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1. Wprowadzenie

Niniejsza rozprawa doktorska pt.: ,,Powiklania wielonarzadowe u dorostych
chorych po operacji Fontana” powstata w oparciu o monotematyczny cykl trzech artykutow
opublikowanych w migdzynarodowych czasopismach naukowych indeksowanych w bazie
PubMed oraz znajdujgcych si¢ na liscie Journal Citation Reports (Thomson Reuters, Clarivate
Analytics).

Wykaz publikacji stanowigcych rozprawe doktorska:

Tytut publikacji Punkty Impact fact
ut publikacii mpact Tactor
yutp ! MNiSW P

\» What determines the quality of life of adult patients after

Fontan procedure?”’.

Smas-Suska M, Diuzniewska N, Werynski P, Pajak 20 1.743
J, Ptazak W, Olszowska M, Podolec P, Tomkiewicz-Pajak
L.; Cardiol J. 2018;25(1):72-80.

doi: 10.5603/CJ.a2017.0078

,,Noninvasive assessment of liver status in adult patients
after the Fontan procedure”.

Smas-Suska M, Skubera M, Wilkosz T, Werynski P, Kotcz
J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.

Pol Arch Intern Med. 2019 Mar 29;129(3):181-188.

doi: 10.20452/pamw.4452.

70 2.882

“Long-Term Effects of Percutaneous Fenestration
Following the Fontan Procedure in Adult Patients with

Congenital Univentricular Heart”

Smas-Suska M, Rég B, Werynski P, Ptazak W, Komar 20 1.98

M, Olszowska M, Podolec P, Tomkiewicz-Pajak L.; Med
Sci Monit. 2018 May 26;24:3506-3513.
doi: 10.12659/MSM.905786

Podsumowanie punktow 110 6.605
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Punktacja

Rodzaj publikacji Liczba | Impact Factor MNISW
Prace wiaczone do rozprawy doktorskiej 3 6.605 110
Prace, ktore nie zostaty wigczone do rozprawy
o 16 3.082 111
doktorskiej
Streszczenia zjazdowe 21
Razem 40 9.687 221




2. Wykaz skrotow

ACR — wskaznik albumina/kreatynina (albumin/creatinine ratio)

AFP — alfa fetoproteina (alpha-fetoprotein)

ALT — aminotransferaza alaninowa (alanine transaminase)

APRI — wskaznik aminotransferaza asparaginianowa/ptytki krwi (aspartate transaminase to
platelet ratio index)

AST — aminotransferaza asparaginianowa (aspartate transaminase)

BP — dolegliwo$ci bolowe (bodily pain)

BR - rezerwa oddechowa (breathing reserve)

CPET — test spiroergometryczny (cardiopulmonary exercise testing)

ECG - elektrokardiografia (electrocardiogram)

EF — frakcja wyrzutowa (ejection fraction)

ERV — zapasowa objetos¢ wydechowa (expiratory reserve volume)

FA — fosfataza alkaliczna (alkaline phosphatase)

FALD — choroba watroby zwigzana z krazeniem Fontana (Fontan-associated liver disease)
FEV; - natgzona objetos¢ wydechowa pierwszosekundowa (forced expiratory volume in 1
second)

FIB-4 — indeks wtoknienia-4 (fibrosis-4 score)

GRF - wskaznik filtracji klebuszkowej (glomerular filtration rate)

GGTP - gamma-glutamylotranspeptydaza (gamma-glutamyltransferase)

GH - ogdlne poczucie zdrowia (general health)

HBs — zapalenie watroby typu B (hepatitis B)

HCV — wirus zapalenia watroby typu C (hepatitis C virus)

HRpeak - czgstos¢ akeji serca na szczycie wysitku (peak heart rate)

HRR — rezerwa tetna (heart rate reserve)

INR - migdzynarodowy wspotczynnik znormalizowany (International Normalized Ratio)
MCS — wymiar mentalny jakosci zycia (mental complex status)

NYHA — New York Heart Association

PCS — wymiar fizyczny jakosci zycia (physical complex status)

PF — funkcjonowanie fizyczne (physical functioning)

PT — czas protrombinowy (prothrombin time)

QoL — jakos¢ zycia (quality of life)

RE — ograniczenie w pelnieniu rol z powodu problemow emocjonalnych (role emotional)


https://pl.wikipedia.org/wiki/Aminotransferaza_alaninowa
https://en.wikipedia.org/wiki/Alanine_transaminase
https://pl.wikipedia.org/wiki/Aminotransferaza_asparaginianowa
https://en.wikipedia.org/wiki/Aspartate_transaminase

MH — zdrowie psychiczne (mental health)

RP — ograniczenie w petnieniu rol z powodu zdrowia fizycznego (role physical)
RV — objetosc zalegajaca (residual volume)

RV%TLC — wskaznik rozdecia ptuc (residual volume to total lung capacity ratio)
SF — funkcjonowanie spoteczne (social functioning)

SF 36 — kwestionariusz oceny jakos$ci zycia SF-36 (short Form-36 Health Survey)
SVEF — frakcja wyrzutowa komory systemowej (single ventricle ejection fraction)
T — czas (time)

TLC — calkowita pojemnos$¢ zyciowa ptuc (total lung capacity)

VC — pojemno$¢ zyciowa (vital capacity)

VE — wentylacja minutowa (minute ventilation, ventilator equivalent)

VOzpeak — szczytowe zuzycie tlenu (peak oxygen uptake)

VT — witalno$¢ (vitality)

VT — objetos¢ oddechowa (tidal volume)



3. Wstep

Operacja Fontana pozostaje od przeszto 40 lat preferowang metodg leczenia
operacyjnego dla wickszosci pacjentow z wrodzong wada serca pod postacig serca

jednokomorowego '3

. Wada ta stanowi okoto 8% wrodzonych wad serca i obejmuje
hemodynamiczng sytuacje, w ktorej wystepuje tylko jedna ,,czynnosciowo” rozwinicta
komora serca, druga za$ jest obecna w postaci szczatkowej lub tez obie komory z powodu
braku przegrody miedzykomorowej stanowia wspolna jame *. Celem operacji Fontana jest
przewrocenie réwnowagi pomigdzy krazeniem plucnym a systemowym i uzyskanie
prawidlowego lub jak najblizszego prawidlowemu, utlenowania krwi. W wyniku
wytworzonych w trakcie zabiegu potaczen naptyw do tetnicy ptucnej odbywa bezposrednio z
zyt krazenia systemowego, bez udziatu komory podptucnej, za§ pojedyncza komora serca
pompuje krew do aorty i krazenia systemowego. Z powodu braku pompy ttoczacej krew do
ptuc, uktad krazenia staje si¢ mniej wydolny hemodynamicznie 242 Obecnie szacuje sie, ze
20 — letnie przezycie po operacji Fontana wynosi okoto 85%. Pomimo, iz wczesna
$miertelno$¢ po zabiegu jest niska (wynosi < 5% w aktualnych badaniach), a wigkszosé¢
pacjentow po operacji Fontana czuje si¢ dobrze w dziecinstwie i w okresie dorastania. W
pézniejszym okresie zycia wystepuja powiktania kliniczne prowadzace do postepujacego
pogorszenia wydolno$ci wysitkowej 1 niewydolnosci serca, sinicy, jak rowniez przewlektej
niewydolnosci zylnej oraz istotnych zaburzen rytmu serca, w tym typowej dla tej grupy
pacjentow tachyarytmii nadkomorowych (szacuje si¢, ze przed upltywem 10 lat od operacji
Fontana wystepuja one u okoto 20% chorych) ®. Do innych powiktan mozna zaliczy¢
powstawanie skrzeplin w przedsionku oraz tetnicy phlucnej, rozwéj ptucnych malformacji
tetniczo-zylnych, tetniczo — tetniczych, zylno — zylnych zaré6wno plucnych, jak i systemowo —
plucnychz. U dorostych pacjentéw po operacji Fontana dochodzi do znaczacych,
postepujacych z czasem powiklan pozasercowych 1 rozwoju zaburzen innych narzadow
wewngtrznych, co ma niekorzystny wplyw na przezywalnos$¢ pacjentow oraz ich jako$¢
zycia . Do najwazniejszych z nich naleza watroba, ptuca i nerki. Jak dotad najwigcej badan
dotyczacych pozasercowych powiktanh u pacjentow po operacji Fontana pos$wiecono

2,8-11

watrobie , jednak ograniczone sg one do niewielkich kohort pacjentow lub opieraja si¢

na populacji dzieci. Wskazuja one na nieprawidtowosci w badaniach laboratoryjnych oraz

: - i 8,12-17
obrazowych watroby o roznym stopniu nasilenia

. U pacjentéw po operacji Fontana
dochodzi¢ moze do przewleklego zastoju krwi w watrobie, stopniowego wioknienia oraz

rozwoju marsko$ci  watroby. Opisane sg rowniez przypadki wystgpienia raka
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watrobowokomorkowego 118 Jednakze znaczenie kliniczne i wplyw obserwowanych zmian
strukturalnych watroby na jej funkcje w duzej mierze pozostaja nieznane. W literaturze wciaz
dyskutowany jest bezposredni czynnik sprawczy i mechanizm powstania zaburzen w
funkcjonowaniu watroby specyficzny dla tej grupy pacjentéw. Jako czynniki sprawcze
wskazuje si¢ na epizody hipoksji, obnizony rzut serca, podwyzszone osrodkowe cisnienie
zylne, obecno$¢ zakrzepdw naczyn wewnatrzwatrobowych, infekcje, czy tez toksyczne
dziatanie lekow #3178 Co niezwykle wazne, poczatkowy bezobjawowy charakter zaburzen
funkcji watroby, przy prawidlowych poziomach klasycznych markerow funkcji watroby
uzywanych w codziennej praktyce klinicznej, moze powodowaé opodznienie w wykryciu
rozwijajacej si¢ patologii narzadu. W literaturze silnie podkresla si¢ konieczno$¢
przeprowadzania dalszych prospektywnych badan w tej populacji chorych, z komplementarng
oceng funkcji watroby, jak rowniez poszukiwania nowych, nieinwazyjnych narzedzi
diagnostycznych do lepszej oceny kondycji watroby zwigzanej z operacja Fontana (FALD,
ang. Fontan-associated liver disease) >*°.

W dostepnym pismiennictwie niewiele jest danych opisujacych zmiany funkcji nerek
u dorostych chorych w odlegtym okresie obserwacji po zabiegu Fontana. Istniejg nieliczne
prace opisujace wystepowanie zaburzen w funkcji nerek u dzieci, brak jednak takich badan u
0s6b dorostych %!, Ponadto sam mechanizm stopniowego uszkodzenia nerek u chorych po
operacji Fontana pozostaje niejasny. Jednym z mechanizméw, mogacym inicjowaé lub
nasila¢ istniejacg juz dysfunkcje nerek moze by¢é wzrost osrodkowego cisnienia zylnego
obserwowany w tej grupie chorych 2. Wyniki przeprowadzonego przez Anne i wsp.
badania ?° w grupie 21 pacjentéw po operacji Fontanan (wiek chorych 15.2+/-8.8 lat, czas od
operacji przynajmniej 2 lata), wskazujg, iz u 43% chorych stwierdzono nieprawidtowy wynik
ACR (stosunek albuminy/kreatyniny w moczu), pomimo zachowanej funkcji skurczowej
komory systemowej. Podwyzszony poziom wskaznika ACR korelowat ze zwigkszonym
oporem tetnicy ptucnej oraz osrodkowym ci$nieniem zylnym. Wzrost osrodkowego ci$nienia
zylnego powoduje wzrost cisnienia w tetniczce odprowadzajacej w nerce, co z kolei skutkuje
zmniejszeniem przeptywu krwi w tgtniczce doprowadzajacej. Zwigksza si¢ tym samym
cisnienie filtracji kigbuszkowej, co wywotuje mikroalbuminuri¢. Innym, mozliwym
mechanizmem pogorszenia funkcji nerek u chorych po operacji Fontana moze by¢
zmniejszenie rzutu serca oraz hipoperfuzja nerek. Dodatkowe znaczenie moga mie¢ takze:
narazenie tej grupy chorych na czynniki nefrotoksyczne (np: niektore leki) lub tez sam zabieg
operacyjny w przesztosci °. Obecnie uznaje sie, ze uposledzona funkcja nerek u pacjentow z

niewydolno$cig serca jest niezaleznym czynnikiem ztego rokowania. Co wigcej, rokowanie
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jest tym gorsze, im bardziej zaawansowana jest choroba nerek. Dlatego konieczne wydaje si¢
przeprowadzenie szczegdélowych badan w grupie chorych po operacji Fontana majacych na
celu zaré6wno wczesne wykrycie zaburzeh w funkcji nerek, jak i uzyskanie danych
dotyczacych charakteru post¢pujacej patologii nerek.

Na podstawie dotychczasowych badan szacuje si¢, iz czgstos¢ powiktan zakrzepowo-
zatorowych u chorych po operacji Fontana waha sic migdzy 3 a 33% %*%'. Znanymi
czynnikami ryzyka rozwoju powiklan zakrzepowo-zatorowych w tej grupie chorych sa
zaburzenia rytmu serca, zwolniony przeptyw krwi zylnej, sinica, uszkodzenie watroby czy
enteropatia wysickowa, prowadzaca do utraty bialek bioracych udzial w procesie krzepnigcia

krwi 2727

. W dostepnym pismiennictwie brak jest jednak doktadnych danych dotyczacych
zmian w uktadzie krzepni¢cia u dorostych chorych po operacji Fontana w odleglym okresie
obserwacji. W przeprowadzonej przez Tomkiewicz i wsp. analizie wykazano, ze dorostych
pacjentow po operacji Fontana charakteryzowato zwigkszenie aktywacji ptytek, zwiekszone
powstawanie trombiny i zaburzenia w procesie fibrynolizy. Ponadto stwierdzono
zmniejszenie stezenia wolnego biatka S i uszkodzenie $rodblonka %. Niewiele jest danych
dotyczacych wystepowania powiktan zakrzepowo — zatorowych u bezobjawowych pacjentow
po operacji Fontana. W przeprowadzonej przez Varma i wsp. analizie z wykorzystaniem
scyntygrafii perfuzyjnej ptuc oraz tomografii komputerowej stwierdzono wystapienie ,,cichej”
zatorowos$ci plucnej az u 17% chorych bezobjawowych 2328.29 Wystapienie zatorowosci
ptucnej u chorych moze prowadzi¢ do zwigkszenia naczyniowego oporu plucnego i w
konsekwencji do groznej w skutkach dysfunkcji krazenia Fontana. Konieczne jest zatem
szczegblowa diagnostyka, majaca na celu wczesne wykrycie ewentualnych powiklan
zakrzepowo- zatorowych, w tym zatorowos$ci ptucnej jak i zakrzepicy zyt glebokich w tej
grupie chorych.

Istnieje wiele badan, ktore wykazuja, iz dorosli pacjenci z wrodzonymi wadami serca,
w tym rowniez po operacji Fontana, maja obnizong tolerancj¢ wysitku w poréwnaniu ze

282829 7mniejszone szczytowe zuzycie tlenu u chorych po operacji

zdrowa populacja
Fontanna, moze by¢ spowodowane nie tylko pogorszeniem funkcji komory systemowej, ale
takze zmniejszeniem przeptywu plucnego, jak i zwigkszeniem przestrzeni martwej ptuc %
Istnieja pojedyncze doniesienia, oparte na niewielkich populacjach chorych z krazeniem
Fontana wskazujace na mozliwo$¢ wystepowania zaburzen wentylacji typu restrykeji 2%,

Obserwacje te potwierdziliSmy we wlasnych badaniach na grupie chorych bedacych pod
opieka Poradni Wrodzonych Wad Serca *, ktore wskazuja, Ze chorzy po operacji Fontana

rozwijaja zaburzenia wentylacji typu restrykcji, a ponadto obserwuje si¢ u nich zwigkszenie
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przestrzeni martwej pluc. Zaburzenia wentylacji typu restrykcji u chorych moga by¢
spowodowane  deformacjami klatki piersiowej, porazeniem nerwu przeponowego i
nieprawidlowa pracg mig¢sni oddechowych. W literaturze podkresla si¢, iz przeprowadzone do
tej pory badania dotyczace zaburzen funkcji uktadu oddechowego u dorostych chorych z
wrodzonymi wadami serca, w tym u chorych po operacji Fontanna, oparte sg na niewielkich
populacjach pacjentow, a ich prawdziwe rozpowszechnienie nadal pozostaje nieznane.
Konieczne wydaje si¢ zatem przeprowadzenie dalszych badan dotyczacych zaburzen uktadu
oddechowego u dorostych chorych po operacji Fontana jak rowniez oceniajacych skutecznos¢
rehabilitacji oddechowej i ruchowej w tej grupie pacjentow.

Postep kardiologii oraz kardiochirurgii dziecigcej spowodowat znaczacy wzrost liczby
dorostych chorych z wrodzonymi wadami serca po korekcjach i zabiegach chirurgicznych, w
tym rowniez po operacji Fontana. Aktualne doniesienia naukowe wyraznie wykazuja, iz w tej
grupie chorych moze dochodzi¢ do istotnych powiktan zaréwno sercowych, jak 1
pozasercowych, obejmujacych zyciowo wazne narzady, w tym watrobe, nerki, czy ptuca.
Pomimo tego, badania oparte na populacji dorostych chorych z krazeniem Fontana sa
nieliczne, a istniejace obejmuja zwykle niewielkie populacje chorych. Z uwagi na ciagle
zwigkszajacg si¢ liczbe dorostych chorych po zabiegu Fontana oraz niewielka ilo$¢ badan
przedstawiajacych te grupe pod katem powiktan narzadowych, konieczne byto poszerzenie
wiedzy na temat ich stanu klinicznego. Dotychczas nie przeprowadzono rdéwniez oceny
jakosci zycia pacjentdow w odlegtej obserwacji po operacji Fontana w Polsce oraz nie zbadano
wptywu istniejacych powiklan narzadowych na jako$¢ ich zycia.

Celem niniejszej pracy bylo poszerzenie wiedzy na temat stanu klinicznego dorostych
pacjentéw po operacji Fontana w obszarze powiktan sercowych, jak rowniez ze strony innych
narzadéw w tym: watroby, nerek, ptuc oraz powiktan zakrzepowo — zatorowych. Co wazne
badanie zostato wykonane na unikatowej w swojej liczebnosci w skali kraju grupie chorych
znajdujgcych si¢ pod opiekg Poradni Wrodzonych Wad Serca Krakowskiego Szpitala

Specjalistycznego im. Jana Pawta Il w Krakowie.
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4. Cel badania

1. Ocena jakosci zycia dorostych pacjentéw po operacji Fontana oraz ocena wplywu

odlegtych powiktan narzadowych na jakos¢ zycia w tej grupy chorych.

2. Ocena powiktan hepatologicznych oraz ocena zaleznosci pomiedzy danymi

klinicznymi a sztywno$cig watroby u dorostych pacjentéw z sercem jednokomorowym.

