-7.0), p = 0.07). Permanent
AF had a tendency to be more often diagnosed in pa-
tients with DRT than the other group, but it was also not
a statistically significant difference (80% versus 34.2%,
p = 0.06). The prevalence of hypertension (80% versus
87.8%, p = 0.51), diabetes (20% versus 37%, p = 0.65),
and history of prior thromboembolism (40% versus
24.7%, p = 0.6) did not differ significantly between both
groups. The glomerular filtration rate (GFR) was similar
in both groups (64 ml/min/1.73 m?* (39.5-77.0) versus
52.5 ml/min/1.73 m?* (38.5-76.0), p = 0.57), and plate-
let count was not significantly different in studied pop-
ulations (162 x 10%1 (150.0-196.5) versus 200 x 10%1
(164.0-248.5), p = 0.14).

All procedural and echocardiographic characteristics
are shown in Table II. In transthoracic echocardiography
(TTE) evaluation, patients with DRT had significantly low-
er ejection fraction (EF) (40% (23.5-45.5) versus 55%
(48.0-60.0), p = 0.005). Regarding preprocedural TEE pa-
rameters, patients with DRT showed a significantly larg-
er LAA diameter assessed in 90° plane (22.4 mm (3.2)
versus 19 mm (2.7), p = 0.02), and in 135° plane (23 mm
(3.2) versus 19.9 mm (2.5), p = 0.03). We also observed
a significantly larger depth of LAA (35 mm (29.5-41.0)
versus 29 mm (25.5-31.0), p = 0.03), and significantly
lower emptying velocity of the LAA (25 cm/s (17.5-27.0)
versus 53 cm/s (26.5-78.0), p = 0.009). Both groups did
not differ significantly with respect to the LAA diameter

Jakub Maksyrm et al. Device-related thrombus after LAA closure

in any other plane and to the dimension of the left atrium
(51 mm (46.0-52.0) versus 44 mm (40.0-52.0), p = 0.24).
The rate of spontaneous echo contrast (SEC) in TEE and
presence of non-significant peri-device leak was almost
equal in both groups (Table II). In follow-up TEE the device
compression was comparable in both groups (16.67%
(14.07-18.33) versus 16.67% (14.81-20.83), p= 0.42), but
the depth of the device implantation, measured as a dis-
tance between the surface of the device and the edge of
the pulmonary ridge, was significantly greater in patients
with DRT (18 mm (14.0-20.5) versus 8 mm (5.0-11.0),
p < 0.001) (Figure 2).

Univariate regression analysis was performed to eval-
uate predictors of DRT (Table IlI). This analysis showed
that the deeper device implantation (OR = 1.25, 95% Cl:
1.04-1.51, p = 0.02) and the bigger dimension of LAA in
90° plane (OR = 1.47, 95% Cl: 1.0-2.1, p = 0.02), the high-
er the risk of DRT development. Moreover, it has been
shown that the lower the emptying velocity of the LAA
(OR = 0.94, 95% CI: 0.8-0.99, p = 0.046), and EF (OR =
0.89, 95% Cl: 0.81-0.96, p = 0.005), the higher the risk
of DRT.

During the follow-up period only one stroke was diag-
nosed, and no DRT was found in this patient.

Follow-up and management after DRT

diagnosis

All patients diagnosed with DRT were prescribed
to have OAC therapy. Four of them had low molecular
weighted heparin (LMWH) at a therapeutic dose adjust-
ed to the kidney function and 1 patient was treated with
warfarin. The vitamin K antagonist (VKA) was prescribed
because the patient refused to have subcutaneous injec-
tions with LMWH and refused to have new oral antico-
agulants (NOAC) because of their high price. All patients

Table II. Procedural and echocardiographic characteristics

Variable All (n=78) DRT (n=5) NoDRT (n=73) P-value
EFE % 55 (45.0-60.0) 40(23.5-455) 55 (48.0-60.0) 0.005
LA dimension in TTE [mm)] 44 (410-52.0) 51 (46.0-52.0) 44 (40.0-52.0) 0.24
Emptying velocity of LAA [cm/s] 52.5 (25.75=73.75) 25 (17.5=27.0) 53 (26.5-78.0) 0.009
LAA depth [mm] 29 (26.0-31.25) 35 (29.5-41.0) 29 (25.5-31.0) 0.03
Dimensionin 0° [mm] 19.8(3.1) 22 (2.5) 19.7 (3.1 0.08
Dimensionin 45° [mm)] 19.4 (2.4) 21.2 (1.8) 193(2.4) 0.06
Dimensionin 90° [mm] 19.2 (2.9) 224(3.2) 19 (27) 0.02
Dimensionin 135° [mm] 20.1(2.6) 23(3.2) 19.9 (2.5) 0.03
SEC 15 (19.2%) 1(20%) 14 (19.2%) 1
Device size [mm] 27 (24.0-27.75) 30(25.5-300) 27 (24.0-27.0) 0.11
Compression, % 16.67 (14.81-20.21) 16.67 (14.07-18.33) 16.67 (14.81-20.83) 042
Depth of implantation [mm]* 9 (5.0-12.0) 18 (14.0-20.5) 8 (5.0-110) <0001
Non-significant peri-device leak** 16 (20.5%) 1(20%) 15 (205%) 1

Unless indicated otherwise, data are given as the mean (standard deviation), median (interguartile range) or as n (%). £F —ejection fraction, LA— left atrium, LAA -
left atrium appendage, SEC — spontaneous echo contrast, TTE — transthoracic echocardiograohy *Depth of the implantation was measured as a distance between
the surface of the device and the edge of the pulmonary ridge. **Non-significant leak is defined as the jet < 5 mm observed in color-Doppler TEE.
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Figure 2. Transesophageal echocardiography follow-up imaging after left atrial appendage closure with the
Watchman device. A, B — optimal Watchman 30 mm device placement without deep implantation and de-
vice-related thrombus (DRT). C, D — deep implantation of Watchman 27 mm device with DRT indicated with
a thick arrow. Thin arrows indicate the pulmonary ridge

Table Ill. Univariate analysis evaluating most im-

portant predictors of DRT.
Variable QOdds radio (95% CI) P-value
Depth of implantation [mm)] 125 (1.04, 1.51) 002
Dimension in 90° [mm) 147 (1.07,2.]) 002
Emptying velocity of LAA [cm/s] 094 (0.8,0.99) 0.046
EE % 0.89 (0.81, 0.96) 0.005

EF - gjection fraction, LAA - left atrium appendage.
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have repeated clinical follow-up with TEE after a median
time of 63 (54.5-99.0) days. Resolution of DRT was con-
firmed by follow-up TEE in all patients.

In all patients with a confirmed thrombus at first fol-
low-up imaging, there were no reports of ischemic com-
plications such as a stroke, TIA, or peripheral embolism
during the period following DRT detection. Moreover, no
one experienced any bleeding complication after the
change of the anticoagulation regimen.

Advances in Interventional Cardiology 2024; 20, 2 (76)
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Discussion

Device-related thrombus remains one of the most
concerning complications after the successful LAAC pro-
cedure with Watchman device which can be confirmed
by control imaging methods [14]. Initially, the presence
of DRT varied from 0% to even up to 17.6% of the cases
[10, 15], while currently available data show that the inci-
dence of DRT has dropped, and varies from 2 to 4% [16].
Thus, we may suspect that clinical and echocardiographic,
as well as procedure- and device-related factors contrib-
ute to the formation of DRT.

In our single center study, thrombus formation follow-
ing LAAC with Watchman device was observed in 6.4%
of the patients after the median time of 76 (68-302)
days. In the sub-analysis of the EWOLUTION registry,
Sedaghat et al. showed that more than 91% of the DRTs
were detected relatively early after the procedure after
the median of 54 days [17]. Moreover, one of the larg-
est trials regarding DRT has shown that almost 64% of
DRT diagnoses were made within the first 180 days after
the procedure [18]. Our rate of thrombus incidents with
this nitinol cage device is slightly higher than of these
observed in PROTECT AF with an incidence of 5.7% [13].
In the ASAP study, 6 out of 142 patients with a success-
fully implanted Watchman device have developed DRT,
with a rate of 4.2% [19]. Dukkipati ef al. evaluated the
incidence of DRT among the patients who underwent
Watchman device implantation as a part of PROTECT
AF or PREVAIL randomized trials, as well as CAP or CAP2
registries and revealed that the rate of DRT was 3.74%
[9]. However, 252 patients included into the PREVAIL trial
were not assessed for DRT, thus the incidence of DRT in
this population remains unknown [5]. Our study reflects
data obtained in everyday clinical practice where we en-
counter patients who probably have more comorbidities,
are older and have higher CHA,DS,-VASc score than these
included in randomized clinical trials or big registries.

