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- Modification of Classic Fontan

» Staged Fontan: BES
»> Balffle fenestration
» Lateral tunnel operation
» Extracardiac conduit Fontan
> Jearly moertality & meroraity
1long-term survival
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| Failing Fontan(?) |

sSEACULESTANUTE
LCO) = POStEP CX

 [ate fallure
progressive exercise intolerance
congestive heart failure

+ |ate sequale S ATy
! e Cyanosis

e PLE/ Plastic brochitis

o AVV regurgitation

e TThromboembolism

e Prolonged pleural/pericardial effusion
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Cyanosis

Thrombosis
Effusion

Arrhythmias




> Ventrcularrdysfunction

»> AV valve regurgitation

»> Cyanosis

> Fontan pathway: ebstruction

Prelenged pleural/pericardal effusion
Ihrembeemboelic events
Pretemnlesing enteropatiy(PLE)




Tessure

Normal

Pressure

Ao

Fontan

A

I1..'-4,I AS AN

\ +. Medical Center




Low Cardiac Output

ENE

[0) Low:  [Hypovelemia

night  Low' = Fontan pathway: ohstruction,
= TPVR - pulmenary vascular; disease
- PA spasm
» Pulmonary artery hypoplasia
Branch PA stenosis

= \/entricular dysfunction

= AV valve stenosis or insufficiency.
= Arrhythmia

" Tamponade

» Qutflow obstruction

v/ Medical Center




> Aortopulmonary collaterals

»> AVivalve regurgitation

> hesidual subaortic Stenosis

> residual CoA or PA branch stenoesis

adjustable or fixed

ASAN
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Management of LCO

> Loy CV/P = Molurri2 eriallar)
> HIghrCV R & EoWHEAR

=ontan eustruction

» | Operation

Branch PA stenaesis

j NO@ mhaltion
PA spasm > | Loewering PVR Prostacyclin
_ _ t Beraprost
Bulmoenary, vasc_ular dlsease_ ., Fenestration Sielanadi
puimenary; arteraliypoeplasia =06}\|6)
Tlakedown/H
ASAN




\ Management of LCO \

rligrl AR (ZLOgnenrle)) witn lovy TRG

" Arrythmia -
X
" lamponade

= AV valve stenosis or insufficiency. Op

= Qutflow obstruction

= \/entricular dysfunction

Inotropic support

VAD / ECMO?

Transplantation
ASAN

Medical Center
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Patients: DEG; 1984=June; 2004

20)with cavepulm. Connecton

(14: Fontan, 63 BDG)

median age: 4.4'yr in Fontan(1-42 yn)
17.1 mo in BDG(4.7-26.9 mo)

median Wt : 14.5 kg(7.9-82 kg) in Fontan
8.4 kg(4.4-10.5 kg) in BDG

lﬂnll.l«'lI
w3

| —
1 eentpnd | | 2 withelrien | .
""'fn:"i |umuE Eum.n
|
|2W|1 ||=|5.1.r
L_»80a [u';-: L
L -‘—--—'

Table 1. Published Literwture of Fortan and BDG Patients Supported With ECMO

Authar

Yuar

Lerics mee

ForlanfDG patierts

Kander ek al [13]
Klein ot a1, [14]
Zinmeek et al. [15]

Salba el all [12]
Dalton el al [16]

Eufik et. al, [17]
Jaggers &4, al, |15
Akaron et. al, [¥]

Y

ARG = el rectineal l'.-llr-rl..

Ann Thorac Surg 2004, 77:1341-8

1587
19580
1982

L]
 Ljoc]

199
2HE
2K

———

13 patients
39 patients
74 paticnis

1 patient
19 patients

64 patienks
35 padicnts (all bnlamis]
50 paticnis

1 Fonkan, died
4 Pondans, 4 deed

3 Fontans, 2 sarvived including 1 Fonlan
lakedawn an BECMO

Fonkan, mirvivad

3 Fonkans, I serviveed including 1 trassplani
from ECMIO

18 cavopalmonary connections, 3 sarvieed
1 B0G, died
2 Fontans, 2 survived; 1 BDG, died

BOKCH = puimacurporeal membrane onygenaSun.




sSEVENRICH Aol UimENeadinG
lncrease CVE
— prelenged effusion
e Catheter intervention coil:
Glantruco coil
Ternado coll
(micreinfusion cath)




