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Background: With improved treatment of single ventricle physiology, Fontan-type repaired cases are continu-
ously increasing. After Fontan procedures, patients may have severe complications such as supraventricular tach-
yarrhythmia or failing Fontan circulation. Trans-catheter puncture and fenestration (TPF) to the Fontan conduit
have been used as a catheter treatment to address these complications. Due to the technical challenges of the
procedures, there are few reports on the effects of trans-catheter re-interventions and the possible complications.
Methods: We retrospectively reviewed the effects and complications of TPF in 7 cases (a total of 9 procedures)
performed from 2010 to 2019 in our hospital.

Results: The indications for catheter treatment were: (1) supraventricular tachyarrhythmia (n=4, with 5 pro-
cedures); (2) plastic bronchitis (PB) (n=3); and (3) protein-losing gastroenteropathy (PLE) (n=1). In cases of
PB and PLE, stent implantation was added into the percutaneously created fenestration. In 3 out of 4 cases, a
decrease in central venous pressure was confirmed. Ablation was successful with an efficient catheter approach
in all cases. All 9 TPF procedures were completed without complications.

Conclusions: TPF is a feasible and safe therapeutic option compared to open-heart surgery. Additionally, it has
a potential for improving specific complications after Fontan completion.
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%IT RN kAT LTz,

BRI 2IMOhT—TIVBROBEISOWNRIE, IR 4 5EH (5 1F), HRRESZR (plastic bron-
chitis: PB) 2335l (31F), & E{(ﬁtﬂlﬁgﬁﬁf it (protein-losing enteropathy: PLE) 2 LIiEf] (1) TH >
7z. PB & PLE DIERNIFARE IICAT > M RHIEZITY, 3/4 {fF“G%%Hh’EFhVEETLf: REERIC K%
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Fontan FAifld H.OEREORE 7L E U THIZ L
THYD, Fontan EHEDIHZEHEHA TS, L
L, #H X OEIREDEWVIREEICZR D, ZUSEK S
%G PHEE 2. Fontan i O A IHE L LT
&, AFpRERE T EH N LS BAE (protein-losing
enteropathy: PLE), B#M5UE 2% (plastic bronchitis:
PB), FEERZ ENTRICERT Z2EDL LTHIBN
TW3 V. PLE PB ADBFICIBNT, WREAHTE
TR AT—TIVEENERETH . ik Z{K
{5 EZHNELT, WBEIRNDRAT > FHEIES
{lFIIM% (aorto-pulmonary collateral artery: APCA)
ANDAA)IVIEERZITI D, TR G 5 Nk
WT ENBWV. KTAEENRDE U S & Fontan fEER I
SMICEILT 5D T, BMNIChT—TIV T 7 L—
> 3 (catheter ablation: CA) ZHMiFfd 246N H
20, DNE IR OIVNEEIC X % Fontan Flih i
Lo THL, EEMAEIRIFERNANDT T a—
FHEEL V. KBRS « FBE P2 S TSRS %)
B2 EHZNAT—TIVERRBLT LEAES T
AN

ZNHDOREZRIRL 5 2iR# /514 & LT Fontan
HE AN ORI ZER] - B ZAE BT (transcatheter
puncture and fenestration: TPF) 433 0, JTHFEE M
HULENTW AN, TPF DFRPLATHEIC DN TD
FLESME DRV, ZFTT, Y4B TO Fontan
HE AN TPF OiREAEZ MR L, ZO%R - &0f
JESRERIRRIRIC OV TG L7z,

A&

W12 T Fontan #i#21C TPF %175 I2JEfl 25774
FCHRGE LTz, BRETS SRR E, IaRdE, &0f
JEDE IR LITDOWTHALYS % & & &1, Fontan
EANOLH T2 B D TBE B DV T O Z /R
9. TPF Dj#E)izd, Fontan fEERIC I 5 CA H Fon-
tan fiit& O =BRIA A HFiE (PB » PLE) Z4 U TW\%
TED2DE Uiz WiEREAREIROZKID & N
HNC T — T VIBEEITY, BB MO NRHEEDOR)
W R ThT—T IViBFEORHAZ ¥l L 7z. Fontan
EEBRIC BB ZH7EMEE, AucotEZ b 8
50T, PiIAEIREZBMG L DD, AlRE/&RIR D RO