Optimal post-procedural treatment after LAAC for
the occurrence of DRT is still controversial. Previously
mentioned randomized trials PROTECT AF and PREVAIL
used warfarin for the first 45 days after implantation but
these studies included patients who did not have abso-
lute contraindications to OAC. The largest multicenter,
prospective registry of Watchman device implantation,
EWOLUTION registry, assessed patients with a variable
post implantation treatment regimen. Single or dual
antiplatelet therapy was used in 67% of patients, direct
oral anticoagulants in 11%, VKA in 16%, and 6% did not
receive any form of antithrombotic treatment [20]. Com-
paring all these different post-procedure treatment reg-
imens, no significant differences were noted in the rate
of DRT frequency and in the overall event rate. Bergmann
etal. in a subsequent analysis of a group of patients from
the EWOLUTION trial, who were treated with DAPT, re-
vealed that the rate of DRT was 4.0% without any ad-
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verse consequences using this antithrombotic regimen at
12 months [21]. However, in 2019, Sgndergaard et al. per-
formed cumulative analysis including several studies of
Watchman device and reported that there is an increased
risk of DRT in patients without post-procedure OAC [22].
In our study, all patients in whom DRT was detected were
on DAPT. It is worth underlying that thrombus formation
in patients treated with DAPT may be due to their clopi-
dogrel resistance [23]. However, there are some studies
that have proven safety and efficacy of the single anti-
platelet therapy without any negative influence on isch-
emic events [24, 25].

In addition, post-procedural clinical, procedural and
echocardiography-related factors have a big impact of
the occurrence of DRT. Patients in whom DRTs were di-
agnosed had lower EF, deeper LAA, and a bigger dimen-
sion of LAA especially when assessed in 90° and 135°
planes. That may indicate a greater LA dimension in
a group with DRT, which would be in line with results
from other larger studies, but our results did not show
statistical significance in terms of the dimension of LA.
Additionally, we have proved that lower emptying veloc-
ity of LAA, which reflects impaired left atrial function, is
strongly connected with further DRT formation. Surpris-
ingly, it is not associated with SEC detection, which is
a known risk factor for thrombus formation inside of LAA
[26]. SEC was observed with a similar rate in our popu-
lation (20% versus 19.2%). Referring to the impairment
of LA function, it is proved that remodeling leading to
atrial fibrosis is a known risk factor for a thromboembolic
complication [27]. The study of Daccarett et al. revealed
bigger remodeling of the LA detected in cardiac magnetic
resonance, especially in patients with permanent AF [28].
In our patients with DRT, we saw a greater prevalence of
permanent AF rather than paroxysmal, but the difference
did not reach statistical significance. Finally, we were able
to demonstrate that the deep Watchman device implan-
tation is associated with a higher risk of DRT. In compar-
ison to DRT-free patients, the distance between the pul-
monary ridge and the device was significantly greater in
the DRT population. This observation of deep implanta-
tion has been described previously claiming that residual
LAA has adequate blood stasis promoting thrombus for-
mation [29]. Simard et al. confirmed this finding in their
larger, multicenter study and they claimed that due to
varying anatomies, anatomical landmarks, and different
device types, the depth measurement can be challenging
[18]. However, it can be helpful in standardizing the eval-
uation of the occluder as it relates to prediction of DRT.

In comparison to other studies, the presence of DRT
in our group was not linked with an increasing risk of
thromboembolic complications, which goes along with
results of the large EWOLUTION registry [17]. We have
not observed any stroke or TIA in patients with diagnosed
DRT. Dukkipati et al. in the previously mentioned analysis
of 4 prospective FDA approved trials, have reported an
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increased rate of ischemic stroke and systemic embolism
incidence [9]. Other studies also concluded that DRT is
strongly associated with a higher risk of stroke and TIA
during follow-up [11, 18]. In our population we have not
observed many DRTs and all of them were diagnosed af-
ter the median time of 76 days after the procedure, so
the appropriate treatment was initiated relatively quickly.
One patient received VKA with warfarin and the rest of
the patients received LMWH after DRT diagnosis. This an-
tithrombotic therapy was continued until next follow-up
imaging. Sedaghat et al showed that different treatment
regimens, including NOAC, VKA, or heparin have similar
resolution rates [27]. Thus, considering high bleeding
risk in our population our first choice was LMWH. Finally,
we achieved complete resolution of DRT, with no subse-
quent bleeding complications associated with treatment
change.

Until the present day the TEE has remained gold stan-
dard in DRT detection. Nevertheless, cardiac computed to-
mography (CT) has also good clinical value for detection
of DRT, and it is a good diagnostic method in patients who
cannot tolerate or who have contraindications to TEE.
Korsholm et al. demonstrated that cardiac CT seems to
be equally good as TEE for DRT diagnosis [30]. It has also
the ability to detect the presence of low-grade hypoatten-
uated thickening (HAT) on the device, but no thrombo-
embolic events were present in a group diagnosed with
low-grade HAT. However, performing a cardiac CT involves
exposure to radiation and the contrast agent. Further-
more, patients with a rapid, irregular heart rate are not
a good candidate for CT due to lower scan resolution.

On the basis of our study as well as previous ones we
may conclude that DRT remains an issue after first-gen-
eration Watchman device implantation and this problem
needs further evaluation. Furthermore, a study evaluat-
ing the optimal post-procedural drug regimen with re-
gard to DRT risk factors is needed.

Limitations

These results are based on the retrospective registry
with all limitations associated with this study design. Fur-
ther randomized trials are needed to confirm study find-
ings. The population was relatively small. The follow-up
imaging was not available in all cases with Watchman
implantation and the follow-up time was limited. There-
fore the actual rate of DRT may be overestimated or un-
derestimated. Finally, DRT was diagnosed by the physi-
cian not blind to primary implantation results, without
a central evaluation of images in a core-lab. Results of
the study included first-generation Watchman device for
LAAC procedure, so our outcomes not necessarily con-
cern other devices, such as last generation of Watchman
Flex device or Amulet device.

170

Conclusions

The DRT after Watchman device implantation re-
mains a rare complication and, in our population, it was
not associated with an increased risk for ischemic stroke
or any other thromboembolic event. We were able to
demonstrate several risk factors for DRT formation which
can be helpful in identification of patients with a higher
risk of DRT. In general, we do not have any influence on
most of the risk factors like age, and LAA dimension, but
to minimize the risk of DRT, the deep implantation should
be avoided if possible.
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Abstract

Atrial fibrillation (AF) is the most commonly observed arrhythmia in the world and its prevalence increases with age. The
main and most severe complication of AF is ischemic stroke. Oral anticoagulation (OAC) therapy is the standard of care for stroke
prevention in the high risk population. Initiation of this treatment is associated with a substantial risk of bleeding complications.
Moreaver, there is a group of patients who cannot tolerate OAC. In patients with AF the left atrial appendage (LAA) is the main source
of thrombus formation. Percutaneous left atrial appendage closure (LAAC) has become an important non-pharmacological inter-
vention for stroke prevention in patients with non-valvular AF. The procedure aims to reduce the risk of thromboembolism without
increasing the risk of bleeding. Over the last few years, the safety and long-term efficacy of the procedure in specific populations
have increased and more patients are being treated. The Watchman device is the most studied device in this field. Randomized
controlled trials demonstrated non-inferiority of percutaneous left atrial appendage closure using the WATCHMAN 2.5 device to OAC
(Boston Scientific, Marlborough, MA, USA). The new generation device, WATCHMAN FLX, was introduced and its use was associated
with fewer safety events and a higher success rate of effective appendage closure. Nevertheless, several unsolved problems remain,
including device-related thrombosis, the post-LAAC antithrombotic regimen, and peri-device leakage. This review will focus on LAAC
with the Watchman device for stroke prevention in AF patients. Current status, available literature, clinical safety and efficacy will

be summarized.

Key words: atrial fibrillation, left atrial appendage closure, device-related thrombus, peri-device leak.

Introduction

Atrial fibrillation (AF) is the most commonly ob-
served arrhythmia in the clinical practice, affecting
33.5 million patients worldwide [1]. There is a 5-fold
higher risk of cerebrovascular thromboembolic events
causing disabling symptoms, with higher mortality com-
pared to other stroke etiologies [2].

