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SMEIE & U TDOVSDO#EHE

Perimembranous type
Doubly committed subarterial type

Spicer et al. Orphanet Journal of Rare Diseases (2014) 9:144
DOI 10.1186/513023-014-0144-2 0 ORPHANET JOURNAL
OF RARE DISEASES
RESEARCH Open Access

Ventricular septal defect

Diane E Spicer’, Hao H Hsu?, Jennifer Co-Vu', Robert H Anderson® and F Jay Fricker'

. On m f Rare Dis 3
[l siemisieritirve e Orphanet Journal of
Rare Diseases
RESEARCH Open Access
Assessing the criteria for definition of S
updates

perimembranous ventricular septal defects
in light of the search for consensus

Justin T. Tretter''®, Vi-Hue Tran®, Seth Gray', Hieu Ta', Rohit S. Loomba®, William O'Connor®, Diane E. Spicer®,
Andrew C. Cook and Robert H. Anderson’
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Doubly committed subarterial type (fKIME TE)
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Perimembranous VSD & RIIB{EE 3R
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muscle

\< tendon of Todaro

'c] perimembranous inlet

membranous
septum remnant

b’ perimembranous trabecular 'd| muscular inlet

Subarterial type(dBtN TS

Saunders, Surgery for Congenital Heart Defects. 2™ ed. 2 ¥)

CONGENITAL: VENTRICULAR SEPTAL DEFECT

Visualization and quantification of the atrioventricular @ creckfor updaes
conduction axis in hearts with ventricular septal defect
using phase contrast computed tomography

Shuichi Yoshitake, MD,"’h Yukihiro Kaneko, MD, PhD," Kiyozo Morita, MD, PhD,” Masato Hoshino, PhD,‘l
Yoshihiro Oshima, MD, PhD, Masashi Takahashi, MD, PhD," and Robert H. Anderson, MD, PhD.? on
behalf of the SPring 8 Cardiovascular Structure Analyzing Research Group™

J Thorac Cardiovasc Surg 2020;160:490-6
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Lopez L,et al.Ann Thorac Surg. 106:1578-1589,201

FRASED bR

. 1) (RS A 2] =]

Perimembranous Gl e i) I BY(fRAREDRAE)
) ) TRAEBHBE mA

FERlETLAEE (5 (Perimembranous inlet) (FRABBRIE)

1y
Doubly committed subarterial MAMEE T (subarterial) (EE%_I—"B )
R al

Muscular (with naming inlet,

oLt (el asiesl) PIAEERERFE (muscular inlet)  IVEL(BHMESBERMRE/RIE)

BESZAFERRAN NFESLETRM Keio University Hospital

A GERBIR(BIIRET)
B:AZEHR(FEHRED)
C:AERAZB(AEFRSBinletAl)

Keio University Hospital

S1-3.3




EERME

=g B

IDZEPPRRIBFLOBPALICLSD
ODIJ-REBROFER
® j(@.lmﬁd-l-l_mu
o /UL I/ CRIENAMRIEE
o RI4ETE

Keio University Hospital

S1-3 4




VSDICL DA BRI TR

Tweddell JS, et al.Semin Thorac Cardiovasc Surg Pediatr Card Surg Annu 9:147-52,2006.
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2018 AHA/ACC
the management of ACHD

l

2020 ESC
the management of ACHD

KE CHFICE HEDIEY T BRI CHF ISR
BEE Y B AEIREE « FT/—F . ShNE
BN E . ZHFIB o BmieEk
B - BRFOAmE |« REESS « Aortopathies

o B OAEES - RiR-ERA
o LTE . fEEMmE
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. EFEEH
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o XK=V
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J Am Coll Cardiol. 2021 Nov 9;78(19):1904-1918. doi: 10.1016/j.jacc.2021.09.010.
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& FIT

« PH7%Z: L. PVR<200 dynes-s-cm—5,
Ty FE<50%, AR L. SERAL

« THL, EENEES AL

o BREMONEX 1.8%

o EFWARIHFEDI2%

o RILA—TORERRA LET%

- BAFE 6%

-
=
1=}

87 82
80
€ 60
% 38
= 40
a
20 9
o 1
]
15-25 25-35 36-45 46-55 56-65 66-75
Age (Years)

J Am Coll Cardiol. 2002 Mar 20;39(6):1066-71. doi: 10.1016/50735-1097(02)01706-0

N= 770, REA$8VSD 25FNER
Small 96%
moderate 86%
large 61%
Eisenmenger 42%

Circulation. 1977 Jun;55(6):908-15. doi: 10.1161/01.¢ir.55.6.908.
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2018 AHA/ACC
the management of ACHD

2020 ESC
the management of ACHD

+ Pp/Ps = 50%

= 7z
KE COR R
+ Qp/QS=1.5& Pp/Ps < 50% | + LV overload & non-PH
&Rp/Rs < 1/3 (normal PAP or Rp < 3 WU)
— lla + Qp/Qs>15 & Rp 3-5 WU
+ Rp/Rs>1/3 I1b + Qp/Qs>15 & Rp=5WU

* Net R-L shunt
« Pp/Ps>2/3
« Rp/Rs>2/3

+ Eisenmenger (or Rp=5WU)
& exercise desaturation

| ERKODACHD-PHICEIT 3%

B HEAELD

B O % KElmean PAP =25mmHg, ERM =20mmHg

RpDEMIZEEL TIEWNAWU (FREEHERE)

FISBEISEAEICE T 5 /87 A — 2 (ZKEIZRp/Rs. Pp/PszFAL, BRMIFPVR

CKRIFE IBMEDEFICEAINPYT WA, HEEICEDKBRIRHBEEZEALAVLTED)

EA$EClass HEISIZERMN Tl v > R AL K PHA LG WEEDAKIZIRTE
KE DA A Class EIGIEEL (Rs 1578 & 1ERp 5F TOK)

Severe PH (Eisenmengerz &%) (XA Class lll, 7272 L Exercise
desaturation® S2 & |3 BN D &
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| VSDIRFMThIFBZARF. LELRETRZ LENALEHENHD |

« N=174, VSDEgH#: HRREARTIH36E « Danish registry, N= 8006, #1582 IRIF19234
o 47FE86% (AMHEZETAERC) + BASEVSDDODOARLE>Ctrl (HR5.4)
=REAZECRA o REAEVSDD.LAEE>Ctrl (HR 30.5)
> DEME o [EIERICIE, 720k, PHHEASE - REASHVSD Tl
> RENIRFAILIE + TEERR Ctrik Y &Ly,
> DCM + BASEVSDIZREASEVSD & LbB 9 5 L late
> JELEIE complicationh* 2 7L
e ARVETY—=T2%

Cumulative Survival (%)

100 — = 100
S 80
80 g
‘% 60
..... Z
60 )
o
5
g 2
40 3
0 T
20 - Atrisk: 160
157* 153 146 135 83 7
o g 106 95 75 42 4
T T T T T T T 1
6] 5 10 15 20 25 30 35 40 unVsD  ——-—-- unVSDe
opVSD -~ - opVSDe

Follow-Up (years)

| VSDEISER IR & I 44 >~ |
(R - 28]
« BRIARIERR
- I[EFBH

[#%ZE(E]
o M7 : NT-proBNPER
« VBN : AV block, conduction disturbance, AfibHiR
e« T —:
> EEHEREET (LVEFET)
» AR, TR (<- perimembranous)
> Residual shunt
> femE (PAP £5)
» DCRVETT

(% D ptFAE]
s BHFEICEL TEZ DDA A F T4 VICEDWTREETS
> DAE
> EER
> FEEREIE - HBK% - SlE
> &
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Double chambered RV

\ Double chambered RV

ABERHRKE
O XFRFA R (AR) &HD YRS
OLERNEREHROFE (GE_FEE)
O NTFERIIRIFIHA, RATEITTI L HRESINTLS
EBENEHR > 50mmHgTIEFiT & R ET
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DARE

| ACHD+xF % HR7EE TSGLT2iXARNIDEEIZ? |

Ozl &id [RASHDOEEERE, v4abb, LEICHEENELT/H250
SHEEMRE AL L TOR v 7B OUEEEIBHE L 7B R, WREE - R0
FEANAHBEL, ZNICHEWVESMEEIMET T 2ERRERE] s

Stage A Stage B Stage C
DAREY Ry DAY XY IDANEFER
(+EB)

== P
T NREAE (54 7R A4 LHE, ENAE)

FEYEE (F. DT —T N, R—ZA—h%)

@t
O

v BAE - BRRE
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ACHD + i:F&

MHF D% E

Adult congenital heart disease

Potential long-term sequelae /causes of
heart failure

Atrial septal defect (ASD)

Long standing unrecognized left-to-right

« ACHD + EZEUfErEIEE
+ GDMT &CRTCEFEE

(12%) , N =554

shunt may present with RV dysfunction,
arrhythmias, and/or pulmonary
hypertension

>

Ventricular septal defect (VSD)

N
=3

Due to left-to-right shunting aortic cusp
may prolapse into the defect and cause
aortic valve regurgitation

Atrial fibrillation

Pulmonary hypertension

@

Eisenmenger syndrome (ES)

«

Right ventricular hypertrophy and right
heart failure

Left Ventricular Systolic
Dysfunction Prevalence (%)
5]

0

Atrioventricular septal defect
(AVSD) after surgical repair

Often have persistent left and/or right AV
valve regurgitation

LVOT obstruction and/or heart block may
develop

Endocarditis of prosthetic material

After shunt closure

May have residual RV dilatation and/or
dysfunction (ASD)

May have residual LV dilatation and/or
dysfunction (VSD, PDA)

