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Long-term Results and Re-intervention after the Fontan Operation

Toshihide Nakano
Department of Cardiovascular Surgery, Fukuoka Children’s Hospital, Fukuoka, Japan

The surgical outcome of the Fontan operation has improved with refinements of the surgical technique and
advances in perioperative management. As a large number of patients survive to adult after the surgery, the
factors responsible for deterioration of patient quality of life have become important concerns. To maintain a
sufficient Fontan circulation, catheterization or surgical re-intervention must be considered at the appropriate
time together with meticulous follow-up and medical treatment.
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A 12 1, take down % 3 f§l, Fontan conversion
M 39 BT, 20 FDREFEFHEE XU Fontan failure
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i CPYEIZHAR] 10.220.6 4£) ZHitS U7z, FHAE
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take down, 4 FIDNOBAEZITVY, 12 10 FORBE
17335 X U Fontan failure [A18E2RIX 91%, 87% TdH -
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WTIRE SN/ 28 DFEERZ X L®, §16,707 A
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775 EORIRTEREEIRIC KA E %, Fontan {1
SN L WHIREAAEIRIEDENY T2 b U — 5
R CODENEKEHES T2 APCIEREER LT EREICE
WY, Carins 5 D iR %% Tl 1,034 A 0 Fontan
iftzEZED S 5 195 N (18.9%) ICARARMFEAL,
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I5ETENTNT4%, 70%, BT 55%, 4% TH>
722, Wi REARFEAIC B B ECHEOH ML £ <
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Fig. 1 Actuarial survival after extracardiac total
cavopulmonary connection in Fukuoka
Children’s Hospital
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Normal finding 47 (48.5%)

Coarse parenchyma 8 (8.2%)

Hyper echoic lesion 42 (42.3%)

few (13)
many (29)

Fig. 2 Liver ultrasound findings in 97 patients after >10 years of follow-up after surgery in Fukuoka Chil-

dren’s Hospital
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Mot 7 FEEFNC R LTI A NRHAE (7
VT IUERE, SEHE, A7HA1 R, sildenafil,
octreotide, heparin 7% &) 5 K UWEHIiEHE (fenes-
tration, Fontan conversion, Fontan F¢E& DILAEMRER,
FEEFERZE) Mo TEL, BE TR
W, RHRAEN A CEMRT B 6675 a7,

FEE

Fontan &Ik U % 213 K G118 MO RFfE = H
¥ X UHF#HERE 75 (X Fontan associated liver disease
(FALD) &MEEN, EFERKERIEFEHZED TV S.
PR EIRITE O B SAARODRHAYR E SEL TV
5LEZS5N%. BAICEL 7z Fontan 835 241 5]
Miat Em Ul 25.8 %, TR fastieE A e qi 20.3 4F)
TR EAEDEZ TR EREDOIFRHELEL RS
N, 91/3 OFEGICHHZDN RSN, BRI
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B IR — G e A B R 73 2R
@ hyper-echoic lesion (Fig. 2) /' Fontan ffii{%izk 1
DEFEDL L THERBSN Y, FFEMRTIZERLE,
/NEEHUDPEETE,  PINRERHE 7R & O DRI T H
%2 DA T — T IR & U o i Ak
WA, F s b~ —h— S mifger R, R
9 L EAHRE LY. FALD 3 Fontan #if44EE &
cuicHmL, BIfEOLTAFALDDAY Y —=
T LW, IBERERHNL SN TEL T FROTIE
W TH 5. Z0D7z% FALD Z{f - /- failing Fontan
BEO LB OMECHIEIC DWW TR S DN %
W2, F 7= Fontan fii % EBH DIFREH DL LT
MEZ L7 F =2 UL I KB Model for End
Stage Liver Disease excluding INR (MELD-IX) <
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VAS score (varices, ascites, splenomegaly) 7% EMWV T
BEMTZ EEbNTVS 22,

Z Dt DEIEEA S HHE

DLERART E =B OEDIE A IS, il & IR D 5
4, EREREDIXR, MiHERESEHS, plastic bronchitis 7%
E% Fontan RGO A OHE & U T OREH &0
WRAETH 5.

EEN A HE

Fontan 2% O EH M AGEIZHE AN & XK T L
THL, FERENCEZLZK FEAZRT L
MEISN TV S 22, Fig. 314kt B1F % EC %
Fontan fii{%8E OEHHARET A b ORRZRT.
Peak VO, DHfilEfEIZ T A FREDEMMNE VT E, F
7z Fontan Filih 5 OFLEFHMNENZ EMK T 2
M 547, Goldstein 5 (& Fontan % i3 o
B AREIC 350 2 B 72 30X, D OILRES &
HEEIRFO MM IEKPTMK N LW T & A peak VO, D
KFREAEERHEREO 2R LEY. £HEH)
MAREDIL T &iEfRIE T & DR EBIER SN TV 5.
Ohuchi 53 peak VO, M HIH TiafHsE T O AR 7
TH5T ERME L. F7- Egbe 513 peak VO,
DHFIEMEDY 3% /4 LL K N9 2 55 TLEE A XV
FAZVERE LTV Y. F e HHEOEHEEIE
Fontan fEERDEIC DR D &0 9 WFZERE R &
ThTws .