Oral anticoagulation (OAC) is the first line treatment
in stroke prevention in patient with AF and regarding the
current guidelines direct oral anticoagulants (DOACs) are
recommended over vitamin K antagonists (VKA) [3]. De-
spite the promising safety profile of DOACs, the rate of
major bleeding observed in randomized clinical trials re-
mains high [4]. Bleeding is the main cause of under-treat-
ment with OAC therapy. Data show that up to 50% of
patients with an indication for OAC therapy are left un-
protected because of previous bleeding complication or
high bleeding risk [5].

The left atrial appendage (LAA) is considered to have
the highest thrombotic potential and probably most of
the strokes in patients with AF are caused by thrombus
that originated from the LAA [6]. In a review of 23 stud-
ies, itwas found that more than 90% of atrial thrombi are
located in LAA in patients with non-valvular AF [7]. Based
on this evidence, left atrial appendage closure (LAAC)
was offered as an alternative approach to reduce cardi-
oembolic risk in patients with AF [8]. This transcatheter
method was developed to exclude LAA from the blood
circulation, preventing the release of the thrombus from
its cavity. Such a strategy seems to prevent AF-driven
ischemic stroke while overcoming the challenges assodci-
ated with OAC therapy and reducing long-term bleeding
risk [9]. Currently, European guidelines recommend LAAC
in patients with non-valvular AF with contraindications
to long-term OAC therapy (class IIb indication, level of
evidence B) [3].
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The Watchman 2.5 (Boston Scientific, Natick, MA,
USA) is the most frequently used device for LAAC in the
world [10]. Long-term safety and efficacy have been
proven in three randomized clinical trials and several reg-
istries. In 2019, the second-generation Watchman FLX
was presented with the intention to ameliorate LAA seal-
ing, decrease the risk of device-related thrombus and to
simplify the implantation of the device. The aim of this
review is to summarize the current evidence on tran-
scatheter LAAC with the Watchman 2.5 and Watchman
FLX devices.

LAA anatomy and thrombus formation

The LAA is a trabecular structure which is a residue
of the original embryonic left atrium (Figure 1) [11]. It
is composed of an orifice, neck and body. The body of
the LAA is trabeculated with pectinate muscles. The cavi-

Jakub Maksym et al. LAAC with Watchman device: systematic review

ties protruding out of the body of the LAA are defined as
lobes. The size and shape are different in each patient.
Its morphology is classified into four types assessed with
transesophageal echocardiography (TEE) or computed
tomography (CT), which is superior to TEE[12]. The domi-
nant shape is “chicken wing” (48%), then “cactus” (30%),
“windsock” (19%), and “cauliflower” (3%) [13]. The lat-
ter shape was found to be most often associated with
embolic events, while the most common one, “chicken
wing”, has the lowest risk for thrombus formation [13].
During AF there is an increased maximal appendage size,
and decreased filling and emptying velocities causing
blood stasis in its cavity. This state predispose to throm-
bus formation. Moreover, the morphology of LAA has
a significant influence on the risk of stroke. Yamamoto
et al. found that larger volume and depth of LAA, number
of lobes, and extensive LAA trabeculation were associ-

Advances in Interventional Cardiology 2024; 20, 1 (75)

Figure 1. LAA visualization with different imag-
ing methods. A — Contrast injection into the LAA
during the LAAC procedure. B—LAA in TEE. C - LAA
assessed with CT

AoV - gortic valve, CT — computed tomography, LAA - left atrial
appendage, TEE - transesophageal echocardio graphy.
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Table I. Indications and contraindications for per-
cutaneous LAAC

Primary indications for percutaneous LAAC

* Increased thromboembolic risk assessed with CHA DS -VASC
score

+ Contraindication for long-term OAC (i.e, history of bleeding)

+ History of thromboembolic event during OAC therapy

Potential indications for percutaneous LAAC
+ High bleeding risk during OAC due to:
= Severe renal and hepatic dysfunction
= Increased risk of intracranial bleeding (i.e., brain tumor, arte-
riovenous malformation)
= Inherited/acquired coagulopathy
« 0AC intolerance
* Lack of consent to OAC therapy

Contraindications for percutaneous LAAC

+ lack of inditions for anticoagulation therapy based on
CHA DS -VASC score

Presence of other indications for lifelong OAC (l.e., mechanical
heart valves, deep vein thrombosis or pulmonary embolism)
Significant mitral stenosis

Active infection

Unsuitable anatomy of the LAA

Intracardiac thrombus

Lack of patient consent

LAAC —left atrial appendage closure, OAC — oral anticoagulation.

ated with higher risk of stroke and transient ischemic
attack (TIA) [14].

Indication for the procedure

LAAC with Watchman device implantation is an alter-
native method to anticoagulation therapy in order to pre-
vent thromboembolic complications in patients with AF.
Both American and European guidelines provide a class
IIb recommendation for considering LAAC in patients at
high risk of stroke and contraindications to long-term
OAC therapy [3, 15]. The indications and contraindica-
tions for LAAC are presented in Table I.

Watchman 2.5 device

The Watchman 2.5 occluder is the most extensive-
ly studied LAAC device in the world and the only one
whose safety and efficacy have been assessed in ran-
domized trials (Table Il). It is self-expanding, consisted of
a 10-strut nitinol frame which is covered on its atrial sur-
face with a polyethylene terephthalate (PET) membrane
that ameliorates device endothelialization (Figure 2) [16].
The open distal part contains 10 anchors responsible for
the device’s fixation to the LAA. There are 5 available
Watchman device sizes to suite the different types of
LAA and they range from 21 mm to 33 mm (Figure 2).
The device was designed to occlude an LAA with a di-
ameter from around 17 mm to 31 mm; a Watchman 2.5
occluder that is 8% to 20% larger than the LAA ostium is
selected to obtain adequate compression. The depth of
the LAA should equal the diameter of the device when

20

fully expanded. Moreover, the device can be partially or
fully recaptured to change the deployment position. In
March 2015, based on the data from two randomized tri-
als, the US Food and Drug Administration (FDA) approved
the Watchman for LAAC to reduce the risk of stroke in
patients with non-valvular AF.

The PROTECT-AF trial was the first, multicenter, ran-
domized clinical trial (RCT) designed to assess the safety
and efficacy of the Watchman device [17]. This nor-in-
feriority RCT enrolled 707 patients with non-valvular AF
and a CHADS, score = 1 and randomized them in a two-
to-one allocation to receive either device closure of the
LAA with Watchman or VKA therapy with warfarin. After
successful Watchman implantation all patients received
warfarin for 45 days followed by dual antiplatelet therapy
(DAPT) with aspirin and clopidogrel for 6 months after
the procedure and then lifelong aspirin monotherapy.
The primary efficacy endpoint was a composite of stroke,
systemic embolism and cardiovascular death. The trial
showed that LAAC with the Watchman device is non-in-
ferior to warfarin therapy [17]. This result was mainly
driven by a significant reduction in hemorrhagic stroke
(Watchman: 0.6% per 100 patient-years vs warfarin: 4%
per 100 patient-years) and cardiovascular death (Watch-
man: 1% per 100 patient-years vs warfarin: 2.6% per
100 patient-years). Ischemic stroke did not reach non-in-
feriority, but it has been demonstrated that LAAC signifi-
cantly decreased the rate of fatal and disabling strokes
(Watchman: 0.5% per 100 patient-years vs. warfarin:
1.2% per 100 patient-years). The primary safety endpoints
(composite of serious bleeding, cardiac tamponade, de-
vice embolization, procedure-related stroke) was observed
at a higher rate in the intervention group (7.4%) than in
the control group (4.4%) (RR = 1.69, 95% Cl: 1.01-3.19)
with a rate of 4.8% of pericardial effusion that required
percutaneous or surgical intervention. None of these pa-
tient died; however, patients with pericardial effusion
required longer in-hospital stay. The impact of the opera-
tor's experience on the safety of the LAAC procedure was
evaluated in the analysis of the intervention arm from the
PROTECT-AF trial (n = 542) and from a subsequent regis-
try of patients undergoing Watchman implantation - Con-
tinued Access to PROTECT-AF (CAP) (n = 460). There was
a significant decrease in the rate of safety events between
the first and second half of the PROTECT-AF and CAP pa-
tients [18]. Procedure-related safety events within 7 days
in the PROTECT-AF trial and CAP registry was 7.7% and
3.7% (p = 0.007), respectively. The same event rate in the
first and the second half of PROTECT-AF patients was ob-
served in 10% and 5.5% (p = 0.006), respectively.