AT — T IVia# g % /#t & U7z, Fontan fiGER
TD CAR, DENDAT—T )VELEZZEN DR
AT 72T, KBRS - BB =R 2 W T EICREHT
5D T3’ <, TPFZ#IR L. %7, Fontan fif%
DEfFHEIHEDOH TH, T PB* PLE & T1&IC
RELBEDB2HIC, BMmIICHEHIREZ N2 EHK
T TPF #4712 i#HC LT3, HUDEIRIE (central
venous pressure: CVP) *.0MF# (cardiac index: CD)
72 8 BEIC LTz TPE Oz ORMEIZ VB TRk
TRV, TN E TOMY T3 Fontan fiT % =2 M H1
W KA A HERERE 75 & 235 & LT, Fontan
WS N TP X T N EZT o T2 & T 5
LB ZY B, YT RABEDEIS T
TPF Zito /= &id7x\. &6, ARUFZEIEERIRAT
CELWb MEEAEOKREZBRTWS. BHEHR
WEITRXTEXEZIT-2725 AT, b7z,

A2 =Y 3> (Fig. 1)
HTF—FIVIEFIZT R TGN K Ti1o 7.
Fontan EERIC 31 5 L5 kI, ARIME 1O 20
K RIS X B RIMEZETRT L, BWEHAESORS:
Ziiole. Y—ADMHEY A XA T —T IVIHED
NERIC K > THEE B, @HEDOhT—T ViR X DA
Bz h -7 (Fig. 1-A). TPF OFFE, OZEflES
P OFHMBIZIC X 2 MEEE, @2 - FRE, OIEHED

RO IV— Rk (FiHER), &V #EfETiro 7.
TORIC, 77 L— g REDEEHRANO ATV
HENEIT L.

OZEREBAL O BIZHTOENT 2 — (Intra-cardiac
echocardiography: ICE) » #% 2 T O — (Trans-
esophageal echocardiography: TEE) 7% [\ 7z. ICE
&, ACUSON AcuNav™ Ultrasound Catheter (Sie-
mens Medical Solution, USA) ZfiH L7z (— Rk
Fliy - (AKSIC K 59 8Fr). FHaflciEsw CT T, AKX
&R - IRIEZfERE L T2DS, ZRITTREMN E 5 2T
WUz, EHICHEREN ZRET B Tzdic, ICE D
TEE 72 A\ TR 9 5 AlaetE D & 2 & P o
Bk, OFRHZMD R Lz, X7
FEE < ISHEFEIIRDSEST L TV AEERITIE, d#ifikiE
st L.

@ ¢ fi] 1Z & BRK™ XS® (St-Jude Medical, USA)
Z Wz, & 971 BRK-XS® # @ %6 i &2 BUE L,
BRK-XS" §t 0 J¢ i D 1 & 7 Fontan 16 L TE
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Fig. 1 Typical catheter placement and fluoroscopic images of trans-catheter fenestration

(1-A) Basic sheath arrangement. The left side of the figure shows the patient’s head side. An 8Fr sheath is inserted into
the left femoral vein for ICE, and a long sheath (8Fr) is inserted into the right femoral vein. Placement of the BRK-XS®
needle follows. (1-B) The right side of the figure shows the head side, and the bottom is the atrium. The BRK-XS® needle
is pressing the wall of the Fontan conduit. The ideal puncture site avoids the atrioventricular valve, pulmonary vein, and
atrium ceiling area. The location of the top of the needle is checked frequently. (1-C) Fluoroscopic image of the punc-
ture site which is pressed with the BRK-XS® needle. (1-D) Fluoroscopic image of a guidewire for the coronary artery
indwelled in the atrium after puncture. Careful intervention is necessary to ensure that the wire does not come off. (1-E)
Fluoroscopic image of the balloon enlarged at the puncture site. The constricted portion is a puncture site. Stent implan-
tation is based on the position of the center of the stent at the puncture site. (1-F, 1-G) Shape of BRK-XS® needle before
and after re-shape. Fine adjustment is made for each case, and there is no standard for how much to re-shape.

Fr, French; ICE, intra-cardiac echocardiography.