May have pulmonary arterial hypertension

B
P<0.001 ¥ P<0.001
g P=0.03
15 510
% % < P=03
0
S
58
< E 04 )
i
All Congenital  Right-Sided Left-Sided Guideline- Cardiac Right Heart
Heart Disease Congenital Heart Congenital Heart Directed  Resynchronization Intervention
Disease Disease Medical Therapy ~ Therapy

WET-HF:Low LVEFIZXt L TTriple TxiZ{73R(330% &

& WET-EF 2006-2017
@ Acute HF, LVEF = 35%, N= 1295

HFrEF (EF< 35%)

N=1,295
PARADIGM-HF / DAPA-HF eligible SHIFT eligible
N=805 (62.2% among patients with HFrEF) N= 457 (35.3% among patients with HFrEF)
ACEi/ ARB ACEi/ ARB
N= 599 (74.4%) N= 315 (68.9%)

Beta-blocker
= On treatment N= 701 (87.1%)
= 250% of recommended dose N= 233 (28.9%)
= Full of recommended dose N= 58 (7.2%)

Beta-blocker
= On treatment N= 385 (84.2%)
= 250% of recommended dose N= 105 (23.0%)
= Full-of recommended dose N= 20 (4.4%)

MRA
N= 384 (47.8%)

MRA
N= 209 (45.7%)

= ACEi +BB : N=548 (68.1%)
= ACEi + BB + MRA: N= 273 (33.9%)

® eGFR=30 mL/min/1.73 m2

® systolic blood pressure = 95 mmHg

= ACEi + BB : N=283 (61.9%)
= ACEi + BB + MRA: N= 146 (31.9%)

® heart rate = 70 bpm
® sinus rhythm

Int J Cardiol. 2022 Jul 15;359:76-83. doi: 10.1016/j.ijcard.2022.04.020.
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| ZfE ACHDICH ZETLFL2ICHT 3 RBDORN |

it

« RREAR

c

c BERTFIOL RO

o —ROIHFBE
BB, RASi (ARNI), MRA
+ SGLT2i

- NEfREE
(T4 2%EED)

~

)

ACHDA>»Z7 7L >R

| VAD/BsHERR 5T |

HEGDf-H0
BB ER

Central ECMO ##
L
N ##44=VAD

Impella

, [ 5
E DI AE

HEA BB
VAD

#1E - VADIRF S

fi=MmME Eisenmenger Syndrome (ES)
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| % < ®Eisenmenger Syndrome (ES) TIRAPHET—EDHEHIHFIND |

ES

ES (BREATH-5)
ERA bosentan|364 fE#1T784& £ PVRIET

ERA + PDE-51364 51T E & ERARAEIR N E

55
45 |
35
25
15

TE=531m
p=0.008

454 | T
-25

Six-minute walk distance (m)
Change from baseline

Placebo (n=17) Bosentan (n=37)

meres
150

P=0.009

P<0.0001

8 year of FU

| Treat & Repair: ASDO7 VT Y XL%EZ DDERY v~ FMERBICHEK |

Adult Patients with open ASD-PAH should be transferred to Referral Center of ACHD

¥

Right Heart Catheterization and other examinations Medical Treatment including PAH-drugs

D>

- Eisenmenger Syndrome
ASD > 20 mm, predominant R-L shunt,
marked elevation of PVR
- Possible Reversibility of PAH/PVD
(unlike Eisenmenger Syndrome)

\i

(‘Treat-without-Repair’)

Dramatic Improvement ??
( such as predominant L-R shunt)

¥

a. ASD<10mm (IPAH-ASD)
b. ASD 10-20 mm (IPAH-ASD or ASD-PAH)
c. ASD>20mm predominant L-R shunt (ASD-PAH)

Criteria/Requirements for “Repair”
1. Hemodynamic Data

* PVR<7.5WU
Challenge (“Treat”) No . . I\Eﬂs'tzilma!:ed mPAP < 35 mmHg
Add one (oral) PAH drug g C e

and follow-up
for more than 3 months

Re-assessment = confirmation of predominant L-R shunt

ERAFARBEESOTO DL

PHABNIEE o> bOo—L

PVR< 7.5 WU,
mPAP < 35mmHg
RVEF >40%

L-R predominant

Yes

“Teat “ with at least one PAH-drug (If no PAH drug is applied, one oral PAH drug

should be applied, followed by confirmation of its beneficial effect before “Repair”.
L4

75 5 (£ Repair + Treatik s
X 5 ZPHE D add ontg st

“Repair” + continuous use of PAH drugs (“Treat”) + add-on of other PAH drugs if necessary

(In case of ASD diameter < 10 mm, additional reasons such as paradoxical embolization, hypoxia at
exercise , and so on, would encourage ‘Repair’)

= Percutaneous ASD closure should be first considered to be applied because of less stress

= Surgical but partial ASD closure * followed by percutaneous ASD closure

= Surgical ASD closure

Circ J. 2016;80(1):69-71. doi: 10.1253/circj.CJ-15-1235. Epub 2015 Dec 4.
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R OARE (IE)

ACHDEEL TRDEBEICIEFHNHERIND

» Those with previous IE;

(FRIAA K54 > TIEVSDEIMFREEY X 7 8F)

» Patients with prosthetic valves (biological and mechanical, surgical and transcatheter);
»> Patients within 6 months of placement of prosthetic material;
> Patients with residual intracardiac shunts at the site of or adjacent to previous repair with prosthetic

material or devices

» Patients with uncorrected cyanotic heart disease.

[ENAYRTBEADT KNAL ZDRA > b

« HRMLEZD N, R FROBOFHERS

« RENLBEDFRDHE
« ABECREEOFR

« ETARZ by —FHEREINAL (TEHBARERLICTIarTRE L)
o RENG IGEIIMAERE BT 2 E1ICIIRES

 ACHDEZE &R

(A RELAHT DL FHREE |

607U EDACHDEE D FHRITRR

SMR60S(521-7.03]
Pe00oo0

= SR 1.03(076-140]
pe082

© — D s bl G5 st
— ACHD patets above 60 years f g

2 4 6 s 10
msbir s sk Years FU (%)
coyears 375 b 237 169 . @
coyeas 6015 e 5290 3 078 30

Dutch CONCOR registry
ACHD, N= 6933
FipCOEEERE. alEHY X7 EF
JEE
> DB 77%
> LAE 45%

TG | 1 n=94,16%
UVH/DILV —:I =94, 13%
ToF I 1 n=751,13%
PA } 1 =129, 19%
DORV n=59, 0%
AVSD I 1 n=117,15%
vsD T 1 n=1000, 1%
TA 1 n=58, 112%
AoS/BAV | n=919,12%
ASD I 1 n=
Marfan 1 n
3 1w
T6A s
CoA I 1 u=705, 2%
Fbstein ] n=117,15%
Oter I ] n=518,12%
0% 0% 0% 0% 0% 100%

W Heart failure 8 Sudden death B Cardiac various @ Vascular O Noncardiovascular




Physiological Stage

A

* = NYHA FC | symptoms

« = No hemodynamic or anatomic sequelae

« = No arrhythmias

« = Normal exercise capacity

« = Normal renal/hepatic/pulmonary function

VSDEAE#FURIFR DB : K TIFESICRIELR K TH3FEIC—MEIZES E

B

Frequency of

Physiological Physiological Physiological

Physiological

«= NYHA FC Il symptoms

« = Mild hemodynamic sequelae (mild aortic enlargement, mild ventricular
enlargement, mild ventricular dysfunction)

« = Mild valvular disease

« = Trivial or small shunt (not hemodynamically significant)

= Arrhythmia not requiring treatment

- = Abnormal objective cardiac limitation to exercise

C

« = NYHA FC Il symptoms

« = Significant (moderate or greater) valvular disease; moderate or greater
ventricular dysfunction (systemic, pulmonic, or both)

« = Moderate aortic enlargement

« = Venous or arterial stenosis

« = Mild or moderate hypoxemia/cyanosis

« = Hemodynamically significant shunt

« = Arrhythmias controlled with treatment

« = Pulmonary hypertension (less than severe)

« = End-organ dysfunction responsive to therapy

Routine Stage A* (mo) Stage B* (mo) Stage C* (mo) Stage D* (mo)
Follow-Up

and Testing

Outpatient 36 24 6-12 3-6
ACHD

cardiologist

ECG 36 24 12 12

TTE 36 24 12 12
Pulse oximetry ~ As needed As needed Each visit Each visit
Exercise test As needed As needed 12-24 6-12

D

« = NYHA FC IV symptoms

- = Severe aortic enlargement

« = Arrhythmias refractory to treatment

« = Severe hypoxemia (almost always associated with cyanosis)
« = Severe pulmonary hypertension

« = Eisenmenger syndrome

« = Refractory end-organ dysfunction

VSDTHRICRIZER T niE

> 3EBENR

> BEOER, Ta—

> HEIZIG L TSp02, CPx

—

| HFIF : VSDISHT 5 7/51 REAH |

AT—TIVBEICL BVSDDOT /N A REASH

O IR TILEIL A L

O FTTIZEA L1 < Lymuscular VSD¥°residual shuntA B UL s
OEBHINDREALEE /O v I/ REDY X HY

AN
AN T
1&4§,§\\~\ W\ V4
e
\‘fﬁ;

W
N
N3

Amplatzer Muscular VSD Occluder (Abbott)

S1-4.13




L Pz Case series VSDIR V) iR V)

2007 April-2023 Sept
“VSD”, “VSD suspected” or “s/p VSD closure” aged >40 y/o at the initial presentation

N =138

N = 71 for analysis

Excluded (n=67)
Not VSD (n=47)
AV canal (n =1)
TOF type (n =6)
Traumatic VSD (n =1)