3. Ocena wpltywu obecnosci fenestracji na wyst¢powanie powikltan narzadowych
sercowych, jak i pozasercowych, oraz na wydolnos¢ fizyczng u pacjentow po operacji

Fontana.
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5. Material i metody

Dobor grupy

Do badania wlaczono grupe 59 pacjentow z wrodzong wadg serca — Sercem
jednokomorowym po przebytej operacji Fontana w dziecinstwie. Pacjenci znajdujg si¢ pod
opicka Poradni Wrodzonych Wad Serca oraz byli hospitalizowani w Klinice Chor6b Serca i
Naczyn z Pododdziatem Intensywnego Nadzoru Kardiologicznego Krakowskiego Szpitala
Specjalistycznego im. Jana Pawla II w Krakowie. Grupg kontrolng stanowili zdrowi
ochotnicy, dopasowani pod wzgledem pfci, wieku oraz BMI.
Wykonane badania

U kazdego pacjenta zostaly wykonane nastgpujace badania:
1. Badanie podmiotowe i przedmiotowe z uwzglednieniem analizy historii choroby, w tym:
wieku, pici, BMI, wyjsciowej wrodzonej wady serca, liczby przebytych operacji
kardiochirurgicznych, wieku operacji Fontana, wytworzonego typu zespolenia.
2. Badania laboratoryjne z krwi: morfologia, poziom NTproBNP, zelazo, poziom biatka C-
reaktywnego.
3. Badanie echokardiograficzne przezklatkowe wykonane aparatem VIVID 7 GE MEDICAL
SYSTEM (nr urzadzenia 1274, nr systemu PL1027US02) z oceng morfologii komory
systemowej, funkcji skurczowej 1 rozkurczowej komory systemowej, oceng funkcji oraz
stopnia niedomykalnosci zastawki przedsionkowo- komorowej, obecnos¢ fenestracji.
4. 12 — odprowadzeniowe EKG oraz 24 — godzinne monitorowanie EKG metoda Holtera z
okresleniem rodzaju rytmu serca, maksymalnej, minimalnej 1 $redniej czestoSci rytmu,
obecnosci pobudzen komorowych, par, tripletow, bigeminii, czgstoskurczy nadkomorowych,
pobudzen nadkomorowych, pauz i bradykardii, celem oceny zaburzen rytmu.
5. Badanie ergospirometryczne na biezni ruchomej z uwzglednieniem szczytowego zuzycia
tlenu - VOopeak, VE, VE/VCOqpeak, BR, T oraz saturacji spoczynkowej i na szczycie wysitku,
celem obiektywnej oceny wydolnosci fizycznej grupy badanej, z uzyciem modyfikowanego
protokotu Bruce’a (Reynolds Medical System, ZAN-600).
6. W zakresie diagnostyki hepatologicznej:
° badania laboratoryjne: GGTP, AST, ALT, bilirubina catkowita, bilirubina posrednia i
bezposrednia, INR, PT, proteinogram, AFP, FA, przeciwciata anty-HCV, antygen Hbs;
ocena laboratoryjnych parametréw wtoknienia: AST/ALT, APRI, FIB-4 i wskaznik Forns.
. badania obrazowe i czynno$ciowe: USG jamy brzusznej, SWE, USG Doppler uktadu

wrotnego, badanie endoskopowe goérnego odcinka przewodu pokarmowego.
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7. W zakresie diagnostyki nefrologiczne;j:

o badania laboratoryjne z surowicy: kreatynina, GFR, mocznik, kwas moczowy,
cystatyna C
o badania laboratoryjne z moczu: albumina, kreatynina, wskaznik ACR,

9. Do oceny funkcji uktadu oddechowego:

o saturacja spoczynkowa,
o bodypletyzmografia celem pomiaru TLC i jej sktadowych oraz oceny oporu drog
oddechowych.

10. Retrospektywna ocena powiktan zakrzepowo — zatorowych na podstawie wywiadu.

11. Ankieta jakosci zycia wypetniona przez pacjentow (nr licencji QM03-3795).

Analiza statystyczna

Do analizy zbieranych danych zostat wykorzystany pakiet statystyczny Statistica 10. Za
istotne statystycznie przyjeto roznice z prawdopodobienstwem testowym p<0.05. W analizie
statystycznej zostaty wykorzystane testy dopasowane do charakteru rozktadu i wariancji
analizowanych zmiennych, jak réwniez opis wzajemnych korelacji dla wybranych

parametrow.
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6. Podsumowanie wynikow i wnioski

Artykul numer 1: ,,What determines the quality of life of adult patients after Fontan

procedure?”.

Przeprowadzona ponad 40 lat temu operacja Fontana przyczynita si¢ do znacznego
wzrostu przezywalnosci dzieci z najbardziej ztozonymi wrodzonymi wadami serca — sercem
hemodynamicznie jednokomorowym. Postep w kardiochirurgii sprawia, iz obecnie prawie
85% pacjentow z SVH osiaga obecnie wiek dorosty ®. Pomimo dobrych wynikéw leczenia
operacyjnego u chorych po operacji Fontana, z biegiem lat moze dochodzi¢ u nich do rozwoju
powiktan zaréwno sercowych, jak i pozasercowych takich jak: zaburzenia rytmu, sinica,
niewydolno$¢ serca, nadcis$nienie phucne, dysfunkcja watroby, enteropatia wysigkowa
1289233133 p,wiklania te maja wplyw nie tylko na czesto$é hospitalizacji, dlugos¢ zycia, ale
rowniez moga wplywaé na samoocen¢ jakosci zycia, W tym na stan emocjonalny,
behawioralny 1 psychospoleczny. Dodatkowo jako$¢ zycia pacjentdw oraz postrzeganie ich

stanu zdrowia moze mie¢ znaczacy wptyw na wyniki leczenia 4%,

Celem pierwszej pracy byla ocena jakosci zycia dorostych pacjentow po operacji
Fontana oraz ocena wptywu powiklan narzadowych: zaburzen funkcji nerek, watroby, uktadu
oddechowego, zaburzen hematologicznych i wydolnosci fizycznej na jako$¢ zycia w tej grupy
chorych.

Poréwnujgc parametry laboratoryjne 40 - osobowej grupy pacjentdow po operacji
Fontana z 40 — osobowa grupa kontrolng stwierdzono, iz chorzy po operacji Fontana mieli
istotnie statystycznie wyzszy poziom NT-proBNP (p < 0.001), wyzsze parametry w zakresie
uktadu czerwonokrwinkowego (RBC (p < 0.001), Hb (p < 0.001), HCT (p < 0.001), RDW (p
<0.001)), parametrow watrobowych, w tym poziomu albuminy (p = 0.005) 1 ALT (p = 0.006)
oraz nerkowych ((cystatyna C (p = 0.001))

Analizujac jako$¢ zycia (QoL) pacjentow stwierdzono, iz chorzy z sercem
jednokomorowym majg istotnie gorsza samooceng QOL w obrebie wigkszosci domen
ocenianych w kwestionariuszu: PF (p < 0.001), RP (p < 0.001), RE (p = 0.009), BP (p =
0.034), GH (p <0.001), MCS (p < 0.001) oraz PCS (p < 0.001).

Analizujac jakos$¢ zycia w odniesieniu do zaburzen narzadowych stwierdzono istotna
ujemng korelacje pomigdzy poziomem albuminy, a samoocenag PF (rs = 0.399) oraz RP (rs = -
0.374), jak rowniez migdzy poziomem ALT a samooceng PF (rs =—-0.374) i GH (rs = -0.373).
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Analizujgc pozostale parametry laboratoryjne watrobowe jak i nerkowe, nie stwierdzono
istotnych zalezno$ci w samoocenie QoL.

Ponadto w grupie chorych po operacji Fontana nie stwierdzono istotnych statystycznie
korelacji pomigdzy poszczegdlnymi domenami opisujacymi jako$¢ zycia a picig, wiekiem
chorych, wiekiem operacji, czasem jaki mingt od operacji Fontana, typem zespolenia, typem
komory systemowej, saturacjg spoczynkowa. Nie obserwowano réwniez istotnych korelacji w
odniesieniu do SVEF, stopnia niedomykalnosci zastawki przedsionkowo-komorowej.
Analizujgc status socjalny nie stwierdzono istotnych zaleznosci pomi¢dzy samooceng jakoscia
zycia a wyksztatceniem, zatrudnieniem oraz statusem cywilnym.

W badaniu wydolnosci fizycznej pacjentow na podstawie badania CPET, stwierdzono
istotng zalezno$¢ pomigdzy samoocena PF a HRpea na szczycie wysitku fizycznego (s =
0.414). Ponadto samoocena PF korelowata z parametrami wentylacji uzyskanymi w badaniu
bodypletyzmograficznym, w tym: FEV (rs= 0.549), VC (rs = 0.447), VT (rs= 0.487), ERV (rs
=0.501) i RV%TLC (rs=-0.290).

Przeprowadzona analiza wieloczynnikowa wykazala, iz: HRpeak (= 0.59, p=0.002)
jest niezaleznym predyktorem PF (r2:0.35, p=0.02), zas$ poziom albuminy (f= 0.47, p=0.02)
jest niezaleznym predyktorem RP (r2:0.22, p=0.02).

Na podstawie przeprowadzonej analizy wysuni¢to nastgpujace wnioski:

- uszkodzenie watroby, zaburzenia wentylacji oraz niewydolno$¢ chronotropowa podczas
wysitku fizycznego wplywaja na samooceng jakosci zycia dorostych chorych po operacji
Fontana,

- Uszkodzenie watroby oraz niewydolnos¢ chronotropowa podczas wysitku fizycznego sa
gléwnym czynnikami, ktore prowadza do pogorszenia samooceny jakosci zycia 1 wymagaja
Scistego monitorowania w odlegtej obserwacji,

- pacjenci po operacji Fontana wymagaja wielospecjalistycznej opieki medycznej celem

wczesnego wykrycia oraz leczenia odlegtych powiktan narzadowych.
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Artykul numer 2: ,,Noninvasive assessment of liver status in adult patients after the

Fontan procedure”.

Zaburzenia hemodynamiczne u chorych po operacji Fontana mogg prowadzi¢ do
patologii watroby okreslanych jako choroba watroby zwigzana z krazeniem Fontana (z ang.
Fontan-Associated Liver Disease, FALD) **. W ich wyniku moze dochodzi¢ do rozrostu
guzkowego, marskosci watroby, a nawet raka watrobowokomorkowego oraz zwigzanego z

1943-46  patomechanizm

tym wodobrzusza, zylakéw przetyku, czy rozwoju encefalopatii
prowadzacy do rozwoju FALD jest ztozony i nie do konca poznany, a obraz mikroskopowy
uzyskany z badan histopatologicznych rézni si¢ znacznie od obrazéw np. w przewlektym
zapaleniu watroby typu B lub C *°. Pomimo, iz przezskorna biopsja watroby pozostaje ztotym
standardem w diagnozowaniu i ocenie wildknienia watroby, wzrasta znaczenie testow
nieinwazyjnych, w tym testbw biochemicznych, SWE i elastografii rezonansu
magnetycznego. Metody te cechuje wysoka czuto$¢ i swoisto§¢ W wykrywaniu i ocenie
stopnia wtoknienia watroby u pacjentdow z ré6znymi zaburzeniami czynno$ci watroby, w tym
EALD 194450

Celem kolejnej pracy byta ocena zaburzen hepatologicznych, stopnia sztywnosci
watroby (ang. liver stiffness, LS) przy uzyciu SWE u pacjentow z krazeniem Fontana w
dhugoterminowej obserwacji oraz zbadanie zwigzku migdzy danymi klinicznymi a LS.

Badaniem objgto 59 pacjentow po zabiegu Fontana. Przeprowadzono badania
kliniczne 1 testy laboratoryjne. W zaleznos$ci od stadium LS w SWE pacjentow podzielono na
2 podgrupy: grupe 1, ktorg stanowili pacjenci z widknieniem w stadium F1 i F2 (w korelacji z
METAVIR) 1 grupe 2, do ktorych przydzielono pacjentow z bardziej nasilonym widknieniem
(w korelacji z METAVIR F3 i F4). Ponadto oznaczono laboratoryjne wskazniki widknienia.

Wsrod oznaczonych parametrow watrobowych, najczesciej, gdyz az u 80% pacjentow
obserwowano podwyzszony poziomy bilirubiny. U 68% pacjentéw stwierdzono podwyzszony
poziom GGTP oraz matoplytkowos¢. U 18 pacjentow (42%) obserwowano podwyzszony
poziom INR. Obnizone poziomy biatka catkowitego zaobserwowano u 12% pacjentow, a
nieprawidlowy poziom albuminy u 8%. Enteropati¢ powodujaca utrat¢ biatka obserwowano u
9 pacjentow (15%).

Mediana LS wynosita 9,1 kPa (3,9-18,5 kPa). Pigciu pacjentow (9%) wykazato LS w
stadium F1; 14 (26%), F2; 28 (52%), F3; i 7 (13%), F4. W grupie 2 obserwowano istotnie
statystycznie wyzszy poziom AST (p = 0.01), GGTP (p = 0.01) oraz nizszy poziom PLT; (p =
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0.02) w poréwnaniu z grupg 1. W odniesieniu do innych powszechnie uzywanych w praktyce
klinicznej parametrow watrobowych, takich jak: ALT, FA, poziom calkowitej bilirubiny,
AFP, poziom biatka catkowitego i albuminy oraz parametréw hematologicznych (RBC, Hb,
HCT), kreatyniny jak i NT-proBNP, nie stwierdzono istotnych statystycznie roznic pomiedzy
grupami. Poréwnujac parametry widknienia watroby, w grupie 1 stwierdzono istotnie w
statystycznie nizszy poziom APRI (p = 0.003), wskaznika FIB-4 (p=0.002) oraz wskaznika
Forns (p = 0.048) w poréwnaniu z grupg 2.

Analizujgc poziom witoknienia watroby na podstawie wyniku badania SWE
stwierdzono istotng statystycznie korelacje pomiedzy LS a PLTs (rs = —0.33), poziomem
GGTP (rs = 0.37) i AST (rs = 0.33). Ponadto wyzszy stopnien LS korelowal z wyzszymi
poziomem APRI (rs = 0.38), wskaznikiem FIB-4 (rs = 0.35) i wskaznikiem Forns (rs = 0.29).
W badaniu nie stwierdzono istotnych statystycznie korelacji pomigdzy innymi parametrami
klinicznymi, w tym: wiekiem, wiekiem pacjenta w czasie operacji, czasem jaki mingt od
operacji Fontana, typem komory systemowej, SVEF, stopniem niedomykalnosci zastawki
przedsionkowo-komorowej oraz pozostalymi parametrami watrobowymi a stopniem LS
ocenianym w badaniu SWE.

Do oceny wptywu poszczegdlnych czynnikow na stopnien wioknienia watroby i
matoplytkowos¢, ktora jest niekiedy pierwszym objawem marskosci watroby, zastosowano
analiz¢ kanoniczg. Istotny statystycznie model, obejmowat wiek pacjenta w czasie operacji
Fontana, czas jaki minat od zabiegu i SVEF. Analiza wykazata, ze LS i trombocytopenia
silnie korelowaty z czasem po zabiegu Fontana (loading 0.797). Ponadto wyzszy stopnien LS
i maloplytkowos¢ byty zwigzane z wiekiem w trakcie operacji (loading —0.434) i SVEF
(loading —0.49).

Na podstawie uzyskanych w analizie wynikow stwierdzono, iz u dorostych pacjentow
w odlegtej obserwacji po operacji Fontana dochodzi do rozwoju zaburzen czynno$ci watroby
0 zlozonym i wieloczynnikowym patomechanizmie. Czas jaki mingl od zabiegu, wiek
operacji i frakcja wyrzutowa komory systemowej sg silnie zwigzane ze stopniem LS
ocenianej w SWE. Ponadto badanie SWE, markery stopnia wtoknienia watroby oparte na
parametrach biochemicznych i klinicznych, takie jak APRI, wskaznik Forns i wskaznik
FIB-4, moga by¢ pomocne i wykorzystywane W ocenie stopnia nasilenia zwtoknienia watroby
u dorostych pacjentow po operacji Fontana. Wymienione badania nieinwazyjne powinny by¢
wykorzystywane podczas regularnego monitorowania czynno$ci watroby u pacjentow z
sercem hemodynamicznie jednokomorowym w celu jak najszybszego zdiagnozowania FALD

1 rozpoczecia wezesnego leczenia.
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Artykul numer 3: “Long-Term Effects of Percutaneous Fenestration Following the

Fontan Procedure in Adult Patients with Congenital Univentricular Heart”.

W 1988 roku po raz pierwszy przeprowadzono modyfikacj¢ operacji Fontana, ktéra
polegala na wytworzeniu fenestracji, czyli okienka pomig¢dzy krazeniem plucnym a

36

systemowym . Celem fenestracji bylo obnizenie ci$nienia w krazeniu Fontana oraz

zwickszenie obciazenia wstepnego komory systemowej i zwickszenie rzutu serca .
Obecnos¢ fenestracji pozwala na zabezpieczenie uktadu krazenia we wczesnym okresie
pooperacyjnym, kiedy rzut serca jest znacznie obnizony, pozwala na skrdcenie czasu
wentylacji mechanicznej i zmniejsza czgsto$¢ wysicku optucnowego. Ponadto jak pokazuja
przeprowadzone dotychczas badania obecnos$¢ fenestracji wptywa na zmniejszenie czestosci
plastycznego zapalenia oskrzeli, enteropatii wysigkowej oraz zaburzen rytmu u chorych po
operacji Fontana **, Odbywa si¢ to jednak kosztem zmniejszenia saturacji krwi w stopniu

3940 oraz zwickszenia incydentow zakrzepowo-zatorowych *.

tagodnym do umiarkowanego
Obecnie niejasne sg odlegte efekty fenestracji u dorostych pacjentéw z krazeniem Fontana, a
ewentualne wskazania do zabiegu zamknigcia fenestracji pozostaja przedmiotem szerokiej
38,39,41,42

dyskusji . Dane z pi$miennictwa sg nieliczne i odnosza si¢ gtéwnie do populacji

pediatrycznych lub pojedynczych przypadkéw 4.

Celem pracy byla ocena wpltywu obecnosci fenestracji na wystgpowanie powiktan
narzgdowych sercowych i pozasercowych oraz na wydolno$¢ fizyczng u dorostych pacjentow
po operacji Fontana. Badaniem objeto 39 pacjentow po operacji Fontana (u 19 (49%) z nich

byla obecna fenestracja).