Coil embolization case

Case: OO0

2nd op : BCS at 9yr
3" op : APC with
fenestration d/t small PA
LV function !
2002.1: massive hemoptysis
cath: Sa02 88%

PAP:m=5, LVEDP 9

multiple collateral
- coll

2002. 7: hemoptysis recur




Coil embolization case

Case: O O, 2ym

DX: DILV, cc-TGA, VSD, mild PS

1st OP: Atrial septectomy, PAB at 8 mo of age

2nd OP: BCS, BVF widening at 19 mo of age
Cath(04, 9,16): PAP m=8, VEDP 10, collaterals(+)

Medical Center




Iransseptall puncture
— Transseptal needle
— RF perforation catheter(5J)
e Fontan with ¥ fenestration

 Balleoen & eversized — cyansisi

Balleenidiiatation

_ . Buad el _ 5
Stent. implantation Stent: = fixed:size (84 mm) 2)

_ Eenestrated Amplatzer: septal @clludor
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\ Stent Fenestration

~ 3= i looo With 2ojeardizl oacineg Wiras

~ distal 5 e of e wirs k2 - J0ern [2pe)ip

> restltanHeepplaced eVEermIt=peILiG1 oY
palleenrcatneter(ds=251mm):

» si. dilate:stentwithrthe help off 1014 Er
dilator,

» Bare stent mountedion the balloon:

» 11-14 Er long Mullins sheath
across; the atrial septum

» stent-mounted balloon with radio-opague
wire loop centered at atriallseptum

» Delivery:sheath withdrawn to) IVC
and balleoniwas fully/inflated :

» Goal for failing Fontan

Medical Center



> 409 off Fontan; pts at 10y EU
»> Moest common : APC

» Atrial tachyarrhythmia(lART)
»> SSS

»> Arrhythmia substrate

persisting preop. arrhythmia
scar/patch/fibrotic area by atrial dilation
natural barrier : AV valve, IVC, Pulm vein
hemodynamic theory(?)

@
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Atral  tamren)

| Myacardialifailure]

'\

> LCO
> Pulm =5
»> Cononary sinus; HT

Buyler, Vi cofforassior
| |



Management of failing Fontan
with Atrial tachyarrhythmia

> EXtracardac conduitEentantappreach
® EXxclude atritum from systemic Vein Cireuit
® Avoid additional atrial suture line
® Extensive atrioplasty with removal
arrnythmogenic atrial tissue
» Intraoperative cryoablation
Intraocperative RE ablation
»> Fontan conversion, heart transliantatin
»> Anti-tachycardial pacemaker insertion




Eciracardiac Concuit Witn a Lirnitad Mzaze
Procaclura for tna Failirie) Foritarn Witk Atriz

Taicp)y/ceircljzis

Stzwn P, Sacey VD Kirsisn Finuczins, FRACS . JoriEitiizn 1, SKinnsr, Wb
EREEEH FandIAIanRy Keris EFRAGS

Tiabdy 1. Paifent hifermatinn awd H?lﬂ'lll-l.!ll. - Table 1, Continued
Tonsn Camr Prevperative Antiarhythmic  Curand

Pl of Firit Fondsn  Convanios  Inberval T

Mo ; |:'|I|_|!'!!:H_|I| Hm i iyt ] Indicstinn Pacer Madicatlan Antlarrhythmic
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aiasliningis Futigua (WYHA 2) lixicity) place: Buing well i

fcaticn il fllsillati ki
et S ¥t sgh sk Satal Polng well, o arbhniss (VYA 1,
Dpera aEarTis mlﬂl
lakarunca [OYHA J) 1] will, na arvhyihmdas {NYHA 1),
DALY, FTGA, Asriapulmanary Atrial fibrilfation i Dimm {Placainide) fing
lasliil [ Sucond-degren hoart b
lj‘:';fd:ﬂl'? o g caused by ruldl.uhm“

Failgua (KA 3y B i
. e saaction of subaarlkc T {rale-contpallead Suirgitally induced heart block
um ﬁ-ﬂ:ﬁ:mpmﬂ hﬂﬁ"‘“‘f Glant right atriwm wilh Hléfii atrtal fbrilfation) Satalal Puntoperative airial luiter trasiod with
i b m;#l e satalal, dolig well (YA 1),
HIJI