No medical information on previous procedure (n =

12)

 A0BmMEDVSD GREASE - itk) 2L

Overall <=50

n 71 25
VSD_type (%)

I 10 (14.1) 2 (8.0)

Il 46 (64.8) 13 (52.0)

111 3(4.2) 1 (4.0)

v 1(1.4) 0 (0.0)

no 11 (15.5) 9 (36.0)
Repair = repaired (%) 21 (29.6) 11 (44.0)
Add_AVR = yes (%) 6 (8.5) 1 (4.0)
RVOTS = yes (%) 3(42) 1(4.0)
Val_PS = yes (%) 4 (5.6) 1(4.0)
Val_AS = yes (%) 1(1.4) 0 (0.0)
Val_AR = yes (%) 7(9.9) 2 (8.0)
Val_MR = yes (%) 7(9.9) 1 (4.0)
Val_TR = yes (%) 15 (21.1) 4 (16.0)
EisenSynd = yes (%) 2 (2.8) 2 (8.0)

>50
46

8 (17.4)
33 (71.7)
2 (4.3)
1(2.2)

2 (4.3)

10 (21.7)

5(10.9)
2 (4.3)

3 (6.5)
1(2.2)
5(10.9)
6 (13.0)
11 (23.9)

0 (0.0)

0.011

S1-4.14




S0BLERERODMERT P HAEEHLPTL |

n

Multi_CV_risk = yes (%)

Afib = yes (%)
HF = yes (%)
Cancer = yes (%)

Stroke = yes (%)

Overall

17 (23.9)
15 (21.1)
14 (19.7)

3(4.2)

16 (22.5)

>50
46

15 (32.6)

14 (30.4)
13 (28.3)
13 (28.3)
1(2.2)

0.014

0.148

0.032
0.584

Multi_CV_risk : EEAEZET 2 mM/E. FREREE. BRED I BLIA,M2DMUE
Cancer : B4 B4 2 E8HE

REAE L RAHZ RT3 L ERLEVIE LD

Variable
n

age_last (median [IQR])

CV_Event = yes (%)
|IE_Event = yes (%)

age_event (median [IQR])
Death = yes (%)

age_death (median [IQR])

Cancer_death = yes (%)

CV_death = yes (%)

naive
50

67.00 [55.00, 74.75]

19 (38.0)
3 (6.0)

72.50 [51.75, 76.50]
6 (12.0)

68.00 [56.75, 71.75]

2 (4.0)

4 (8.0)

repaired
21

58.00 [50.00, 68.00]

3(14.3)
3 (14.3)

58.00 [53.00, 72.00]
2 (9.5)

70.50 [69.25, 71.75]

1(4.8)

1(4.8)

test

0.044nonnorm

0.091
0.498

0.247nonnorm
1

0.505nonnorm

1

1

S1-4.15




| KEAERERIFTORALICAE S EOFLLEDDMES R FICEBARPIER S

Event Ages for Naive vs. Repaired o Death Ages for Naive vs. Repaired
ve

.cvnth
hN

.cvn an d

Cancer Death - Repaired

80

Age at Event
Age at Death

60

| FEH |

® VSDIFHEKLFEIIH, REBIRAER. MalmE. AEZBEEL EANBLT
5L EENEHICH D,

® VSDI|IshuntE» %\, F7- ik@]ﬁﬁ?#i\_;}m?ﬁoﬁ)ﬂﬁthgﬁei/ﬁﬂt:iﬁ\ﬁ%
25, —ALEDY vy FOBEIFTRBEARICRZZENZL, LA LA
Mo Fiia=| f'cu\fowvl\gwy«v v b DOVSDTIEIEERIC OIME A N> b &
BITEEREBRT S,

o ACHDEEDSIL ICTHEWHAASHBEDLIEZ D ZEAFEIN, PAD
(BEnBEIZHHLDHOT) VSDEEODEELARTRRAEAY 5 5,

® VSDIZAH T A LR RLMER) RVEFOBEEIIMDOZYZSENA RS
VICREWEET B,

S1-4.16




E2EMAEREDEREEIFT—

Morphology & Echocardiography in ACHD

i e
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LSAJ;HD! Adult Congenital Heart Disease
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Author : Hideki Uemura Right \/entricle
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no financial conflicts of interest
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DORV

ATvT =D
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DORV 2B

outlet

subaortic

DORV 2B

outlet
septum
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DORV 2B
DORVMOLVNHE

DORV N gV i %
A«-‘-"‘”*\ / —rru-s.f‘
iﬁllillﬂ% - ;ﬁ ',‘ A | Ao ‘,‘ 'I/AO PA\‘
E\\‘{lfé '-,‘ku$e‘n
DERE SNRVLAT Ly NRLAT Ly
BEEH " A ) A
maga [ £ RA LA RA LA
mi | A LA A A
DORYV with DORYV with
subaortic VSD subpulmonary VSD
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DORV 2B

VSD &

P#-F ¥4 % T.Ls. -
AFT | T

ER/M%E outlet v\\/SD
(conus) . ; septum '
l 'epturﬁ‘ | 4

bilateral § o4 N i
conus Subaortic P subpulmonary

DORV 2B

VSD &

subpulmonary
I —— "]
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DORV T E SR LD

\17

VSD &

DORV T E A LD %

outlet

septum
ff

non-committed
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DORV  ch ALV

VSD &

doubly-committed

DORV INEHA —— VSD/TSMICEABATASTRT L %
\ v

VSD & 2| non- comm|tte
ME

subpulmonary

subaortic

doubly-committed
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DORV SESERBITR

EE RV view

outlet

DORV SESERBATR

IEE

outlet
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DORV SESERBATR Rl ENEIZLD %

anterior Ao

(transposed)
"
71-4%»#5
% LV side—by—side
DORV IFEXFBITE KB EIZLS %

TGA—-type DORV

[1 . . . . ’
original Taussig—Bing
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DORV

SEXEBTR

KIENLEIZLD

Fi B AR - KB ARAL & B R

8
q:b

'

DORV

SESERBATR

outlet septum fRNZIZLD %
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DORV SFEERBITR outlet septum fRPLIZEL B %

DORYV (subaortic) with PS
DORV (77A—#) ?

DORV SFEFERBITRE 50%/L—/ L +bilateral conus %

70— J7A—M#% &DORV
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DORV SEIFRBITR 50%/L—/L - TGAIT#%

outlet
septum

LV

TGA—-type DORV

DORV SESERBATR 50% /L —/b - i R RAL @

IEE

outlet
septum

EisenmengerZ!VSD
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DORV

SESERBATR 50%/V—/V - it R R AL

double inlet RV

DORV

SFEFEBTH 50% /L —/L « i R R AR AL
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DORV SESERBATR FAERDRE

AVSD non-committed VSD [Z#E0 5

AV discordance EAo + %¥7VSD

M#$ - TH straddling RnfbE - B#7VSD

MS-TS ZRFEHE - BEFEAE~AOBTR

+ DORV
I ——— "]

DORV

ATv7T =D
- TR
DERHBRES
o IFEIFELRITH
REFHA-MERBFADARILS L
o IDE-ROEFEESHRKXELT
B fEAT D FE
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tyyary2 WMRKOEGERRE -SHIZEETSDORV-

mMAMEAELK/OTI—

EREXT WRTSmENRERSR

@Sakakibara Heart Institute F29E ALK EVEEEZI F— 2023/10/22

DORV i KMEAFERLIR>T?

(®)

KMED50%U EMDEFFFICEZTE L TWS (Anderson)

BB F — KBRS D IRHEMEERT X B [ A= —KREIIRAE ICFET % (Van Praagh)
FRBIAR I 13509 )L — L@l
{BIE A — KBTS DIRAEMEE T DR WIHE (C50%)L — L EIG
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161 bpm

=
B8 - REIARFT D iRV ER (3 (2 ZE-KRBIARME ICFE T 5 (Van Praagh)

109 bpm
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DORVEEIFE., #ZUvRW--2E&HHD

DORVIFZHi&aZDHDZERT DIF TIEHEWN

FRAEMT. 'DORVZEHE-TWD, C&FELHD miTENEES
VSD#&
MBS RAE TOF#
Criss-Cross Heart TGAKR
EIERME RN
DIRV
BEEFRRXE EWRWATY
[—
BOE ¢ L%? -
e ©
IRTITEWTHIADNSH B
6
DORV =7

EENSDERRREZE L TREIRICITZEY
ZORICEEPEEAFENESBVLSIC

=
S
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DORV ITIO—TRHRAVhE

“DEBETES?

TERW?