AIEWAREICT % T & C, Fontan B DX T
5T LTRLE. £9, KIRO>—RAz201> 7
¥ —A (SL-0 long sheeth (St-Jude Medical, USA)
Agilis steerable introducer” (St-Jude Medical, USA))
ICANEZ, BRK-XSVEt20 > 7o —A%ZN LT,
ZERIERNL £ CTHLA T, ZERIIFICIX ICE TH IS ZRRIAT
izt L, BEPPOLERAREZHBEGELTVE S
WCHEREZE > Tz, RO IS, Fontan HE /21T
3 DEREEEINEND D, BRK-XS® #H DSk
WDEWNICAS ETTHoIciiLy> 7. DENICA-S
7o T & OREFRIE ICE 721 Tld7x <, BRK-XS® §15LL
MWoYL EDELAIZREG LT, DENEEEINET L
& TRIRFICiERE L Tz,

@] « BRI N DNV — ik (FiTHLER) %2
2RI T> 7z, BRK-XS® $FOANEZEL T, Bk
7 4 ¥ — (HI-TORQUE IRON MAN 0.014inch,
Abbott Vascular, USA) ZOFENICHE LR, Z0
#%, Fontan HENDT >V F7 ¥ — R L.0ENDEEIR
M7 A v —DHz Lz (Fig. 1-C, D). w8k ™Y
AV =72 LT, BRI SIL— R Z T 1.
2.5mm RO/ N)LV—> (TREK PTCA balloon
catheter, Abbott Vascular, USA) + semi-compliant /N

BRNRBRSBFEME £37F ¥25

JL—2/ (Sterling over-the-wire balloon, Boston Scien-
tific, USA) * 3mm/5mm ED A v 7« > 7 IN)b—
(peripheral cutting balloon, Boston Scientific, USA)
L PSR ZERIE 0 2R L7z (Fig. 1-E). ZERIERAL
2R LTctgic, BEBOHMNE I 5ERICK
frire.

77L—>av (Fig.2)

Fontan & ~\D CA ICBXL T, it DARIRHk
WK 1ART DD —RAZHAL, 1AL OEHNICEMmS
T AN, L5 1ARRMEE=ZY VT DT
OICHEH LTz, ZERNCEN L Th S ERdTEZRET,
OY7y—AZDERNICETEDT, ZIhb7 7
L— 2 Y OHF—F Ve LENICA L (Fig
2-B). DEHNDOR Y EXTZITY, 77— 3 Vil
fiizldE L, CAZFEfMiL (Fig. 2-C). HIcL >
TE, PREIR~ZERIE~T T L—2 3 YN DF1—
THEENCT & D, steerable ¥ — AWz, 7
T L— g VRICEKE A (electrophysiological
study: EPS) 217V, BHHOFERNE NEWT & 210
WMLT, CAZRT L. CADHZHME L&
&, FEHIANOAT Y FRERELTOEY. HH
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Fig. 2 TPF for ablation cases

(2-A) Electrocardiographic findings before catheter intervention in Case 5 showing AFL. The black arrows ({) indicate
flutter waves in thellinduction. (2-B) Fluoroscopic image of ablation performed after puncture. (2-C) Image of the CARTO
(3D electro-anatomical mapping system). The site where ablation was done is near the lower edge of the annulus of the
original tricuspid valve.

AFL, atrial flutter; TPF, transcatheter puncture and fenestration.

Fig. 3 TPF for hemodynamic improvement

(3-A) Large mucous cast expectorate. (3-B) X-ray image showing respiratory failure symptoms. The permeability of the
entire right lung is poor. (3-C) Fluoroscopic image after placing the stent in the fenestrated portion. The central part of
the stent is constricted. (3-D) Transthoracic echocardiographic image after stent placement. The red-colored jet is shunt
flow from the Fontan conduit to the atrium.

ICE, intra-cardiac echocardiography; TPF, transcatheter puncture and fenestration.

—, HFRELTEMD CAPRBREIZ > &I, AT BHUREZX PB) $LUERARLHESRE (PLE)
VENBHBET T VL—a T —TIVOBEIEICE (Fig. 3)

Bhdn e THEIN, F7/—EHEETZHEDT Fontan i D m WEHIRIED R A & 7% > THIES %
AV FWREVEEZTNS. & E&N% PB (Fig. 3-A, 3-B) *° PLE \ODiEH /7 #HE

RIS ¥ 72 5. APCA ~D I 1 )VFERRLHT IR~
DAT Y MEEZERNICITY, TNRT TRAED
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Fonizho7z0, JRENEWEEIC, TPF 2170,
BRSO EMFEZHINE LT, FEMIICAT Y MY
E2To e, A KRBREIIRIC 1 A, KIRFFIRIC 2
RKEVHBETITo 7. ERICHET 52— X1, %
filizEIcHWArY 7Y —X &, ICERWVWUIEART
NT—TIVERAT %> — A HiE L.