The FDA raised a couple of concerns regarding pa-
tients’ selection criteria and safety profile of LAAC with
the Watchman device. In response to these concerns, the
PREVAIL trial was designed specifically to further evalu-
ate the safety of the device and to confirm its efficacy
observed in the PROTECT-AF trial [19]. It was a non-in-
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feriority trial of 407 subjects who were randomized in
two-to-one fashion either to the Watchman device or
warfarin therapy. Similarly to PROTECT-AF, the first prima-
ry efficacy endpoint was a composite of stroke, systemic
embolism, and cardiovascular death. A second, co-prima-
ry endpoint was stroke and systemic embolism occurring
» 7 days after the procedure. The safety endpoint was
a composite of a pre-defined performance criterion set by
the FDA including death, ischemic stroke, systemic embo-
lism, and procedure-device related complications requir-
ing major intervention within 7 days after the procedure.
The CHADS, score was higher than in the first trial with
a score of 2.6 1.0 in both groups, and as pre-specified,
38.8% of the patients were randomized at new sites and
39.1% of the procedures were done by new operators. At
18 months, the trial failed to show non-inferiority regard-
ing the primary efficacy endpoint. The rate of the second
co-primary efficacy endpoint met non-inferiority criteria.
Importantly, the PREVAIL trial showed an improved safety

22

profile in comparison to the PROTECT-AF trial, with only
a 2.2% rate of procedural complications [19]. Further-
more, the procedure success rate increased from 90.9%
in PROTECT-AF to 95.1% in PREVAIL

In 2017 a patient-level meta-analysis of the 5-year
follow-up of PROTECT AF and PREVAIL was published. It
summarized a total of 4343 patient-years of follow-up.
In general the stroke prevention was comparable in
both groups with an additional reduction in hemorrhag-
ic stroke and mortality [20]. The rate of ischemic stroke
was numerically higher with LAAC, but it did not reach
statistical significance.

The Continued Access to PROTECT AF (CAP) and Con-
tinued Access to PREVAIL (CAP2) were two registries to
evaluate the safety and efficacy of the Watchman de-
vice after a longer follow-up period [21]. Holmes et al.
performed a meta-analysis of two randomized trials and
their respective registries. This patient-level meta-anal-
ysis included 2406 patients with a mean follow-up of

Advances in Interventional Cardiology 2024; 20, 1 (75)
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2.69 years. It showed that patients receiving the Watch-
man device had significantly lower rates of hemorrhagic
stroke (hazard ratio [HR] = 0.22; p = 0.004), cardiovascu-
lar/unexplained death (HR = 0.48; p = 0.006), and non-
procedural bleeding (HR = 0.51; p = 0.006) in comparison
to warfarin therapy [22]. The all-cause stroke or systemic
embolism (SE) rate did not differ significantly between
the two groups.

Although the PROTECT AF and PREVAIL trials showed
good safety and efficacy of LAAC, both enrolled patients
eligible for OAC therapy. The ASAP (ASA Plavix Feasibili-
ty Study with Watchman Left Atrial Appendage Closure
Technology) registry was the first study to evaluate the
safety and efficacy of LAAC with the Watchman device
in patients unsuitable for OAC therapy [23]. This was
a prospective, observational study that included 150 pa-
tients who underwent the LAAC procedure followed by
6 months of DAPT and aspirin alone thereafter. At 1 year,
the rate of all-cause stroke and SE, ischemic stroke and
hemorrhagic stroke was 2.3%, 1.7%, and 0.6%, respec-
tively. The mean CHADS, score was 2.8 with the expected
risk of stroke of 7.4%. Thus, there were 77% fewer isch-
emic strokes than expected. The incidence of device-re-
lated thrombus (DRT) was 4% (mean: 164 +135 days
after implant), which was similar to the 3.7% reported
in previous studies on Watchman device implantation
followed by short-term warfarin therapy.

The EWOLUTION (Registry on Watchman Qutcomes in
Real-Life Utilization) was a prospective, multicenter, sin-
gle-arm registry that included 1020 patients undergoing
Watchman implantation. The mean CHA DS -VASC score
was 4.5 and the HAS-BLED score was 2.3. In comparison
to the previously mentioned randomized trials, the pop-
ulation in the EWOLUTION registry had higher thrombo-
embolic and bleeding risk. Watchman implantation suc-
ceeded in 98.5% of cases and procedure-/device-related
serious adverse events within 7 days after the procedure
were observed in 2.8% of patients [24]. Post-procedure
therapy included warfarin in 16% of cases, DOACS in 11%,
DAPT in 60%, single antiplatelet therapy (SAPT) in 7%, and
no anti-thrombotic therapy at all in 6%. So, 73% of pa-
tients had contraindications to OAC therapy and were dis-
charged on antiplatelet therapy or without any anti-throm-
botic regimen. At 1-year follow-up, ischemic stroke was
observed in 1.1% of patients, resulting in an 84% relative
risk reduction compared with the estimated 7.2% event
rate based on the CHA DS, -VASc score [25]. DRT and non-
procedural bleeding were observed in 3.7% and 2.3%, re-
spectively. The rate of these events did not correlate with
the post-procedure anti-thrombotic regimen.

Nowadays DOACs are superior to VKA for stroke pre-
vention in non-valvular AF. In 2020 Osmancik et al. pub-
lished the results of the first randomized trial that has
sought to compare DOACs with LAAC in high-risk patients
with AF[26]. PRAGUE-17 was a multicenter, randomized,

Advances in Interventional Cardiology 2024; 20, 1 (75)
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noninferiority trial that included 402 patients who were
randomly assigned to LAAC or DOAC ina 1: 1 ratio. It was
a high-risk patient cohort with a CHA DS -VASc score of
4.7 £1.5, and the bleeding risk was assessed with the
HAS-BLED score as 3.0 +0.9 and 3.1 +0.9 in the DOAC
and LAAC group, respectively. LAAC was successful in
90.0% of patients. Watchman 2.5 and Watchman FLX
devices were used in 35.9% and 2.8% of cases, respec-
tively. In the DOAC group, apixaban was most frequently
used (95.5%). At a median 19.9 months of follow-up, the
annual rates of the primary outcome were 10.99% with
LAAC and 13.42% with DOAC (p = 0.004 for noninferiori-
ty). In the LAAC cohort major procedure-related complica-
tions occurred in 4.5% of patients. The study concluded
that LAAC was noninferior to DOACs for the composite
of cardioembolic events, cardiovascular death, clinically
significant bleeding, or procedure-/device-related com-
plications.

In 2020 the National Cardiovascular Data Registry
LAAO presented patient, hospital, and physician charac-
teristics and in-hospital adverse event rates for Watch-
man procedures in the United States. Between January
2016 and December 2018, 38 158 Watchman procedures
were performed by 1318 physicians in United States with
a successful deployment rate of 93% [27]. Major in-hos-
pital adverse events occurred in 2.16% of patients includ-
ing pericardial effusion requiring intervention in 1.39%
and major bleeding in 1.25%, whereas stroke (0.17%)
and death (0.19%) were rare.

Watchman FLX

The Watchman FLX is the current-generation device
designed to improve safety, efficacy, and implantation
success. Its new design aimed to simplify the deployment
in a wider range of LAA morphologies, coming in five de-
vice sizes ranging from 20 mm to 35 mm that accommo-
date LAA ostia diameters of 15 mm to 32 mm, and a wider
range of compression (10-30%) is accepted (Figure 2). It
is up to 20% shorter in length compared to the first gen-
eration device, which makes it suitable for shallow LAA.
Other redesign aspects include the increased number of
struts to 18 for better tissue fixation and radial strength,
and two rows of J-shaped anchors enhancing its stabil-
ity (Figure 2). The distal end of the new device is atrau-
matic, allowing partial and full recapture, and an ability
to use the “ball technique” to achieve safe deployment
with reduced risk of procedural complications. The device
also has an extended fabric for optimal sealing and en-
dothelialization. The Watchman FLX received Conformité
Européenne (CE) marked approval in March 2019 and FDA
approval in July 2020 after PINNACLE FLX trial results.

The PINNACLE FLX was a prospective, nonrandomized
trial designed to evaluate the safety and efficacy of the
new-generation LAAC device. The study enrolled 400 AF
patients to receive the Watchman FLX. After successful
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occluder deployment, the antithrombotic regimen con-
sisted of a DOAC plus aspirin for 45 days, followed by
DAPT for 6 months if no peri-device leak > 5 mm was
observed on TEE at 45 days. Afterwards, monotherapy
with aspirin was prescribed. The trial showed a high
implant success rate of 98.8%. The primary safety end-
point, defined as all-cause death, ischemic stroke, sys-
temic embolism, and procedure-related adverse events
occurring within 7 days after the procedure or by hos-
pital discharge, was observed in only 0.5% of cases. The
primary efficacy endpoint, defined as peri-device leak
< 5 mm in control TEE, was achieved in 100% of cases
at 1-year follow-up. Moreover, at 1-year follow-up 2.6%
of patients experienced ischemic stroke and 7.9% had
serious bleeding complications. DRT was noted in 7 pa-
tients, with embolic events in 2 patients. Of importance,
no device embolization was observed [28].