~

DEFRRBRIE
LB KRENARICE VDD FEENR IS T LD H
REZ Baffled dDic+oh

#
_ W,
conus DX R

ESBLDRMETICHZH
DERRRBEDB(ICEDEREDH ZH

fxm%sa%
BIt%. side by side
spiral, parallel
A (L7R WD

_/
4

b

DORV_ /(DERRXIEDFH

~

ME & DR
subaortic KEIERFAF T

doubly committed M AIME T

N\ J

subpulmonary FigfkFTT """ TEEEEE

remote (non committed) @ ===== prescne

=== Outlet
FRfE AT D BIHD & BRI

=== [nlet/Muscular

N

J
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DORV ZEHRRRIE KIME DAE TDHE

N 3 \J
‘Subaortic no PS or with PS‘ } Subpulmonary
\ 0\ ) \ )
= =0

non committed

Bl
remote
Doubly committed m

NE/ G

DORYV subaortic VSD

JU JL
#5EIDDORV 3 :
va) Vi
KRBTV ZE HRRICBESE 50% £

KMENISTBHEER
Mg RO CRT. KEIARD AT, spiral ?
conusHERIICHIE
FEIARERED BB &6
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DORYV subaortic VSD no PS

Pediatric$12 TS12 MI0S

DORYV subaortic VSD no PS
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DORYV subaortic VSD with PS

s9 TIs21 Mi1.2
$9-2
30Hz
ANam
TIS1E M3

139 bpm
f\

130 bpm

DORYV subpulmonary VSD

L v
DORV®D#92-32]
BN I B 50%BLE w w

RENRARIDER

ENRA VAT, ABIERAVES. paralle v

conushE#&ICIE

KENRAT. R, ABIEENS DS k
& 3)\
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VSD subpulmonary

TIS1.1 MIO6

DORYV Doubly committed VSD

DORV®D#1EI

conus/N&E Ly

BEREEORE > HELBEN EDEEL \ 3&
=
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DORYV doubly committed

PediatricS12 TIS1.2 MI0S liatricS12 TIS1.2 MI0S
$124 4
117Hz . p M4 Hz
5.0cm m

172 bpm 175 bpm

DORYV doubly committed

TIS1.3 MI0S 12 TIS12 M08

137 bpm
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DORYV non committed VSD (remote VSD)

DORV®D#91-2E

DEREAIA L FAMEANTNEEN °
KBRABELLEBATNS
DERRRIE
BBMEER. AR, BHILER.
BEHRRIE (RRSAERER) t)&
YA XHNEL T, MRFEBRIEH D &H =10

EEATHEHBMNINSATRZLEHHD
conusDIIE LIEWTHIEEREZENH DS

DORV non committed VSD (remote VSD)

- €
:;zgatnc TISTE b diatric
- $9-2

70em £ Stz
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DORV non committed VSD (remote VSD)

-

o

22

DORV iR DHER

&k , me%sa% \
T IEZDEBELTWERAN? e
Ai#. side by side
spiral, parallel
F/DZTEEPIEKE \ \ RERBVD j
B  KEARICIEWV DD BENARIC TV D B F =~
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—5> R FontanfiifEB&E 1199 AN S DS,

BEAARL(IFontan TR (FEL, (LEHE, HRK

FIGURE 5 AV Valve Function and Fontan Failure
_ 100 _
g T
£ 80 TT— \
§ 60 ™
5
£ a0
H Valve failure HR: 2.43 (95% CI: 1.74-3.39), p < 0.001
g 20
= od
o 4 8 12 1 20 24 28
Years Post-Fontan
— NoValve Failure  — Valve Failure
Number at risk
Nowlvefalwre 1093 S 650 462 22 189 %4 3
Vivefailwe 102 102 82 49 24 27 10
Time-varying covariate Kaplan-Meier curve for estimated freedom from Fontan faiure in
line). HR ~ hazard ratio; other abbreviation as in Figure 3,

BEZH, PLE, NYHA3/4)
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CENTRAL ILLUSTRATION Atroventricalar Valve Faiture
A Cumulative Incidence of Atrioventricular Valve Failure Entire Cohort
T 00
H 5-year ate: 7% (6%-6%)
£8 80{ 10yearrate 2% (n6-145%)
52 20-year rate: 21% (15%-24%)
§o
H
"
o 1
H
5 =
-
H -
g ol=
8
0 4 8 12 16 20 24 28 2 36 40 dads
Yearsfrom Birth
B ‘Cumulative Incidence of Atrioventricular Valve Failure.
‘Stratified by Valvular Morphology
0
- Grays test, p < 0001
s rays test, p
$ e
24 —
g
H
H
o 5 1 16 20 24 28 2 36 40 44
Yearsfrom Birth
Common AV Valve — Mitral Atresia — Trcuspid Atresia — Two AV Valves
05, .t 5L A Coll ol 20197102

King G, et al. J Am Coll Cardiol. 2019 Feb 26;73(7):810-822.

BEAFMNBE T D ITEH T (FRIAEFRAMEN

RAYVIOETE > S — = 3 2ANBIDIESI T 1994-201 58 (CFliT = 1/ZTCPC 460ERI DT S M) = AR
TCPCELEF THDUVITCPCLRAIF(CHREFELU EDBEEAER (CXF L TTA ULIEMZIRET.

TABLE 1. C patients with and without
AVY operation (+) AVY operation (-)
Variables (0 =101) (n=359) P value
Patient characteristics
Age at TCPC (y) 46%52 38441 11
Weight at TCPC (kg) 167119 15297 25
Male s1 238 004
HLHS 29 81 201
TA s 66 001
DILY 15 53 982
PAIVS 4 20 520
Unbalanced CAVSD s 7 095
2 143 751
DORV. 19 46 126
CoA 13 50 785
Dextrocardia/situs inversus 10 31 693
Heterotaxy 1 26 234
Dominant right ventricle 65 179 010
Palliation and pre-Fontan condition
Prior PAB. 2 48 003
Prior DKS/Norwood 4 145 o7
TAPCV/PAPVC 10 21 151
Pacemaker placed before TCPC 4 8 335
Loss of sinus rhythm before TCPC 12 31 a2
Pre-TCPC catheter data
Mean PAP (mm Hg) 102434 93430 019
Mean LAP (mm Hg) 6129 53422 007
TPG (mm Hg) 38421 38420 89
Systolic SV pressure (mm Hg) 811£111 8274140 34
SVEDP (mm Hg) 77431 73428 31
Systolic pressure of the aorta (mm Hg) 783+ 126 800+ 140 30
Mean pressure of the aorta (mm Hg) 559496 ST1£112 3
Aortic SO2 (%) 823 +5.1 826454 66

Ono M, et al. J Thorac Cardiovasc Surg. 2018 Feb;155(2):701-709.e6.

Atrioventricular valve operation
n=101, total 139 procedures

=

[

Replacement
n=4

Initial AVV
operation

Closure
n=16

n=101
v
Second AVV Replacement| [Replacement Closure
operation n=2(2%) n=7 (45, 3%) n=3 (15, 2*)
n=32
i
operation n=1(1%) n=1(1*) n=3 (3*)
n=6

BERFHOEL

Leaflet dysplasia 61%
prolapse 53%
annular dilatation 27% (pure annular dilatation 12%)
cleft 22%
59%DEBIN L EZR(C L DR
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Estimated survival after TCPC [%]

BEAFMELEE UTERITEFERINEL

RAYVIOETZ >S5 — = 32 2 ANBIDIES T 1994-201 5 (CFiT S A/ZTCPC 460EHI DT S [M) = fRAfT.

80 AW OP (+)
60
p<0.01
a0 -
20 -

S s e s e T—7
szt 23 199 155 16 84 %4 25 —AWGR()
10170 62 49 41 33 23 14 4 -~AWOP()

T T T
0 2 4 6 8 10 12 14 16 18 20

Years post-TCPC

100 AVV OP () 100
£ )
5" g"
B AVV OP (+) i
2 60 2 60
S ©
2 p<0.001 >
< . z
§ g v
£ E
$ 20 -
i” E
= i
o — T T T T — °

859271 234 189 155 115 83 53 25 —AVVOP 27)

10170 59 44 35 27 17 11 2 - AVVOP (+)

I e e T

0 2 4 6 8 10 12 14 16 18 20

Years post-TCPC

—EREAFMNUE TS D ITEAITIE
BIADRENS 12D

BEAEM(C K BDEEAATFMNEEN FBEFMD'YXT (HR 2.755, p=0.009)

Ono M, et al. J Thorac Cardiovasc Surg. 2018 Feb;155(2):701-709.e6.

TCPCRIEX THDWFTCPCL BT (CHFEREL EDBERTER (T U TITA LTSI Z1RET .

Ventricular dysfunction (-)

Ventﬁcula;;iys function (+) p=0.033

S N —

IEEEEEREE T

B e I B E I

0 2 4 6 8 10 12 14 16 18 20
Years post-TCPC

TCPCH# (/L ZEHEREPEE (SVEF <50%) Y
HDEBITFIEEAFMNE <123

FontanFiif DEZEABIRITE I XTI THD

TABLE 1 Patient Demographics (N —1,052)

Male 637 (61)
Type of Fontan operation

Atriopulmonary connection 616 (59)

Lateral tunnel 262 (25)

Extracardiac conduit 120 (11)

Other 54.(5)
Pre-operative anatomy

Tricuspid atresia 273 (26)

Double inlet left ventricle 271 (26)

Heterotaxy 135 (13)

Pulmonary atresia/intact septum 350)

Hypoplastic left heart syndrome 24(2)

Other 314 (30)
Values are n (%).
TABLE S Late Survival Post-Fontan Operation

HR 95% CI P Value

Pre-operative sinus rhythm 038 026:057 <0.001
AVV replacement at the time of Fontan 4.02  207-7.80  <0.001
Post-operative LA pressure >13 mm Hg 205 148-282  <0.001
Post-operative ventricular arrhythmias 179 118272 0.006
Post-operative renal insufficiency 249 174-358  <0.001
Post-operative chest tube duration =21 days 115 1.05-1.26 0.003
PLE 197  148-263  <0.001
PLE = protein-losing enteropathy; other abbreviations as in Tables 2 and 3.

FIGURE 1 Overall Survival

A

Overall survival

10 20
Follow—Up Time (Vear)
650 0

Overall survival by surgical era

)

20 Surgical era

1990
2001

- 1991-2000

<=1990 75
19912000 191
2001 86

H
Follow-Up Time (Year)

48

Over time, overall survival after the Fontan operation predictably decreased (A) but improved significantly in later surgical ras (8).