Uzyskane w badaniu wyniki wskazuja, iz pacjenci bez obecnej fenestracja mieli
istotnie statystycznie wyzszy poziom NT-proBNP (p = 0.04), ALP (p = 0.01) i istotnie
statystycznie wyzsza czgsto$¢ migotania przedsionkow (p = 0.04) w obserwacji odlegle;.
Natomiast wsrod pacjentow z obecng fenestracjg obserwowano istotnie statystycznie wyzsze
warto$ci SVEF (p = 0.05), VOopeak na szczycie wysitku fizycznego (p = 0.05), wartosci HRpeax
(p =0.006) i HRR (p = 0.02) oraz VE (p= 0.01) ocenianych w CPET. Poréwnujac pozostale
parametry: wentylacji, wydolno$ci fizycznej, parametry nerkowe, hematologiczne,
hepatologiczne oraz czegstos¢ wystepowania choroby zakrzepowo-zatorowej nie wykazano
istotnych réznic pomiedzy grupami.

Na podstawie uzyskanych wynikéw stwierdzono, iz doro$li pacjenci po operacji

Fontana z obecng fenestracjag w odleglej obserwacji maja lepsza funkcje komory systemowej,
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mniejsze zaburzenia czynnosci watroby oraz lepszg wydolnos¢ fizyczng w porownaniu do
pacjentow bez fenestracji. Ewentualne wskazania do zabiegu zamknigcia fenestracji u

dorostych pacjentow po operacji Fontana powinny by¢ zatem rozpatrywane indywidualnie.
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Whioski:

1. Zaburzenia wentylacji, uszkodzenie watroby oraz niewydolno$¢ chronotropowa
podczas wysitku fizycznego wplywaja na samooceng jakosci zycia dorostych chorych
po operacji Fontana.

2. U dorostych pacjentow po zabiegu Fontana dochodzi do rozwoju zaburzen czynnosci
watroby. Czas jaki minagl od zabiegu, wiek operacji i SVEF sg zwigzane ze stopniem
sztywnos$ci watroby ocenianym w SWE. Badanie SWE oraz wskazniki APRI, Forns,
czy FIB - 4 moga by¢ pomocne w ocenie stopnia zwldknienia watroby w celu jak
najwczesniejszego wykrycia powiklan watrobowych.

3. Poroéwnanie podgrup dorostych chorych po operacji Fontana z obecna i bez czynnej
fenestracji wykazalo, iz pacjenci z czynng fenestracja majg lepsza kurczliwo$¢ SVEEF,
lepsza wydolno$¢ fizyczng i nizszy poziom ALP. Ewentualne wskazania do zabiegu
zamknigcia fenestracji u dorostych pacjentdéw po operacji Fontana powinny by¢

rozpatrywane indywidualnie.
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7. Streszczenie pracy w jezyku polskim

Wstep

Wprowadzenie ponad 40 lat temu operacji Fontana pozwolito na zwigkszenie
przezycia dzieci z najbardziej zlozonymi wadami wrodzonymi wada serca — sercem
jednokomorowym. Z powodu braku komory podplucnej, uklad krazenia staje si¢ mniej
wydolny hemodynamicznie #*%. Chociaz wczesne wyniki leczenia wskazuja, iz 20-letnie
przezycie pacjentdbw po operacji Fontana wynosi ok. 85%, z biegiem czasu, u dorostych

L . . P , 8,14,49,51,52
pacjentow moze dochodzi¢ do powiktan i uszkodzen narzadowych .

Cel

Celem pracy byla ocena powiktan sercowych oraz pozasercowych w odleglej obserwacji
na unikatowej w skali kraju grupie dorostych chorych po operacji Fontana, w tym ocena
jakosci zycia dorostych pacjentdow po operacji Fontana oraz ocena wplywu odlegtych
powiktan narzagdowych na jakos$¢ zycia (Quality of Life, QoL) tej grupy chorych. Ponadto
celem bylta ocena powiktan hepatologicznych oraz zaleznosci pomigedzy danymi klinicznych,
a sztywno$cig watroby u dorostych pacjentow z sercem jednokomorowym. Dodatkowo
oceniono wplyw obecnosci fenestracji na wystepowanie powiktan narzadowych sercowych
jak i pozasercowych, jak rowniez na wydolno$¢ fizyczng u dorostych pacjentow po operacji

Fontana.

Metodyka

Do badania wiaczono 59 pacjentdow z rozpoznang wrodzong wada serca po operacji
Fontana znajdujacych si¢ pod opieka Poradni Wad Wrodzonych KSS im. Jana Pawtla II oraz
hospitalizowanych w Klinice Chordb Serca 1 Naczyn KSS im. Jana Pawtla II w Krakowie.
Grupe kontrolng stanowili zdrowi, dobrani pod wzgledem pftci 1 wieku ochotnicy.

Oceng powiktan narzadowych i QoL przeprowadzono na podstawie wybranych badan

czynnosciowych, obrazowych i laboratoryjnych oraz kwestionariusza oceny jakosci zycia SF-
36.

Wyniki
Dorosli pacjenci po operacji Fontana, w porownaniu z grupa kontrolnga, maja istotnie
gorszg samoocen¢ jakos$ci zycia z zakresie wszystkich domen ocenionych w kwestionariuszu

SF-36. Samoocena PF istotnie Kkorelowata z parametrami wentylacji uzyskanymi w badaniu
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bodypletyzmograficznym. Ponadto zaobserwowano zalezno$¢ pomigdzy HRpeax W CPET, a
samooceng PF (rs = 0.414). Analizujac parametry watrobowe stwierdzono, iz poziom ALT
istotnie korelowal z PF (r; = —0.374) i GH (r; = —0.373), natomiast poziom albuminy
korelowal z zaréwno PF jak i z RP (rs = 0.399 and -0.374). Analiza wieloczynnikowa
wskazala, na HRpeak w CPET (B= 0.59, p=0.002) jako niezaleznego predyktora PF (r2:0.35,
p=0.02). Ponadto poziom albuminy (f= 0.47, p=0.02) by} predyktorem RP (r>=0.22, p=0.02).

W grupie 59 pacjentdow po operacji Fontana, spos$réd oznaczonych parametrow
watrobowych, najczg¢sciej obserwowano podwyzszony poziomy bilirubiny, GGTP oraz
matoptytkowo§¢ 1 podwyzszony poziom INR. Enteropati¢ powodujaca utrate biatka
obserwowano u 9 pacjentow (15%). W SWE mediana LS wyniosta 9,1 kPa (3,9-18,5 kPa).
Pieciu pacjentow (9%) wykazato LS w stadium F1; 14 (26%), F2; 28 (52%), F3 i 7 (13%),
F4. W grupie z bardziej nasilonym poziomem wioknienia (w korelacji z Metavir F3 i F4)
obserwowano istotnie statystycznie nizszy poziom PLTs (p = 0.02), wyzszy poziom AST (p =
0.01), GGTP (p = 0.01) oraz APRI (p = 0.003), wskaznika FIB-4 (p=0.002) i wskaznika Forns
(p = 0.048) w porownaniu z grupa z mniej nasilonym LS (w korekcji z Metavir F1, F2). W
badaniu nie stwierdzono istotnych statystycznie korelacji pomiedzy innymi parametrami
klinicznymi, w tym: wiekiem, wiekiem operacji, czasem jaki minagt od operacji Fontana,
typem komory systemowej, SVEF, stopniem niedomykalno$ci zastawki przedsionkowo-
komorowej oraz pozostaltymi parametrami watrobowymi a stopniem LS ocenianym w
badaniu SWE. Uzyta do oceny wptywu poszczegdlnych czynnikow na stopnien wtoknienia
watroby i matoptytkowos¢, analiza korelacji kanonicznej wykazata, ze LS i trombocytopenia
silnie korelowaty z czasem od operacji Fontana (loading 0.797). Ponadto wyzszy stopnien LS
i matoptytkowos¢ byly zwigzane z wiekiem w trakcie operacji (loading —0.434) i SVEF
(loading —0.49).

Dorosli pacjenci po operacji Fontana bez fenestracji w porownaniu z pacjentami z
wytworzong, otwartg fenestracjg mieli istotnie statystycznie wyzszy poziom NT-proBNP (p =
0.04), ALP (p = 0,01) i istotnie wigkszg czesto$§¢ wystepowania migotania przedsionkéw (p =
0.04). Pacjenci z czynng fenestracja mieli istotnie wyzsza SVEF (p = 0.05), wigksze HRpeax (P
= 0.006), HRR (p = 0.02), VE (p = 0.01) i VOgzpeax (p = 0.05) w CPET. Oceniajac
laboratoryjne parametry nerkowe i hematologiczne oraz parametry wentylacji, jak rowniez
czestos¢ wystepowania powiklan zakrzepowo-zatorowych nie wykazano istotnych rdéznic

migdzy grupami.
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WhioskKi

Zaburzenia wentylacji, uszkodzenie watroby oraz niewydolnos$¢ chronotropowa podczas
wysitku fizycznego wplywaja na samoocene jakosci zycia dorostych chorych po
operacji Fontana.

U dorostych pacjentéow po zabiegu Fontana dochodzi do rozwoju zaburzen czynnosci
watroby. Czas jaki mingl od zabiegu, wiek operacji i SVEF sa zwigzane ze stopniem LS
ocenianym w SWE. Badanie SWE, wskazniki APRI, Forns, czy FIB - 4 moga by¢
pomocne w ocenie stopnia zwtoknienia watroby w celu jak najwcze$niejszego wykrycia
powiktan watrobowych.

Porownanie podgrup dorostych chorych po operacji Fontana z obecng i bez czynnej
fenestracji wykazalo, iz pacjenci z obecng czynng, fenestracja maja lepsza kurczliwosé
SVEF, lepsza wydolnos$¢ fizyczng i nizszy poziom ALP. Ewentualne wskazania do
zabiegu zamknigcia fenestracji u dorostych pacjentéw po operacji Fontana powinny by¢

rozpatrywane indywidualnie.
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8. Streszczenie pracy w jezyku angielskim

Introduction

The Fontan procedure, initially performed over 40 years ago, is used to repair the most
complicated congenital heart diseases - univentricular hearts >*®, Due to the lack of the sub-
pulmonary ventricle, the circulatory system becomes haemodynamically less efficient.
Although early treatment results indicate that 20-year survival of patients after Fontan surgery
is about 85%, in the long term, patients experience extra-cardiac organ complications, which

mechanisms still remain obscure 544552,

Aim

The aim of the study was to assess cardiac and extra-cardiac complications in long-
term follow-up in adult patients after Fontan surgery and to analyze the effect of organ
complications on QoL. Special focus was applied to hepatic complications, especially liver
stiffness (LS) in adult patients with single ventricle heart and the usefulness of its assessment
by the SWE evaluation combined with personalized clinical data (including medical history as
well as laboratory test results and echocardiographic parameters). Furthermore, the effects of
fenestration on the occurrence of organ complications in patients after Fontan surgery was

assessed.

Results

The QoL was significantly reduced in patients after Fontan procedure comparing to
control subjects. The PF correlated with dynamic ventilatory parameters. Furthermore
maximal HR at the peak of exercise which was related to PF (rs = 0.414). Albumin level was
associated with better PF and RP (rs = 0.399 and 0.374, respectively). PF and GH were
negatively associated with ALT (rs = —0.374 and —0.373,respectively). To determine the
relationship between self-perceived QoL and cardiopulmonary function test, ventilatory
parameters as well as liver dysfunction, a stepwise regression analysis was performed with PF
and RP as dependent variables. The multivariate model showed that maximal HR at the peak
of CPET (B = 0.59, p = 0.002) was an independent predictor of physical functioning (r2 =
0.35, p = 0.02). Additionally, serum albumin level (B= 0.47, p = 0.02) was an independent
predictor of RP (r* = 0.22, p = 0.02).

The analysis of hepatic parameters among the group of 59 adult patient after Fontan

procedure showed that the elevated bilirubin level, GGTP, thrombocytopenia and elevated
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INR were most commonly observed. Enteropathy causing loss of protein was observed in 9
patients (15%). The median LS assed in SWE was 9.1 kPa (3.9-18.5 kPa). Five patients (9%)
demonstrated LS in stage F1; 14 (26%), F2; 28 (52%), F3; and 7 (13%), F4 in correlation to
Metavir scale. In the subgroup of Fontan patients with more advanced LS (in correlation with
Metavir F3 and F4) a significantly lower level of PLTs(p = 0.02), higher level of AST (p =
0.01), GGTP (p = 0.01), APRI (p = 0.003), FIB-4 score (p=0.002) and Forns index (p =
0.048) comparing to the subgroup with a F1 and F2 stages of fibrosis were observed. These
observations highlight the diagnostic usefulness of a combination of non-invasive markers
(SWE evaluation and laboratory tests) which can be encapsulated in several scores to
routinely monitor liver status in these patients. Moreover, the analysis indicated that LS and
thrombocytopenia were strongly related to time after the Fontan procedure, with a loading of
0.797. Increased LS and thrombocytopenia were associated with age at the Fontan procedure,
with a loading of —0.434, and SVEF, with a loading of —0.49.

Next, we assessed the effect of fenestration on cardiac and extra-cardiac parameters
in our adult Fontan group. We found that patients without opened fenestration had a
significantly increased level of NT-proBNP (p = 0.04), ALP (p = 0.01) and a significant
increase in frequency of atrial fibrillation (p = 0.04). Patients with opened fenestration had a
significantly increased SVEF (p = 0.05), HRpeak (p = 0.006), HRR (p = 0.02), VE (p = 0.01)
and VO,peak (p = 0.05) during CPET. Renal, hematologic, and ventilatory parameters, and

incidence of thromboembolism showed no significant differences between the groups.

Conclusions

1. Self-perceived QoL of patients after Fontan procedure was mostly related to
chronotropic incompetence, ventilatory parameters and to liver impairment which is
associated with protein-losing enteropathy. Liver impairment and chronotropic
incompetence during exercise are the main factors that lead to a reduced QoL outcome

2. Adult patients after Fontan procedure develop liver dysfunction. Time from surgery, age
at procedure and single ventricular ejection fraction are related to the degree of LS
assessed by SWE. Importantly, SWE, APRI, Forns index, and FIB-4 score may help in
the assessment of the degree of liver fibrosis.

3. In long-term follow-up, adult Fontan patients with fenestration have improved SVEF,
lower NT-proBNP levels, reduced ALP level, reduced liver impairment and improved
exercise capacity. Thus, the procedure of percutaneous fenestration closure should be

considered on the basis of an careful individual patients assessment status.
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Abstract

Background: Despite the low early mortality of Fontan procedures, Fontan patients are prone to vari-
ous cardiac and extra-cardiac complications in the long teym. This may influence patient perception
of their health and outcome. The aim of the study was to assess the relationship of mudti-organ compli-
cations and physical efficiency with self-reported health-related quality of life (QOL) in adult Fontan
patients.

Methods: Quality of life was assessed with the Short Form-36 questionnaire. Laboratory tesis were
done together with echocardiography, plethysmography, and cardiopulmonary exercise test.

Results: The QOL was poorer in patients than in control subjects. The physical characteristics of
patients correlated with dynamic ventilatory parameters, heart vate at the peak of exercise, alanine
aminotransferase and albumin level.

Conclusions: Liver impairment and chronotropic incompetence during exercise are associated with
poor QOL in patients after Fontan procedure. In these patient, hepatic, pulmonary and cardiac functions
should be carefully monitored. (Carchol J 2018; 25, 1: 72-80)

Key words: adult Fontan patients, quality of life, SF-36, exercise tolerance, pulmonary

function test, multiorgan complications

Introduction

The Fontan procedure, initially performed in
1971, 1s used to repair univentricular hearts [1].
Before 1971, less than 20% of children with cardiac
malformations reached adulthood [2]. However,
advances in cardiac surgery have considerably
increased the life expectancy of univentricular
patients. Nowadays, almost 85% of patients with
congenital heart disease (CHD) reach adulthood
[3]. It 1s predicted that 20 years from now, CHD
will be seen more commonly in adult patients than
in pediatric patients [4].

In spite of low early mortality after Fontan pro-
cedure, patients are prone to several complications in
long term, including arrhythmias, thromhoembolism,
heart failure, pulmonary hypertension, cyanosis,
Liver dysfunction, protein-losing enteropathy, and
restrictive lung diseases [5-10]. The occurrence
of these complications and need for hospitalization
influences the life expectancy and emotional, behav-
1oral, and psychosocial condition of these patients.
Additionally, the patients’ quality of life (QOL) and
perception of their health status also influence
treatment outcomes [11, 12]. Therefore, patients’
perceived physical and mental health should be taken
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into account to optimize treatment. There are only
afew studies on patient QOL after Fontan procedure
(Fontan patients) and non of them included patients
with systemic complications [11-14, 40].

The aim of this study was to investigate the
relationship hetween patient characteristics includ-
ing: medical history, physical examination, hema-
tologic, hepatic, and renal complications, physical
efficiency, and pulmonary function on self-reported
health-related QOL.

Methods

Study participants

Forty patients, older than 18 years, with Fon-
tan operation, who were clinically stable in the
3 months prior to enrollment were included. Patients
with any of the following were excluded: asthma,
use of vasodilators for pulmonary hypertension,
neoplasia, infection, inflammation, major trauma,
pregnancy, diabetes, or alcohol abuse. Forty healthy
volunteers, matched with patients by gender and
age, were selected as controls.

Study protocol

Information on the following was recorded
for each participant in the study: New York Heart
Association (NYHA) functional class, vital signs,
weight, height, type of cardiac malformation, his-
tory of cardiac operations, age at surgical repair,
laboratory tests, echocardiography, oxygen satu-
ration, hody plethysmography, cardiopulmonary
exercise test (CPET), and self-reported health-
related QOL questionnaire.

The study protocol was approved by the lo-
cal Ethics Committee. Each participant provided
mformed consent to participate in this study.

Laboratory investigations

The following laboratory tests were performed:
red blood cell counts, hematocrit, hemoglobin, red
blood cell distribution width, iron level, B-type natriu-
retic peptide, albumin level, alanine aminotrans-
ferase (ALT), creatinine level, and cystatin C.

Cardiopulmonary exercise test and
echocardiography

Each participant underwent CPET with
a modified Bruce protocol to evaluate exercise tol-
erance. The following parameters were recorded:
time of exercise (T), heart rate (HR), blood pres-
sure (BP), ventilatory equivalent (VE), maximum
oxvygen uptake (VO,,..), respiratory exchange ratio
(RER), maximum ventilatory equivalent of oxygen

(VE/VO,), maximum ventilatory equivalent of car-
bon dioxide (VE/VCO,), breathing reserve (BR),
and oxygen saturation. Maximum oxygen uptake
(VO,,...) was defined as the highest value at peak
workload in ml/kg/min and percentage of predicted
value. Ventilatory anaerobic threshold (VAT) was
measured by use of V-slope method. Oxygen pulse
(pulse-0,) was defined as the amount of oxygen
consumed per systole. The ventilatory equivalent
for oxygen (VE/VO,) was defined as the amount
of ventilation needed for uptake of a given amount
of oxygen. The ventilatory equivalent for carbon
dioxide was defined as the amount of ventilation
needed for elimination of a given amount of carbon
dioxide. The RER was calculated by dividing the
VO, by VCO,. The HR reserve was calculated as
the difference hetween peak and resting HR. The
single ventricular ejection fraction (SVEF), valvu-
lar competence, and presence of fenestrations was
noted and semi-quantified on echocardiography
(Vivid 7 GE Medical System, USA).