& Tricuspld abnonla, V50 Bjork madilication ;:::JHT’LHI:II:.I:IT il IART DHgosin {Amiodarone) Dining wiell, mo arvhyilimian (NYHA 1)
Fulljue L]

# Fiy i Lo 8- i s ol it ot i i Pl candidl, rigfhe sovial redrthen. limited sighi st e procedie, and pacemaker

Pemini Bilateral bidireetional Glenn A&l Sotalol Alrial Muitar mg,r § posdaperatively, nane
Al = demand mirial AAIN = wlal preing  ASD = glrial pepial defeck  DONE = olus] chamber pale ey
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Arrhythmia of Fontan- Patients in AMC

Preop. Fontan Arrhythmia

Sepsis, ARDS
- EXPIRE

ECC+
DDD: 3
DDDR:1

TA b

ECC

no relapse

Postop. Fontan Arrhythmia

/

4*
APC: 1
| LT :1
ECC: 1

\

2
APC+
Fenestration

ECC

T 1

WIR:2
PPM(?) 1
No :1

v

Amiodarone 2

v

ECC+ Maze
RA reduction
1

ASAN
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Contrast ECHO -
Pulm. Angio SYSIEMIGERYIMG!
\/ENG-VENGUS GO} \

: : Coll ecelusion
EXGEessive fenestiation

_ Device
Test occlusion CVP <156 mmHG | —»
closure

Ventrcular dysiunetion: | =» Heart ransplantation

ASAN
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systemic-pulmonary venovenous collateral closure

Dx: cc-TGA, VSD, MV straddling, No PS
1st OP: PAB at 5 mo of age
2nd OP: EC conduit Fontan(18 mm GTVG) at 5 yrs
old prolonged pleural effusion for postop 2 mo

- Cath: Sa02 93%, PAP m=10, VEDP 5

Systemic —pulm. Venovenos collateral(+) 53 ASAN
Medical Center




- True incidance urn<nown

—, Uriclarasijrnaiac

Diagnostic tool
» TEE(TTE |233 s2nsitiva)
< rleare CT/NIR

- SitrfoK2 ineicanea: 2.6%,

S OF LRILOLRIOVIS [OfrfIEEIef]

= \/enous; elhstruction
= Progressive cyanosis
= paradoxical embali

= Atrical arrhythmia

s Asymptomatic(40%)

Predispoesing Risk Eactors

= Slow nonpulsatile flow
= Enlarged thickened atrium
= small/ TRPG, LCO

= Abnoermality: of; clotting system

(‘protein C/S deficiency, Al

U, VWET)

lLongterm anticoagulation: controversal

= good Foentan;: no anticoagulation vs
alllkFontan : antiplatelet/oral warfarin

= risk.ofihiemorrhagic complication

= Warfarin (INR 2-2.5)

ASAN

Medical Center




Protein Losing Enteropathy

after Fontan OP

2 5-10%) of Fofitzif) goaretijor]
s AHammateny cause
Mechanicalfcause

clarrioclvrrzienlie siltarpzitje
SISV eI preEssure

s severe turpulant fiewiinr REA
near Rt BCS

Clinical feature

= Hypoprotememia

= Ascites, edema

 Diarrhea(a-1 antitrypsintin, steol)
o |mmunaodeficiency.

= Hypocalcemia

Risk: Factors

o 1 Rp =4 unit

o Heterotaxic synd(polysplenia)

 \Ventricular dysfunction
(VEDP = 12 mmig)

Medical Center




Protein Losing Enteropathy

after Fontan OP

HEMEEYnamic
Inflammatory 1:CVP) turbulance on RPA

¢ # Camalabsarption
fat soluble’ vit-Drmalalbsorption

Lympathetic

T Pr to lympath. A
Cap. membrane drainage hypocalcemia

instability

LCa**on enteric
Lymphatic distension — epithelium

= CoBIIETEN ! binding of protein
x on cell memb.