FDFETINIV— R (RifkER) 2 LT, SL-0
ELOENETHESD, A7 VHEEIT>/z. AT
> b & Palmaz Genesis (Cordis, Johnson&Johnson,
Miami, FL, USA) Z#—#Re L. X7 MO
BICEL T, A7V FOBEAHTHRIUTNTZZ AN
VA FE U CHLE L7z (Fig. 3-C, 3-D)Y. 44RHY
7% fenestration £%l& 4mm WML VDT, A7V FNE
IR I 4mm gDV A Az Hig L. A7
MEBIHGEEEDA T THNUX, @iE b—>
(Mustang (Boston Scientific, USA) 7% &) T&ILIE
2B Tz, WEOWE E M 4~6mm OY 1 X%
HigLTHD *Y, £lchll oY1 X cidEika
MZL7%5728, 4mm §igOY A AHREE & E Z
7z,

7+x0-7v 7

R BEDINK T H T — T IViE Rk O FE B2 x
f1ofz. 77— 3 EFIIABIROB\HRIZITN
X, SR TORBAEBIZOBRZIT, IRHEDIZDD
EPS (& fiif 7L TV R, WARIBEANIESIED B 2 A5
IROFBDIHNX, 2[EEHDOT 7 L—2 3 > ERRmT
ICEFE U7z, %72 PB A PLE OJEHIE, BRIKIEKRD
22l « fenestration DF{FDOH MR E &I T + 10—
LTWe., A7 Y FRICHBEDEAEL, A7 2 AL
7L UBTENZVDT, 6 ARNETOEHN
BT —TIVREZITV, BB TAT > ML
Rz E T U7z,

7w R

2010 FLAR%, MBEIC T Fontan % (£{j] ePTFE
i) 1 TPE 211> 72D 73EH O TH-o7z
(Table 1). A7 —7 )VIBHROBESONRIE, FEER
4 JER] (5 11), Fontan it & OHE : 4 JER (411 (PB:
31F, PLE: 11f) Thotz. H7—T ViBRROER
(hyefiE) 3115 G2 hH~39m 2 H). i
JREBWE G ALOEHMR (right atrium isomerism: RAD
M4, HLE (single ventricle: SV) 2V 2 i, =R
FPRASH (tricuspid atresia: TA) A1 TH O, FHiclt
& 4:3TH-oTe. 1HI GEFI D DAMLNEFIC X

BRNRBRSBFEME £37F ¥25

Patients characteristics
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AFL, atrial flutter; AVNRT, atrioventricular nodal reentrant tachycardia; AVSD, atrio-ventricular septal defect; BW, body weight; Cl, cardiac index; CVP, central venous pressure;

DAP, dose-area product; EC, extra-cardiac; IC, intra-cardiac; PLE, protein losing enceropathy; RAI, right atirum isomerism; PB, plastic bronchitis; SLV, single left ventricle; SRV,

single right ventricle; TA, tricuspid atresia; TCPC, total cavopulmonary connection.
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% Fontan (IC-Fontan) T, fHZd N T.OHEEICK
% Fontan (EC-Fontan) T& o 7z. JEH] 1 1% ZEHIER
DBIZIC TEE Z Wz hy, D ERF] Tld 9 X T ICE
Wz, 72 BRK-XS® #7&2 A7 7 —T )V
F# LT, Fontan B XM TOEMi7Z R < FHi72 fEf
1 ESER 2 THW7z. S 3 AREIE BRK-XS® # D5
2 BT % LRI THISTE TV .

CA 4l (5H) D2HIT, EPS TIEFEIEN
FEENRVIRREIC R D, Ay LIl L7z (Table 2).
1B GREBI3) (RN RZ LT, 3MHRICHE
CAZITV, TOBIIHFEI B L. 141 GEFl4)
3 CABDSAICE S X THAEA PR LD, 20E
Bl GiEfl 1 &R 5) (dERRIIC R Z LT, Hifik
IREDOAARZ LT, FEIRD > b oa—)UId BAF
THY, 1HENE CAZRRLTWVS. SIEMICE
T, HGRIFEND CA 2175 RIS X THIMEZR KT
U7z, BHZEICEL TE, =R E Th I MChF
LT3 16 GEFlD ZBRNT, CARHICIERHE
GBS L Tz 1B GERIS) DF, Z Di%
G PLE Zi#is & LT, FE TPF 2170, A7V b
HiEziro 7.