Pulmonary function tests

Patients participating in the study under-
went whole-body plethysmography. The American
Thoracic Society/European Respiratory Society
guidelines were followed for all lung functional
measurements [15]. Pulmonary functions were ex-
pressed as absolute values and percentage of pre-
dicted values (%N) based on the age, sex, height,
and race of participants. The following parameters
were noted: total life capacity (TLC), vital capac-
ity (VC), forced expiratory volume in one second
(FEV)), forced vital capacity (FVC), tidal volume
(TV), expiratory reserve volume (ERV), reserve
volume (RV), peak expiratory flow (PEF); maximal
expiratory flow (MEF), and total resistance (R..).

Quality of life assessment

Quality of life was assessed with the Short
Form-36 questionnaire (license number: QMO03-
3795) [16]. It consists of 36 items divided into eight
domains: physical functioning (PF), role-physical
functioning (RP), bodily pain (BP), general health
(GH), vitality (VT), social functioning (SF), role-
emotional functioning (RE), and mental health
(MH), which are created as the weighted sums of
questions in their section. Then, a score between
0 and 100 1s calculated for each domain on the as-
sumption that each question carries equal weight.
The physical (PCS) and mental (MCS) component
summary is calculated as the average value of four
clustered domains (PF+RP+BP+VT for PCS;
SF+RE+MH+GH for MCS).
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Table 1. Laboratory test results in Fontan patients and control.

Variable (normal value) Fontan patients Control P
RBC (3.7-5.1 x 10%/uL) 552+ 05 48 +04 < 0.001
Hematocrit (37-47%) 476 = 4.4 421+ 3 < 0.001
Hemoglobin (12-16 g/dL) 16.2 = 1.8 142 £ 1.2 < 0.001
RDW (11.5-14.5%) 14.6 = 2.5 128 £ 0.5 < 0.001
Ferrum (11-28 umol/L) 17274 194+64 < 0.224
BNP (< 125 pg/mL) 493.1 + 725.2 41.2 + 25.9 < 0.001
Albumin (32.4-52.8 g/L) 443 = 6,4 485 + 2.2 0.005
ALT (< 33 U/L) 285 + 12 21+6 0.006
Creatynin (40-88 umol/L) 77.6 £ 18 783 + 13 0.784
Cystatin C (0.56-0.9 mg/L) 1.0+ 0.3 0.84 +0.12 0.001

RBC — red blood cells; RDW — red cell distribution width; BNP — B-type natriuretic peptide; ALT — alanine aminotransferase

Statistical analysis

Categorical variables were expressed as fre-
quency and percentage; continuous variables were
expressed as mean and standard deviation. The
conformity of continuous variables to the normal
cistribution was analyzed with the Shapiro-Wilk
test. The 5’ test, Mann-Whitney U test, Student’s
t-test, and Kruskal-Wallis test were performed
where appropriate. Individual parameters were
calculated by use of the Spearman rank test. The
factors determining PF and RP were analyzed by
the use of multiple logistic regression analyses.
Statistical significance was set at p-value 0.05.
Statistica version 10.0.1011.7 (StatSoft Inc., USA)
was used to analyze data.

Results

Patients’ characteristic
and laboratory test results

Forty patients with Fontan procedure (mean
age 26 * 6; 40% female) were included in this study.
Mean age of patients at time of the procedure was
4.8 = 3.2 (2-14) vears, and mean postoperative time
was 20.5 = 5.3 (14-31) years. Twenty five (62%)
patients had right ventricular hypoplasia, 9 (23%) had
pulmonary stenosis with transposition of the great
arteries, 3 (8%) left ventricular hypoplasia, 2 (5%) had
double inlet right ventricle, and 1 (2%) had a complete
atrioventricular canal. In addition to Fontan operation,
direct right atrium—pulmonary artery connection was
made in 4 (10%) patients, and total cavopulmonary
connection by means of intra-atrial lateral tunnel was
made in the remaining patients. The single ventricle
was on the left in 37 (93%) patients and on the right
in 3 (7%) patients. Fenestration was seen in 20 (50%)

patients. At the last follow-up, 9 (22%) patients
were i1 NYHA class I, 28 (70%) were in NYHA
class II, and 3 (8%) were in NYHA class III. Mean
oxygen saturation, measured by pulse oximetry, was
89.1 = 6.5%. The laboratory test results of partici-
pants are given in Table 1. Analyzing a sociodemo-
graphic status of Fontan patients, most of them (89%)
were unmarried, 26% had a umversity diploma and
54% had a secondary school degree. Only 34% of
patients were employed, 49% were unemployed, and
17% were studying.

Echocardiography and exercise
performance

Patient mean ejection fraction was 51.5 =
+ 7.1%. Atrioventricular regurgitation was mild in
18 (45%) patients, moderate 1n 11 (28%) patients,
and severe 1n 3 (7%) patients. As seen in Table 2,
CPET showed significant differences between
Fontan patients and controls in T, HR, maximal
VO, VE, VE/VO,,VE/VCO,, BR, and RER.

Pulmonary function testing

Results of the pulmonary function tests are
shown in Table 2. Restrictive lung dysfunction was
seen in 61% of Fontan patients: 62% had mild, 32%
had moderate, and 6% had medium-severe dysfunc-
tion. There were significant differences between
Fontan patients and controls in dynamic ventilator
parameters including: TLC (4.8 + 1.3vs.5.74 + 0.9L;
p=0.01,FEV,(3+1vs.3.7=0.7L; p = 0.01),
FEV/FVC(88.4 =5.9vs. 103.2 = 8.4%; p < 0.001),
VC (35 + 1.2vs. 43 + 09 L; p = 0.025), FVC
(3.4+12vs.43+08L;p=0.02), ERV(1.1 =
+0.6vs. 1.5 204L;p=0.04),and R, (0.5 = 0.2
vs. 0.3 = 0.09 kPa/(I/s); p = 0.007).
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Table 2. Cardiopulmonary exercise test (CPET) and pulmonary function test results in Fontan patients

and control.
Parameter Fontan patients Control P
CPET
T [min:s] 14:33 + 02:43 16:52 = 02:44 < 0.001
Heart rate [bpm] 151.2 + 26.5 178.4 + 22.3 < 0.001
Maximum VO, [mL/kg/min] 229 + 7.1 488 + 76 < 0.001
VE [L/min] 54.4 + 18.1 112.4 + 28.2 < 0.001
VEN O, 33158 29 + 39 0.001
VE/VCO, 31.6 = 3.7 26.6 = 3.1 < 0.001
BR [L/min] 75 + 194 414 £17.2 < 0.001
RER 1.05 + 0.1 1.1+ 0.1 0.04
Pulmonary function test
TLC [L] 48 +1.3 5.74 + 0.9 0.01
TLC [%N] 777 £11.8 985 + 6.8 < 0.001
FEV, [L] 3.0+1 3.7x07 0.01
FEV, [%N] 76.9 + 18.2 103.2 + 8.3 < 0.001
VC [L] 35+ 12 43+09 0.025
VC [%N] 72.1 £ 19.1 989 + 9.1 < 0.001
FVC [L] 3412 43+08 0.02
FVC [%N] 74,4 + 16.9 100.1 + 8.6 < 0.001
FEV,%VC [%] 88.4 = 6.0 8785 0.25
FEV:%VC [%N] 104.2 + 7.4 105.6 = 5.7 0.30
FEV,%FVC [%] 884 +59 103.2 + 8.4 < 0.001
FEV,%FVC [%N] 103.6 = 7.7 102.9 + 5.8 0.92
TV [L] 0804 0804 0.98
TV [%N] 177 + 75.1 177 = 79.1 0.98
ERV [L] 1.1+ 0.6 1.5+ 04 0.04
ERV [%N] 75.8 £ 32.6 109.7 = 26 0.004
RV [L] 1.3+0.3 1.4+ 0.2 0.06
RV [%N] 85.9 + 18.3 935 + 12.1 0.08
RV/TLC 287 +7.6 25 + 4.1 0.41
RV/TLC [%N] 111.2 + 29.6 935 + 13 0.06
R..: [kPa/(1/s)] 05+0.2 0.3 + 0.09 0.007
Riot [%0N] 159 + 71.3 102.7 = 29 0.004

T — exercise time; VO, — oxygen uptake; VE — ventilatory equivalent; VCO; — CO; production; BR — breath reserve; RER — respiratory
exchange ratio; TLC — total life capacity; FEV, — forced expiratory volume in 1 s; VC — vital capacity; FVC — forced vital capacity; TV — tidal
volume; ERV — expiratory reserve volume; RV — reserve volume; R,,, — total resistance

Quality of life

The perceived physical and mental domains of
health were significantly different between Fontan
patients and controls (Table 3). There were no dif-
ferences between men and women in either group.
PE RP, BP, GH, and RE were significantly different
in Fontan patients compared with controls. PCS
and MCS were significantly lower in patients than
in controls. There was no relationship of patient
QOL with any of the following: age, age at Fontan

operation, time since surgery, type of operation,
presence of fenestration, type of systemic ventricle
(left or right), and oxygen saturation at rest. Ad-
ditionally, echocardiographic data, including SVEF
and atrioventricular regurgitation, and laboratory
test results (other than those described below) did
not correlate with QOL scores.

The relationship between hepatic dysfunc-
tion and QOL was assessed after stratification of
patients based on liver tests. Serum albumin levels
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Table 3. Mann-Whitney U test (4 test for gender) results for the Short Form-36 questionnaire in Fontan

patients and controls.

Fontan patients Controls P
Age [years] 25.3 + 6.0 26.7 = 3.2 0.5618
Gender — male 24 (60%) 20 (50%) 0.368
Physical functioning 68.8 + 24.3 97 + 4.6 < 0.001
Role physical 68.7 = 38 93.7 = 16.6 < 0.001
Bodily pain 71.7 £ 25.7 82.9 + 20.2 0.034
General health 45.1 + 23 782+ 15 < 0.001
Vitality 58.9 + 18.9 63.9 = 14.8 0.177
Social functioning 80.6 = 21.6 86.4 + 16.4 0.069
Role emotional 74 + 40 94.2 + 18.3 0.009
Mental health 70 = 19.1 73.3 + 16.7 0.494
Mental complex status 67.4 + 20.8 834 + 116 < 0.001
Physical complex status 67 + 20.5 84.4 + 109 < 0.001
Table 4. Correlation test results for Short Form-36 questionnaire.
Variable PF RP GH PCS MCS
CPET
T 0.269 0.359 0.130 0.257 0.307
HR 0.414 0.271 0.208 0.033 0.249
VO, 0.064 0.131 0.021 0.044 0.140
Pulmonary function test
FEV, 0.453 0.187 -0.004 0,026 0.087
FEV, [%N] 0.549 0.332 0.220 0.158 0.259
VvC 0.378 0.160 -0.030 -0.013 0.041
VC [%N] 0.447 0.279 0.140 0.084 0.174
FvC 0.371 0.135 -0.041 -0.042 0.031
FVC [%N] 0.513 0.305 0.183 0.099 0.220
VT 0.425 0.389 0.277 0.393 0.356
VT [%N] 0.487 0.412 0.325 0.393 0.474
ERV 0.452 0.212 0.093 -0.062 0.186
ERV [%N] 0.501 0.296 0.240 0.058 0.323
RV%TLC -0.343 -0.467 0.214 0.266 0.026
RV%TLC [%N] -0.290 -0.076 0.222 0.259 -0.012

CPET — cardiopulmonary exercise test; T — exercise time; VO; — oxygen uptake; FEV, — forced expiratory volume in 1 s; VC — vital capacity;
FVC — forced vital capacity; VT — vitality; ERV — expiratory reserve volume; RV — recerve volume; TLC — total life capacity; PF — physical
functioning; RP — role physical; GH — general health; PCS — physical complex status; MCS — mental complex status

were associated with better PF and RP (r5 = 0.399
and 0.374, respectively). PF and GH were nega-
tively associated with ALT (rs = -0.374 and -0.373,
respectively). QOL scores were not significantly
associated with serum creatinine or cystatin C.
None of the CPET variables was correlated
with QOL scores with the exception of maximal

HR at the peak of exercise which was related to PF
(rs = 0.414) (Table 4). There was no relation he-
tween QOL scores, including the PCS, and VO,
There was no correlation between PF and TLC,
in spite of a reduced TLC in 61% of patients (Ta-
ble 4). However, PF was related to dynamic lung
volumes, including FEV, (r; = 0.45), FEV, (%N)
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Figure 1. Correlation between heart rate level and physi-
cal functioning in Fontan patients. Blue dotted line indi-
cates 95% confidence interval.

(rs = 0.55), VC (%N) (r; = 0.45), FVC (%N)
(rs = 0.51), VC (%N) (15 = 0.447), VT (r; = 0.42),
VT (%N) (r; = 0.49), PEF (15 = 0.42), PEF (%N)
(rs = 0.53), ERV (1; = 0.45), and ERV (%N)
(ry = 0.5). PF also was significantly correlated with
lung distension ratio (rs = —0.34). RP was related
to VT (%N) (15 = 0.412), which influences the GH
and PCS. Employment and social status, marital
status, and level of education did not influence the
perceived health-related QOL.

To determine the relationship hetween self-
perceived QOL and cardiopulmonary function
test, ventilatory parameters and liver dysfunction,
a stepwise regression analysis was performed
with PF and RP as dependent variables. The
multivariate model showed that maximal HR
at the peak of CPET (f = 0.59, p = 0.002) was
an independent predictor of physical function-
ing (r* = 0.35, p = 0.02) (Fig. 1). Additional-
ly, serum albumin level (8 = 0.47, p = 0.02)
was an independent predictor of RP (r* = 0.22,
p = 0.02) (Fig. 2).

Discussion

Self-perceived QOL, in addition to long-term
morbidity, is an important outcome in patients with
a single ventricle. Patients with well-controlled
CHD (adult and children) were reported to have
QOL comparable to that in healthy individuals [17].
However, the QOL in complex or cyanotic CHD is
reportedly poor [18], it was also found that patient
subjective QOL assessment was corroborated by
objective laboratory and imaging results.

Figure 2. Correlation between albumin level and role
physical in Fontan patients. Blue dotted line indicates
the 95% confidence interval.

Underlined physical functioning was positively
correlated with maximal HR at the peak of exer-
cise. Maximal HR at the peak of exercise was an
independent predictor of PE Recent data show that
physical activity in patients with Fontan physiology
1s limited by an increased ventricular preload and
madequate cardiac output [19]. In healthy persons,
carcliac output at rest depends on HR, contractil-
1ty, afterload, and preload. Exercise increases the
cardiac output up to 5-fold or more due to the
augmentation of the above components. In Fontan
circulation, the lack of a pulmonary pump reduces
the return from pulmonary circulation [20]. As
aresult, preload reserve of the systemic ventricle
1s reduced or ahsent. Cardiac output in Fontan
circulation at rest is 70% of cardiac output of the
biventricular heart [21]. Additionally, chronotropic
imcompetence occurs during exercise in patients
with Fontan circulation [20], with an HR consist-
ently lower than in normal subjects. This situation
is due to abnormal reflex control of HR and adr-
energic dysfunction [20, 22]. Heart rate plays an
important role in determining the cardiac output in
Fontan circulation during exercise [19, 20], when
autonomic dysfunction of the sinus node leads to
a relatively low HR [23]. Physical functioning,
mcluding vigorous activities like running, lifting
heavy objects, or strenuous sports, and mild ac-
tivities like bending, kneeling, lifting, or carrying
groceries, depends on maximal HR reached at the
peak of exercise. In this study, a lower peak HR
was associated with worse general health and role
physical. Recent studies show that Fontan patients
with severely impaired SVEF have decreased
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cardiac output, whereas patients with moderately
impaired SVEF have normal cardiac output [19].
The mean SVEF of patients was 51.5 = 7%, and
SVEF and PF were not correlated.

Self-perceived PF was related to dynamic
ventilatory parameters on body plethysmography.
Data on respiratory dysfunction in adult Fontan
patients are limited. Some studies show that
Fontan patients may develop a restrictive lung
disease [23-25] due to weak respiratory muscles,
restrictive thoracic cage, or paralysis of the dia-
phragm after surgery. Previous studies have shown
reduced ventilator parameters such as: TLC,
FEV,, VC, FVC, PEE MEF,,, MEF,,, and MEF ; in
Fontan patients compared with those functions in
healthy controls and predicted values [26]. Reduced
dynamic lung volumes, which depend on respira-
tory muscle strength, influence the self-perceived
physical functioning of patients. Respiratory mus-
cle strength can be improved with therapeutic
mtervention and pulmonary rehabilitation. The
mmpact of pulmonary rehabilitation on QOL has
not been studied. Several studies report increased
respiratory muscle strength and exercise capac-
1ty with resistance training in adults with Fontan
circulation [27-31]. Even though exercise training
18 well-established as a non-pharmacologic therapy
i cardiac patients, 1ts impact on self-percerved
physical functioning remains insufficiently clear
n patients after CHD surgery.

In this study, PF was associated with liver
impairment. Hepatic complications may develop
n patients with Fontan circulation, including chol-
estasis, fibrosis, hepatomegaly, and cirrhosis [32].
There are limited data on QOL of patients who have
liver diseases, especially end-stage liver disease,
with or without cardiac disease [33-36]. This
study evaluated the QOL of Fontan patients with
liver dysfunction. It was found that self-perceived
physical function and general health were related to
ALT levels. Patients with increased ALT levels had
worse physical functioning, role physical, general
health and physical complex status compared with
those values in patients with normal ALT levels.

Role physical component was defined as prob-
lems with work or other daily activities as a result
of physical health. In the present study, role physi-
cal correlated with tidal volume measured on body
plethysmography and serum albumin levels. Serum
albumin level was also an independent predictor of
role physical. Six percent of patients had low serum
albumin levels. Protein-losing enteropathy is a rare
complication of Fontan circulation with very poor
diagnosis [37, 38].

Although only the role emotional domain of
the Short Form-36 questionnaire was reduced in
this study, the mental complex status and physical
complex status were also significantly lower than
in controls. This finding contrasts with that of
a previous study in which the mental status of the
patients was normal [13, 39]. Bordin et al. [40] con-
cluded that Fontan patients are aware of, tolerate,
and accept their physical limits, and their mental
condition 1s influenced by their functional status
only when 1t prevents daily life activities. The dif-
ferences in these results can be explained by taking
mnto account the NYHA class; in this study, 70% of
patients were in NYHA class Il and 7.5% were n
NYHA class III. Therefore, severity of the disease
does not influence the perceived QOL unless it
mterferes with the daily activities. Psychological
analysis of patients may be used to explore these
mental differences and ascribe a cause to mitation
i daily activities. Most patients in this study had
a hugh school diploma, and almost a quarter had
aumversity degree. There was a lugh rate of unem-
ployment (almost 50%), which 1s almost 5 times
higher than in the general Polish population. These
findings are in line with the results of a previous
study [40]. Physical imitations are responsible
for the mnability of these patients to work; thus
they may require additional social assistance. The
social status of patients and their relatively young
age probably explain why only 11% were married
or had a partner.