Pundi KN, et al. J Am Coll Cardiol. 2015;66:1700-1710.
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2023410H22H
A KZERE BIRZFAE
IRA—ER

e 225%, B1E

[E28r ) & MBS BRUGE IR (MA/AS)

[F1fTEE]

Norwood(RV-PA conduit) + ASD enlargement: 124 H
Bidirectional Glenn shunt + PA plasty: 645 A
TCPC(EC 18mm): 3%

[ 3 &R ] 55 1/F Bep e e R 8k o

(B4R ] i P B 2% 175 B
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RIRE

1ER438:E2H2232s TH A, 1A BIZID S EiglESN . 14
IREHZABR &Y £ MET BEIREE AN SR H> N T=, Lipo PGET
DEEEZRIEESN ., BETILCELREAEGREGY Z IR
2 BCEEIEBE(MA/AS)EEZ SN T=, 124 B (ZNorwoodFfiif
(RV-PA conduit)ds S TNV E F R RABIL KM EITS NIz, 64
A CHliA R SGlennF i H KU MENARFZ BT, 3% T
TCPC(EC 18mm)iEfTSL 1=, #FB R IFTHo1=H, 165
[CHolterDERI TIEFFG M D EHIAZFZH [ BEMEES S
Nf=. 19 TUBRBITELRY | 2258 (2751 55 4F R T 05 R 24 7%
MHIRTBHESITHY B ARBRELEoT=,

N Al 3
«J)—DF) 3.25mg/H
«JOJL R 10mg/H
« 7—F Ak 20mg/H
i o 25mg/H
A TRk 10mg/ B
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SRR R

<General> & ¥:165.6cm, {K&E:48.5kg, MJE:108/90mmHg,
Ak$8:59bpm, &, Sp0,:98%(room air), {K;&:36.7°C

SEER> ARESfEIR.BMmAL, ERBkEERE-FEEAL
<ERER> THEFARIRAR(-)
KD 1 B(-), IEE) ME-), NEG-), MEELEHZES
&R mEd Slevine M/ VIDOUNHEEABRHH S M E &
Levine IV/VID#LRE =
<fi> SEEL
<BEER> F1iB, &, [EELEL, BB ER
<TED ZE%HL

{ i ! i ‘ i )/J e
Sinus bradycardia + PAC (HR=49bpm), NA, negative Tin V, ¢
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R ERXHR

CTR=42.2%

MBRERR

[N & JWBC=4860/ u L, Hb=14.8g/dL, Ht=43.0%, Pl+=10.25/ 1 L
[£1E=]TP=6.6g/dL, Alb=4.3g/dL, T.B.=3.2mg/dL, AST=28U/L,
ALT=20U/L, LDH=163IU/L, ALP=70IU/L, v -GTP=30U/L,
CK=152U/L, BUN=12mg/dL, Cr=0.70mg/dL, UA=5.5mg/dI,
Na=144mEqg/L, K=4.1mEqg/L, CI=109mEq/L, CRP=0.02mg/dL,
TC=115mg/dL, TG=50mg/dL, HDL-C=43mg/dL, FBS=80mg/dL,
HbA1c=5.5%(NGSP), BNP=45.3pg/mL
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Holteri[) &

* Basic rhythm: sinus

*Heart rate: 40-102(59)bpm

* Total beats: 81762beats/day
*PAC: 48beats/day (0.1%)

*PVC: 10beats/day (0.1%)

* ST-T change: no significant change

i E B B R L ER

« Peak VO,=25.9mL/kg/min (71%)

* VE/VCO, slope=32.8

* HR: 62bpm—163bpm

* BP: 105/48mmHg—155/71mmHg
* Sp0,: 93%—89%

S3-25
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Adult Cardiac Exam _—_ TIS1.0 M09 Adult Cardiac Exam TIS10 M1

RVDd/s=62.5mm/55.8mm, RVEF=42.2%(Modified Simpson), Neo AR: moderate,
Tr: mild to moderate, IVC flow=30.0cm/s, SVC flow=21.0cm/s

TISO.7  MI04

TR: moderate, Neo AR: moderate
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RVEDV=286.9mL, RVESV=215.8mL, RVEF=24.8%
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DA T—TILERE

&

RVEDV=203.5mL, RVESV=125.2mL, RVEF=38.5%

DA T—TILERE

CVP=19mmHg, PAP=16mmHg, PCWP=14mmHg,
Sa0,=93.3%, C.1=2.44L/min/m?, SVR=24.7W.U., PVR=0.5W.U.
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Outcome of patients with functional single ventricular [® creccioruposes] Front

Lateral 100

heart after pacemaker implantation: What makes it w0

poor, and what can we do?

Yoshihiko Kodama, MD,*! Ayako Kuraoka, MD,* Yuichi Ishikawa, MD, PhD,*
Makoto Nakamura, MD, PhD,* Hiroya Ushinohama, MD, PhD, ** Koichi Sagawa, MD,*
Shintaro Umemoto, MD,' Toru Hashimoto, MD, PhD,' Ichiro Sakamoto, MD,
Kisho Ohtani, MD, PhD,' Tomomi Ide, MD, PhD," Hiroyuki Tsutsui, MD, PhD,

Shiro Ishikawa, MD, PhD*

From the *Department of Pediatric Cardiology, Fukuoka Children’s Hospital, Fukuoka, Japan, ' Department

of Cardiovascular Medicine, Graduate School of Medical Sciences, Kyushu Univers

Japan, and *Ohori Children’s Clinic, Fukuoka, Japan.

Fukuoka,

BACKGROUND Pacemaker implantation in patients with single
ventricle is associated with poor outcomes.

OBJECTIVE The purpose of this study was to determine the reasons
for the poor outcomes of pacemaker implantation.

METHODS We performed a retrospective chart review of patients
with single ventricle who had undergone permanent pacemaker im-
plantation. Patients were categorized into 3 groups based on the
site of pacing and the proportion of ventricular pacing (VP) as fol-
lows: (1) atrial pacing group with atrial pacing only (n = 11); (2)
low VP group with low daily VP proportion (<50%; n = 12); and
(3) high VP group with high daily VP proportion (>50%; n = 15).
Pacing leads were placed at the epicardium in all patients.

RESULTS No patients in the atrial pacing or low VP groups died,

whereas the survival rate in the high VP group was 58.9% and
39.3%at 10 and 20: ctively pacemaker i i

Among the post-Fontan patients, plasma brain natriuretic peptide
(BNP) levels significantly increased with the proportion of VP: 11.7,
20.3,and 28.4 pa/mLin the atrial pacing, low VP, and high VP groups,
respectively (P = 0.04). In the high VP group, the plasma BNP level
was significantly lower in patients with an apical pacing lead than
in those with a nonapical pacing lead (27.0 pg/mL vs 82.8 pg/mL,
respectively; P = .03).

CONCLUSION A higher proportion of VP was associated with poor
outcome and higher plasma BNP levels, probably due to ventricular
dyssynchrony. In epicardial ventricular pacing, apical pacing s bet-
ter to avoid the increase in ventricular stress and plasma BNP level.

KEYWORDS Apical pacing; Epicardial lead; Fontan procedure; Func-
tional single ventricle; Pacemaker implantation

(Heart Rhythm 2019;16:1870-1874) © 2019 Heart Rhythm Society.
All ights reserved.

Case 1
(Non-apical pacing)

Apical Pacing

Survival Rate (%)

cal Pacig
a0 |
20 |
Case 2
(Apical pacing) 0 . —
o 5 10 15 20 2
Nomberarisk Year since PM implantation
T 3 PR '
Figure 1 ition of lead positio s i i F—

3 equal portions: inflow, apex, and outflow. Case | shows nonapical pacing,
in which the lead is positioned on the inferior wall of the inflow. Case 2
shows apical pacing

Figure 3 Kaplan-Meier survival curve according to ventricular lead posi-
tion in the hy ar p . The api ac-
ing subgroups of the high VP group had similar trends of outcome. PM =
pacemaker

Table 3 Ventricular function and plasma BNP level at last follow-up among post-Fontan patients in the high VP group

Apical pacing Nonapical pacing Pvalue
No. 7 4
Ejection fraction (%) 54.7 (51.4-58.4) 55.9 (52.9-60.3) 9
AVVR > moderate (%) 0 1(25) 4
QRS width (ms) 136 (128-146) 142 (139-149) 22
BNP (pg/mL) 27 (23.7-28.4) 82.8 (60.4-98.9) .03

Data are given as n, n (%), or median (interquartle range, first to third).
AVWR = atrioventricular regurgitation; BNP= brain natriuretic peptide; VP = ventricular pacing.

Heart Rhythm. 2019;16:1870-1874.