Fontan ffif4 &fiE (PB/PLE) IZ& L C TPF Z17>
TeDE 1IER (4ffF) TdH -7 (Table 3). PBD 1
B GER 2) I FEEREEIC & %2 BN EK T.OMHE L
iK%, DIREZITTOIERNS, (KRS XHRELN T
(extracorporeal membrane oxygenation: ECMO) 7%
AL ECMO ZEE&E LIcx £ hT7—T Vil
TV, BIERE O 2L L TH B ECMO Z B
U7z, oo PB D 245 GERT6, FEM7) &, FEHA
BB IRTHNT, BEAREDHRIEE Nz /zoI,
PB LZWICE-Tz. BWZHEL THEREATH
T—T VBRI L Tz, WINEFERAROUEE - 1
KR DIk 75 ESEIROUEE 2R, REid 5 2 &
T&7. CAZITo BIE/KHEINZ & PLE ik HAk
ZRDIEG] GERF] 5) 12, CAND 2 AKICHE
AT—T VML T, BIREOE N2 HIE LIZAT
v NHERITo . ATV b OFSEIE 3 HT Palmaz
Genesis® (closed-celD, 161 GiEBI5) T Omnilink®
(open-cel) ZfiH L7, F7, A7V FMEEZLT
MBI AT Y AR Z TR 2o, YIVT 7
U2 EBBLTWS. PT-INR X 2 itk E HEZICHE
L, 2fTmaeiEEEEdTwzn. 2l Spo, i
90% HiRIC & > Tz, JERFI 6 LHEHI 7 TIEAT ¥ PN
PEIC X P22 R S ke 7z 3 h H1IC PB DR
&, ATV FNOEILRZE L.

BAT—TIVTIER (91 ORIEFEH T —T IV

M (FhfE) 13 243 53 (194~42043), BHEE (Fh
JfE) X665 (23~1657%)) THotz. #E Bi
LT, mifdiREfd (dose area product: DAP)/fk
# (body weight: BW) O gL fifi I 138.1 uGym®/kg
(33.4~241.2uGym’/kg) Th-olz. BEEHIKE
WEDD, HT—T IVEBICIED BUHE GERSE - O
ZVRF—=F) IFEC TRV, 7 —T VBN
{51k &7 o T GEFI 2) (JREEEIERMIEIC 2D,
RIS IR THR S 72hY, Z NS OER] T IEIELH]
REELBBIERET C L, SRS TROEBIS S
1o TW5%. PBD2JER (EFI 6 &ER 7) T,
27 > N RERTE AR EEPEIEA R TAREL TV iz
N, A7 MABEBICIEBECIREIC K % 5GEZE -
MR DBENEICIHAD LTz, A7 > FREERD
PBIC K % ABill#E, JER 6 A 2 T4 (1Y
1EMIE AR L), SER 7 2 2 £/ T 4RI TH - 7z
WINE 3~4 HORIHARLT, /NS RBIECIRGE 2%
HIT2DRTH- .

z K

Fontan BRI § 2 ILAMDESE

Fontan Fifii&, =277 PASHIC X9 % 145 5 -ifi B
WA K B EREAIG TR & LT 1971 4EIc T S &~
A D Fontan IZ & W 5 E Nz ®. LEMEIREAS
% (atriopulmonary connection: APC) I X % Fon-
tan 7» 51 5 + > % )ViE (Lateral-tunnel: LT) 1 &
% Fontan Z#%C, FIEIXOIESE % W /2 Fontan
ffi (EC-Fontan) MAX VX —R&Ek-o>TW\5%. KE
Mayo Clinic IZ #1F 2 1973 /0 5 2012 4K TD 40
ED Fontan BEH D F £ B TIE, itk 10 fFDEFEHR
\& EC-Fontan T 94%IC £ TEd 5. KFIC 2001 4ELL
[ TUE 95% &9 EW 10 4EAEFRICE> TV S 7.
—J3°C, FPontan i D HEEZD 50% LI L THERHAH -
AT —TIEEEZLE L U, ASRZE DFRER® CA 7
EZONRIZZIKICIED, fenestration NDiAME (B
ACH# - A7V 83FENB Y.