Limitations of the study

The following limitations of this study are
acknowledged. First, the sample size was small
and heterogeneous in initial diagnoses and type
of Fontan surgery. Second, the QOL was assessed
by only a single standardized questionnaire, Short
Form-36. Third, the liver function was assessed
indirectly by commonly used markers, not by
quantitative measures.

Conclusions

The study results indicate, that self-perceived
QOL and physical status of patients who underwent
Fontan procedure was mostly related to incompe-
tence during exercise (as illustrated by the dynamic
parameters of ventilation and maximal HR in re-
sponse to physical fatigue) and to liver impairment
associated with protein-losing enteropathy. Adult
Fontan patients are a special, heterogeneous group
requiring careful multidisciplinary and subjective
assessment of their QOL.
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ABSTRACT

INTRODUCTION A hemodynamic derangement in Fontan circulation causes liver pathology known as
Fontan-associated liver disease. Although liver biopsy is a standard for diagnosis of liver fibrosis, non-
invasive methods are being developed, including shear wave elastography (SWE).

0BJECTIVES We aimed to evaluate the degree of liver stiffness (LS) using SWE in patients with Fontan
circulation in a long-term follow-up and to investigate a relationship between patient characteristics and LS.
PATIENTS AND METHODS The study included 59 patients after the Fontan procedure. Clinical examina-
tions and laboratory tests were performed. According to the stage of LS, patients were divided into
2 subgroups: group 1 (METAVIR stages F1 and F2) and group 2 (METAVIR stages F3 and F4). The ratio
of aspartate transaminase o alanine transaminase, aspartate transaminase-to-platelet ratio index (APRI),
fibrosis-4 (FIB-4) score, and Forns index were assessed.

RESULTS  The median LS was 9.1 kPa (interquartile range, 3.9-18.5 kPa). Five patients (9%) demonstrated
LS in stage F1; 14 (26%), F2; 28 (52%), F3; and 7 (13%), F4. Group 2 had significantly higher aspartate
transaminase and y-glutamyltranspeptidase levels, APRI, FIB-4, and Forns index, and lower platelet count
than group 1. A canonical correlation analysis indicated that LS and thrombocytopenia were related to
time from the Fontan procedure, age at procedure, and single ventricular ejection fraction.
concLusions  We showed that adult patients after the Fontan procedure develop liver dysfunction.
Time from surgery, age at procedure, and single ventricular ejection fraction are related to the degree
of LS assessed by SWE. Finally, SWE, APRI, Forns index, and FIB-4 score may help assess the degree

of liver fibrosis.

INTRODUCTION  The Fontan procedure was first
described over 40 years ago and still remains
the standard surgical treatment for patients with
a functional single ventricular heart, affecting
35 per 100000 newborns.' It is considered one of
the most complex congenital heart diseases. Dur-
ing the procedure, a systemic venous return is di-
rectly connected with pulmonary circulation, with-
out a subpulmonary pump.'#© As a result, the cir-
culatory system is hemodynamically less efficient.

Although the Fontan procedure is associated
with low mortality, once patients reach adulthood,
they can develop various cardiac and extracar-
diac complications, including plastic bronchitis

and kidney or liver dysfunction. These complica-
tions influence the patient’s life expectancy and
quality of life 57

The characteristic hemodynamic derangement
in Fontan circulation causing liver abnormalities
and pathology is commonly identified as Fontan-
-associated liver disease (FALD).>® This can lead
to nodular hyperplasia, cirrhosis, and hepatocel-
lular carcinoma associated with ascites, variceal
bleeding, and encephalopathy. Moreover, it is re-
lated with higher late morbidity and mortality in
this particular population.®'?

Recent studies have shown that elevated ve-
nous pressure (3- to 4-fold in comparison with
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normal) affects portal pressure and is common
among patients with Fontan circulation. As a con-
sequence, it can drive the activation and transfor-
mation of stellate cells into collagen-depositing
myofibroblasts and increase proinflammatory
activity, leading to liver fibrosis.>'"'* Howev-
er, the pathogenesis of FALD is different and
more complex than in other liver diseases, such
as chronic hepatitis.'?

Although percutaneous liver biopsy is the stan-
dard method for the diagnosis and evaluation of
liver fibrosis, noninvasive tests (including bio-
chemical tests, shear wave elastography [SWE],
and magnetic resonance elastography) have be-
come more clinically relevant and useful, with
good sensitivity and specificity in the detec-
tion and evaluation of the degree of liver dis-
ease among patients with various hepatic dis-
orders, including FALD. Fibrosis scores such as
the ratio of aspartate transaminase (AST) to al-
anine transaminase (ALT) (AST/ALT ratio), AST-
-to-platelet ratio index (APRI), Forns index, and
fibrosis-4 (FIB-4) score are based on widely used
biochemical and clinical parameters.’*'%1%

Shear wave elastography is the most accurate
noninvasive method for the evaluation of liver
stiffness (LS)"*'® and shows a positive correla-
tion between histologic liver damage and stiff-
ness.'”'® This technique has been validated for
most hepatic diseases and has reduced the num-
ber of liver biopsies performed, along with the oc-
currence of possible complications such as bleed-
ing, abdominal pain, or peritonitis.

Currently, effective methods for the diagno-
sis of FALD and the main factors influencing
the degree of liver fibrosis are popular research
areas. The aim of our study was to evaluate, in
a long-term follow-up, the degree of LS using
SWE among adult patients who had undergone
the Fontan procedure and to investigate the re-
lationship between patient characteristics (such
as medical history, laboratory parameters, and
echocardiographic data) and the degree of LS in
these patients. Patients were followed for a min-
imum of 6 months (up to 24 months).

PATIENTS AND METHODS Patients This retro-
spective study included 59 adult patients with
Fontan circulation, followed at the Depart-
ment of Cardiac and Vascular Diseases, Insti-
tute of Cardiology in Krakéw, Poland, between
2015 and 2017. The exclusion criteria were as
follows: current infection, inflammation, major
trauma, pregnancy, diabetes, and history of al-
cohol abuse.

Study protocol  The following information was
recorded for each patient in the study: type of
cardiac malformation, history of cardiac opera-
tions, age at the time of surgical repair, type of
systemic ventricle, comorbidities (protein-losing
enteropathy, arrhythmia), laboratory tests, ox-
ygen saturation, New York Heart Association
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functional class, vital signs, weight, height, echo-
cardiography, and SWE.

The severity of liver disease was assessed us-
ing the Child-Pugh scale (including total bili-
rubin, albumin, international normalized ratio
[INR] level, presence of ascites, and encephalop-
athy), VAST score (including the presence of var-
ices, ascites, splenomegaly, or thrombocytope-
nia), and Model For End-stage Liver Disease Ex-
cluding INR (MELD-XI). According to the stage
of LS assessed by SWE, patients were divided
into 2 subgroups depending on the stage of fi-
brosis: group 1 (METAVIR stage 1 or 2 [F1, F2])
and group 2 (METAVIR stage 3 or 4 [F3 and F4]).

The study protocol was approved by the local
ethics committee (No. 1072.6120.110.2017). Each
participant provided informed consent prior to
participation in this study.

Laboratory tests  The following laboratory pa-
rameters were measured: red blood cell count,
hematocrit, hemoglobin, red blood cell dis-
tribution width, N-terminal fragment of
the prohormone brain natriuretic peptide (NT-
-proBNP), as well as liver function markers in-
cluding serum protein electrophoresis, ALT, AST,
y-glutamyltranspeptidase (GGTP), alkaline phos-
phatase (ALP), total bilirubin level, a-fetoprotein,
and serologic tests for hepatitis B and C.
Furthermore, the following tests for liver fi-
brosis assessment were performed, allowing
an estimation of several parameters calculated
according to specific formulas: platelet count,
AST/ALT ratio,"'%%! APRI,'**! FIB-4 score,'®*0
Forns index,'®:*2%2% and MELD-XI score, 02425

Echocardiography  Single ventricular ejection
fraction (SVEF) and valvular competence were
evaluated and semiquantified by 2 experienced
cardiologists using echocardiography (Vivid 7 GE
Medical System, Chicago, Illinois, United States).

Abdominal ultrasonography, shear wave elastogra-
phy, and vascular Doppler  Vascular Doppler and
SWE were performed using Philips iU22 XMa-
trix Ultrasound System (Amsterdam, the Neth-
erlands) by an experienced physician. For each
patient, 10 measurements were taken for LS es-
timation. Doppler assessments of the main por-
tal vein (MPV) and splenic vein were performed.

Statistical analysis Continuous variables were
expressed as mean (SD) in the case of normal dis-
tribution or as median (interquartile range [IQR])
when the distribution was other than normal.
Categorical variables were reported as counts
and percentages. The conformity of continuous
variables to the normal distribution was ana-
lyzed using the Shapiro-Wilk test. The y? test,
Mann-Whitney test, t test, and Kruskal-Wal-
lis test were used where appropriate. Individu-
al parameters were calculated using the Spear-
man rank test. The factors determining LS were
analyzed using a canonical correlation analysis.



TABLE 1 Baseline characteristics of patients after the Fontan procedure

Vanable Patients (n = 59)

Anatomic diagnosis, n (%)

Tricuspid atresia 14 (35)
Pulmonary stenosis / TGA 13 (22)
Double outlet nght ventricle with left ventricular hypoplasia 2 (3)
Right ventricular hypoplasia 39 (64)
Hypoplastic left heart syndrome 5(7)
Double-inflow left ventricle 11(2)
Common atrioventricular canal 1(2)

Ventricle type, n (%)

Left ventricle 47 (80)
Right ventricle 12 (20)
Type of Fontan procedure, n (%)

Atriopulmonary connection 4(7)
Total cavopulmonary connection 55 (93)

NYHA functional class, n (%)

| 10(17)
I 42 (1)
1 7(12)
vV 0
Saturation, %, mean (SD) 903 (6.5)
Medications, n (%)

ASA 40 (68)
VKA 12(22)
Enoxaparin 6(10)
B-Blocker 8(14)
ACEI 8(14)
ARB 2(3)
MRA 13(22)
Diuretics 6(10)
Sildenafil 6(10)

Abbreviations: ACEl, angiotensin-converting enzyme inhibitors; ARB, angiotensin
receptor blocker; ASA, acetylsalicylic acid; NYHA, New York Heart Association; MRA,
mineralocorticoid receptor antagonist; TGA, transposition of great arteries; VKA,
vitamin K antagonist

Statistical significance was set at a P value of
less than 0.05. Statistica version 13 (StatSoft
Inc., Tulsa, Oklahoma, United States) was used
to analyze the data.

RESULTS Patient characteristics A total of
59 adult patients who had undergone the Fon-
tan procedure (median age, 23 years [IQR,
18-46 years]; women, 37%) were included in
the study. The median age of patients at the time
of surgery was 4 years (IQR, 1-16 years), and
the median time after surgery was 18 years (IQR,
7-34 years). Baseline characteristics of patients
are presented in TABLE 1.

Two patients died during the follow-up (the
first patient due to heart failure, and the second,
due to heart failure with concomitant hepatocel-
lular carcinoma).

Echocardiography The mean SVEF was 51.4%
(9.5%). Atrioventricular valve regurgitation was
mild in 28 patients (47%); moderate, in 16 (27%);
and severe, in 3 (7%). In 11 patients (19%), atrio-
ventricular valve regurgitation was minimal. Fen-
estration was seen in 30 patients (51%). Other
echocardiographic findings included: left ven-
tricular noncompaction (1 patient), coarctation
of the aorta (1 patient), coronary right ventricu-
lar fistula (1 patient), pericardial effusion (2 pa-
tients), aortic aneurysm (1 patient), and aortic
valve regurgitation (21 patients: moderate in
9 patients and mild in 12 patients).

Biochemical testresults Laboratory test results
are presented in TasLe 2. Hepatitis serology was
positive in 6 patients (4 had chronic hepatitis B
and 2 had chronic hepatitis C). Among liver pa-
rameters, elevated indirect bilirubin levels were
the most frequent abnormality (80% of patients).
High GGPT levels and low total platelet count
were observed in 68% of patients. The INR was
increased in 18 patients (42% of patients who
were not receiving therapy with vitamin K an-
tagonists). Reduced total protein levels were ob-
served in 12% of patients, and abnormal albu-
min levels, in 8%. Protein-losing enteropathy
was observed in 9 patients (15%). Hepatic fibro-
sis scores, based on laboratory test results such
as the AST/ALT ratio, platelet count, APRI score,
Forns index, and FIB-4 score, are also shown in
TABLE 2.

Liver disease severity Thirteen patients under-
went an upper endoscopy, of whom 7 patients
(54%) had varices and 7 (54%) had gastric or
duodenal erosions or features of portal gastrop-
athy. Furthermore, at least 16 patients (30%)
had features of portal hypertension according
to the VAST scale (score >2) (1aBLE 2). Accord-
ing to the Child-Pugh scale of liver cirrhosis se-
verity, 40 patients (78%) were in class A; 10 pa-
tients (20%), in class B; and 1 patient (2%) in
class C. The median MELD-XI score was 9.7 (IQR,
1-19). Moreover, 2 patients were diagnosed with
hepatocellular carcinoma.

Abdominal ultrasonography Abdominal ultraso-
nography was performed in 44 patients. Hepa-
tomegaly was present in 17 patients (43%), and
splenomegaly, in 21 (48%). Increased echogenici-
ty was observed in 14 patients (32%), and liver
surface nodularity, in 19 (44%). In 11 patients
(25%), liver heterogeneity was shown.

Shear wave elastography of the liver Shear wave
elastography was performed in 54 patients.
The median LS was 9.1 kPa (IQR, 3.9-18.5 kPa).
Five of these patients (9%) had LS stage 1 (F1);
14 (26%), stage 2 (F2); 28 (52%), stage 3 (F3);
and 7 (13%), stage 4 (F4).

The analysis of laboratory parameters in
terms of LS (group 1 vs group 2) showed that
patients with stages F3 and F4 had higher AST
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TABLE 2 Patient characteristics and comparison of biochemical parameters and noninvasive liver fibrosis scores
between patients with stages F1 and F2 of liver fibrosis and those with stages F3 and F4 1 and 2

Variable Total value METAVIR stage P value
(n=59) F1 and F2 F3 and F4

(n=20) (n=234)
Clinical features

Age, y 245 (18-46) 23 (18-46) 23(18-40) 0.85
Age at procedure, y 49(1-16) 45(1-16) 4 {1-16) 059
Time after procedure, y 18 (7-34) 18 (7-32) 18 (11-34) 09
Saturation, % 92 (68-98) 91 (82-98) 83 (68-98) 0.61
SVEF, %, mean (SD) 51.4(9.5) 521(11.7) 50.9(8.7) 014
Hepatitis B, n (%) 4(7%) 1(5%) 3 (8%) —
Hepatitis C, n (%) 2 (3%) 1{5%) 1(3%) -
Laboratory parameters

NT-proBNP, ng/ml 130 (23-5539) 119 {23-3184) 130 (35-1794) 082
RBC, x 10%/ul, mean (SD) 56 (0.5) 55(0.7) 57(04) 053
Hemoglobin, g/dl, mean (SD} 16.4(1.8) 16.3(1.9) 16.8 (1.7) 039
Hematocrit, %, mean (SD) 486 (4.7) 48 (5) 496 (4.3) 0.30
Platelets, > 103/l 1545 (59-322) 173 (102-281) 137 (59-322) 0.02
AST, U/ 254 (16-60) 22 (16-60) 285 (16-41) 0.005
ALT, U/ 27 (11-67) 245 (11-67) 285 (11-51) 0.08
GGTR 1UA 78 (25-255) 59 (25-170) 84 (28-255) 0008
Total bilirubin, umol/1 205 (3.5-135) 19.7 (9.5-61.6) 205(35-135) 035
a-Fetoprotein, ng/ml 25(08-186) 25(1-13) 29(08-186) 068
ALP, 1UA 84 (38-364) 79 (38-121) 83 (47-364) 075
Total protein, g/1, mean (SD) 7281(99) 72.7(8.1) 724(11.4) 0.69
Albumin, g/l 43.1(20.5-50.2) 43 (31.5-50) 43(205-487) 072
Liver fibrosis scores

AST/ALT ratio 095 (0.5-2) 0.9(0.5-2) 1(0.6-1.7) 084
APRI 04(0.2-15) 0.3(0.2-0.6) 05(0.2-15) 0.003
Forns index, mean (SD) 45(19) 39(1.6) 48(1.9) 0048
FIB-4 score 08(03-32) 06(0.3-1.8) 09(03-3.2) 0.02
MELD-XI score 97(1-19) 91(1-15) 10(1.1-19) 013
Vascular Doppler

MPV diameter, mm, mean (SD) 10(1.9) 10.8(1.9) 107(1.9) 099
Splenic vein diameter, mm 8(5-13) 8 (6-10) 8(5-12) 056
V,, cm/s, mean (SD) 16 (5.4) 142(4.7) 17(5.9) 012
V,, cm/s 30 (18-47) 30 (18-47) 30(19.8-42) 030
VNV, 2(1.2-4) 2(16-27) 2(1.2-4) 052

Data are presented as median (IQR) unless stated otherwise.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; APRI, aspartate transaminase-to-platelet ratio
index; AST, aspartate transaminase; AST/ALT ratio, ratio of aspartate transaminase to alanine transaminase; FIB-4,
fibrosis-4; GGTP -glutamyl transpeptidase; MELD-XI, Model For End-stage Liver Disease Excluding International
Normalized Ratio; MPV, main portal vein; NT-proBNP, N-terminal fragment of the prohormone brain natriuretic peptide;
RBC, red blood cells; SVEF, single ventricular ejection fraction; V,, diastolic velocity; V,, systolic velocity

TABLE 3 Features of portal hypertension in the study group

VAST scale Number/total number (%) of patients

Varices 7/13 (54)

Ascites 6/59 (10)

Splenomegaly 21/44 (48)

Thrombocytopenia, <150 > 103/l 25/59 (42)
184 POLISH ARCHIVES OF INTERNAL MEDICINE  2019; 129 (3)
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FIGURE 1 Correlation
between liver stiffness
and aspartate
transaminase-to-platelet
ratio index (APRI) in
patients after the Fontan
procedure.

FIGURE 2 Correlation
between liver stiffness
and fibrosis-4 (FIB-4)
score in patients after
the Fontan procedure
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levels compared with patients with stages F1 and
F2 (P =0.01). Also, GGTP levels and platelet count
were different between groups (P =0.01and P =
0.02, respectively). The comparison of other com-
mon liver parameters (ALT, ALP, total bilirubin,
a-fetoprotein, and total protein and albumin), he-
matologic parameters (red blood cell count, hemo-
globin, hematocrit), creatinine, and NT-proBNP,
did not show significant differences between
groups. We also assessed the differences in liver
fibrosis scores (AST/ALT ratio, APRI, FIB-4, score,
and Forns index) between groups 1 and 2 (TasLe 2).
The APRI, FIB-4 score, and Forns index were signif-
icantly higher in group 2 than in group 1 (tasLe 2).

