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Surgical repair of tricuspid atresia

F. FONTAN and E. BAUDET

Centre de Cardiologie, Université de Bordeaux I, Hépital du Tondu, Bordeaux, France

Fontan 1971

Kreutzer 1973
Atriopulmonalni anastomoéza
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Bjork 1979
RA - RV anastomoéza




Total cavopulmonary connection: A logical
alternative to atriopulmonary connection for
complex Fontan operations

Marc R. de Leval, MD (by invitation), Philip Kilner, MD (by invitation),
Marc Gewillig, MD (by invitation), and Catherine Bull, MD (by invitation),

J Trorac Carbiovasc SurG 1988;96:682-95

> TCPC

L Total cavopulmonary connection (March
1987 |to March 1988)

Diagnosis Patients
Double-inlet ventricle 11
Absent right AV connection 2
Pulmonary atresia, IVS 2
DORYV, hypoplastic RV 1
VSD, hypoplastic RV 1
TGA, straddling TV 2
AV discordance, hypoplastic RV 1
Total 20

Doba sledovani max. 38 let




UplIné kavopulmonalni spojeni (TCPC) v Détském kardiocentru

KL 5 let, DILV, TCPC 20.11.1991

MUDr. Pavel Horvath
+ 1994

\

centrdln’ kmen pFeS{véme ve dvou vretvich. Uvolnujeme svorku z aorty
oh¥{véme mimot¥lnim obXhem, odvzduinujeme srdce, které opakovan¥
elektricky defdbrilujme. Horn{ dutou ¥{lu mediflns roziifujreme,
kmen plicnice nastfihujeme podéln* daleko do pravé vitve, provddime
anastomozu 5-0 Prolenem, bifurkaci d4le rozSifujeme nést¥ihem do le
vitve, pprovddime pla-tiku vlastnim periksrdem. Zévirem na¥ivime do
incise v kranidlnf ¥4sti pr-vé vitve perifern{ pahyl horn{ duté %{ly
anastomozu provéddfme 6-0 Prolenem. Srdce vydatn® bije v sinusovém
rytmu, ukon¥ujeme mimotZ1ln{ ob3h, Tlaky na Jedné komdree v. jugulari
17 torr, v. femoralis 17 torr, LS 5 torr, systémovy tlak 80 torr.
Opticky jsou anastomozy 3iroké. Kottrola hemosdzy,protamin, dekanylu
Jeme sréce. 4 stimula¥n{ elektrody, 4 drainy, sutura rény v jedno-
tlivfch anatomickjch vrstvédch, Preklad na 8D JIP,

. Horvéth
\ 2 x///
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Funkéné jednokomorové srdce — fazové operacni reseni
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UplIné kavopulmonalni spojeni v Détském kardiocentru

(1991 - 2024)
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Uplné kavopulmonalni spojeni v DKC (1991 - 2024)

Zijici jedinci k 31. 12. 2024 (N = 414)
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TCPC - patofyziologie krevniho obéhu

kulace
dnokomorového srdce

V4

émova cir
éje

/ 4

Syst
Funkce funkcén

Gewillig 2014
SVC

Neoportalni systém
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TCPC - srdec¢ni funkce a systémova cirkulace

Zakladni morfologie a funkce vrozené srdecni vady

Srdeé€ni chlopné

Cumulative Incidence of AV Valve Operation
or AVR Moderate-Severe (%)

80 4
—— Common AV Valve
60 -
—— Mitral Atresia
40 - —,—,_
— Two AV Valves
20 -
—— Tricuspid Atresia
0 1

0 4 8 12 16 20 24 28 32 36 40 44
Years from Birth

Dominance srde¢ni komory

Upraveno podle King 2019

# at risk

1.00+

0.75-

(%) 0.504

0.25-

0.0+

univentricular
left ventricle (uLV)

univentricular
right ventricle (URV)

P <0.001

10 15 20 25
Time, years

Indetermined
ventricle ??

Upraveno podle Dib 2024
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& TCPC - Zakladni komponenty neoportalniho systému

TCPC cesta| >>> nepulzatilni tok pomalych rychlosti !!!