1994 41 Mertens 5 /Y APC-Fontan fHE N D LR
(IR ZEPE K 2 #)55 L ), 2003 4E 1 Eun-Jung Bae 5
»Y EC-Fontan N\OD#E RN FHZE R Z 4] THE LT
W30 F 7z, 2000 4R IC 1 LT-Fontan % 4 Tl
fenestration WER E N7z NORR L INBARRIER &
WEENhHE P T, CAZHNE LM
ZRPERE 121 %0 Fontan ik UM /K AR D
s=AEERE (low output syndrome: LOS) 7% & 72 ) &
LTRSS BHEE SN B K51k Tk ¥
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B, AAREND SRERIFRRIERICET 2E L E o7
WEHIIERESZ 5.

UBRTIT o> TWABERENTI X
iﬁ LRI OEE - BIRD =8I, ICE Ofliff
BRI LTV 3. IBEFHEBOFIIICIE TEE (F
m1®a)fwﬁﬂ%®ﬁm£M%ﬁofwkﬁ,@
SRR LG BB K A EE 2 e LT, i 2
LIK#E ICE 25— & LT\ % (Fig. 1-B). X7z,
ICE THIUXBHEHRDABEEIC 75 57500 T & GRL
MOEGRDHATH ST R EEZFDAYw LT
HIF5ns. TNETICICEEZHWE ET %
<, WBEEO T RkE S 2%, BIfE TEE & #iR&
BRI VIRVLUE, —HOBRREFRDEAZEL T3
7e®ic, ICEZATET, 77w K77t XICHIR

DHBDGELNENEEZTND
K7z, BRK-XSYEN\DEIEE Y H DL TH
%. BRK-XS® B DA EFREDH TR EN DTG
HIDATREIC > TWVWB DT, HHEELEZS. L
{57 L2 HIC UTRIE S 2 M 1572 & OIS
TENERD T BDIF T, JEFFEFICRITHRR
LTWBONEETHS. IO TD BRK-XS®
ﬁ@ﬁm%Pg1F1GMf¢ C DGO 72 N
Z 5T LICkD, Fontan BEOEE COMWMIEAE <

4-A°

Palmaz genesis™* stent

7z 7z, IC-Fontan Tl Z N 721> Tld Fontan HE
DR TOWPE ST EMNEHELL, AT HT—T
JUT BRK-XS® 172 /%79 5 Lz 2 &b
%Y. TNETIKEART HTF—T VR TEH%
Tolce I 2MEIHAINS. HERICBITBEH 1
D &K 5 7% IC-Fontan TIIZERIE DRKIE D A TlE, 1
DV XA WEL, ART AT—TIVIRER L EZ
TW%, IC-Fontan DFERIE 1 HIOHTHH, A*
T HT—=TIVEHVENC & TTFHO#ES BN E DR
JE N2 DIMREE T E TR,

ATV MEAT VL AD Palmaz Genesis® (closed-
cel) ZH—FRE LT, RABIZRETIEa/)NVIV A
7> b (open-celD) &ERKELTED, FEEKITH
ABI GERI 5) T Omnilink® (Abbott Vascular, USA)
ZH LUz, BEDOHLTS Palmaz Z T 5
LOALL PO IREDHTIRAT Y LABRET
bBLEZD. MOXT Y FOAFEEICDNTEZ
%. Palmaz medium® (358E DR TREBNTH D,
YA XD 20mm BN THBEDD, a—r=v
ThRKEL, HEDVAITMKENEEZTNS
F 7z, Palmaz Express® @ikl A7 > b CGEANE
A A7 > k) & open-cell TH D, 5REMNFHVATHE
MRH O, BRI LTWARW., TG/N)V ATV
k7% TPR I Wz i & a0 A MRI A Z FTREIC S

a8

I Omnilink® stent

Fig. 4 Comparison between Palmaz stent and Cobalt stent

(4-A) In vitro experiment with a Palmaz stent. (4-B) In vitro experiment with a Cobalt stent. Although the protrusion is
large due to the size of the stent, there is no problem with stability. (4-C) X-ray for Cobalt stent the day after intervention
(Case b). The image shows the size of the narrowest part of the stent (4.2mm). (4-D) X-ray for Cobalt stent 2 years after
the intervention (Case 5). The image shows that the size of the narrowest part did not change; it is still 4.2mm.