Vascular Doppler  Vascular Doppler was per-
formed in 41 patients. The mean (SD) MPV diam-
eter was 10 (1.9) mm, and the median splenic vein

0.4 05 0.6 0.7 0.8

FIB-4

diameter was 8 mm (IQR, 5-13 mm). The medi-
an systolic-to-diastolic velocity ratio was 2.0 (1.2—
4). The MPV and splenic vein diameters did not
differ between groups. Three patients (7%) had
a planar spectrum of the MPV flow.

We did not reveal any correlations between LS
and splenic and MPV diameters. In addition, no
correlation was observed between the MPV di-
ameter and systolic-to-diastolic velocity ratio.
The splenic vein diameter negatively correlated
with the platelet count (r, = -0.5). No significant
correlation was seen between vascular Doppler pa-
rameters and other clinical features (type of sur-
gery, ventricular morphology, time after the Fon-
tan procedure, age at surgery, SVEEF, or atrioven-
tricular valve regurgitation).
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FIGURE 3  Correlation
between liver stiffness
and Forns index in
patients after the Fontan
procedure
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Correlation between liver stiffness and biochemical find-
ings The degree of LS correlated with the plate-
let count (r, = -0.33), GGTP levels (r, = 0.37),
and AST levels (r, = 0.33). Furthermore, LS was as-
sociated with higher APRI (r, = 0.38), FIB-4 score
(r, = 0.35), and Forns index (r, = 0.29). The cor-
relations are presented in Ficures 1-3. Other clini-
cal parameters, including age, age at procedure,
time after the Fontan procedure, single ventric-
ular morphology, SVEE, degree of atrioventric-
ular valve regurgitation, and biochemical liver
test results did not correlate with LS as assessed
by SWE.

The canonical correlation analysis was used to
assess the effect of individual factors on LS and
thrombocytopenia. We established a significant
model that included age of the patient at the time
of the Fontan procedure, time after Fontan pro-
cedure, and SVEF. The analysis indicated that LS
and thrombocytopenia were strongly related to
time after the Fontan procedure, with a loading
vector of 0.797. Increased LS and thrombocy-
topenia were associated with age at the Fontan
procedure, with a loading vector of -0.434, and
SVEEF, with a loading vector of -0.49.

DISCUSSION  Our study was designed to evaluate
liver status and the degree of LS, using noninva-
sive methods in 59 adult patients after the Fontan
procedure. One of the most important findings is
that all patients who had undergone the Fontan
procedure had developed various stages of LS in
a long-term follow-up, as assessed by SWE. Fur-
thermore, 65% of patients with stages F3 or F4 of
fibrosis had an advanced stage of LS 20 years af-
ter the procedure, as compared with 35% of pa-
tients with stages F1 or F2. Moreover, 13% of
patients were diagnosed with hepatic cirrhosis,
while 2 patients, with hepatocellular carcinoma.
Pundi et al'? reported that the 1-year survival
rate of patients with liver cirrhosis was 57%, and

POLISH ARCHIVES OF INTERNAL MEDICINE  2019; 129 (3)

47

Forns index

the 5-year survival rate, 35%. Considering that
hepatocellular carcinoma is associated with high
mortality, FALD may be one of the major determi-
nants of mortality in adult patients after the Fon-
tan procedure.

Time after the Fontan procedure was report-
ed as a possible factor influencing the degree of
liver fibrosis.®'*-*® This is supported by our cur-
rent study, which showed that LS and liver fibro-
sis are strongly related to time after the Fontan
procedure. These findings are in line with previ-
ous observations by Goldberg et al."? Our study
also showed that the patient age at the time of
the Fontan procedure is another possible factor
influencing liver fibrosis. Duorsola et al*’ demon-
strated that LS increased rapidly after total cavo-
pulmonary connection. This could be a result of
the new hemodynamic status immediately after
the total cavopulmonary connection, with a dis-
proportion between liver outflow and portal flow,
which is not proportionally reduced.

Of note, our findings disagree with those of
Johnson et al,® who showed that increased pa-
tient age at the time of the Fontan procedure
correlated with a higher grade of sinusoidal fi-
brosis. It has to be stated, however, that their
study was a retrospective postmortem analysis,
with a median interval of 14 days from the Fon-
tan procedure to death, limited to a small group
of patients who underwent the Fontan proce-
dure at an advanced age and who had predomi-
nantly atriopulmonary Fontan connections. On
the other hand, several studies demonstrated
that LS increases even before the Fontan proce-
dure, after the Glenn procedure, or directly after
the Fontan procedure.?®*° The chronic low pre-
load of a univentricular heart results in remodel-
ing, reduced compliance with increasing diastol-
ic pressure, low ventricular filling leading to car-
diac output decrease, and liver hypoperfusion.®!



This is in line with our findings, as we demon-
strated that the SVEF is another significant fac-
tor related to the stage of LS.

The diagnosis and assessment of FALD is dif-
ficult, because the disease frequently remains as-
ymptomatic over a long period of time. Moreover,
our study showed that most of the biochemical
markers commonly used in clinical practice did
not correlate with LS, with the exception of AST,
GGTP, and platelet count. Recent studies have
reported that patients with Fontan circulation
have abnormal liver parameters and coagulation
factors.?®?? According to some authors, FALD
is mostly associated with normal or only mildly
increased levels of liver parameters.'"#% A multi-
center study by Carter-Kent et al*® revealed that
elevated AST levels were the only biochemical pa-
rameter associated with the degree of liver fibro-
sis. A study by Lindsay et al® showed that AST lev-
els were significantly higher in patients with ad-
verse liver outcomes (including symptomatic syn-
thetic hepatic dysfunction, hepatocellular carcino-
ma or adenomatosis, and hepatorenal syndrome
requiring liver transplant), when compared with
the subgroup without adverse liver outcome.

A platelet count of less than 150 x103/pl is
a hallmark of hypersplenism, usually the first
and sometimes the only feature of portal hyper-
tension. Furthermore, a serial decrease in plate-
let count may correlate with hepatic fibrosis, and
even a slight decrease in platelet count may be
significant enough to diagnose liver fibrosis and
hypersplenism.*?* In our study, thrombocytope-
nia strongly correlated with time after the Fon-
tan procedure and SVEE.

In our study, 16 patients (30%) had features
of portal hypertension according to the VAST
scale. As described by Elder et al,"® patients with
features of portal hypertension, such as varices
and ascites, have a 9-fold higher risk of adverse
events such as death, requirement for transplan-
tation, or hepatocellular carcinoma.

Due to the invasiveness of liver biopsies,
a number of fibrosis scores were created as a non-
invasive method for liver fibrosis assessment.
They are currently used in clinical practice to di-
agnose and assess liver fibrosis in adult patients
with hepatitis B and C, alcoholic fatty disease,
and nonalcoholic fatty liver disease.!®*® Fibrosis
scores are based on biochemical and clinical pa-
rameters widely used in clinical practice, such as
the AST/ALT ratio, APRI, Forns index, and FIB-
-4 score. Although these parameters have not
yet been validated in patients with FALD, there
are several studies documenting the use of nov-
el hepatic fibrosis scores.'® %37 However, most
of those studies were conducted on a pediatric
population. Our study showed that the stage of
LS, as measured by SWE, is associated with high-
er liver fibrosis scores. Patients with higher LS
(stage F3 or F4) had significantly higher APRI,
FIB-4 score, and Forns index, when compared
with patients in stages F1 and F2. Interestingly,
Téllez et al'® demonstrated that the Forns index is

the best predictor of advanced liver damage. Ad-
ditionally, the MELD-XI score can be used to as-
sess eligibility for liver transplant.'® In our study,
patients with an advanced stage of hepatic fibro-
sis (F3, F4) had higher MELD-XI scores than pa-
tients with stages F1 and F2; however, the differ-
ence was not significant.

Indications for heart transplantation alone or
a combined heart and liver transplant are cur-
rently widely debated. Recent studies have sug-
gested that a combined heart and liver transplant
can be considered in the treatment of patients
with failing Fontan circulation. Furthermore, ad-
vanced liver fibrosis and cirrhosis should not be
a contraindication to heart transplant in these
patients.?® Conversely, Lin et al*' reported that
double transplant in patients with compensated
liver disease may be too aggressive. Importantly,
other studies documented the possibility of liv-
er function improvement or even liver fibrosis
resolution when heart function is restored (af-
ter heart transplant) in patients with a cardiac
origin of fibrosis.*®

Further studies in a population with function-
ally univentricular heart are needed to better se-
lect candidates for heart transplant or combined
heart and liver transplant. Moreover, a personal-
ized approach with innovative surgical and med-
ical methods is required to provide optimal care
to this patient group.*®

Study limitations Our study has several limita-
tions. The study group was limited, and the pop-
ulation was heterogeneous regarding their ini-
tial diagnoses and the type of Fontan surgery.
Furthermore, the study was performed in a sin-
gle center; however, to the best of our knowl-
edge, the study includes the largest number of
adult patients after the Fontan procedure in Pol-
ish population. Finally, the liver fibrosis stage was
assessed noninvasively only due to the high risk
of liver biopsy complications. Only 2 patients
in our cohort with a suspicion of hepatocellular
carcinoma underwent liver biopsy. In our study,
we used SWE to estimate the LS and liver fibro-
sis degree as well as to validate the utility of LS
scores derived from the available clinical param-
eters. We proved the usefulness of these scores as
noninvasive markers of the liver status in routine
follow-up. It has been widely recognized, howewv-
er, that the noninvasive methods for LS estima-
tion have their inherent limitations. For exam-
ple, transient elastography in FALD is problem-
atic because of other causes of hepatic stiffness,
for example, vascular congestion. Nevertheless,
a real-time 2-dimensional SWE can monitor liver
fibrosis by measuring tissue elasticity (ie, elastic
modulus). Moreover, SWE is more accurate than
transient elastography in detection of significant
fibrosis. Finally, Kutty et al'® reported that SWE
showed a positive correlation between histolog-
ical liver damage and rigidity.
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Conclusions  Our study revealed that adult patients
after the Fontan procedure tend to develop liver dys-
function in a long-term follow-up. The pathomech-
anism of liver impairment is complex and multifac-
torial. Time after surgery, age at the time of the pro-
cedure, and SVEF are strongly related to the degree
of LS as assessed by SWE. Moreover, SWE and liv-
er fibrosis scales based on biochemical and clinical
parameters such as the APRI, Forns index, and FIB-
-4 score may be helpful in assessing the severity of
liver fibrosis. Therefore, they should be considered
in regular noninvasive hepatic monitoring to diag-
nose FALD and initiate early treatment in patients
with functionally univentricular heart.
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Background: The Fontan procedure, performed for univentricular heart, may also include the technique of percutaneous
fenestration to create a small atrial septal defect (ASD) and a right-to-left shunt. The aim of this study was to
evaluate the long-term effects of fenestration in adult patients who had a Fontan procedure for univentricular
heart.

Material/Methods: Fontan surgery was performed in 39 patients, including 19 (49%) patients with fenestration (Group 1), and 20
(51%) patients without the fenestration procedure (Group Il). Laboratory tests in both groups included echo-
cardiography, plethysmography, cardiopulmonary exercise testing, and 24-hour Holter monitoring.

Results: Compared with patients in Group |, patients in Group Il had a significantly increased level of N-terminal pro-
brain natriuretic peptide (NT-proBNP) (p=0.04), alkaline phosphatase (ALP) (p=0.01) and a significant increase
in frequency of atrial fibrillation (p=0.04). Patients in Group | had a significantly increased systemic ventricu-
lar ejection fraction (SVEF) (p=0.05) and increased heart rate (HR) (p=0.006), heart rate reserve (HRR) (p=0.02),
ventilatory equivalent (VE) (p=0.01), and VO, peak (p=0.05) on cardiopulmonary exercise testing (CPET). Renal,
hematologic, and ventilatory parameters, and incidence of thromboembolism showed no significant differenc-
es between the groups.

Conclusions: Long-term follow-up of patients who underwent Fontan procedures with percutaneous fenestration had im-
proved single ventricular function, lower NT-proBNP levels, improved exercise capacity, and reduced ALP levels.
These findings indicate that percutaneous fenestration closure should be considered for adult patients who
have undergone Fontan procedure for univentricular heart.
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Background

The Fontan procedure is used as a palliative surgical procedure
for patients with congenital heart disease with univentricular
heart [1]. Although about 85% of patients now reach adult-
hood following the Fontan procedure [1], in time, they devel-
op a reduction of exercise capacity and multi-organ compli-
cations, including hepatic fibrosis, protein-losing enteropathy
(PLE), and effects on respiratory function [2-5]. Since 1971,
when the first Fontan operation was performed, this proce-
dure has undergone many modifications [1].

Almost 30 years ago, in 1988, the technique of fenestration
was developed, which is the creation of a small atrial septal
defect (ASD) to allow a small right-to-left shunt [6]. A fenes-
tration is a communication between the right and left atrium
that allows a reduction in pressure in the right atrium and the
cavopulmonary bypass and improves the preload on the sin-
gle ventricle [6]. The cardiac surgical procedure of fenestra-
tion contributes to overcoming the period of low cardiac out-
put in the early postoperative period, reduces the need for
mechanical ventilation, and reduces the incidence of pleu-
ral effusion, but this is done at the expense of mild to mod-
erate desaturation [7,8]. The benefits of fenestration, beyond
the early postoperative period, include a reduction in fibrin-
ous (plastic) bronchitis, PLE, and cardiac dysrhythmia [9,10].
However, the potential risks of fenestration include cyanosis
and thromboembolism [10].

Currently, the long-term effects of fenestration are unclear,
and closure of the fenestration remains an issue for de-
bate [7,10-13]. Most of the current published studies on the
outcome of fenestration refer to pediatric surgical cases, while
there is less published information regarding the clinical out-
come of fenestration in adult patients, including the influence
of fenestration on exercise capacity.

The aim of this study was to evaluate the long-term effects of
fenestration in adult patients who had a Fontan procedure for
univentricular heart, including the effects, including the effects
on cardiac rhythm, respiratory function, exercise capacity, and
hematologic, hepatic, renal, and thromboembolic complications.

Material and Methods

Ethical approval

The study protocol was approved by the local Ethics Committee
of Jagiellonian University Medical College. All the patients pro-
vided informed written consent to participate in the study.
Patients were consecutively recruited who were adults, who
were more than 18 years-of-age, and who had undergone

Thiswork is licensed under Creative Common Attribution-
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Fontan procedure in childhood. The study was conducted be-
tween 2012-2015.

Study participants

This study included 39 adult patients who were more than
18 years-of-age, who underwent Fontan operation for a di-
agnosis of a functionally single-ventricle heart. Of these 39
patients, 13 patients (33.3%) had tricuspid atresia; ten pa-
tients (26.0%) had pulmonary stenosis with transposition of
the great arteries; nine patients (23.1%) had right ventricular
hypoplasia; two patients (5.1%) had double-inlet right ventri-
cle; and one patient (2.5%) had a complete atrioventricular
canal (CAVC) defect.

The classic Fontan operation, in which the right atrium (RA)
is directly connected to the main pulmonary artery (MPA) via
the right atrial (RA) appendage, was the surgical procedure in
three patients (8%); intracardiac total cavopulmonary connec-
tion (lateral tunnel) was the surgical procedure in the remain-
ing patients. A left single ventricle was present in 30 patients
(77%), and a right single ventricle was present in nine patients
(23%). Patients were clinically stable for three months before
inclusion in the study. Exclusion criteria included a history of
asthma, neoplasia, infection, major trauma, pregnancy, diabe-
tes, or alcohol abuse.

The Fontan surgery had been performed in 39 patients, in-
cluding 19 (49%) patients (Group I) with fenestration, and 20
patients (51%) (Group Il) who did not undergo the fenestra-
tion procedure.

Study protocol

Clinical information was recorded for each participant in the
study and included the New York Heart Association (NYHA)
functional class. Clinical data was recorded on vital signs, body
weight, height, oxygen saturation, type of cardiac malforma-
tion, history of cardiac surgery, history of thromboembolic
complications (pulmonary embolism, venous thrombosis, isch-
emic stroke), electrocardiography (ECG), cardiopulmonary ex-
ercise test (CPET), body plethysmography, and 24-hour Holter
monitoring studies.

Laboratory investigations

Hematological tests included the red blood cell counts (RBC),
hematocrit (HCT), hemoglobin (Hb), and red blood cell distri-
bution width (RDW). N-terminal pro-brain natriuretic peptide
(NT-proBNP) was measured. Tests of liver function included
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), gamma-glutamyl transpeptidase (GGT), alkaline phos-
phatase (ALP), total bilirubin level, and alpha-fetoprotein (AFP).
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Tests of renal function included creatinine levels, cystatin C,
and the urine albumin to creatinine ratio (ACR).

Electrocardiography (ECG)

The single ventricle ejection fraction (SVEF) on ECG was semi-
quantified by two experienced cardiologists using the Vivid 7
high-end cardiac ultrasound machine (GE Medical Systems,
USA). Atrioventricular valve regurgitation was evaluated semi-
quantitatively, and the fenestrations were evaluated by Doppler
color flow imaging.

Cardiopulmonary exercise testing (CPET)

Each study participant underwent cardiopulmonary exercise
testing (CPET) with a modified 30 minute Bruce protocol to
evaluate exercise tolerance. The following parameters were
recorded: time of exercise (T); heart rate (HR); blood pressure
(BP); ventilatory equivalent (VE); maximum oxygen uptake
(vO,, _);respiratory exchange ratio (RER); maximum ventilato-
ry equivalent of oxygen (VE/VO,); maximum ventilatory equiv-
alent of carbon dioxide (VE/VCO,); breathing reserve (BR); and
oxygen saturation. Maximum oxygen uptake (VO,, ) was de-
fined as the highest value at peak workload in ml/kg/min, and
percentage of predicted value was obtained.

Ventilatory anaerobic threshold (VAT) as a measure of exercise
tolerance used the V-slope method. Oxygen pulse (pulse-0,)
was defined as the amount of oxygen consumed per systole.
The ventilatory equivalent of oxygen (VE/VO,) was defined as
the amount of ventilation needed for the uptake of a given
amount of oxygen. The ventilatory equivalent for carbon diox-
ide (VE/VCO,) was defined as the amount of ventilation need-
ed for the elimination of a given amount of carbon dioxide.
The respiratory exchange ratio (RER) was calculated by divid-
ing the VO, by the VCO,. The heart rate reserve (HRR) was cal-
culated as the difference between peak and resting heart rate.
Oxygen saturation at rest (Sat0,,,,), peak saturation (Sat0,,)
and the difference between rest and peak saturation (ASatO,)
were measured [3,14].