Gl less of; protein

@ ﬁdﬂ%r




Protein Losing Enteropathy

after Fontan OP

dietany manmpulatien/ albumin miusien

COrrection of; nypoecalcemia

diuretics// high dese sterard

systemic administration of'heparin, — Gsieoporasis
High-dese aldesterone receplorantigenist

balleen dilation ofi narrowed PA

acclusion off acrtopulmao. collateral arteries
creation of; fenestration

Medical Center




ct of rlign-Dose soironolaciona on Prozin-Losing = rJorlrn/

s witn Foonian Pallicition of Cornolax (‘ongerntdl aart Disease

Soironolacior Eoleranone
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Ringel et:al. Am J Cardiol 2003;91:1031-2
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Ventricular dysfunction after

COlEUU G ECIOIS

» Increased ventricular mass
» Morphological type of ventricle
» Impaired coronary artery flow

@ ﬁdﬂ%r




Chroenic volume overoead

v

Drastelich WS

v

Leng standing
Aypexemia

ECCENUICH YPERIGRIAY

v

Dilated, thinwall Vent.

M

Inadguate myao:
capiilany
|

Pressure everoad

v
Syt WSH,

y
VY@ Y PERIGRAY,
| \/

l

7 collagen: i ECM

ISchemic damage: in l

subendecarditm

fsubendo; filkresis
|

\/

Regienal W alnl
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t veniricular rarnocelir
aitrasiza : Morornologic 0os
for veritricular dys

Irig ir)

er /E

Ofl

Method

sziheartwithripratresiar atzautepsy,

Zrccontrol heart
die’effnen-cardiovascular related [Ds

TABLE 2. Gross measurements from the inlet and outlet of
the LV, comparing hearts with tricuspid atresia and control
hearts

Tricuspid atresia Cantral
Mean = 50 Median Mean = 50 Median P value

Inlet wall 068 =017 070 06% =022 070 B2
thickness frdat
|cmi Tricesaid siresa
Cantrol
Apan
Tnce=gid siresa

. Cantrod
fem) . Outied

Inbet |I}|'|I;IU| 108 + 006 297 = 063 Tncezaid siresa
|em) Camuinl
Outlet length 365 = D84

Dutlet wall
thickness

00021 070 0D = 022 , i

3.05 = 0453

Morphomewdcianalysis

o MyOCYIETIanSVErSe h

o capillaryvoelumefraction

e nuclear voelume: fraction

e gquantification ofi fibrous: tissue
e endocardial/thickness

k1l
b= 16

L1
Wbl

BE=1H
i

TABLE 3. Myocyte dinmeter, irlerstitial fbrosis and endocardial thickesss in the inlet, apex, and outdet of the LY in control
hearts and thaso with ricuspld &ireiks

__Wysoye disva (imi
*ll = 50

[T Y ]
Maaa = 30 Mudign

Emdacenlial Michprin (|

Msin @ 50 Muisn

edan

A =28

! 1023 519 = 401
AENs 1.0 =07

LE: Tirk | 40 =137

w1H
14318

2025 208 = 7
Rk 8.7 = 37

151 [Z8F
qaim

MBS E=20
CRNILT 05+ 05

EELLLY L1+ 18
EETELH DB =05

LE- AW el M. =180
FERYE | 190 = 123

ma I
14E &

Ie psgrd b 500 ghasam rhie sembers of cenen snwwred noasch conaane fncogped sirees vers cerliod|
< [ vevsar fenirol
‘I{:ml iF = [ versise canirel

J Thore Cardlovasc Surg 2003126(4):1026-1032
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for varitriculzair dysfunctlon zifray surgery
W Anegzlicz Binottg \YIPD. Vi da Loredas Hlicuati, WD, Vairza Barrzrani Aisllo, WP

[ Isubendocardial

A subepicardial

£ ASAN

Werwe/ Medical Center

J Thore Cardlovasc Surg 2003126(4):1026-1032



Myocardial Perfusion and Coronary Flow Reserve

assessed by Positron EmissionTomo
Patients after Fontan-like Ope

graphy in

L ON(EentaRElikerOP)
MEE=6:4(m age: 15,855, 04y | Clinicaltexarn:
OPrage : 5.9:%3. 7y Cath. Angio/i
FU after surgeny : 9.44.2 yi || PETWith N-13

ECGE, INIIE
EE
ammonia

: 10 healthy adults at rest & adenosin stress

Talde 3. Hemedynamic and quanlitstive myacardial fow parameicn

Vent.dysfunction(VD): 6/10 Cotee nder i

=55, ESDn 1 i FLO
MBFE higher in FLO than normal | g

Aprtic ssliiratian (%)