© 2021 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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DAV NATYRTHD, TOAEEEZHE -
fo. RISV R ATV M Z2EEICHBET S5 AT
%, Open-cell THhB7=dlc, EIEMICHED RN
LERMRT HZRENH T, DNV EERTET S
Omnilink® 29 % DI L Ti&, ANLIfEAND
ANEERZITV, USRI 755 2 L 2GR L
T, EBUCER L7z (Fig. 4-A, 4-B). M4fgcaszL
ATV b2V 1E GEdl 5) T, WG 24
T, A7 ¥ MANRRNEICETFIERD TV (Fig.
4-C, 4-D). BifElZ, A7V FE 19mm OY 1 XHFH
RENBKEREE T, FRNAZ MR MAES S
EZT, NV MAT Y SR ERNICHiT %58k
LT3, WX, XOEWVWRIET, LEIGHE
KX BER AR TN, SHBERFEEHSET S
WS B .

TPF &G EFHRICDONT

Fontan ffi#% ® PB & PLEIC W 9 2R L L TOD
TPF DEFRZNEN E DR EWFZ2 TEHDMMEWVS
SISOV TERLZW. F8 %% PLE I Fontan flit%
HFH D 3~20%, PBIE4~14%ICHIET % LR &
NTW3 9. ZOREIIERICHIAETN TV S DI
TS, Fontan fEERIC A % T & CTHlRIED LA
U, AFsIEER - PIIRIGERIC B 2R NIE T T E W ER
THHLEZILONTWVS. THIKE, Y INERD
B RDTEEHRBICEEL VDI LT IHELH
% 7. PLEICXLTIE, BELRMERARE (FV7 3
VURATHEA R, NV, IVTFFT )b, ATk
LAF Rz EDHE) ZiT>T05. £ PBICHL
T, FARRONEHEFICINZ T, N-7R2F IV AT
VARG E SRR A, vaFt—ElA, S
A )= T FN—% (t-PA) WAEHIE
bETITHD, BEIRR 2R E LB TRET S 21 3
VIERBRURNC EWRGEETHLEEZS. L
L, WIFNDBEFEMRERENTHD, &2{EYL
BWEFIE H O, BhiG#EOA 7> 3> LT, TPF
DG EN TV 101820 Sk 1%, TPFIC K Y
RIEIRDSEEZ1G72 & T B MENZ V. SBE DRI
HICDWTTH SN, EWEGFD 26 GEFl6 &%
B 7) FVINEKEFEIC X B MR EORLE
PUT, ABEEZEDRAD L. PBAD TPE X, B
DWELES LADETATE, TORMENNRHGT
X, DORHCIRIRIC K B &OE R ZE I BN s i
7 E B[R D B 7281, PBITH L Tl YaHE
EOPEFT UCHREIMIMIC TPF 2583 2 \&E 2L Bbhn
%. Fiz, PLER#EEE LTO TPF L, MEETiE 16

BRNRBRSBFEME £37F ¥25

UDEERIN R <, Z DEFRINIFUCBE T 2 5l 5 a1
WAt S 1ENEETH 5. LA L, PLEICH I % TPF
DIMEFHIMSHENTED 2, #G1E PLE I
L TClZ, PB L[ARRICREMINICER S NS Z1E%71E
L EZB. URTORT Y MABEBRDO T —T VT —
%2 (Table 3) T, OFIHEMEMU, FIREME
TFLiCT MR T AT ENTET. T THREZ N
EFITBZMEIN] EVHBEAMNSE, TPFORIHRIE
TN TE S, &5IC, PBR PLEICHT %A
FCBOTIE, TEY VREAS A=Y g UE
HENTW3. PBICH LT, 88%DIKMENGS
N T 5H52 H"HD, PLEICHLTE, 77
UMD FRR EDBRSEN S oI TAME L H
%2 BURTIRY VB Y R—RU Y g U RE
5 EMAMRELRMIRRIZRSN TS EDD, failing
Fontan i DGR, FIPRAS0MiMmE LR 2 20
WARTERE T Tl <, TPER VU VI AV Z—X
VA vz EOIERYERR R IRIL L, ORI E
BT ANRZFRICHEALIZES A 5.