Those favorable data were supported by another pro-
spective, multicenter registry that enrolled 165 patients
in Europe. Successful deployment was achieved in all
patients. The procedural related complication rate was
low at 1.8% and consisted of 2 access-related compli-
cations and 1 pericardial effusion. No peri-procedural
strokes, deaths, or device embolizations occurred. During
a median follow-up of 55 days there were 6 bleeding
complications (4.8%), 1 (0.8%) patient had an ischemic
stroke, and 1 (0.8%) died. Imaging follow-up revealed
1 peri-device leak = 5 mm and 7 cases of DRT (4.7%).
No late device embolization was observed [29].

Lastly, the recently published FLXibility Post-Approval
Study evaluated the Watchman FLX device in a commer-
cial clinical setting. It was a prospective, observational,
multicenter, single-arm study that enrolled 301 patients.
One patient did not meet eligible criteria, so the implant
population consisted of 300 patients. The device was suc-
cessfully implanted in 99.0% of patients. Neither death
nor stroke occurred within 7 days after the procedure.
Three patients had pericardial effusions requiring inter-
vention on the day of the procedure, all resolved success-
fully and there were no additional pericardial effusions
through 1 year of follow-up. One device embolization
occurred and resulted in death at 13 days after the pro-
cedure. Most patients were discharged on DAPT (87.3%),
then on SAPT (7.0%) or DOAC (4.7%). The first follow-up
was done between 45 and 120 days, and at that time
a complete seal was observed in 88.2%, 9.5% had a leak
< 3 mm, 24% had a leak > 3 mm to < 5 mm, and no
> 5 mm leak was observed. The final, 1-year follow-up
was performed in 93.3% of cases. Most patients were
on SAPT (60.5%), followed by DAPT (21.4%), and no anti-
platelet or OAC (12.1%). The all-cause mortality rate was
10.8%. Stroke occurred in 2% of cases, all of which were
non-fatal strokes, and half of them were non-disabling.
DRT was observed in 2.4% of patients through 1 year and
all were detected at routine follow-up imaging [30].
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The Watchman FLX is currently being evaluated in the
ongoing CHAMPION-AF trial [31]. This is the first large,
prospective, randomized, controlled trial whose primary
objective is to determine whether LAAC with the WATCH-
MAN FLX device is a reasonable alternative to non-vita-
min K oral anticoagulants in patients with non-valvular
AF. The patients are randomized to the Watchman FLX
or DOAC in a 1 : 1 allocation. Clinical follow-up visits
are scheduled at 3 and 12 months, and then annually
for 5 years. The primary outcome measures at 3 years
of follow-up are Watchman FLX non-inferiority for the
occurrence of stroke, cardiovascular death, and systemic
embolism, and Watchman FLX superiority for non-pro-
cedural bleeding (International Society on Thrombosis
and Haemostasis major bleeding and clinically relevant
non-major bleeding). The estimated primary completion
date is December 2027.

LAAC procedure

The pre-procedural use of TEE or CT is very important
for optimal patient and device selection. This multimo-
dality imaging allows to exclude LAA thrombus, deter-
mine dimensions and morphology of the LAA, and estab-
lish whether the procedure is feasible.

Precise assessment of LAA morphology is performed
by 2-dimensional and 3-dimensional TEE. Transesopha-
geal echocardiography can detect an LAA thrombus with
high sensitivity (92%) and specificity (98%). Its negative
predictive value reaches 100% and its positive predictive
value is 86% [32]. The LAA is assessed at 0, 45, 90, and
135° to obtain its measurements and to establish the
landing zone, maximum diameter, and depth.

A multidetector CT provides an accurate anatomical
evaluation of the LAA and the perimeter, maximum and
minimum diameter of the landing zone can be measured.
Moreover, LAA thrombus can be excluded using CT imag-
ing. It has a high sensitivity of 96% and a high negative
predictive value of 100% for the assessment of thrombot-
ic complications within the LAA [33]. Saw et al. demon-
strated that CT provides the largest measurements, fol-
lowed by TEE and fluoroscopy, concluding that CT more
accurately assesses the true LAA dimensions [34].

The procedure is performed under general anesthe-
sia or conscious sedation and guided by fluoroscopy and
TEE or intracardiac echocardiography. The delivery sheath
is introduced via the right femoral vein. The trans-septal
puncture (TSP) should be performed in the postero-inferi-
or segment of the fossa ovalis. The procedure is performed
under adequate anticoagulation with unfractionated
heparin (UFH) with activated clotting time > 250 s. Once
trans-septal access is done, the trans-septal puncture
sheath is swapped to the 14-Fr. device access sheath. The
pigtail catheter is introduced into the LAA, through which
the contrast is injected and angiographic projections of
LAA are recorded. The Watchman device is advanced into
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the tip of the access sheath and the device is deployed
under fluoroscopy and TEE guidance. The Watchman FLX
is deployed by forming “a ball” (Figure 2) and either un-
sheathing while maintaining the position of the ball, or
advancing the device distally out of the sheath until it is
fully deployed. A combination of both of these techniques
is possible. Too proximal position of the Watchman FLX
can be corrected with the partial recapture thanks to the
ball technique implantation. Before the device is released,
the “PASS criteria” need to be fulfilled. P: optimal position
of the device, A: checking anchor to the LAA by tug test,
S: sealing assessed with color Doppler, and S: sizing for
proper compression of the device.

Anti-thrombotic therapy after Watchman
device implantation

The optimal anti-thrombotic regimen and its duration
after a successful LAAC procedure remains controversial
and should be adjusted individually. To date, various an-
tithrombotic strategies following LAAC with the Watch-
man device have been proposed, including VKA, DOAC,
DAPT, aspirin monotherapy, or no therapy. The main aim
of this strategy is to prevent thromboembolic complica-
tions, especially during the endothelialization period di-
rectly after device deployment.

After the LAAC procedure there is a vulnerable peri-
od during endothelialization, in which there is a higher
risk of developing DRT. Animal studies revealed that the
endothelialization process is complete within around
90 days after the procedure [35]. Based on that result and
the experience on other implantable cardiac devices, the
initial strategy was developed. The first randomized trials
included patients eligible for OAC therapy, so the initial
protocol treatment after LAAC consisted of warfarin with
aspirin for 45 days, followed by DAPT for 6 months and
lifelong aspirin. However, current guidelines recommend
LAAC in patients who have a contraindications for OAC,
so the post-procedural regimen has shifted to less ag-
gressive alternatives.

Numerous observational studies have been per-
formed to assess DAPT therapy as an initial regimen
following the LAAC procedure, with further lifelong as-
pirin. In the ASAP study, patients with a contraindication
to OAC received 6-month DAPT therapy; the rate of DRT
was 4%, the annual incidence of ischemic stroke was
1.7%, and a 77% reduction in events compared to that
expected based on the risk score was observed [23].
The EWOLUTION registry showed that DAPT is the most
frequently chosen therapeutic regimen during the first
3 months after LAAC, with 60% of the individuals in the
trial on that regimen, and no significant differences in
DRT and stroke rate were observed within the different
treatment options [24]. The propensity-match analysis
by Sendergaard et al. compared antiplatelet therapy
with anticoagulation therapy following LAAC with the
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Watchman device in the PROTECT-AF PREVAIL, ASAR and
EWOLUTION trials, and concluded that there were no
significant differences in the incidence of major bleed-
ing or thromboembolism between these two strategies
[36]. However, DRT was more often observed in the an-
tiplatelet therapy group, although no thromboembolic
events were reported. The other trial was a meta-anal-
ysis of 12,326 patients comparing short-term OAC with
antiplatelet therapy [37]. No difference in the occurrence
of stroke, major bleeding, DRT, or all-cause mortality was
found. Finally, our analysis of 90 patients who underwent
successful Watchman 2.5 implantation in our depart-
ment showed that DAPT seems to be a safe and effective
regimen within 3 months after device implantation [38].