Fontan failure

Fontan f B (E Bk F.OED RN T & TIEIER
RAEIRIED L5, DBEOF MO & Z itk
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Fig. 3 Treadmill exercise tolerance test

140 o

3 1207

T; °

5 1007 ’, e ®

[ [
S 8ol ®e ®

T e o ® ).* ®
(] 4 ° [ ]

5 60]g °ge e 3
o oo ®

£ 40 ° °

=

© 207

®

0 2 4 6 8 10 12 14 16 18 20

Time interval since TCPC (years)

The peak VO, tended to decrease both with age and with elapsed time in patients after extracardiac total cavopulmo-

nary connection.

REREE MR 5N % %Y. —J5 T Fontan 4ICHE1E, %
T2l KT % PRI RN MAT R IS K 2 i o0
BO11%D5 62%ICE MSEDHELH D, ML
FRBAMICK 2 DEERTOBREEHD 5 5 7.
C OEFER73 AT WD Z Ak & 7555 bR 1 D 5 DFE D 78
A L IGERIERE DM 75 G A D % . % 7z Fontan
R DR ZLE DML (time-related progressive
ventricular stiffness) /' Fontan failure ®—1%7Z{H5
TENRMENTEHED ), Sugimoto 5 i Fontan ff
BOLZY—=T VXA TV =TIV RATEYRD
T LA DR DR L O—5iZ2 0 > T\ 2 iTEEN:
7o U7z 2. d'Udekem 5D iR tRAWMIZHIC & %
& Fontan failure Z%E 1, .O#H#H, take down, Fontan
conversion, NYHA III L/ -, PLE/Plastic bronchitis &
fE, LEFRT S EZOMEHRIT 20 FT70%THO,
K 7 MBI BUEIRRED Fontan failure O fEBRIA+ T
Hot?.

Catheter intervention

Fontan ffj# @ catheter intervention ) fi%H & M
132 < (Table 1), JAL—MIZITODNTVWS. &
LN Z OO R HIENMATIRO 3 A I)VEAZEIRTH D,
DEORE =AM Z Bk L Fontan IEERZUGE T H 5.
Pulmonary AV fistula FE4ESEGNC G U TREEZAN A1 77—
TIVCAT Y M eiE L, AR HEE B ORI R
N3 X2l S s L TF7 / —EokEz iR
Bz 355 *. Fontan it B O DEERER
ICX9 % catheter ablation DFIRICDWTIE, IR
EA DR DRERFICHEAE LS (40~75%),
HRE 0%/AELFOEDIEHLH S . £ ECH
Fontan ffif%4 T&H.OMNEELERNIC K B2 HhT—T V7 7
L—>a VIEnReETh b, BREFEKESRESN T
24 44>'

Table 1 Catheter intervention after the Fontan
Aorto-pulmonary collateral occlusion 37-39)
Veno-venous collateral occlusion 39-41)
Fenestration creation/occlusion/enlargement 37-39)
Pulmonary artery balloon/stenting 37-39, 42)
Fontan conduit balloon/stenting 37-39, 42)
Aortic arch balloon 37)
Ablation for atrial arrhythmia 43, 44)
Pulmonary AV fistula occlusion 39)

Surgical intervention

K [# Mayo Clinic @ 40 4 @ Fontan T ffif © J% f#
WS TEMNREFE ONBHEN ADBHEIER—A
A—J—BH#A 23%, Fontan revision/conversion A
13%, BEAER/ BN 7%, ICD M AHRBIT
Fontan take down M Z N ZN 2% Th > 7= 2.

N—=RAA—=H—HEZAH

IEH AR B4 75 Fontan fEERZHERF S % 5 2 T
JFHICHETH Y, WEEAERERET Y 772 ED
IR EE AR O F A X Fontan fEER DL E iy T1%
DEFICBHELHETE VY. COXSHBET
ER=ZARX=A— A TIEROUGE & Mt e D UGS

W5 . iz Maze T H] L7z Fontan con-
version DJEfH|DZ% < T dual chamber pace maker D
WA ABRDHERE NS *. Fontan fiifRICOEDEL
fiEE 2N 7 AN 72 4 TS BEBE DX R A 5 Fontan
TEER DEAE D FERRD D B IEHI TIEN—A X —=A—IC
& % D= FAWF#E (cardiac resynchronization ther-
apy) 3EWNETETH B REMD S % °V.