Pulmonary function tests (PFT)

Patients participating in the study underwent whole-body pleth-
ysmography. The American Thoracic Society (ATS)/European
Respiratory Society (ERS) guidelines were followed for all lung
function measurements [15]. Pulmonary functions measure-
ments were expressed as absolute values and percentage of
predicted values (%N) based on the age, sex, height, and eth-
nicity of the study participants.

The following pulmonary function parameters were noted: to-
tal lung capacity (TLC); vital capacity (VC); forced expiratory
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volume in one second (FEV); forced vital capacity (FVC); tid-
al volume (TV); expiratory reserve volume (ERV); reserve vol-
ume (RV); peak expiratory flow (PEF); maximal expiratory flow
(MEF); and total resistance (R,).

Statistical analysis

Continuous variables were expressed as the mean and standard
deviation (SD). The conformity of continuous variables to the
normal distribution was analyzed with the Shapiro-Wilk test
for normality. The y? test (Chi-square test), Mann-Whitney U
test, student’s t-test, and Kruskal-Wallis test were performed,
where appropriate. To exclude the influence of age on fenes-
tration interactions, and the time from the fenestration proce-
dure on analyzed parameters, a two-way analysis of varianc-
es (ANOVA) was performed. Statistical significance was set at
a p-value <0.05. The data were analyzed using Statistica ver-
sion 10.0.1011.7 (StatSoft Inc., USA).

Results

Patient characteristics

Thirty-nine patients were included in the study, who had un-
dergone a Fontan procedure, and who had a median age of
25 years (range, 19-44 years). The median age of the patients
at the time of the Fontan procedure was 5 years (range, 1-16
years). The mean postoperative duration from Fontan procedure
to inclusion in the study was 19 years (range, 12-34 years).

Of the 39 patients who underwent Fontan surgery, there were
19 (49%) patients with fenestration (Group 1), and 20 (51%) pa-
tients without the fenestration procedure (Group I1). The base-
line characteristics of the two groups of patients who under-
went Fontan procedures, with and without fenestration, are
shown in Table 1.

Atrial fibrillation

Atrial fibrillation was recorded in 23% of the total number of
patients who underwent Fontan procedures, with and without
fenestration. The groups of patients who underwent a Fontan
procedure without fenestration (Group I1) showed that the fre-
quency of atrial fibrillation was significantly greater (p=0.04).
Two-way of analysis of variance (ANOVA) showed that neither
the age nor the time from surgery influenced the statistical
significance of this finding. Furthermore, there was no age ef-
fect on fenestration and no effect of the time from the fenes-
tration operation on the evaluated parameters.
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Table 1. Comparison of baseline characteristic and laboratory parameters between Fontan patients with or without fenestration.

Fenestration No fenestration p Value

Number of patients, (n) 19 20 -
Number of males, n(%) 11 (58) 13 (65) -
Age, (years) 24 (20-33) 30.5 (19-44) 0.0004
Age at operation, (years) 4 (2-15) 5 (1-16) 0.2
Time from operation, (years) 19 (18-22) 235 (12-34) 0.002
Type of Fontan procedure

APC, n(%) 2 (11) 4 (20) 0.7

TCPC, n(%) 17 (89) 16 (80) 0.7
Type of systemic ventricle

LV, n(%) 16 (84) 15 (75) 0.6

RV, n(%) 3 (16) 5 (25) 0.6
HR, (betas/min) 83 (50-97) 76.5 (58-109) 0.3
BP, (mmHg)

Systolic 130 (110-160) 130 (85-170) 0.5

Diastolic 70 (40-80) 80 (45-90) 0.2
SVEF, (%) 55 (30-75) 50 (30-60) 0.05
NT-proBNP, (pg/ml) 102 (10-697) 2719 (40.1-3185) 0.04
RBC, (107/ul) 56 43-7) 54  (45-6.7) 0.2
Hb, (g/d1) 169 (13.1-19.5) 16.4 (13-20) 0.5
HCT, (%) 485 (38.7-55.1) 474 (388-61.7) 0.7
Platelet count, (10°/pl) 145+39 150+60 0.8
ALT, (1U/1) 24 (18-46) 265 (11-69.7) 0.13
AST, (IU/1) 2416 2847 1
GGTP, (1U/1) 64 (26-155) 81 (22.6-240) 0.1
Bilirubin, (umol/l) 165 (7.4-101.8) 23 (3.5-1354) 0.5
ALP, (IU/) 67+21 86121 0.01
AFP, (ng/ml) 25 (1.5-10.3) 28 (0.8-18.6) 1
Total protein, (g/dl) 765 (69.2-81.9) 734 (39.2-87.6) 0.4
Albumin, (g/dl) 444 (38.9-48.5) 42.1 (20.5-50.2) 03
Creatinine, (umol/l) 775 (62-113) 77.5 (31-173) 1
Cystatin C, (mg/l) 1 (0.7-1.2) 09 (0.6-4.1) 1
ACR, (g/mg) 101 (29-39) 10 (3.3-86.4) 0.9

HR - heart rate; BP - blood pressure; SVEF - single ventricle ejection fraction; NT-proBNP — N-terminal B-type natriuretic peptide;
RBC - red blood cells; HCT — hematocrit; Hb — hemoglobin; ALT — alanine aminotransferase; AST — aspartate aminotransferase;
GGTP - gamma-glutamyl transpeptidase; ALP - alkaline phosphatase; AFP - alpha fetoprotein; ACR - albumin/creatynin ratio.
Values are reported as mean +SD or median (range) depending on the variable distribution.
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Table 2. Comparison of CPET parameters between Fontan patients with or without fenestration.

Fenestration No fenestration p Value
T, (min: sec) 15:19 (7: 59-20:01) 14: 09 (9: 50-23: 00) 0.8
HR ., (beats/minute) 169 (121-191) 150 (71-180) 0.006
HRR, (beats/minute) 34 (7-78) 51 (9-112) 0.02
Puls 02, (ml/beat/kg) 17.745.0 16.5¢6.0 04
SBP__,, (mmHg) 130 (110-160) 130 (85-170) 0.7
DBP . (MmHg) 70 (40-80) 80 (45-90) 0.2
RER ., 1.1 (1.0-1.3) 10 (09-1.2) 0.6
Vo2, (ml/kg/min) 27+10 21.5+6 0.04
VOZPB_R. (%pred) 72423 58118 0.05
VE/NO2,,,, 332 (25.3-46.1) 323 (23.9-49.7) 0.9
VE/VCOZ,, 311 (24.6-41.9) 306  (24.5-40.6) 0.8
VE, (I/min) 61 (36-102) 43 (30-109) 0.01
BR, (/min) 70422 8120 0.1
Sat02,.,, (%) 90.5 (85-96) 89 (70-97) 0.3
Sato2 ., (%) 82 (64-88) 80 (65-90) 0.97
ASat02, (%) 8.5 (6-27) 65 (2-16) 0.2

CPET - cardiopulmonary exercise test; T — exercise time; HR — heart rate; HRR — heart rate reserve; Puls 02

ok — PEAK OXygen pulse;

SBPmk— peak systolic blood pressure; DBPMF peak diastolic blood pressure; RERWk— peak respiratory exchange ratio; vomk - peak

oxygen uptake; VE/VO

2peak

- peak ventilator equivalent for oxygen; VE/VCO

N~ peak ventilator equivalent for carbon dioxide;

Sat0,,,, - rest oxygen saturation; ASatO, —drop in 5at0O, during exercise; BR — breath reserve. Values are reported as mean 5D or

median (range) depending on the variable distribution.

Thromboembolism

Thromboembolic complications were found in 12 (31%) of the
total number of patients who underwent Fontan procedures,
with and without fenestration. Four patients presented with
a pulmonary thrombosis, two patients developed thrombus in
a lateral tunnel, three patients had a history of ischemic ce-
rebral stroke, and three patients were diagnosed with chron-
ic venous thrombosis. All the patients with thromboembal-
ic complications were treated with oral anticoagulants. There
was no significant association observed (x* test, p=0.7) be-
tween the absence of fenestration (Group 1) and thrombo-
embolic complications.

Laboratory test results

Laboratory parameters in patients in Group I, without fen-
estration, had significantly greater N-terminal pro-brain na-
triuretic peptide (NT-proBNP) levels compared with patients
in Group 1, with fenestration. Hematological parameters, in-
cluding red blood cell counts (RBC), hematocrit (HCT), and he-
moglobin (Hb) showed no significant differences between

patients in Group | and Group II. For liver function laboratory
test results, patients in Group Il, who did not undergo fenes-
tration (Group II), had significantly greater alkaline phospha-
tase (ALP) levels compared with patients in Group | who un-
derwent fenestration. Other laboratory parameters, including
aminotransferase (ALT), aspartate aminotransferase (AST), gam-
ma-glutamyl transpeptidase (GGT), total bilirubin level and al-
pha-fetoprotein (AFP), did not differ significantly between pa-
tients in Group | and Group Il (Table 1). Laboratory tests for
renal function, including creatinine level, cystatin C and the
urine albumin to creatinine ratio (ACR) showed no statistical-
ly significant differences between fenestrated (Group 1) and
non-fenestrated (Group 11) patients (Table 1).

Echocardiography

The median ejection fraction, determined by echocardiogra-
phy, was 50% (range, 30-55%) in the total number of patients
who underwent Fontan procedures with and without fenes-
tration. The Group | (fenestrated) patients had a greater sin-
gle ventricle ejection fraction when compared with the Group
Il (non-fenestrated) patients.
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Table 3. Bodypletysmography results in fenestrated and unfenestrated Fontan patients.

Fenestration No fenestration p Value
TLE, (1) 49114 5.0£1.6 1
FEV1, (1) 3.1+0.9 3.0+1.2 0.8
VG, (1) 3.5+1.1 3.5+1.4 1
FVC, (1) 3.541.1 3.5+1.5 09
FEV1%VC, (%) 886 (74.9-93.2) 85.1  (74-100) 0.2
FEV1%FVC, (%) 887 (75.8-93.2) 85.7 (78.4-100.0) 0.8
™, 0 08  (05-19) 08  (04-2.1) 1
ERV, (1) 14 (04-2.1) 10 (02-27) 0.12
RY, (1) 1.4£0.4 14403 07
RV/TLC, (%) 114.1 (84.1-143.6) 1002 (78.8-202.1) 0.7
R, 1074 (56.0-272.2) 1428 (54.0-357.8) 0.6

TLC - total life capacity; FEV, - forced expiratory volume in 1 s; VC - vital capacity; FVC - forced vital capacity; TV - tidal volume;
ERV — expiratory reserve volume; RV — reserve volume; R, — total resistance. Values are reported as mean +SD or median (range)

depending on the variable distribution.

Atrioventricular regurgitation was mild in 16 patients (41%), mod-
erate in 13 patients (33%) and severe in three patients (8%) in the
total number of patients who underwent Fontan procedures with
and without fenestration. However, the degree of atrioventricular
valve regurgitation did not differ significantly between patients
in Group 1 and Group II, with and without fenestration (p>0.1).

Cardiopulmonary exercise test (CPET) and pulmonary
function tests

As shown in Table 2, CPET results showed significant differenc-
es between patients who underwent Fontan procedures with
fenestration (Group 1) and without fenestration (Group 1I) in
heart rate (HR), heart rate reserve (HRR), maximal VO,, maxi-
mal VO, (% of predicted value), and ventilatory equivalent (VE).

The results of pulmonary function tests in patients with and
without fenestration are shown in Table 3. There were no sig-
nificant differences between the groups of patients who un-
derwent Fontan procedures with fenestration (Group 1) and
without fenestration (Group II), in dynamic pulmonary function
parameters, including total lung capacity (TLC), vital capacity
(vC), forced expiratory volume in one second (FEV,}, forced vi-
tal capacity (FVC), tidal volume (TV), expiratory reserve volume
(ERV), reserve volume (RV), peak expiratory flow (PEF), maxi-
mal expiratory flow (MEF), and total resistance (R, ).

Discussion

This study was designed to analyze the long-term complica-
tions of the use of fenestration in in adult patients who had
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previously undergone Fontan procedure for the congenital car-
diac abnormality of univentricular heart. The main findings of
this study showed that in long-term follow-up, patients who
underwent Fontan procedures with fenestration (Group 1) had
improved single ventricular function, lower N-terminal pro-brain
natriuretic peptide (NT-proBNP) levels, improved exercise ca-
pacity, and reduced serum alkaline phosphatase (ALP) levels,
when compared with patients who underwent Fontan proce-
dure without the use of fenestration (Group 1I).

Recently published studies have reported that adult patients
who underwent Fontan procedures have decreased ventricular
systolic function, and significant deterioration of atrioventricu-
lar valve regurgitation in long-term follow-up [5,10]. However,
the clinical impact of the use of fenestration on systolic ventric-
ular fraction and atrioventricular valve competence has been
controversial [5,10]. In 2011, a study published by Atz and col-
leagues showed, that a patient who had the Fontan procedure
with fenestration did not significantly differ in echocardiograph-
ic variables and NT-proBNP levels in 843 years of follow-up ob-
servation [7]. However, the present study analyzed older pa-
tients with postoperative follow-up of 21.7+4.2 years. Also, it
was recently shown that patients who had undergone a fenes-
trated Fontan procedure with total cavopulmonary connection
(TCPC) showed an increased cardiac index compared with oth-
er types of Fontan procedure, including the lateral tunnel pro-
cedure [10]. The presence of fenestration in the Fontan circuit
resulted in improved cardiac output, indicating a beneficial ef-
fect of fenestration for late clinical outcome [10].

The use of fenestration may play a role in the improved control
of cardiac output that was previously impaired due to the lack
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of an effective pulmonary circulatory pump, as in the Fontan
circulation, the preload reserve of the systemic ventricle is re-
duced or absent, as the cardiac output in the Fontan circula-
tion at rest is 70% that of the cardiac output of the normal
biventricular heart [16]. An interesting finding of this study
was that adult patients who underwent Fontan procedures
with fenestration (Group 1) had a greater maximal heart rate
(HR), maximal VO, (absolute and percentage of predicted val-
ue) and ventricular ejection fraction (VEF) at the peak of exer-
dise in cardiopulmonary exercise testing, when compared with
the non-fenestrated group (Group II), 20 years after the pro-
cedure. Of particular interest from the findings of the present
study was that the maximal heart rate at the peak of exercise
was significantly increased in the fenestrated group (Group
). In patients who undergo Fontan procedures, the heart rate
(HR) plays an important role in controlling cardiac output dur-
ing exercise [16]. It is also believed that abnormal autonom-
ic control and dysfunction of the sinus node can contribute to
the lower heart rate reserve (HRR) to exercise in patients who
undergo Fontan procedures [17].

The data concerning the impact of fenestration closure on ex-
ercise capacity in Fontan patients remain unclear, especially in
adult patients observed during long-term follow-up. In a study
published by Meadows et al., the fenestration closure proce-
dure did not influence the exercise capacity [11]. However, in
the same study, ventilatory abnormalities, following fenestra-
tion closure, and during exercise improved dramatically, but
did not normalize [11]. Mays et al. demonstrated that in the
pediatric population with a single ventricle, after the Fontan
procedure, the fenestration closure improved exercise arteri-
al oxygen saturation and aerobic capacity, despite a restricted
cardiac output at rest, when documented by cardiac catheter-
ization immediately after the closure procedure [18]. However,
in another study that described a pediatric population with
a shorter follow-up than in the present study, it was shown
that exercise variables did not differ according to the fenes-
tration status [7].

Data regarding the incidence of cardiac dysrhythmia and ar-
rhythmia in adults after the Fontan procedure are limited.
In our study atrial fibrillation was recorded in 23% of all pa-
tients following the Fontan procedure. However, in the patients
without the fenestration procedure (Group 11), the frequen-
cy of atrial fibrillation was significantly greater when com-
pared with patients who underwent the fenestration proce-
dure (Group 1). According to previously published studies, the
frequency of cardiac dysrhythmia and arrhythmia is estimat-
ed to be between 3-32% of patients in patients who under-
go Fontan procedures [19]. What is important is that supra-
ventricular arrhythmia may aggravate hemodynamics in the
Fontan circulation and lead to heart failure over a short peri-
od. The observations from the present study are in line with
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other studies, which have demonstrated that in patients with
fenestration closure, cardiac dysrhythmia and arrhythmia may
be aggravated and necessitate an increase in the dose of an-
tiarrhythmic agents given during patient follow-up [10,12].

Furthermore, the published data concerning respiratory func-
tion in adult patients who have undergone Fontan procedures
with and without fenestration are scarce. Several studies have
shown that patients who underwent Fontan procedures may
develop a restrictive pattern of lung disease due to weak re-
spiratory muscles, a restrictive thoracic cage, or paralysis of
the diaphragm after surgery [2]. However, in the present study,
significant differences in dynamic ventilatory parameters in
patients with fenestration were not observed when evaluat-
ed using whole body plethysmography.

Previously published studies have indicated that fenestration
increases the risk of thromboembolic complications, including
stroke, by providing a pathway of systemic venous emboli to
the systemic circulation [20]. In the present study, thrombo-
embolic complications occurred in 33% of patients, but there
was no significant relationship between the fenestration sta-
tus of the patient, and the incidence of thromboembolic com-
plications. This finding is consistent with some previous re-
ports, which did not demonstrate a difference in the number of
ischemic strokes and the occurrence of thrombosis in Fontan
patients with patent fenestrations [12,21].

Multi-organ complications including liver disease have been re-
ported in survivors following the Fontan operation [1]. However,
the clinical impact of structural hepatic abnormalities in these
patients remains largely unknown [1]. It has been hypothe-
sized that the increase in central venous pressure in the Fontan
circulation can result in hepatic congestion, portal hyperten-
sion, and chronic hepatic injury [1]. The role of fenestration in
hepatic impairment in patients with Fontan circulation is un-
known. The present study demonstrated that non-fenestrat-
ed patients (Group Il) had an increased level of alkaline phos-
phatase (ALP) when compared with the fenestrated group
(Group 1), whereas other hepatic parameters were compara-
ble between Groups | and Group Il. A Fontan-associated liv-
er disease (FALD) has been defined as abnormalities in liver
function and structure and is a serious problem for patients
who undergo Fontan procedures [21]. However, the prevalence
of FALD and the predictors for FALD remain unknown. ALP, as
well as bilirubin, is considered to be a cholestatic marker, and
recent studies have shown that elevated levels of ALP or bil-
irubin are associated with all-cause mortality, cardiovascular
death, or hospitalization in patients with advanced heart fail-
ure [20]. A previously published study by Yamazoe et al. showed
that ALP is an independent predictor of impaired renal func-
tion in patients with acutely decompensated heart failure [21].
In this study, the analysis of renal complications showed that
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there were no significant differences in renal parameters be-
tween the fenestrated patients (Group 1) and non-fenestrat-
ed patients (Group I1).