Single antiplatelet therapy and no-therapy are also
used, but these regimens have a smaller amount of sup-
porting data. Korsholm et al. published their single-cen-
ter data of 110 patients who were at high risk of bleeding
and were predominantly treated with SAPT [39]. A low
annual major bleeding rate of 3.8% was observed, so the
annual risk of major bleeding was reduced by 57%. More-
over, there was no increase in the incidence of DRT or
stroke at 1 year, with a rate of 1.9% and 2.3%, respective-
ly. Favorable results were also presented in a multicenter
registry that included 600 patients allocated to SAPT
(n = 280) or DAPT (n = 330) at the operator’s discretion
[40]. In the SAPT group a significant reduction of major
bleeding was observed (2.9% vs. 6.7%, p = 0.04), with-
out differences in major cardiovascular events or DRT at
1 year. The other multicenter registry of 469 patients, of
whom 36.2% were treated with SAPT, showed a high rate
of DRT (7.2%) [41]. The multivariate analysis showed that
OAC or DAPT acts as protective factor against DRT.

Finally, no therapy after Watchman device implanta-
tion has been poorly studied. This regimen can be con-
sidered in patients who are at extremely high risk of
bleeding and cannot tolerate even short-term SAPT [42].
Alternatively, in this population epicardial LAA closure
should be considered.

To conclude, the current data provide some reassur-
ance on the use of DAPT after the LAAC procedure in pa-
tients who are not suitable for OAC therapy. The current
recommendations from the 2020 European Society of
Cardiology Guidelines on AF regarding the antithrombot-
ic regimen after LAAC are presented in Figure 3. However,
the choice of the post-procedural therapy should be in-
dividualized.

Device-related thrombus (DRT)

DRT is one of the most concerning complications after
successful Watchman device implantation that can be de-
tected by TEE (Figure 4) or CT. In the PROTECT-AF trial the
rate of DRT was 4.2% [17]. However, in 2018 Dukkipati
et al. published cumulative data regarding DRT incidence
in PROTECT AF PREVAIL and their continuous access
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Figure 3. Antithrombotic regimen after LAAC with Watchman device
LAAC - left atrial appendage dosure, OAC —oral anticoagulation therapy.

Figure 4. Device-related thrombus on Watchman 2.5 device. The arrow indicates a thrombus on the surface

of the implanted device

registries [43]. After a mean follow-up time of 4.1 years,
the rate of DRT was 3.74%. The analysis of patients with
DRT revealed that they were at higher thromboembolic
risk assessed with the CHA, DS -VASc score, were more
likely in permanent atrial fibrillation, had a history of
TIA or stroke, larger LAA, and had lower ejection frac-
tion (EF). The risk of stroke or systemic embolism was
3.55-fold higher in patients with DRT. In the EWOLUTION
registry, at 2-year follow-up DRT was observed in 34
(4.1%) cases among 835 patients with imaging of the
LAA after a median time of 54 days (IQR: 41-111 days)
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[44]. Thirty-one incidents of DRT were observed at the
first follow-up imaging usually within 90 days after the
procedure. DRT occurred irrespective of the type of the
post-LAAC antithrombotic regimen. Patients with DRT
more often had non-paroxysmal AF evidence of spon-
taneous echo contrast, and a larger ostium diameter of
the LAA [45]. Overall, no significant differences in rate of
thromboembolic events were observed in patients with
or without DRT (1.7 vs. 2.2%/year, p = 0.8). In a prospec-
tive registry with the second-generation Watchman FLX
device, at 1 year DRT was detected in 7 (1.7%) patients
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with 4 cases discovered during scheduled follow-up visits
[28]. In the real-world registry of Watchman FLX, DRT was
observed in 2.4% of cases through 1 year of follow-up
and all were detected during routine imaging [30].

There are several procedural- and patient-related
factors that predispose to DRT. The predictors of DRT in-
clude reduced EF, a history of a thromboembolic event,
or a larger orifice of the LAA [37, 42, 43]. Furthermore,
a deep Watchman device implantation, leaving a large
volume of uncovered appendage (“neo-appendage”), and
a lack of left upper pulmonary vein ridge coverage are
linked with increased risk of DRT. In 2018 Pracon et al.
reported that DRT was more often observed in patients
with deep device implantation [46].

To date, management of DRT remains a clinical issue.
Most data suggest the use of antithrombotic therapy
with heparin or OAC [41]. However, this approach still
raises concerns, mainly about the risk of bleeding. Most
patients referred for LAAC have contraindications to OAC
therapy, so the initiation of OAC significantly increases
the risk of bleeding, but on the other hand there is a high
risk of embolism because of DRT presence. Secondly, up
to 30% of DRTs may persist despite proper anticoagula-
tion therapy; thus, these patients experience higher mor-
bidity and mortality [47]. Moreover, the recurrence rate of
DRT while the patient is still on anticoagulation is 35%,
while the recurrence rate increases to 50% when the OAC
therapy is abandoned [48]. Another treatment option for
DRT is thrombus aspiration. Its feasibility has been re-
ported, but the safety and efficacy of this approach have
not been established and there are no data at this time
to support routine use of aspiration thrombectomy over
medical therapy [49].

Further studies are required to investigate the
post-procedural optimal antithrombotic regimen to min-
imize the risk of DRT. This approach should take into ac-
count the patient’s thromboembolic and bleeding risk,
and also predictors of thrombus formation.

Peri-device leak

The Watchman device has a standard circular shape,
while the ostium of the LAA is typically elliptical and
shows considerable interpatient variability. This mis-
match between the shape of the device and the LAA can
cause incomplete LAA occlusion with increased risk of
residual peri-device leak (PDL). Peri-device leak has been
defined as residual flow of any size around the implanted
device which is detected with TEE. The PDL around the
Watchman device is defined as minor when it is < 3 mm,
moderate at 3-5 mm, and significant when > 5 mm.

In the PROTECT AF study, any PDL was observed in
40.9% of cases at 45 days, while at 1 year it had de-
creased to 32.1% [50]. Peri-device leaks » 3 mm were
present in 13.3% at 45 days and in 11.8% at 1 year. The
new generation Watchman FLX was evaluated in the
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PINNACLE registry, in which the data were assessed with
the echocardiography core lab and lower incidence of
PDL with the Watchman FLX device was revealed [28].
Any PDL was observed in 17.4% of patients at 45 days,
and in 10.5% at 1 year. The recent report from the SUR-
PASS study, which investigated the Watchman FLX in
a real-world setting, showed an even lower rate of PDL
[51]. In 2022 the SURPASS analysis included data from
more than 16,000 patients and showed that after Watch-
man FLX implantation, 95.3% of the patients had no
peri-device leak, and 99.1% had no leak or had a leak of
< 3 mm. At 45 days of follow-up, these rates decreased to
83% and 95% respectively.

It has been debated whether the presence of PDL fol-
lowing Watchman device implantation is associated with
increased thromboembolic risk. To date we know that leak-
age after surgical LAA ligation is connected with increased
thromboembolic complications [52]. The rate of stroke or
systemic embolism is relatively low after percutaneous
LAAC, so assessing the independent impact of PDL on
thromboembolic outcomes is difficult and would require
a very large sample size. Moreover, patients with signifi-
cant leakage of > 5 mm are recommended to receive anti-
coagulation therapy [53], and hence the evaluation of the
influence of the residual peri-device leak on thromboem-
bolic outcomes may be disturbed by treatment bias. In the
PROTECT AF study the PDL size was not associated with an
increased risk of thromboembolic complications [50]. How-
ever, this study was underpowered in this regard. A recent
analysis combined PROTECT AF, PREVAIL, and CAP2 studies
to evaluate the impact of PDL in a population of 1054 pa-
tients who underwent LAAC with the Watchman 2.5 device
[54]. The study showed that 39.8% and 28.4% of patients
had a peri-device leak at the 45-day and 1-year TEE, respec-
tively. The presence of PDL < 5 at 1 year, but not at 45 days,
was associated with an increased 5-year risk of ischemic
stroke or systemic embolism (HR = 1.94; 95% Cl: 1.15-3.29;
p = 0.014), largely driven by an increase in nondisabling
stroke (HR = 1.97; 95% CI: 1.03-3.78; p = 0.04), while dis-
abling or fatal stroke rates were similar (HR = 0.69; 95% Cl:
0.19-2.46; p= 0.56).