Fontan % DR RIGHEICF1F % TPF OB - 4
FMEIC DWW T E M5 L7z, Fontan i O ARk D
FEREMEIEIL 18.9% L MG E N T3 2. EC-Fontan
& APC X LT & L9 % & REARFEAESE IR &
DD, FIET B & T1RICHE R &IFT. EC-Fontan
AND CAICBWNTTPERNEH TH /289 %
2B B REEEAIADT TH—F LS HH
HENEADBEELE S A%, KBIIRREREFAITH L
THATHRIC A T—T IV AT 5 2 & & Rdhimicidn]
BETZMY, FRARIC K B IEERENRED I LR Z S NS,
Wi TE TPF %2 W TH7 o 7z Fontan B85 \0D CA I
ZHITHINIL, DOBIEERIITI TEHNTETWL
Te. 4 SEBIH 2 SEBIDS FEFEOD 72 DI HI N EEIR 3 7 R FH
LT, HECAZITY TLZHRLTWVWADEDN, K
IHFEE LT, FLIEWERERARW. CAZIT-H
Tz 4 GBI 3 REG] O R BB AR 2 U g0
RAI TH BT L EBERTE, ToRBEEMFEN
TWwa EEbNs. Fontan i D EHICHITF S CA
BT, TPFRIRFALRFRIZLEZS.

TPF |CBE 9 251 DFRE

TPFICBAd 2510 E & U TIE, Wl HE L
OEBERE, 75 RT7 78 AWVDIERWERIAND
ISR ENRFENG. 9, KRR & DBEAHE
IZDWTIE, ¥hT— T UBERT (Fhofil) ASK 4 BERY
THEZRENLRIHRAGHEEFA 5. BHENICEO
VI —ARDENICHED BT TE 2 KF &%



115

LTW3Z &, TPEORICE HIC CAR A1)V
¥ e A7 Y FRIER EDIRENND ST, —%IC
BT AT IR, 727, JERIOERZ LTV
BT, lHROTFHE XD AL—ITS T EHAlEE
K725 T 5. FHTERR N ) — LRI L
T, 7Nb—20% A X - FBEMELENDODHZHD
T, RHZEMFESEONZHENEND S, £z Kb
IROAE D UIFBAZEL TV B R E, 7I9v R7 7%
AICHIENHD 2IERHIE 5BIEA TS B BbNns. N
SRR D D07 Ta—F LG ENTE
D, XHGIEATRERD, FHROWMHEEIS IO I HICH
<™. ZOXSBIEFICH LT, SRR
TOa—FEEEIND.

AAZEDRR

F 9 ICRMGEE AR COWRBRAETH D, »
DDINERETCH B T EMFETEND. FHIC PB R
PLE OHEGNC B Z1BHNRICOVTE, Kb 2L
DREFIERDHETH S, 55 1, PB - PLE DJEH]
KB ZNERBBICENDD S T ENBRTFENS. A
Al U T 2 FIPRAO Al LR O G R 0,
FRFICTT > TV A MIENE D 31 )V IEFE DB RN
DAT Y MEEONREH O, TPEONRET LS
WINEWE DS H 5. B=I, EREOAINEDH
N RBHTH S eNbD. LEFHIEORENE]
PN EDFEETHRIERET S 200, AT MEE
BICE O EEDFHIE S N2 OEOREENE 555D
WKOWTEAHTHD, HEESATHLIREDND
%. mRIC, RETL IFELMERZRNTELT
TAa—7w THEOBEE N EF 5%, EfTkE
ECETHELIBZDEVS HBAATHE EEDHE
3% Z 7%\, Fontan BZIHINO— R %28 ->TH
, SHRTDX I Inie Bl S B EFEIIHML T
(BT EMPHEN, 2R TOEFERMIIFEN
5.

B

=]

Fontan & & N\ KL INZER] - FAZMN (TPE) &,
Fontan & EH IS BT —T IV T L—a v
% failing Fontan JREEIC BV THULEIRIEZ K F S
27D EHEL LT, HOhiZEE Rna 1758 R
el 7m0 2%, 1%, Fontan it B DI EN
FAZIERDOIGHHE TN 5 e TEEINS. %
D LT, FHEOM I K2 RZEIENSHOBE &
bis.

FEHER
AESUCBHEL T, BRI REFSHIRRER D D EHA.

EEDEBE

FEHEXR @ B ORI, 7 — ZUUEROHTICB G L, sz
E10 N

BRGHE AR OMR, T— 2UURICBIG L, GRS L
7z.

EEGE, RS, AT, W RO, B EAL, ErhiE
HEAIRENCBE S U Tz,
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