DostateCna kapacita plicnic

Ztraty energie
turbulence

viry

treci sily
stagnace proudu
kolize proudu

om et w0 viskozita krve

Velocity Magnitude (cm/s)

Cévni protéza =218 mm

* McGoon > 2.0
* Nakata > 250 mm2/m2

v vew

Nizky tlak a odpor v plicnim feScisti

* stfedni tlak v plicnici <19 mm Hg
* plicni cévni rezistence < 2 wj.m?

Plicni cévni choroba 1. stupné

4

kontraindikace Fontanovy cirkulace
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Omezeni srde€niho vydeje po TCPC pri zatézi

Neoportalni "Bottleneck" Dlouhodoba prognéza po TCPC ?7?7?
system )
/\ oo — Pulmonary arterial pressure during rest and
- exercise in healthy subjects: a systematic review
; 80 | i
B/) ( g J 40+
‘ £
§ - M=mmmmmm - Age (yrs)
£ £ T [] 18-30
20+ a
A A S el infld | [] 30-50
—— Healthy subjects | ' A 104 111
ol —= Fontans i i ! . > 50
IVC 40 80 120 160 200 240 280
Heart rate (bpm) ° Rest Slight exercise Kovacs 2009

Van De Bruaene, Gewillig 2022

Funk¢ni zdatnost po TCPC ~ 50 % normy
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Fontanova cirkulace, vazodilatancia, fyzicka vykonnost a cileny trénink

Exercise Intolerance, Benefits, and
Prescription for People Living With a
Fontan Circulation: The Fontan
Fithess Intervention Trial
(F-FIT)—Rationale and Design

M Treatment ™ Placebo

23.0%

18.0%

<«—— Plicni vazodilatancia —
13.0%

8.0%

3.0%

A peak oxygen uptake

-2.0%
-7.0%

-12.0%
Kotatli ot al 1997 Gnoldhero ot al 2011 Goldhere ot al 2020 Hehert ot al 2014

Enalapril Sildenafil Udenafil Bosentan

Tran 2021
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Fontanova cirkulace, vazodilatancia, fyzicka vykonnost a cileny trénink

Exercise Intolerance, Benefits, and
Prescription for People Living With a
Fontan Circulation: The Fontan
Fithess Intervention Trial
(F-FIT)—Rationale and Design

M Treatment ™ Placebo

<«— Cileny trénink —

23.0%
18.0%
" <«— Plicni vazodilatancia —
T 13.0%
Q.
P |
S 80%
%
é 3.0% I
pe-~ 4 A (]
3 | = =] 4
<

2.0% I
-7.0%
-12.0%

Kouatli ot al 1997  Galdhero ot al 2011 Goldhero ot al 2020  Hehert ot al 2014 Cordina et al. 2013 Turauetto et al. 2021
Enalapril Sildenafil Udenafil Bosentan Exercise Exercise

Tran 2021



Patofyziologie Fontanovy cirkulace

Lymfaticky

Systémova

Neoportalni
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Exudativni enteropatie

Subclavian

Intestinal
Lymphatics

Dr. Yoav Dori: Children’s Hospital of Philadelphia
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Children’s Heart Centre: Liver tests after TCPC - longitudinal study

50

40 -

30 A

20 A

10 1

-10

Study 1 Study 2 Study 3
Period 2000 — 2001 2009 - 2010 2017 - 2018
Number of patients 102 69 47
Age at study (yrs) 9(4-22) 17 (12 - 31) 26 (21-38)
Interval from TCPC (yrs) 5(1-8) 13 (9-17) 21 (18-24)

GGT (Z-score)

—

0.025

PR

<0.001

]

0.019

Study 1 Study 2 Study 3

16

14 4
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10 4

Bilirubin (Z-score)

— 0'0,02 — ]

0.010 1 NS —

=

imm

Study 1 Study 2 Study 3

Prealbumin (Z-score)

Study 1 Study 2 Study 3

D. Ji¢inska




D
n Fontan Associated Liver Disease (FALD)