To date, no ideal management of PDL has been of-
fered. The introduction of pre-procedural CT to obtain op-
timal sizing and better alignment with the LAA has been
advocated to achieve better sealing [55]. In the case of
a small PDL < 5 mm, a watchful waiting strategy has
been proposed due to a documented regression of small
leaks in 20% to 40% of patients [28, 50]. A significant
PDL should be managed with anticoagulation therapy.
Anather option is closure of the PDL with plugs or a coil,
and this approach has been reported in several case se-
ries [56, 57]. These studies revealed that complete or
near-complete PDL occlusion is feasible in most patients
with a low rate of complications, but long-term outcomes
are still unknown [58].
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Conclusions

Percutaneous LAAC with the Watchman device is an
attractive treatment alternative for stroke prevention in
the growing population of patients who are not good can-
didates for OAC therapy. As the new device is introduced
into clinical practice and operator experience grows, the
LAAC procedure becomes an increasingly safe and effec-
tive treatment option. However, there are still some con-
cerns regarding long-term adverse events (i.e. DRT and
PDL) and optimal post-procedural patient management.
Further studies are necessary to optimize patient selec-
tion and the post-LAAC antithrombotic regimen, and de-
termine the long-term benefit of LAAC.
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7. Podsumowanie i wnioski.

Wydhuzanie si¢ zycia populacji wiaze si¢ z rosnaca liczba pacjentéw z rozpoznawanym AF.
Rosnacy wiek 1 wielochorobowo$¢ z tym zwigzana bedzie zwigksza¢ w tej grupie chorych ryzyko
zakrzepowo-zatorowe, przy jednoczesnym zwigkszaniu si¢ ryzyka krwawienia w trakcie leczenia
OAC. Z uwagi na powyzsze uzasadniona jest konieczno$¢ poszerzenia wiedzy na temat LAAC 1
farmakoterapii po skutecznym zabiegu. Niniejsza rozprawe doktorskg tworzy cykl publikacji, gdzie
retrospektywnie przeanalizowano zabiegi LAAC i omdwiono okres okotozabiegowy oraz dokonano
analizy zastosowanego po zabiegu leczenia przeciwptytkowego.

W pierwszej pracy oceniono skuteczno$¢ oraz bezpieczenstwo zabiegu LAAC z
wykorzystaniem urzadzenia WATCHMAN. Nastepnie analizie poddano zastosowane po zabiegu
leczenie przeciwplytkowe. Analizowana grupa pacjentow byta wysokiego ryzyka
zakrzepowo-zatorowego ocenianego w skali CHA2DS2-VASc 4.7 + 1.6 oraz wysokiego ryzyka
krwawienia ocenianego w skali HAS-BLED 3.2 + 0.9. Obserwowano wysoka skuteczno$¢
implantacji okludera do LAA, przy umiarkowanym ryzyku zdarzen okolozabiegowych. Warto
podkresli¢, ze wraz z rosnagcym do$wiadczeniem zespotu istotnie spadata czgstos¢ zdarzen
niepozadanych w badanej populacji. W kolejnym etapie, po ok. 3 miesigcach oceniono pacjentow
pod katem skuteczno$ci 1 bezpieczefistwa leczenia przeciwplytkowego po zabiegu. Wykazano, ze w
populacji wysokiego ryzyka zakrzepowo-zatorowego 1 wysokiego ryzyka krwawienia, DAPT
wydaje si¢ by¢ bezpieczng 1 skuteczng forma leczenia. Skrzeplina zwigzana z urzadzeniem
wystapita po zabiegu u 5 pacjentow.

W drugiej pracy analizie poddano grupg¢ pacjentdéw, ktoérzy mieli kontrolne badanie TEE po
skutecznym zabiegu, a szczegdlng uwage skupiono na pacjentach, u ktérych stwierdzono DRT. Jak
wspomniano powyzej, DRT stwierdzono u 5 pacjentow, ktorych poréwnano z zreszta populacji w
celu okreslenia predyktoréw wystapienia skrzepliny. Udato si¢ stwierdzi¢, Ze istotnie statystycznie
czesciej DRT wystapita u pacjentow mtodszych (67.4 vs. 75; p = 0.045), z nizsza frakcja

wyrzutowa [40% (23.5-45.5) vs. 55% (48-60); p = 0.005], z nizsza predkoscig oprozniania LAA [25
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cm/s (17.5-27) vs. 53 cm/s (26.5-78); p = 0.009] oraz z glebiej implantowanym urzadzeniem [18
mm (14-20.5) vs. 8 mm (5-11); p < 0.001]. Wszystkie skrzepliny ulegty catkowitej rezolucji po
leczeniu LMWH, co zostalo potwierdzone kontrolnym TEE. W trakcie leczenia LMWH nie
wystapito zadne zdarzenie niepozadane.

W trzeciej pracy przeprowadzono szczegdlowy analize LAAC z wykorzystaniem urzadzenia
WATCHMAN. Przedstawiono rodzaje urzadzenia oraz ich r6znice. W publikacji zebrano 1
podsumowano dane dotyczace skutecznosci 1 bezpieczenstwa omawiane;j terapii. Ponadto na
podstawie zebranych danych omoéwiono r6zne formy farmakoterapii pozabiegowej, oraz
ewentualne powiklania zabiegu i sposoby ich leczenia. Z aktualnego piSmiennictwa wynika, ze
metoda LAAC z wykorzystaniem urzagdzenia WATCHMAN jest bezpieczng i skuteczng
alternatywa dla OAC u pacjentow z przeciwwskazaniami do dtugotrwalej terapii
przeciwkrzepliwej. Przedstawione zestawienie wielu wynikow badan i rejestréw dotyczace leczenia
przeciwzakrzepowego po zabiegu jest szczegélnie istotne z uwagi na fakt, ze dotychczas nie
przedstawiono jednoznacznych zalecefn odnos$nie takiego leczenia. Eksperci podkreslaja, ze u
kazdego chorego wymagana jest indywidualizacja leczenia. Powyzsze podsumowanie moze

stanowi¢ uzyteczne narzedzie w codziennej praktyce kliniczne;j.

Najwazniejsze wnioski:

e Zabieg LAAC z wykorzystaniem urzadzenia WATCHMAN wydaje si¢ by¢ skuteczng i
bezpieczna metoda prewencji udaru moézgu u pacjentdéw z niezastawkowym AF, a
bezpieczenstwo metody rosnie wraz z doswiadczeniem operatora.

e Podwojne leczenie przeciwptytkowe po implantacji okludera WATCHMAN wydaje si¢ by¢
skuteczne i bezpieczne w grupie chorych z wysokim ryzykiem zakrzepowo-zatorowym i
wysokim ryzykiem krwawienia. Wigksze, wieloosrodkowe, randomizowane badania sg

potrzebne w celu potwierdzenia tych wynikow.
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e Istniejg czynniki zwigzane z pacjentem oraz technikg zabiegu, ktore maja wptyw na
powstanie DRT po skutecznej implantacji okludera WATCHMAN. W ramach
indywidualizacji leczenia, uwzglednienie predyktorow wystgpienia DRT wydaje si¢ by¢

stuszne przy doborze odpowiedniej farmakoterapii pozabiegowe;.
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9. Opinia Komisji Bioetycznej lub Etycznej.

Badanie retrospektywne - nie dotyczy.
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10.

Oswiadczenia wspolautorow.
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Warszawa, 20.12.2024 r,

prof. dr hab. n. med. Agnieszka Kapton-Cieélicka

OSWIADCZENIE

Jako wspélautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o$wiadczam, iz m6j whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okre$lam jako 65%,

obejmowat on: opracowanie koncepcji, przeglad piSmiennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacje wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.

Jakuba Maksyma

(podpis o$wiadczajacego)
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Warszawa, 20.12.2024 r.

dr hab. n. med. Piotr Scisto

OSWIADCZENIE

Jako wspdtautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o$wiadczam, iz méj wiasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanic badaf oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowat on: opracowanie koncepcji, przeglad pi§miennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacj¢ wynikow i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej lek.

ok A

(podpis o$wiadczajgcego)

Jakuba Maksyma

68



Warszawa, 20.12.2024 r.

prof. dr hab. n. med. Zenon Huczek

OSWIADCZENIE

Jako wspotautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o§wiadczam, iz méj wilasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
Mbéj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wklad Jakuba Maksyma w powstanie publikacji okre$lam jako 65%,

obejmowatl on: opracowanie koncepcji, przeglad piémiennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacje wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.

Jakuba Maksyma

(podpis oswiadczajacego)
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Warszawa, 20.12.2024 r.

dr hab. n. med. Michat Marchel

OSWIADCZENIE

Jako wspétautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o§wiadczam, iz mdj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowat on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacj¢ wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskiej lek

Jakuba Maksyma

(podpis oswiadczajacego)
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Warszawa, 20,12.2024 r.

dr hab, n. med. Radostaw Pigtkowski

OSWIADCZENIE

Jako wspétautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o$wiadczam, iz mdj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
MG udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowal on: opracowanie koncepcji, przeglad piémiennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacj¢ wynikéw i sformutowanie wnioskdw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.

