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A Case of Fontan Completion during Adulthood:
Fontan Indication and Surgical Interventions for Fontan Failure
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Some patients with single ventricular physiology reach adulthood without Fontan completion because of risk
factors for the procedure. A 40-year-old woman diagnosed with mitral atresia, transposition of the great arteries,
ventricular septal defect, and subvalvular pulmonary stenosis had not been considered as a candidate for the
Fontan procedure because of pulmonary hypertension. Lung biopsy revealed only mild medial wall thickness
in the preacinar small pulmonary artery. Fontan completion following bidirectional Glenn (cavopulmonary
anastomosis) procedure, atrioventricular (AV) valve repair, and pulmonary artery banding was successfully per-
formed. Postoperatively, cardiac dysfunction with AV valve regurgitation and cardiac dyssynchrony developed.
AV valve replacement and cardiac resynchronization therapy improved her ventricular function. She is doing
well 5 years and 3 months postoperatively.

Keywords: adult congenital heart disease, lung biopsy, Fontan procedure, cardiac resynchronization
therapy
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Table 1 Cardiac catheter data

D7 7 — 7 VA& TR R E AL (d-TGA),
O B RAE, il i Ol B IR 2 78/50(60)
mmHg) &ZWE N, T OFRO Rl e 2GR X
62% Cd > 7z, Rastelli FITHMIC Filiziro7z& C
%, fEEEIE N THEEFPAEMHIIL, OE X
FERRAIT D H 21T > Tz 24 1RO M A THBIRIE (&
40/18(25) mmHg, Hli/AIMFE (Qp/Qs) & 1.91,
fifi & X BT (Rp) 13 2.6 Woods unit-m® T&H - 7z.
SEEfEIRE (mPAP: mean pulmonary arterial pres-
sure) A% 15mmHg DL FT&H > 72728, Fontan FlidD
IS & E Tz,

39T AWM S EESFUWHRDER L, 40 mRFICTH
V15 0 O 0% R 8 7% HY B L 72, SpO, 1 89% T 3 o
Tz, Ol 7T =7 VIRE T, I#hRkEE 29/11(19)
mmHg, Qp/Qs (% 2.32, Rp (& 3.3 Woods unit-m’,
PA index |& 420mm*/m* TH o7z, KDLETH B4
DE DR AR MAREE (RVEDVD (3 171 mL/m?

6 months
after Glenn 1 year after 4 years after
Fontan CRT and AVVR
procedure
Age (years) 5 24 40 41 42 46
Sa0, (%) 62 83 90 77 90 89
mPAP (mmHg) 60 25 19 13 10 10
Qp/Qs 1.91 2.32 0.89 0.76 0.82
Rp (Woods unit-m?) 2.6 3.3 1.7 2.6 1.1
RVEDVI (mL/m? 171 (208% of N) 134 (157% of N) 157 (188% of N) 136 (160% of N)
RVEF (%) 51 50 28 53
Cl (L/min/m?) 2.4 1.7 25 1.68 2.14

AVVR: atrioventricular valve replacement, Cl: cardiac index, CRT: cardiac resynchronization therapy, mPAP: mean pulmonary
artery pressure, Qp/Qs: pulmonary-to-systemic blood flow ratio, Rp: pulmonary vascular resistance, RVEDVI: right ventricular
end-diastolic volume index, RVEF: right ventricular ejection fraction
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Fig. 1 Clinical course
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Interventions are shown by orange arrows. AF: atrial fibrillation, ASD: atrial septal defect, AV block: atrioventricular
block, AVVP: atrioventricular valve plasty, AVVR: atrioventricular valve replacement, AV valve regurgitation: atrioventric-
ular valve regurgitation, BDG: bidirectional Glenn, CRT: cardiac resynchronization therapy, HOT: home oxygen therapy,

PAB: pulmonary artery banding.
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Fig. 2 Lung specimens

A: Pre-acinar small pulmonary artery measuring 250um. B: Intra-acinar small pulmonary artery measuring 150xm.

(208% of N), fi=hKiH= (RVEF) & 51% &.OHHE
WFER7=N Tz, mPAP O EFIEEMmiRIcrES &
DEHERIENTD, RABITH S eh ShlitEm O
W) 7 fits Uiz, BliZERR O &, preacinar small
pulmonary artery C {3 H1 45 & o i i I )2 72 5E & 72
(Fig. 2A) MY, 1% 150um LA K @ intraacinar small
pulmonary artery CTIEHRIEEZIE L A LD T
(Fig. 2B), WdNELWEHHZE G <, PHZEVEMIME
A DT RIEES 557z, Index of pulmonary
vascular disease (IPVD)¥ I3 1.0 TH - 7. [l
&I &% T & T preacinar small pulmonary artery
DOHIEALIEANERNES 2 rIREMED D 2 ER2rE Nz, KL
S, BRBEMIC Fontan Filiz175 758 & Lz,