Apex pacinglN B\ GELHS

Figure 1. The X-ray (A, B), illustration of the cardiac anatomy (C), and ventr

ulography (D) for the pace-

g
B s

v
IR Vs

‘maker implantation. The green circle shows the position of the previously implanted atrial pacing lead, an m F VeR
the red circles or stars show the ventricular lead at the LV apex. AP indicates anterior-posterior view; LAT, i SAEEERE
lateral view: LV, left ventricle; and RV, right ventricle.
25 mms
Figure 2. ) canae therapy (CRT)P. The
RTP was 119 RT.P was shortened 0 100 ms

Figure 3. The 2D-STE before (A) and after () CRT-P. The 2D-STE analysis divided he e venir
ments and graphed the pesk stsin value of cach

e wall into six s
segment; wherein yellow s the base ofthe posterioratral wall lght lu is

the midp alwal. he potrior teral wal, o
midanterio sptum. and red i the buse o the nteio scptum. Before the CRIT. arly shoining (whit arrow) s obsersed
afterthe arly sysole ot aneio epum (A).
Afer the CRT, loca ealy shorening and the rebound setch diappeared (). AVC indictes oric vlve opening; and
Figure 4. The X-ray (A, B), illustration of the cardiac anatomy (C), and ventriculography (D) after the STE T

ardiac resynchronization therapy (CRT)-P upgrade. The green circle shows the position of the previously
implanted atrial pacing lead, and the red dotted circles or stars show the position of the de novo LV inflow
implanted through the ventricular pacing lead. The yellow dotted circle or star indicates RV outflow implant-
ed through the ventricular pacing lead. Definition of abbreviations are shown in Figure 1

Int Heart J. 2022;63:1205-1209.
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FRIETRE(-) (ASD,VSD PDA, TAPVR)
KRIEIEEDASD/VSD
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KEEDFT7 ) —CHEIEER
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b= InE
EBRROHERER T (EF<30%)
EHRIAMS/AS/CoA

Management of Pregnancy in Patients With Complex Congenital Heart Disease:
A Scientific Statement for Healthcare Professionals From the American Heart Association

Circulation(2017) 135(8), e50-e87

IMNBET
meE

IE R EHIRICTH B MITENEE
SFIRBS DR A DB (TE S AR ITIR)

MBS 30-50%IE100
BIRMIESE  40-50%1BN0

20%1E10
HEAXRNICET

fEEls © IBIRIIRE  300-500ml/@IEX
DIEEs - BMmE
#2f2£400-500ml, #5t1800-900m|

v BB
v RO

SEYRRUCD

—IVCOEE, FliRERDED

B3FIRI2B TIREITRAIC
&, FEDIHKX

M{TERBICRDE T4-128

\

Anselm Uebing, Michael A Gatzoulis, et al.
Pregnancy and congenital heart disease.
BMJ 2006,;332:401-6
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SA,SVPA(RV) T HEREaspiringile

aspirind>d>

1/6m follow(332compliance A R)

aspirin/warfarin
1/3~4m follow *ITIRRIICESHZEICESN

MA,AVD

post PMIRV) 209

MSDIRV(RV) 285

+

. HEIHHEHELTHSBA)
I 359 ospirin/ACET/RURRRI/ANENRE/H
(R’V) "~ SVFAC=39%,AVVRmoderate, ARmild
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dropout ({ERFHETKEE)
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-

fiEfi(1) 35m

5% r-original BT shunt

6% GlennZFfiT : SVC—rPA, BT—IPA
137% BDG+AVVP

1475% Fontan(lateral tunnel?)+reAVVP

18i% MWD T
SVC/IVC/IPA/rPA=7mmHg, PCW=6mmHg
Qp/Qs=0.82, AVVR IIfE, Rp=0.98,
VEDV=188ml, EF=46.1%, PARI=0.4
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fiEf(]) 3ot HERRGE %Y

* Sp02=85-90%(IVC-lateral tunnelDSZHICIeak)

« BNP=505(#&

« IWNT J—:EF50-55%, AVVRmoderate, ARmoderate

* HolterM&X:HR55-130(ave74), 858, I AVB, PVC*87
YHA IIE, NERULTEUTENTULE

. o

(NAR]

*N\=2ITFY 0.25mg/ 732

« IRV YINDEEIRE (AR —)L) 300mg/533
« )N\{ P2E1 > 100mg

« JOEXF 40mg+PILF D FVA 25mg

s TFSTUILN LA VEBIRE(L=~R—2) Bmg/D2
« ZOM, BREANTAARE < BRI E

S3-3.6



2023/10/22 29t ACHD 37—

fiEfi(1) 35m et

(RERERE)

I‘@%ﬁ%ﬁﬂﬁ(wﬁ)—%’@??\ RESERE

- §7518R - AR EBERANEREED, HBISHERABP
« BIORRDBRSA(FEEE)DE—FND

o N— o — B SRARER. S88RE380f, Wm1A

35mbE  UiRYI | IESE. SpO2-83%
n/mél«.)\%@ ’O = ria;tn‘bb]

(BIETE L/b\—a"éénftljﬁ’él%ﬁ—v@'5a_C‘S%Zé&f‘)%bnﬁb“
FADBENEL, FontanDHEEEREERDH DURENBNTINIE)

hTF— 13 1 TR TCREEOM T BAEIS 7R F

HKREEEFSP02(383 %
RikOHR— L

2023/10/22 29t ACHD 57—

fiEf(]) 3om&tE L

» ACEFRSHEIDLE : AVVRIZHEIL()

- HOTRS!S : Sp02=83—85-90%
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* BNP=162(HERI5081%)
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fieffl(2) 34m it

278 r-original BT shunt

17%104 8 Blalock-HanlonZ=ii

47 I-modified BT shunt

9% Fontan(TCPC)

=<RAICDIZ Ddrop out—ITIRFBLEDZ O8I RIR

PA/IVS

34i% NOT | E(mmHg)
LVEDV=100.6ml, EF=64% sve/IVe 14/14
fATsE08 PA/IPA 12/13
(BE)CMR i
LVEDV=107.8ml, EF=69.3% rPCW /IPCW 11/11
SV=42.1ml LV 69/13
aAo 71/41/52
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FontanFfilji& B & OIVF

Journal of Assisted Reproduction and Genetics
(2020)37:3017-3023
(Hospital of the University of Pennsylvania)

Successful in vitro fertilization in women with Fontan physiology

Yuli Y. Kim 23 - Lisa D. Levine® - Sara L. Partington ' - Prakash A. Patel® - Emily Ruckdeschel 23 -
Suneeta Senapati® - Clarisa R. Gracia®

* 6 ADFontanflit&HE&EDVIF
« multidisciplinary team|_Jd2approach
« REBFEELTHNE

Referral

o Ovarian stimulation
regancy Pyl y . Ooycte retrieval
re- - a ime

Same day discharge

2y and infertility: MFM, maternal fetal
 post-anesthesia care unit

for Fontan females. RE, reprodu
thesia care; OR, operat
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Someday, they will fail.
However, who decide the future?
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CTR measurement from PA chest radiograph

3033 ACHD patients and 113 normal controls

B
' 0
Em w80 ) 80
< —penovor
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NYHA  NYHA  NYHA
class 1 class2  class 34

CTR relates to NYHA functional class.

Hazard ratios for death estimated using proportional hazards Cox regression survival
analysis: results of the multivariable model.

Multivariable Cox regression model* HR 95% C1 p-value
NYHA 2 252 1.62-391 <0.0001
NYHA3 346 1.95-6.14 <0.0001
NYHA 4 928 346-2489 <0,0001
Cyanosis 226 158-322 <0.0001
Cardiothoracic ratio 48-55% 360 1.51-8.60 0,004

Cardiothoracic ratio >55% 842 3.62-19.60 <0.0001

CTR is an independent predictor of death in ACHD patients.

Int J Cardiol . 2013 Jun 20;166(2):453-7.

—— CTR>55%
~—— CTR=48-55%

S
z
g1 CTR<48%
-
D) Pp<0.0001
e p<0.0001
2
Z s
£ p<0.0001
]

0

01 3 4 6 7
Time (years)

Patients at risk

CTR>S5% 991 858 737 602 465 333 210 100
CTR=48-55% 1064 968 849 718 583 440 322 187
CTR<48% 977 884 780 661 549 437 332 213

Fig. 3. Unadjusted survival curves according to cardiothoracic ratio.

Today’s contents
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Deep learning-based model for classifying cardiac functions
and valvular heart diseases

Lancet Digit Health 2023;

5:525-33

22 551 radiographs & echocardiograms
obtained from 16 946 patients

Intemal testdataset Externaltest Accuracy,  Sensitivity, ~ Specificty, Positive  Negative
dataset % % % predictive  predictive
DasetA  Datweth  DatasetC Datasetd ot T
Overallmean AUC (50) omer)  ecE)  GEem) | e Left ventriclareection fraction 8% &% 86% 24% 99%
Leftventricuarcectionfraction 092 093 {85207 =37 B (5==5) R G126 S (95295
088096) (088097) (088098)  (090-095) Tricuspid regurgitant velocity 7% 8w 7% 36% 96%
Ticuspd egurgtant velodty 088 o085 088 o8 36 G087 (7 (3 (9597
08309 (08108 (082099 (083087 Vaiwlar heart disease
Vabvlarhear disease Nitalregurgitation 8% B 85% 26 99%
Mital regurgtation 092 095 089 089 (486) (687  (8486) (229)  (98-99)
088095 (090099  (079100)  (086.092) Aorticstenasis % 7% 7% 8% 99%
Aorticstenosis 086 091 o051 o3 @7 (698) (174 (69) (99100
080092 (082100)  (080100)  (078-088) Aortcregurgitation 68% 8% 67% 2% 99%
Aortic equrgitation o085 089 083 €770 (6192  (66-69) (014)  (99-99)
©07609) (072097 (070100  (079-087) (TS oo &% 90% & e
Mitalstenosis 089 094 086 @901 (6100 (B9-9) (03) (100100
(075200 (061:200) (57100 Tricuspid regurgitation 8% &% 831 30% 99%
i i
Treuspid reguritation 053 092 053 052 ¢ $ .
085097 (088096 (085100)  (089-094) - l:; :s! 4::»3:1 (:; :4» (:: 34) 1::439)
Pulmonary regurgtaton 085 095 S o " o
©070100)  (069100) (079100  (082:090) @7 @95 (6770 (012 (99100
) = o088 = o Inferor vena cava diation [ 87% 20% 99%
(088100) (080095 (088099  (081-089) (35-88) (6581)  (86-88) (1624)  (98-99)
Table 2: AUC forthe nternal and external test datasets Table 3: Model performance forthe external dataset

Prediction of Qp/Qs using deep learning analysis
of chest radiograph

38

Fick-Deived Pulmonsry o Systensc Fow Rt

JAMA Cardiol. 2020;5(4):449-457.