Patofyziologie

e zvyseny zilni tlak Sinusoidalni fibréza Portalni fibroza Cirrh6za
* hranicni srdec¢ni vydej

* hypoxémie (v klidu, pfi zatézi)

* pred / peri operacni poSkozeni jater
* faktor Casu

° 7?77

U dospélych

* obezita
e alkohol

Epidemiology of Fontan-associated liver disease in Japan:
Results from a nationwide survey in 2021

FALD: 3 120/ 7 810 (40%) pacient
Interval od operace: median 14 let

Ohfuji 2024




Advanced stage of FALD
Hepatico-cardiac interactions

3

Liver nodules _ _ _ o
Angiogenesis and Fibrogenesis in

Chronic Liver Diseases

Pro-angiogenic

Bocca 2015

Prevalence 35% - 48% Compensatory arterialization
of liver parenchyma

Hepatocellular carcinoma

Cumulative incidence 10, 20, and 30 years postoperatively
0.8, 2.9, and 13.3%

Téllez 2023
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Moznosti IéCby zavazného selhani Fontanovské cirkulace

Dlouhodoba podpora systémové cirkulace

% Survival

Transplantace srdce

Fontan Patient Survival After Pediatric

Heart Transplantation Has Improved
in the Current Era
Kathleen E. Simpson, MD, Elizabeth Pruitt, MSPH, James K. Kirklin, MD,

David C. Naftel, PhD, Rakesh K. Singh, MD, MS, R. Erik Edens, MD, PhD,
Aliessa P. Barnes, MD, and Charles E. Canter, MD

Survival after Transplant by Era of Transplant
PHTS Patients 2 Years and Older at Transplant 1993-2014

30% -{At Risk:
277 106 50
20% 318 235 203 116 50
10% 4252 85 41
150 101 84 47 8
0% T T T T T 1 T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Years after Transplant

Fontans: 1993 - 2006 (n = 150, Deaths = 57)
—— — Fontan: 2007 - 2014 (n = 252, Deaths = 36)
— — — - CHD: 1993 - 2006 (n = 318, Deaths = 112)
~~~~~~~~~~~~~ CHD: 2007 - 2014 (n = 277, Deaths = 36)
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Moznosti podpory neoportalniho systému

Cil: snizit alespon ¢astec¢né tlak v dolni duté zile >> zpomalit / zastavit vyvoj FALD

Pump Inlet

Pump Outlet

Velocity: Magnitude (mis)

Pump Inlet

Rodefeld 2024

Escher 2022
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Moznosti podpory neoportalniho systému

Dielectric Elastomer Actuators (DEAS)

Voltage off

Elastic

Dielectric elastomer actuator-based valveless pump as Fontan failure wﬁ
assist device: introduction and preliminary study Easomer
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Measured Flow (L/min)
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JDody
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Time (s)

Benouhiba 2024
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Multidisciplinarni celozivotni sledovani jedinci s Fontanovou cirkulaci

Specializovana centra /ambulance

kardiolog
kardiochirurg
rentgenolog
hepatolog
hematolog

Doporuceni pro jedince > 14 let véku

Laboratorni vySetreni

Interval (roky)

Vysetieni Interval (roky)
ECHO

Holter 2

Zatéz

Sono jater 5
Elastografie

CMRI (funkce, prutoky) 4

MRI jater

Biochemie

lontogram + P, Ca metabolismus
AST, ALT, GGT, ALP, BIL

Urea, kreatinin, k. moCova, cystatin C
Celk. bilkovina, albumin, prealbumin
NTproBNP

ELF test

Alfa-fetoprotein (pfi patol. sono jater)

Upraveno podle Rychik 2022, Téllez 2023

Hematologie

KO+diff+trombo

APTT, QUICK, INR, TT
Fibrinogen

Antitrombin

Faktor V, VII, VIII
ProteinC, S

Trombofilni markery

Pfi vstupu ditéte do programu jednokomorové cirkulace
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Keep calm
and

believe in science