[F4E, B AR & Wi/ P Glenn (bidirectional
Glenn: BDG) Tfy, MhighiR#Heil Z17 - 7. B
RIE=ZRAEETHD, flkEHE (Edwards MC’
Annuloplasty ring 32mm (Edwards Lifesciences,
Irvine, CA, USA)) Z11-o7c. MBIREHEMICEI L T
&, HAD BDG Fif&IC BT, additional pulmo-
nary flow DR WEFI T, %D SpO, DK FE
U<, EHREDMEEICE T 2 WS RERD S - 7e
728, WiBhiREHE 2170 additional pulmonary flow
2589 JTEE Uz, Bl B AR A HE 16 3 N 0 il e
%, 3mm expanded polytetrafluoroethylene (ePTFE)
graft (W.L.Gore & Associates Inc., Arizona, USA) 7%
LT, M#hikEZzE=2— LD SARENDL
ROoNZEEE TRIEL . B3 et 30mm
Lixolz. Z OO ERERHE 15mmHg T,
SpO, I& 84% T - 7.

BDG fif% 6 ) HRED#i# T, mPAP (& 13 mmHg,
Qp/Qs (% 0.89, Rp i 1.7 Woods unit-m®, PA index
i& 242mm*/m?, RVEDVI & 134mL/m* (157% of
N), RVEF&50%, BEZEAFERITEETD > k.
PLED#ER M 5, Fontan Tl i his & i U 7z.
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BDG F ffi % 6 2 H @ 41 j% I IZ 24mm 1% ePTFE
graft ZfHH U 7205V EE R Fontan F1fi (fenestrated
(B3mm®) extracardiac total cavo-pulmonary connec-
tion (EC-TCPC)) %Z17>7z. fiEEZDFEH.O#E Ik
JEid 15mmHg TH o> 7z FRHTIERAEIRIC N 2
R—=AAX=INEFRORENINEC B REMEZ R L,
A - HEATIANDR—ZA A=AV — ROfEEZTT-
7z.

Fontan Fii%D#E@ : NYHA classI, SpO, 85%Hi
% THE L, BNP (& 247pg/mL TdH > 7z, MiEZD
DERE 1 EREZE71ay 7 (PRIE280ms) Th-o
7z (Fig. 3A). Fontan lif% 3 0 H RIS FEAENE O Ml E)
PHBIL, bR a—)IVONARZRE LTz, MR
Itk 2 MARRIC 2 EE=E7ay 7 &ix- 7 (Fig. 3B)
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%, OREFEARIC X 2 O0BGEE R & PRk
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I3 534pg/mLIc |5 U7z, REHIBECILE £t B 2 C
I3 RVEF 33% (Simpson i£) Td b, #ikk L %EED
g2 A 7D Nz (Fig. 4A). A= i
CD anterior/posterior wall motion delay (& 352ms T
HYo, RS SE LW L. BEMEEhE
FEICHE L7z, DKL, QRS MR 184ms LHLAL
TWw/z (Fig. 30). Ll 7—7 )UIR#E Tld mPAP (&
10mmHg, Qp/Qs (% 0.76, Rp & 2.6 Woods unit-m’
T»D, RVEDVI & 157mL/m* (188% of N), RVEF
& 28%, DvREUE 1.68L/min/m?* EOEDIEKB X T
I N 2388, A2 OARISKE S BS
LTW5 &Il L, Fontan FHfifk 1 4F 4 & HIEFICH
BT AZIT S Adt e Uiz, RO FEPHRIC
LTI, BRI ML EDEKIENE#ETH 2 &
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Fig. 3 Electrocardiogram

A: One month after Fontan procedure (QRS: 132ms). B: Five months after Fontan procedure (QRS: 138 ms). C: After
dual-chamber pacing (QRS: 184 ms). D: After cardiac resychronization (QRS: 132ms).

Fig. 4 Transthoracic echocardiography

Pre- (A) and post-cardiac resychronization therapy (B) echocardiography.