1031 patients (3.4 years [interquartile range, 1.2-8.6 years)

Figure3.
4] scatterslot o pulmonsry tosystemic flow ratio (8] Btand-Atiman plt of pimonsry o systemic low ratio Flow Ratio
s
f
0] °
3 S ro .
sl o og o6 oo
5 | @080 ° o° o
I oo Lo
i z
I & P g H
28,5 Lo o §
H & wonr 150 o
H oo S
4 o
s G w0 35 w3 0 i W B 3

Deep learning-based analysis of CR predicted QpQs in patients with CHD.

Deeplearing

Qp/Qs > 2

1-Specificity
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Dynamic chest radiography for ACHD

27F, repaired TOF

v 15 frames/second Lung perfusion
v 7 seconds of breath holding

Dynamic chest radiography for ACHD

Toyomura et al. Eur Heart J . 2023;44(16):1479.

CARDIOVASCULAR FLASHLIGHT Mepssidolory 10105 Veurhesryehud 2

Dynamic digital radiography: a novel quantitative modality to assess
the pulmonary blood flow

Daisuke Toyomura (3 !, Kenichiro Yamamura'#, and Yuzo Yamasaki®
; 311, M, Mo, ekt 8128582 g and "Oepartmen of Gl

Radelog, Ky Unversty Hosptal, 311 Madash. Higsn s Fkioka 12 6582 o
*Correspondng uthor. Tl 481 92 642 5431 . 48192 642 5146, Ema amarurs kenichirs 526 miyisho-sacip

A 17-year-old gl with congenial unifateralabsence of the
pulmonary artery underwent surgical reconstruction of
the right pulmonary artery (RPA) with a 6 mm polyetra-
fluoroethylene vascular gralt 15 years ago. She had re-
ceived stent implantation (SMART® 70X 60 mm) to
control the graft stenosis at 10-years-old. Nevertheless,
regular hemodynamic assessment with balloon angio-
plasty was required because of the recurrence of graft
stenosis. The current cardiac catheterization demon-
strated RPA graft stenosis with a pressure gradient of
34mmHg (Panel A). Tecnethium-99m-macroaggregated M
albumin lung perfusion scintigraphy showed decreased

perfusion in the right lung (rghtlefc 201%/79.9%)

(Panel B). A similar result was achieved in dynamic digital radiography (DDR) captured by a flat panel detector (Aero DR fine®,
KONICAMINOLTA, Japar) and a conventional X-ray system (RAD speed Pro®, SHIMADZU, japan), using a prototype workstation
(KONICAMINOLTA, Japan) (ight/eft: 17.4%/82.6%). (Panel C, and Supplementary data orline, Video)

pulmonary

DDR

2 This
low cost, short and reduced
fective and alternative approach to assessing lung perfusion in patients with pulmonary artery stenosis.

v DDR is a new imaging to visualize small changes in pixel value representing the pulmonary
circulation without contrast media.

v This imaging system can facilitate both qualitative and quantitative evaluations of the dynamic
pulmonary circulation with a low cost, short examination time, and reduced radiation exposure.

S4-17




Why can pulmonary perfusion be evaluated by DCR ?

v Sequential images acquired while breath holding have the information about pulmonary blood flow by
cardiac pumping, which is expressed as the small temporal change of X-ray translucency (pixel value).

Cine radiography of the chest (15 frames/sec x 7-10 sec)

<

-

SID=2m

Sequential images without

respiratory motions quential images with lung perfusil

Yamasaki Y, et al. Jpn J Radiol . 2023. Online ahead of print.
{ Theory of DCR - - -

Cardiac end-diastolic phase Cardiac end-systolic phase

~AES

Pulmonary artery flow increases during the systolic phase, which results in an increase in blood and vessel volumes in the lung.

Case 4: Adult congenital heart disease (ACHD)

v ACHD patients occasionally suffer from pulmonary artery stenosis.

v Maldistribution of pulmonary artery flow is evaluated by perfusion scintigraphy or phase contrast
MRI. However, inability of keeping still and repeated radiation exposure could be problematic.

v' DCR demonstrates
and its improvement after interventional treatment.

y . - . Yamasaki Y, et al. Jpn J Radiol . 2023. Online ahead of print.
17-year-old boy with repaired transposition of the great arteries

Left PA-Main PA
Pressure Gradient
13mmHg

Left PA-Main PA
Pressure Gradient
8mmHg

Stenting for Left PA stenosis

Right  Left
DCR 72.6% @
MRI 76.0% 24.0%
Scinti- 70.4% 29.6%

graphy

sossment o repaired tetralogy of Faflot.

o Cardiac Surgery. Sapporo, 2022 July.
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Estimation of pulmonary regurgitant fraction (PRF) in repaired
tetralogy of Fallot (TOF) using the waveform analysis

v Pulmonary regurgitation following the repair of TOF is a common postoperative sequela associated with progressive
right ventricular enlargement, dysfunction, and is an important determinant of late morbidity and mortality.

Ammash NM, ot a. Congenit Heart Dis. 2007;2(6):386-403.
v’ Severity of pulmonary regurgitation is one of the main determinants of indication of pulmonary valve replacement.

‘Stout KK, ot al. Circulation. 2019;139:0695-0800.

DCR sequential images ROC analysis for the differentiation between

_— o— PRF<30% and PRF230%

Sum of pixel values on bilateral main pulmonary arteries

time
1 cardiac cycle

00 ~#~ ROC curve (AUC = 0.94)

00 02 08 10

04 06
FPR. False positive rate

Typical waveform patterns in low and high PRF groups

Multiple linear regression model to predict PRF
Low PRF group High PRF group 80

o 1025501590 100 o 025507550 60

/ ® 40 = ° A
® ® °
. . \ 20 o o &
pi¥ A - g
o
: / > & m\/v = 20 0 20 40 60

DCR can estimate the severity of pulmonary regurgitation in repaired TOF.

Advantages of DCR compared to other modalities which can evaluate pulmonary perfusion

CT pulmonary angiography
Perfusion scintigraphy
MR angiography
» DCR has almost no contraindications. v "

v Readily available
v Fast

» DCR can be performed in a general X-ray examination room.

v' Low cost

« Installation cost is cheaper than CT, MRI, SPECT, and interventional angiography system.
« Additional cost such as radioisotope or contrast material for each examination is not required.

Perfusion image of DCR ‘ S l Posteroanterior and lateral views of chest radiograph

(1.9 mGy: the IAEA recommendation)

* IAEA: International Atomic Energy Agency

Phantom study in our hospital
Standing 1.15 mGy

Supine  1.86 mGy
(BMI 25)

S4-1.9




Silent pulmonary embolism in patients with deep venous thrombosis

54-year-old man who referred to our hospital with the diagnosis of DVT without any signs or symptoms suggestive of PE

Chest X ray DCR CTPA

—

Normal ? Wedge-shaped defects !! Pulmonary thromboembolism

According to a systematic review
Stein PD, et al. Am J Med . 2010 May; 123(5):426-31.

v’ Silent pulmonary embolism occurs in approximately one third of patients with deep venous thrombosis.

v Silent pulmonary embolism may occur in the central pulmonary arteries.

Dynamic chest radiography in Radiation House !!
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Contact: Yuzo Yamasaki, MD, PhD.

E-mail address: yamasaki.yuzo.776@m.kyushu-u.ac.jp «  Seiichiro Takao, MD, PhD. National Institute of Health

¥ KYUSHU UNIVERSITY
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TOF, Pulmonary stenosis & regurgitation

RVOT akinesis/aneurysm after patch repaired TOF
” Shiina, et al. Int | Cardiol CHD 2021

m'a‘”ﬂ

Conventional cine MRI Look-Locker flow image
Use magnetization state as an

endogenous tracer

Pulmonary regurgitant fraction by 2D phase contest

Flow sensitive gradient echo
Velocity encoding 100-200cm/sec
30 phase/beat

m Retrospective ECG gate
£ ) .

Maghitudeiimage

\
\

M & (ml/sec)

Regurgitant fraction 42.2%

Backward flow vol_31:2m|

100 200 300 400 500 600 700
B§ i (msec)

Phase image X N
The regurgitant fraction does not always match the
severity and symptoms of the patient.
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Lt. PA

-

lateral tunnel

«

\e

20s man, TCPC for double outlet right ventricle

4D flow MRI

1. RNoOESEIL
2. MDD ML(7518, iR )DeR1L
3. MEE(CHI DNFHFE

TAVUw

1. A RN

2. WRIMEDRREICLDVENCFHE
3. BAVI MIITVHRE

Repaired TOF, moderate PR

Lt. PA stenosis

main PA

Systole Diastole
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v
TOF
fhEpATGERDEEL

Case 8: iOM Case 12:54M
RVEF 48% RVEF 22%
PRF 40%

PRF 5%
Circulation 18.4

Circulation 20.1

TOF fhEATEE DIEX (&
ALEREEEET S

Tsuchiya N, et al. Scientific Report 202 |

JBE 0, RVEF 68%, PR 43% JBEE 20, RVEF 22%, PR 5%

TOF AEARBIBOIRILF—ORX EOAEAEIA

ShiinaY, et al. | Cardiol 2023 in press

systole
jenergy loss

T T (A

TOF after Rastelli procedure CardioFlow

Rastellil8E ([CUNHERF. HLEREF 2 IEHDTRILF—OXDE—TINRETD
TRILVF—OXDER EOASER - FBIRIEE (CRAENH SNz,
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Transcatheter Pulmonary Valve Implantation
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Wall shear stress imag;

Stream image

Pressure Gradient
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7 7 O— M =bREA
fhENIRIRE EAEE LR

R RV longitudinal strain ISP, Philips

User Segments
Item Name Peak [%] TTP [ms]

. o7 A BEANLAZOET. UNHEE — R B OEE
~@- User S 3 -19.71 368 MZ= = ANH=H
it am m DEREBAREE

User Segment 5 -10.52 335

User Segment 6 -12.58 301

=R AHEAE DEFRXRIE

Conventional balanced CINE TFEPI body flow imaging
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Valve track, L—R shunt
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PET Myocardial flow reserve (MFR)

TEENATEREE (C K DIERER T OESE (C L SMEREREICH U
AEN(SEMEZIRSE. (OAMMREHRF S D6E

MACROCIRCULATION MICROCIRCULATION

Segment and Epicardial Arteries >400 um  Small Arteries <400 ym _ Arterioles <100 um Caplllaries <10 um
size i g’ " )

Main stimulus

for vasomotion Metabolites
(e.g. adenosine)

Primary
function

Transport Regulation Exchange

Murthy J et al. J Nucl Med 2018

% of resistance
to flow

i FFR i IMR )

Metrics

i CFR/MFR J

7T/ ld BEE50~200umDIEFME IR L. BIIRENNE Iz 5 9 (L
RED270%). 777/ RV 2 H D 1 ABMDIRE. RATIE.