Fontan conversion
Atriopulmonary connection % @ Fontan F-fi 1% O

B0 DILKRIC K 2 AREMR O FE A fifi i IR oD

© 2017 Japanese Society of Pediatric Cardiology and Cardiac Surgery



366

B, X7HEENMAROK N EZ2Kk 2T <, ECH
Fontan "\ @ conversion C Fontan i§ B O i 3% 15 5
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TdH o7z, 364l cryoablation 2, 16 HIlICX—A X —
N—HZAFH AL, WEFET % 4 6, #=RIET
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JVTH % %, Failed Fontan 351> 2 1EE A
DB ANTIE K 3 BE OIEERBIREDRAEE PO 72 10
DR ETH%. Giridharan 513 Failed Fontan f&#&
DIRDERRER & LSRN RIEERENLED 7 L T
ALZEBLTWS (Fig. 9%, ALEDIUHRED R
fe NI Tl OB (cavopulmonary support)
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R LIERIZSEE T 20, RLBEIEEIK T2
AOF U TR Tl RTERIER O & Tl i
LEW IO [RIFIC VAD OEEDRE LR D, RDE
DUHEREMMEKT L7IERNICI1F % VAD I &K % fivk
g TiE, LEOD filling M+ ThH 5 ENFMFT
& %7, Fontan JEERDOFHMN 5 2 D K 5 IR IE
WICENT, VAD O filling WA 2 & 3 RHY
I fenestration Z1ERK, F 73K L TH07m0E ]
BRI U7 5750 %, £ 72 IHAE Fontan
BHEOH LB O RN 5 HE1E 7% <, EXCOR &
£ D VAD 7% %35 % P 1d Fontan pathway O take
down ¥ X U fenestration O FfI$8 T.0 AR, AliEhR
REIMD T AT LONRHE FEREEN R L 75 % %,
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“Right-sided”

Fontan Failure

“Left-sided”

failureV\h"m;LsF)

Low-Normal VEDP
« High pulmonary resistance
*Low ClI
* Low peak systolic pressures
« Low atrial pressure,} MAP

| Diastolic dysfunction |

>15 mmHg VEDP
« Normal pulmonary resistance
*Low ClI
* Low peak systolic pressures
* High atrial pressure

| Systolic dysfunction |
1

VEDP >12 mmHg VEDP < 3 mmHg

Add VIP support «jCl +§TCPC pressure Add VAD support

» Low systemic pressure (>15 mmHg)

= High atrial pressure + Low atrial pressure

VEDP <12 mmHg TS | VEDP > 3 mmHg
= Systolic & Diastolic__, <Ml
CPeak systemic pressure dysfunction « | Peak systolic pressure
« §MAP «4 MAP
+ Normal atrial pressure
Need both VAD
and cavopulmonary
support

Fig. 4 Algorithm for mechanical circulatory support for patients with non-restrictive Fontan failure
Reprinted with permission from Reference 66) Giridharan GA et al. ASAIO J 2014; 60: 707-715.

G
o=
L

Fig. 5 Concept of a viscous impeller pump to

provide cavopulmonary assistance

Reprinted with permission from Reference 67)
Rodefeld MD et al. J Thotac Cariovasc Surg 2010;
140: 529-536.

pathway F1C L AR 2 BRI 2% % Fi k7 74
A > O impeller pump OWZE, FAFKNTHON TV
(Fig. 5)67 68)

IDigHE
AR O ANRE RIS KX D i % A 7% W Failed
Fontan & ORAIGHRTRISOBETHS. LML

7255 Fontan 1% 8238 OO 09 2 B 75 388 5t
HHEIZ 5D & T A%<, Fontan failure 1> 7258
DIEHE T4 DT & Fontan 4 D.OBARE DA
TR EDLHED L THRIEEIND. ZTDIDITITE
BT — X OEMEHEBELMENDLETH 5. 1984
h 5 2013 4 F TIZfid N7z 351 A Fontan ffit4 &
FOLEREICEE S % 32 B 12 iz O Meta-analysis T
AR IR 4 CRMBRAEGFRIT1IET
80.3%, 5ET712%THH, MO LIREN %
DOBHORR LS TH -7 . £ Miller 50D
Hiffiag 47 51 DFE R T (3R R i o PR il ) i 728 DO Ff
MY 7% embolization 7% & TR AL D7 1 L fif 72 18I
U7ehbSR, T4 (2009 ELARE) 13 1 474 90% %
TH ELE. FRCEHEE TOEmOVLBIEBE AR
D7z%, Fontan failure B TOBAD G HEMENER
BNTWV5S. —/ THRAIZZ < & ia Ok
Fontan ﬁ]f(ﬁfﬁ% DBFERAEER IO e KM OE R
Wit BB AR TH - 72 7V, DERERED MRS &
NI ENSER T DL O BN &0 S #
BB, THUTDEUN DR E L EasE S (i
IR, B XUBHERSRE) OFENRKEESEL
TVWBTEMNEZBNS ™. £/ PLE ZOBHHE
T DOfERE T Tl e o 47,
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