Currently, closure of a fenestration remains a controversial is-
sue, as some studies demonstrate that fenestration closure
improves oxygenation and may reduce the effects of medica-
tion for heart failure; other studies have suggested that fenes-
tration closure may result in increased use of anti-arrhythmia
medications [12]. Also, as reported by Kotani et al., persistent
fenestration has been shown to be a marker for physiologic in-
tolerance, as noted by increased rates of mortality and a high-
erincidence of Fontan failure and complications in a previous-
ly reported study conducted on pediatric Fontan patients [13].
However, some authors suggest that indications for routine
fenestration closure should be carefully reconsidered because
of the potential long-term benefits resulting from increased
cardiac output and reduction in tachyarrhythmias in patients
undergoing Fontan procedures with fenestration [10].

There were several limitations of this study. The patient co-
hort was of small size, and the study population was heteroge-
neous regarding their initial diagnoses and the type of Fontan
surgery. This study was performed at a single center, while the
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data was analyzed and interpreted by the study authors, all of
which may have introduced study bias. Furthermore, liver and
renal function were assessed indirectly by commonly used clin-
ical markers, not by quantitative measurements.

Conclusions

This study included long-term follow-up of adult patients who
underwent Fontan procedure for univentricular heart, and com-
pared patients with and without percutaneous fenestration.
On long-term follow-up, the findings were that patients with
fenestration had improved single ventricular function, low-
er N-terminal pro-brain natriuretic peptide (NT-proBNP) lev-
els, reduced alkaline phosphatase (ALP) levels, reduced liv-
er impairment, and improved exercise capacity. The presence
of fenestration did not influence hematologic, renal, pulmo-
nary, or thromboembolic complications. These findings indi-
cate that percutaneous fenestration should be carefully con-
sidered for these patients.
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11. Opinia Komisji Bioetycznej

OPINIA

nr 1072.6120.110.2017 z dnia 30 czerwea 2017 roku UNIWERSYTET

JAGIELLONSKI
Na zebraniu w dniu 30 czerwea 2017 r. Komisja zapoznata sie W KRAKOWIE
z wnioskiem z dnia 9 czerwca 2017 1.

zlozonym:
przez kierownika tematu: dr hab, med. Lidia Tomkiewicz - Pajak
zatrudnionego Klinika Choréb Serca j Naczyn UJCM

31- 202 Krakéw, ul. Pradnicka 80
Komisja Bioetyczna

oraz jego merytorycznym uzasadnieniem dotyczacym przeprowadzenia iiiateysa
eksperymentu medycznego pt. ,,Powiklania wielonarzagdowe u dorostych
chorych po operacji Fontana”, Jagiellonskiego

Do wniosku dotaczono:

1. Protokst badania, wersja 1 z dnia 30.05.2017 r.

Arkusz informacyjny dla pacjenta, wersja 1 z dnia 30.05.201 7L

Formularz 2gody uczestnika badania na udziat w badaniu, wersja 1 z dnia 30.05.2017 r.

Oswiadczenie dotyczace zgody na przetwarzanie danych osobowych, wersja 1 z dnia 30.05.2017r.
Zyciorys naukowy Wnioskodawcy, wersja | z dnia 30.05.2017 1.

Lista pismiennictwa, wersja 1 z dnia 30.05.201 7 1.

Kwestionariusz Oceny Jakosci Zycia SF-36, wersja | z dnia 30.05.2017 1.

Oswiadezenie o realizacji projektu w ramach prac badawczych UJ/UICM, wersja 1 z dnia 30.05.2017 r.

i a )

Komisja  wyraza pozytywna  opinie w sprawie  przeprowadzenia
wnioskowanego badania - na warunkach okreslonych we wniosku oraz
dodatkowo zastrzegajqc:

1/ obowigzek uzyskania pisemnej zgody kazdej osoby wyrazajacej wole (gotowos¢) udziatu
w danym eksperymencie, zgodnie z obowigzujacym przepisami,

2/ obowigzek przedstawienia Komisji:

- Wszystkich zmian w protokole majgeych wplyw na przebieg oraz ocene badania,

- zawiadomienia o przyczynach przedwezesnego zakoficzenia badania,

- Sprawozdania w toku przeprowadzanych badan - co szegé miesiecy,

- raportu konicowego,

3/ warunek skrécenia poczatkowej czesci formularza »arkusz informacyjny dla pacjenta”
opisujacej szczegbtowo liczne powikfania,

4/ warunek zamieszczenia w formularzu ,arkusz informacyjny dla pacjenta” wyjasnienia
uzytych zwrotéw medycznych oraz Zastapienia uzytego wyrazenia o braku »konsekwencji”
W sytuacji wycofania zgody na udziat w badaniu, zapewnieniem o braku wplywu takiej
decyzji na opieke medyczna.

Badanie moze by¢ prowadzone do dnia 30 czerwea 2018 roku.

Sklad i dzialanie Komisji zgodne z GCP oraz wymogami lokalnymi.
Lista czlonkéw Komisji bioracych udzial w posiedzeniu stanowi
zalgcznik do niniejszego dokumentu,

Krakéw, dnia 30 czerwea 2017 r.

ul. Podwale 3/5

Przewodnicz

Komisji Biogty&nej UJ PL 31-118 Krakow

tel. +48 (12) 37 04 386

prof dr hab. n. meéd. Piotr Thor kbet@cm-uj.krakow.pl

www.kbet.cm-uj.krakow.pl
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Lista cztonkéw KOMISJI BIOETYCZNEJ UJ bior

opinii nr 1072.6120.110.2017:

Katedra Patofizjologii U] CM

2. Z-ca Przewodniczacego: Mgr Alicja Widera (psycholog kliniczny)

Szpital Uniwersytecki w Krakowie

(5}

4. Prof. dr hab. n. med. Ryszard Lauterbach (neonatolog/pediatra)

Klinika Neonatologii UJ CM

5. Megr Leszek Kadziela (radca prawny)

10. Dr n. med. Teresa Pawlik (internista/lckarz rodzinny)
Przychodnia Podstawowej Opieki Zdrowotnej

Szpital Uniwersytecki w Krakowie

11. Dr n. med. Bartosz Grabski (psychiatra/seksuolog)

Katedra Psychiatrii U] CM

12. Jolanta Kope¢ (potozna)

Specjalistyczne Centrum Diagnostyczno-Zabiegowe
"MEDICINA 2000 Sp. z 0.0. w Krakowie

13. Dr hab. n. med. Ewa Konduracka, prof. UJ (internista/kardiolog)
Klinika Choroby Wienicowej i Niewydolnosci Serca UJ CM

[l Klinika Kardiologii U] CM

- Dr hab. Jerzy Brusito OFMConv. (duchowny)
Instytut Bioetyki, Uniwersytet Papieski Jana Pawta Il w Krakowie

. Drn. med. Barbara Groszek (internista/toksykolog)

- Prof. dr hab. n. med. Andrzej Surdacki (internista)

. Przewodniczacy: Prof. dr hab. n. med. Piotr Thor (urolog)

. Drn. med. Stefan Bednarz (internista/przedstawiciel Okrggowej Rady
Lekarskiej) Katedra Choréb Wewnetrznych i Gerontologii U] CM

. Prof. dr hab. n. med. Grazyna Bochenek (internista/alergolog/pulmonolog)
[T Katedra Chorob Wewnetrznych im. Profesora Andrzeja Szczeklika UJ CM

. Prof. dr hab. med. Roman Pfitzner (chirurg ogdlny/kardiochirurg)
Klinika Chirurgii Serca, Naczyn i Transplantologii U] CM

. Dr hab. n. med. Ewa Cichocka-Jarosz (pediatra/alergolog)
Klinika Choréb Dzieci, Katedra Pediatrii
Wydziat Lekarski Instytut Pediatrii U] CM
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13. Oswiadczenia wspolautorow prac

Lek. Monika Smas-Suska Krakoéw, 01.09.2019 roku

Klinika Choréb Serca i Naczyn

Uniwersytet Jagielloniski Collegium Medicum

OSWIADCZENIE

Oéwiadczam, iz m6j udzial w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients after Fontan procedure?” autorow: Smas$-Suska M, Dhuzniewska
N, Werynski P, Pajak J, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajagk L.;
opublikowanej w Cardiology Journal 2018, wchodzacej w sktad rozprawy doktorskiej
wynoszacy 53%, polegal na planowaniu badania, rekrutacji pacjentéw, opracowywaniu

wynikéw oraz wspottworzeniu i redagowaniu manuskryptu.

|
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Dr n. med. Natalia Diuzniewska Krakéw, 01.09.2019 roku
Klinika Chor6b Serca i Naczyn

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Oswiadczam, iz mo6j udziat w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients after Fontan procedure?” autoréw: Smas-Suska M, Dluzniewska
N, Werynski P, Pajak ], Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajak L.;
opublikowanej w Cardiology Journal 2018, wchodzacej w sktad rozprawy doktorskiej

wynoszgcy 5%, polegal na opracowywaniu wynikow i ocenie merytorycznej pracy.
Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas$-Suska
publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz
samodzielna i mozliwa do wyodrebnienia cze$é ww. pracy wykazuje indywidualny wktad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czesci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.

Notale oo
Mo dis¥lea.
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Dr n. med. Piotr Werynski Krakéw, 01.09.2019 roku
Klinika Kardiologii Dzieciecej

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Oéwiadczam, iz moj udzial w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients after Fontan procedure?” autorow: Smas-Suska M, Dluzniewska
N, Weryniski P, Pajak J, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajak L.;
opublikowanej w Cardiology Journal 2018, wehodzacej w skiad rozprawy doktorskiej

wynoszacy 5%, polegat na opracowywaniu wynikéw i redakeji manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas$-Suska
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia cz¢$¢ ww. pracy wykazuje indywidualny wklad lek.
Moniki Smasg-Suskiej przy opracowaniu koncepcji, wykonywaniu czgéci eksperymentalne;j,

opracowaniu i interpretacji wynikow tej analizy.
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Prof. dr hab. n. med. Jacek Pajak Krakow, 01.09.2019 roku
Klinika Kardiochirurgii i Chirurgii Ogélnej Dzieci

Warszawskie Uniwersytet Medyczny

OSWIADCZENIE

Os$wiadczam, iz moj udziat w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients after Fontan procedure?” autoréw: Smas-Suska M, Dhuzniewska
N, Werynski P, Pajak J, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajgk L.;
opublikowanej w Cardiology Journal 2018, wchodzacej w skiad rozprawy doktorskiej

wynoszacy 5%, polegal na opracowywaniu wynikéw i ocenie merytorycznej pracy.
Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia czg$¢ ww. pracy wykazuje indywidualny wkiad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalne;j,

opracowaniu i interpretacji wynikéw tej analizy.
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Dr hab. n. med. Wojciech Plazak, Prof. UJ Krakow, 01.09.2019 roku
Klinika Choréb Serca i Naczyn

Uniwersytet Jagiellofiski Collegium Medicum

OSWIADCZENIE

O$wiadezam, iz mo6j udziat w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients afier Fontan procedure?”’ autoréw: Smas-Suska M, Dtuzniewska
N, Werynski P, Pajak J, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajak L.
opublikowanej w Cardiology Journal 2018, wechodzacej w sklad rozprawy doktorskiej

wynoszacy 5%, polegal na opracowywaniu wynikow i ocenie merytorycznej pracy.
Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska

publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz

samodzielna i mozliwa do wyodrebnienia czgsé ww. pracy wykazuje indywidualny wktad lek.

Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czeéci eksperymentalnej,
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opracowaniu i interpretacji wynikéw tej analizy.
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Prof. dr hab. n. med. Maria Olszowska Krakow, 01.09.2019 roku

Klinika Choréb Serca i Naczyn

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Oéwiadczam, iz m6j udziat w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients afier Fontan procedure?” autorow: Smas-Suska M, Diuzniewska
N, Werynski P, Pajak J, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajak L.
opublikowanej w Cardiology Journal 2018, wechodzacej w sktad rozprawy doktorskiej

wynoszacy 5%, polegal na redakcji manuskryptu i ocenie merytorycznej pracy.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suskg
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz
samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje indywidualny wktad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czesci eksperymentalnej,

opracowaniu i interpretacji wynikéw tej analizy.
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Prof, dr hab. n. med. Piotr Podolec Krakéw, 01.09.2019 roku
Klinika Choréb Serca i Naczyn

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Oéwiadczam, iz méj udzial w przygotowaniu publikacji: ., What determines the quality
of life of adult patients afier Fontan procedure?” autorow: Smas-Suska M, Diuzniewska
N, Werynski P, Pajak J, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajagk L.;
opublikowanej w Cardiology Journal 2018, wchodzacej w skiad rozprawy doktorskiej

wynoszacy 5%, polegat na redakcji manuskryptu i ocenie merytorycznej pracy.

Jednocze$nie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz
samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy wykazuje indywidualny wklad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czesci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.
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Dr hab. n. med. Lidia Tomkiewicz — Pajak, prof. UJ Krakow, 01.09.2019 roku
Klinika Choréb Serca i Naczyn

Uniwersytet Jagiellofiski Collegium Medicum

OSWIADCZENIE

Oswiadczam, iz méj udzial w przygotowaniu publikacji: ,, What determines the quality
of life of adult patients after Fontan procedure?” autoréw: Smas-Suska M, Dhuzniewska
N, Werynski P, Pajak I, Plazak W, Olszowska M, Podolec P, Tomkiewicz-Pajgk L.;
opublikowanej w Cardiology Journal 2018, wehodzacej w sktad rozprawy doktorskiej

wynoszacy 18%, polegal na zaplanowaniu badania, rekrutacji pacjentéw, analizie danych,
redakcji manuskryptu i ocenie merytorycznej pracy.

Jednoczeénie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz
samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje indywidualny wkiad lek.

Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

$idio Mhmw W

opracowaniu i interpretacji wynikow tej analizy.
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Lek. Monika Smas-Suska Krakéw, 01.09.2019 roku

Klinika Chor6b Serca i Naczyn
Uniwersytet Jagielloniski Collegium Medicum

OSWIADCZENIE

Oswiadczam, iz méj udziat w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients afier the Fontan procedure”, autoré6w: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kolcz J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopismie Polskim Archiwum Medycyny Wewnetrznej 2019, wehodzacej
w sklad rozprawy doktorskiej wynoszacy 53%, polegal na planowaniu badania, rekrutacji

pacjentow, opracowywaniu wynikow oraz wspottworzeniu i redagowaniu manuskryptu.
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Lek. Maciej Skubera Krakéw, 01.09.2019 roku

Klinika Choréb Serca i Naczyn

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Os$wiadczam, iz m6j udziat w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients after the Fontan procedure”, autorow: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kolcz J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopi$mie Polskim Archiwum Medycyny Wewnetrznej 2019, wehodzacej
w sklad rozprawy doktorskiej wynoszacy 5%, polegal na rekrutacji pacjentéw i analizie
wynikow.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz
samodzielna i mozliwa do wyodrebnienia czesé ww. pracy wykazuje indywidualny wkiad lek.
Moniki Smaé-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.
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Lek.Tadeusz Wilkosz Krakéw, 01.09.2019 roku

Centrum Diagnostyki , Prewencji i Telemedycyny
Krakowski Szpital Specjalistyczny im. Jana Pawla II

OSWIADCZENIE

Oswiadczam, iz méj udziat w przygotowaniu publikacji: , Noninvasive assessment of
liver status in adult patients after the Fontan procedure”, autoréw: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kolez J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopismie Polskim Archiwum Medycyny Wewnetrznej 2019, wchodzacej
w sklad rozprawy doktorskiej wynoszacy 5%, polegal na wykonywaniu badar, analizie
wynikow.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia czg$¢ ww. pracy wykazuje indywidualny wktad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

opracowaniu i interpretacji wynikéw tej analizy.
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Dr n. med. Piotr Werynski Krakow, 01.09.2019 roku

Klinika Kardiologii Dzieciecej

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

Oséwiadczam, iz moj udziat w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients after the Fontan procedure”, autorow: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kolcz J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopi$mie Polskim Archiwum Medycyny Wewnetrznej 2019, wchodzacej
w sktad rozprawy doktorskiej wynoszacy 5%, polegat na ocenie merytorycznej projektu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy wykazuje indywidualny wklad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czesci eksperymentalnej,

opracowaniu i interpretacji wynikoéw tej analizy.
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Dr hab.n. med. Jacek Kotcz, prof. UJ Krakéw, 01.09.2019 roku
Klinika Kardiochirurgii Dzieciecej

Uniwersytet Jagiellofiski Collegium Medicum

OSWIADCZENIE

Oswiadczam, iz moj udzial w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients afier the Fontan procedure”, autorow: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kofcz J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopismie Polskim Archiwum Medycyny Wewnetrznej 2019, wehodzacej
w sklad rozprawy doktorskiej wynoszacy 5%, polegal na ocenie merytorycznej projektu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia cze$é ww. pracy wykazuje indywidualny wkiad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.
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Prof. dr hab.n. med. Maria Olszowska Krakéw, 01.09.2019 roku
Klinika Choréb Serca i Naczyn

Uniwersytet Jagiellonski Collegium Medicum

OSWIADCZENIE

O$wiadczam, iz méj udzial w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients after the Fontan procedure”, autoréw: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kotcz J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopi$mie Polskim Archiwum Medycyny Wewnetrznej 2019, wchodzacej
w sklad rozprawy doktorskiej wynoszacy 5%, polegal na analizie danych i ocenie
merytorycznej projektu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia cze$¢ ww. pracy wykazuje indywidualny wklad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czesci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.
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OSWIADCZENIE

Oswiadczam, iz mo6j udzial w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients after the Fontan procedure”, autoréw: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kolez J, Olszowska M, Podolec P, Tomkiewicz-Pajak L.,
opublikowany w czasopi$mie Polskim Archiwum Medycyny Wewnetrznej 2019, wchodzacej
w sklad rozprawy doktorskiej wynoszacy 5%, polegat na ocenie merytorycznej projektu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postepowaniu o nadanie stopnia doktora nauk medycznych. Oswiadczam, iz
samodzielna i mozliwa do wyodrebnienia czes¢ ww. pracy wykazuje indywidualny wkiad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.
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OSWIADCZENIE

Oswiadczam, iz moj udzial w przygotowaniu publikacji: ,, Noninvasive assessment of
liver status in adult patients after the Fontan procedure”, autorow: Smas-Suska M, Skubera
M, Wilkosz T, Werynski P, Kofcz J, Olszowska M, Podolec P, Tomkiewicz-Pajgk L.,
opublikowany w czasopismie Polskim Archiwum Medycyny Wewnetrznej 2019, wchodzacej
w sktad rozprawy doktorskiej wynoszacy 18%, polegal na planowaniu badania, analizie

danych, ocenie merytorycznej projektu oraz redagowaniu manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Monike Smas-Suska
publikacji w postgpowaniu o nadanie stopnia doktora nauk medycznych. O$wiadczam, iz
samodzielna i mozliwa do wyodrebnienia czesé ww. pracy wykazuje indywidualny wkiad lek.
Moniki Smas-Suskiej przy opracowaniu koncepcji, wykonywaniu czgsci eksperymentalnej,

opracowaniu i interpretacji wynikow tej analizy.
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