BAAF  BFEAOMMIER (27mm 1% Carbo-
medics (Sorin Biomedica, Via Crescentino, Italy)) &
FEE « HEANFZICY — ROz o/, U—FD
fEANIEE, AEY— R AL ISR E Ol
R CIRBEREONEZ [FE U, Rk 6e 7
THRENREENE A ZBIRL THESEL, AEY—
RIGEBIRERT M TR 2 RATREEDY — R 5 TE
HIEHEL Thess Lz, NTHEEMfigTHZ T eh
5, A-V delay K1 & V-V delay IRl I3 KB RFRER
HERMAZZHIC L, A-V delay 150ms, RV first,
V-V delay 20ms OF&E E U COIEFFMEE (Car-
diac resynchronization therapy: CRT) Z it L 7z.
M&e2A 0 X QRS MR 132ms & & fi L (Fig.
3D), AEMEE CIlEEE =R A 13 47 %8 5 T O anterior/
posterior wall motion delay 74ms & [A] Jf] A~ 4 D i
H#72a Tz (Fig. 4B). NYHA classl &7 D, SpO,
91%, BNP 36pg/mLIiCth# L7z, Pt AFii% 4 4
KF DL 71 7 — 7 VM T &, mPAP (& 10mmHg,
Qp/Qs & 0.82, Rp & 1.1 Woods unit-m?, RVEDVI
1¥ 136 mL/m® (160% of N), RVEF & 53%, LfR%
& 2.14L/min/m* TH o7z, FM AR5 H3NHDB
£, FHEHTH 5.
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tan FITOMEIS & ZDOTFRIC LTI, RIEHSMIC
o TWia. AT IF % Fontan T4l DGR IAl
F & LT, Burkhart 5V i&, #i#if mPAP 15mmHg
DL, FARHERS 30 L L, 9%, Podzolkov 5
13, ML 4 Woods unit-m? DL |, #EGEIGY A
¥, WEEY FOEERYREEF TS, Kk,
Fujii 5 ¥ &, /N & AR mPAP 20mmHg L |

TSI L THD, Burkhart 5 & [RIERIC 30 2L
L fakgEE T & LTWAb. Veldtman 5 (&1l
BT fE, i IS g 2 A Il O TR AV
Fontan FliO FPHARKFE LTS, WINODHR
HTE/NRAFMN E AEOBSEENHNENTE
0, HEOBECHNE 2T & D, RRCMEIRLH
BUVIENTIMERIOSHENERN T & LTHEF5NT
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WBH, RABNCEADOZRMA TR, HBE T
JilFltk mPAP 15mmHg LUT, [ififii B H##H1 4.0 Woods
unit-m® A % Fontan Fli#G & LTV 5. AEH
T, 40 KEFOFEFHE T mPAP 19mmHg, Qp/Qs=
2.32, Rp 3.3 Woods unit-m* & mPAP MWl TdH -
7o, Bkld, Ao X 51 Fontan FHOEIGICHK S
FEBNC I EMRZZEITIA TV 5.

Maeda 5 ' &, Jifi 55 B 4 4% B2 A O intraacinar
small pulmonary artery /"5 preacinar small pulmo-
nary artery X CT® 30 DL EOFHRRYITIC I 2 D
JEEZFHIL, T IhSHEIE NS 1% 100um TD
Jifis N IR D H IR D JE X DFEEEIC K > T BDG Fifids &
U Fontan Fli DG ZHIWr LTV 5. iz, AIEH
D& S &JERITIE, BDG Ffiz5edT U Tl it Zz il
R % C & Tz iR IRIEIE AN S 2 &b T
%. AJEMNZX, BDG Filitg 6 KDL A 7 —7
JURi#C mPAP 13mmHg, Rp 1.7 Woods unit-m® &
i~ L, Fontan FAMICENEL X 7z. Jili4#%ld Fontan
F OIS K S FEGI TR AEHEMETH S 5.

FEAHA Fontan fEERA2
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%Y. HALF TN ORI U TR SR
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ADBIERN D B DTIEIEZNNEEZTNS. KRIE
1T l&, Fontanf%IC 2 JEFE=ET 0w ZiZxfLRX—
VB Z LTED, RIS WY dyssynchrony AV
HUEAEE S ZE LU Nidk 5%, Pediatric
and Congenital Electrophysiology Society (PACES)
15 & U Heart Rhythm Society (HRS) 7 5 2014 4
ICHNSE RO (Adult congenital heart disease:
ACHD) HHEIH T B REIRIEHREDHTA B A 2D
&, ACHD LAREHICH I % CRT D&
RENTVE Y. ZOHT, BLEOBRFIIHNT S
CRT Z, DZEDHLIE, NYHA cassII~IV, QRS &
150ms LA _EDJEH] T Classlla DHERE L TN T 5.
CRT TRIR— VI iEDORETNRZ T b
LHRELBEEDO-DTH 3 Y. R—=v v FU—RiZ
ZOEEREOSEG] T IS REFHIRIIC H DAL T L AVATHE
TH5H, BULEFE, RRC Fontan i TIEAATHE
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Bl & 5 75 R IR E % TIEOREIIR I R R 5y
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FUFOUGEITMZ, CRTIC & 5 RIHARLOED
KESHELTWEEZ %, CRT IZHAEMNHOE
DOARICHT BB TFERO DL LT TE3T
H35.
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