MBE and CER U in FLO(esp. V.D) | s
CVR 1 in FLO ;E:Eﬂr‘:;:ﬂmu

FLL

14 & 057

103 & 1§

& xidd

[T

L6 L1

o7 &

#0213

LI

28l & 032 0m & Qs
B89 & 035 orm & e
213 & 0.7% 1004 GAr
33 & 0Bk 4.1 £ §.0i
953 4 41,3 Il14 & M3
W2k 174 LN &

FLO, Fanlan:line ogerulian, £4. nghl aldim, EDF, end dustolic presure; PA, pulmenary arery, LA, b0 abmum; 88F, myvindial kol
o, AFIFN, myocansial blood fow normalized 1o tho reie presen prodict; CFR, ooronary Bow resorve; CVR, coranary vassular
[g=1HEE

# Exmlicudil diferesse (Mann="Whithey (1)

Hauser VM et al. Pedlatr Caradlol 2003,;24:36-92
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Formation of large

branching bronchial cast™

Inflammatory cast : fibrin > rnucir)

SYIMIPLOALIC ANV BISIUCHBNA

Predisposing factors

third-space fluid less

Mechanism : unknewn

4 2osinoonil Criarcoi-Laydor crysiel
* Acellular cast : rnucin > fiorin, 2osinognil-)

VVenureulardysitinechion
AVAVAIVENRSUTTICIERCY;
AlAyImIas

BLE

cast (?)

, S/ Eentan

ASAN
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Plastic Bronchitis after Fontan OP

VI AMEEEENL:

TABLE 1—Reports of Plagtic Bronchitia’

= Mucolytics & bronchodilatar o

= Dnase & steroid'— nflammatary
= removal of cast
repeated bronchoscopy.

aerosolized urokinase

tissue plasminogen activators .

racy imfecion; TOF, setralogy af Fellon PAY, ]

; IIIII

© pace r- In d u Ced SynCh ro n O US _.,, ey "1: .-.-.I.:.j.-u.u. . WAV annmal ous perlmonary venous r-:m""iT-‘-. :r.. _-.-JI .1.:-'.:‘-: ”:-

AV conduction(atrial rate:120/min)

Brogan. et al. Pediatr pulmonol 2002;34:482-7
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Plastic Bronchitis in Children:

A case series and review of medical literature

TABLE 2— Patlent Data by Underlying liiness TABLE 3— Cardiac Procedures’

Group | Group I Group III Prebronchial cast procedures

i n=17) (a=11) Fontan
(n=14) | Bidirectional Glenn

Age (years) 57@7 70(4.1) 49(4.8)  Blalock Taussig shunt

Sex (m/f) 716 79 715 TOF repair

Fever (%) 62 12 67 Postbronchial cast procedures
Mechanical ventilation (%) 3l 31 50 Pericardiectomy

Recurrences (%) 31 47 37 PAPVR repair

Pleural effusions (%) 0 31 25 Thoracic duct ligation

Air leak 15 6 17 Pacemaker placement

Survival (%) 100 71 83 PA stent/pacemaker placement
Type I infiltrates (%) 77 12* 38
Type II infiltrates (%) 8 65 25 "TOF, tetralogy of Fallot; PAPVR, partial anomalous venous return; PA,
No pathology 15 24 17 pulmonary artery.

*P < 0,05 compared to group L.

Brogan er al. Pediatr pulmonol 2002;34:482-7 e
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\ Summary

- correct residuall siiunt threugh catheter: mitervention to) avaeid
chronic velume overloaded/state
- correct residuall anatomical defect surgically’ te avaoid pressure
overload
- High-risk group for Fontan OP - fenestration
- avoid long standing hypoxemia through catheter intervention
(pulm.AVM, system.to pulm. Venoveno collaterals, fenestration)
- correct late seqguales medically or through catheter intervention
 Life threatening late sequale( esp. PLE or refractory arrhythmia)
combined with ventricular. dysfunction = Fontan conversion or heart
transplantation
e |Long-term anticoaguration : controversal

Fenetrated Fontan , Extracardiac conduit Fontan : warfarin (P1:2-2.5
INR)

@ ﬁdﬂ%r
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