POl

(podpis oswiadczajacego)

Jakuba Maksyma
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Warszawa, 20.12.2024 1.

prof. dr hab. n, med. Janusz Kochman

OSWIADCZENIE

Jako wspdtautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o$wiadczam, iz méj whasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badari oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
‘Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowat on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacje wynik6w i sformutowanie wnioskow, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.

Jakuba Maksyma

Prof. dr hab. n. megJanyéz Kochman
Specjalista chpfOb w ngtrznych

10
171645,
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Warszawa, 20.12.2024 r.

prof. dr hab. n. med. Grzegorz Opolski

OSWIADCZENIE

Jako wspdlautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o$wiadczam, iz m6j wlasny wklad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

i przygotowanie manuskryptu.
M6j udziat procentowy w przygotowaniu publikacji okre$lam jako 1%.
‘Wktad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowal on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacje wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednocze$nie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.
Jakuba Maksyma

/

(podpis oswiadczajgcego)
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Warszawa, 20.12.2024 r,

prof. dr hab. n. med. Marcin Grabowski

OSWIADCZENIE

Jako wspdtautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o§wiadczam, iz méj whasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji

1 przygotowanie manuskryptu.
MGj udzial procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowat on: opracowanie koncepcji, przeglad pismiennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacjg wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

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

Jakuba Maksyma

KIEROWNIK
Klinika Kardiologii
Centyalny Szpital Kliniczny UCK WuM

(podpis oswiadczajacego)
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Warszawa, 20.12.2024 r.

dr hab. n. med. Tomasz Mazurek

OSWIADCZENIE

Jako wspdtautor pracy pt. “Safety and efficacy of percutaneous atrial appendage closure followed
by antiplatelet therapy in a high-risk population: single-center experience with a WATCHMAN
device.” o$wiadczam, iz méj wihasny wkiad merytoryczny w przygotowanie, przeprowadzenie i
opracowanie badar oraz przedstawienie pracy w formie publikacji stanowi: opracowanie koncepcji,

interpretacje wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.
M6j udzial procentowy w przygotowaniu publikacji okreslam jako 27%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 65%,

obejmowat on: opracowanie koncepcji, przeglad piSmiennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacjg¢ wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej lek.

Jakuba Maksyma

* hab. n. med. Tomasz Mazurek
“vialista choréb Wﬂ‘

(podpis o'é\a}fadczajqcego)
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Warszawa, 20.12.2024 r.

dr hab. n. med. Piotr Scisto

OSWIADCZENIE

Jako wspétautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o$wiadczam, iz méj wiasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacj¢ wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej lek.

(podpis o$wiadczajgcego)

Jakuba Maksyma
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Warszawa, 20,12,2024 r.

prof. dr hab. n. med. Agnieszka Kaplon-Cieélicka

OSWIADCZENIE

Jako wspétautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o$wiadczam, iz m6j wlasny wktad merytoryczny w
przygotowanie, przeprowadzenic i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.

M0j udziat procentowy w przygotowaniu publikacji okre$lam jako 1%.

Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad pi§miennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacje wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej lek.

Jakuba Maksyma

Aot U ddie

(podpis o$wiadczajacego)
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Warszawa, 20,12.2024 1.

prof. dr hab. n. med. Zenon Huczek

OSWIADCZENIE

Jako wspétautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o§wiadczam, iz m6j wlasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badafh oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcii i przygotowanie manuskryptu.
M udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacje wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgodg na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej lek.

Jakuba Maksyma

I ¥

(podpis o$wiadczajgcego)
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Warszawa, 20.12.2024 .

dr hab. n. med. Michat Marchel

OSWIADCZENIE

Jako wspdtautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o§wiadczam, iz mo6j wlasny wktad merytoryczny w
Przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.
M6 udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okrelam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacje wynik6w i sformutowanie wnioskéw, przygotowanie manuskryptu.

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

Jakuba Maksyma

(podpis oswiadczajgcego)
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Warszawa, 20.12.2024 r.

prof. dr hab. n. med. Janusz Kochman

OSWIADCZENIE

Jako wspdtautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o$wiadczam, iz m6j wlasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badaf oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.
MG¢j udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowatl on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacje wynikéw i sformutowanie wnioskow, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$¢é rozprawy doktorskiej lek.

Jakuba Maksyma

Prof. dr hab. xt meg. Japusz Kochman
Specjaljéta chofy
e KA
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Warszawa, 20.12.2024 r.

dr n. med. Karol Zbroriski

OSWIADCZENIE

Jako wspétautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o§wiadczam, iz méj wlasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badafi oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.
Méj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad piSmiennictwa, stworzenie bazy danych, analize

zebranych danych, interpretacj¢ wynikéw i sformutowanie wnioskdw, przygotowanie manuskryptu.

Jednoczeénie wyrazam zgodg na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.

Jakuba Maksyma

Vool onst

(podpis o$wiadczajacego)
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Warszawa, 20.12.2024 r.

prof. dr hab. n. med. Grzegorz Opolski

OSWIADCZENIE

Jako wspdlautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” oswiadczam, iz méj wlasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.
MGj udzial procentowy w przygotowaniu publikacji okreslam jako 1%.
‘Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad pismiennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacje wynikéw i sformutowanie wnioskow, przygotowanie manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej lek.

Jakuba Maksyma

..... 1

(podpis oswiadczajacego)
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Warszawa, 20.12,2024 .

prof. dr hab. n. med. Marcin Grabowski

OSWIADCZENIE

Jako wspétautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o§wiadczam, iz m6j whasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanic badan oraz przedstawienie pracy w formie

publikacji stanowi: opracowanie koncepcji i przygotowanie manuskryptu.
Moj udziat procentowy w przygotowaniu publikacji okreslam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowal on: opracowanie koncepcji, przeglad pi§miennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacje wynikéw i sformutowanie wnioskow, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej lek.

Jakuba Maksyma

KIEROWNIK

Klinika Kardiologii
Centralny S\zp/it\a.l liniczny UCK WUM
... prof. drab. n. med. Marcin Gra i

.....

(podpis o$wiadczajacego)
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Warszawa, 20.12.2024 .

dr hab. n. med. Tomasz Mazurek

OSWIADCZENIE

Jako wspétautor pracy pt. “Incidence and predictors of device-related thrombus after left atrial
appendage closure with Watchman device.” o§wiadczam, iz m6j wlasny wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badafn oraz przedstawienie pracy w formie
publikacji stanowi: opracowanie koncepcji, interpretacje wynikéw i sformutowanie wnioskéw,

przygotowanie manuskryptu.
MGoj udziat procentowy w przygotowaniu publikacji okreslam jako 22 %.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowat on: opracowanie koncepcji, przeglad piSmiennictwa, stworzenie bazy danych, analize¢

zebranych danych, interpretacje¢ wynikéw i sformutowanie wnioskéw, przygotowanie manuskryptu.

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

Jakuba Maksyma

(podpis ‘a‘s'wiadczaj gcego)
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Warszawa, 20.12.2024 r.

prof. dr hab. n. med, Marcin Grabowski

OSWIADCZENIE

Jako wspotautor pracy pt. “Percutaneous left atrial appendage closure with the Watchman device: a
systematic review.” oswiadczam, iz mdj wlasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badai oraz przedstawienie pracy w formie publikacji stanowi:

opracowanie koncepcji i przygotowanie manuskryptu.
M¢j udziat procentowy w przygotowaniu publikacji okre§lam jako 1%.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 70%,

obejmowal on: opracowanie koncepcji, przeglad pi$miennictwa, stworzenie bazy danych, analizg

zebranych danych, interpretacj¢ wynikow i sformutowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej lek.

Jakuba Maksyma

1
Ka Kardiologii
pital Kliniczny UCK wum

ciny i
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Warszawa, 20.12.2024 .

dr hab, n. med. Tomasz Mazurek

OSWIADCZENIE

Jako wspétautor pracy pt. “Percutancous left atrial appendage closure with the Watchman device: a
systematic review.” o$wiadczam, iz méj whasny wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badai oraz przedstawienie pracy w formie publikacji stanowi:

opracowanie koncepcji, przygotowanie manuskryptu.
Mo; udziat procentowy w przygotowaniu publikacji okreslam jako 19 %.
Wkiad Jakuba Maksyma w powstanie publikacji okreslam jako 80%,

obejmowat on: opracowanie koncepcji, przeglad piSmiennictwa, analiz¢ zebranych danych,

sformulowanie wnioskéw, przygotowanie manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czes$é rozprawy doktorskiej lek.
Jakuba Maksyma
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