Coronary artery to pulmonary artery fistula

O2 saturation
Ao 97%,SVC 75%, IVC 79%
rt. PA 77%, 1t. PA 78%

PA 24/14/18mmHg
Qp 4.5L/min, Qs

4.2L/min,
Qp/Qs 1.1

6 year-old, man

S4-29




Left coronary artery Right coronary artery

Shunt from left and right coronary arteries
to main pulmonary artery

7ed 2 A A Eh e 0D B2 H i 4 DB

pre-operation one month after ope. 24 months after ope.

. RCA

1114 B TLADSEIIDEEMIBR D 5D D1, MFRIL
WELTHD., 2FRICEMIHRLTNSD

© Koninklijke Philip:
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PET strain

50s man, TOF with RV pacing, pre-TPVI],ammonia PET

p—

— — o

Card N3 V UHD

PET Card NMB V L

1. B EBHOBRIENEL)
2. IDEZ ) \A RDFZEN TR
Longitudinal strain 3. AZZ L1 - BBV FEEE

)

PET Card NH3V L

Summary

> 4D flow MRI, non-contrast
BE, TFH>—0OX, BRE, > v > FEDEELITES

» Ammonia PET
DA FiEEE(MFR) (FIAEHER - TR TFAIDIRNDIRIEE
A DDMT - EE) Flmee N EEAT Ol BE
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Cardiovascular Center, Showa University Northern Yokohama Hospital

ToIUN

e ASD

— Erosion

— Sinus venosus ASD
* VSD

— Perimembranous VSD
- fiiERER
J7O0—EEE T &

— TPVI

Fontan fif&

— FhEIARYE %

- BEPE YAXTYT
— Fenestration {ERk

— YUNEREE

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Surgery
OR
Intervention

Rigatelli G, et al. Cardiovasc Revasc Med. 2022 Nov;44:92-97

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

ASD Fiftvs hT—TILBE

2,000
1,800
-®-Catheter -@=Surgery

1,600
1,400
1,200
1,000
800
600

400

200

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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ASD Erosion

Aortic rim deficiency / Bald aorta Septal malalignment

Left atiium,

Takaya Y, et al. J Interv Cardiol. 2020 Mar 3;2020:6090612.

Bald aorta + Septal malalignment

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

ASD Erosion

RPN

TABLE Il. Recommendations

Follow instructions for use when performing balloon sizing
Avoid overstretching the balloon when balloon sizing the defect
Use stop-flow technique for maximum inflation of sizing balloon
Be gentle with to and fro of the device (Minnesota wiggle) while the
device is attached to the delivery cable
Identify patients who may be at higher risk and will require closer
follow-up
Patients who require significantly larger ASO (> 1.5 times) than the
native diameter of the ASD
Patients with development of small pericardial effusion at 24-hr
follow-up

Patients with deformation of the ASO at the aortic root (significant
splaying of the device edges by the aorta)
Patients with high defects (minimal aortic and superior rims)
Mandatory 24-hr follow-up in all patients
Educate patients about the risk and need for echocardiography with
symptoms

Amin Z, et al. Catheter Cardiovasc Interv. 2004 Dec;63(4):496-502.

v' Aortic rim deficiency or absence in one view does not preclude device
placement.

However, if the aortic rim is absent in three or more consecutive views, it
means that the extent of its deficiency is significant and hence there may be
high risk for device closure.

Mallula K, et al. Pediatr Cardiol. 2012 Oct;33(7):995-1000.

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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ASD Erosion & Embolization

-@-Erosion -@-Embolization

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

GORE® CARDIOFORM ASD Occluder (GCA)

AMPLATZER® Septal Occluder Figulla® Flex II ASD Occluder GORE® CARDIOFORM ASD Occluder
(ASO) (FFI) S (GCA)

Ak

v EBENDVIEL ERIZT NS
v IRTEE TErosionDIRE ML

v BEHRBOEAEILOTN

FER

v BEFRICKYEREETD
v FHTELREBAOZRKEICIimitationh $H 5
v REEEOEIIAELLY

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Sinus venosus ASD

Sinus venosus

Correction of sinus venosus ASD
defect

Sinus venosus defect + Anomalous right upper PV
. \ (S X >

10 Zig Covered CP

Balloon interrogation of ASD closure and redirection of PV flow

Rosenthal E, Qureshi SA, et al. Catheter Cardiovasc Interv. 2021 Jul 198(1):128-136.

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

VSD Potential risk of device closure

* Related to the proximity of the defect to the surrounding structures

Detects with partly fibrous. rims
©) Sub-arterial_ infundibulor

— Conduction bundle

Aortic valve

RV out flow

Tricuspid valve

Atrioventricular conduction bundle

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Various devices

mlless
iy 7
Device R o NS
g
Name ADO | ADO Il Pm VSD occluder MFO
(Abbott medical) (Abbott medical) (Occlutech) (Lifetech)
Disk size (mm) 9-22 9-12 10-20 10-18
Waist size (mm) 4-14 3-6 4-12 3-12
Length (mm) 5-8 4.25-6.25 5-7 4
Sheath size (Fr) 5-6 4-5 6-7 4-7
FDA approval 2003 2013 - -
Disk Single disk Double disk Single disk Double disk
Size Large Small Large Medium
Stiffness Stiff Soft Moderate Soft
Fabric + - + -
Antegrade Antegrade
Approach Antegrade Antegrade
PP g Retrograde g Retrograde
Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

ACHDIZ$ 1+ 5% FE #IVSDRF S T

Recommendations for intervention in ventricular septal
defect (native and residual)

Recommendations Class®  Level®

In patients with evidence of LV volume over-

load® and no PAH (no non-invasive signs of PAP

elevation or invasive confirmation of PVR <3 c
WU in case of such signs), VSD closure is rec-

regardless of . . L
In patients with no significant L—R shunt, but a V' In patients with no significant LR shunt, but
history of repeated episodes of IE, VSD closure lla c a history of repeated episodes of IE, VSD
should b considered, closure should be considered.

T Pt WIT v'SD= protpTE oA

aortic valve cusp causing progressive AR, sur- lla @

gery should be considered.

In patients who have developed PAH with PVR /

3—5 WU, VSD closure should be considered " c Transcat'hEter CI(.)SUre has bec.ome an
when there is still significant L —R shunt (Qp:Qs 2 alternative, particularly in residual VSDs.
>1.5).

In patients who have developed PAH with PVR

>5 WU, VSD closure may be considered when

there is still significant L—R shunt (Qp:Qs >1.5), c
but careful individual decision in expert centres

is required.
VSD closure is not recommended in patients g
with Eisenmenger physiology and patients with c 3
severe PAH (PVR >5 WU) presenting with ©
desaturation on exercise.’

2020 ESCACHD GL

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Risk of CAVB

Device closure Surgery

~5.7%
2~5.7%
Fu YC. J Am Coll Cardiol. 2006 Jan 17;47(2):319-25 1 (y

0

Pediatric Health Information System
Us, 2004-2013

Liberman L. J Thorac Cardiovasc Surg.
2016 Jul;152(1):197-202

0.24~0.38%

Yang J. Eur Heart J. 2010 Sep;31(18):2238-45 0
Saurav A. Catheter Cardiovasc Interv. O o 3 A)

2015 Nov 15;86(6):1048-56

BHALREMENBT —F~N—Z
2017, 2018

_J \ WV,

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

Risk of CAVB

Timing of the onset

v The most occur immediately to a week.
v’ One-third occur after 1-5 years.

* Due to inflammatory reaction or fibrosis, rather than direct
compression, trauma of conduction tissue

Treatment

v’ Steroids
* Recurrence after previous steroid use
* Ineffective in the late-onset CAVB

v’ Retrieval of device

* Should be performed in one month

Risk factors

v’ Device over-size
v’ Small patient

Fujii T. SHD Intervention Complete Guide 2019

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Risk of CLBBB

Cardiac resynchronization therapy for heart failure induced by left bundle
branch block after transcatheter closure of ventricular septal defect

Rong-Zeng DU, Jun QIAN, Jun WU, Yi LIANG. Guang-Hua CHEN, Tao SUN, Ye ZHOU, Yang
ZHAO. Jin-Chuan YAN

Deparment of e, 4 Hospital of Jiangsu Universiry, Zh 212001, Jiangsu Province, China

v 54-year old female
v' pmVSD ¢p4mm

v Amplatzer pmVSD occluder

6 months after CRT
il )‘,‘ -
’ I f 1

A

{555 NI EE S e R e |
LVEF 70%
LvDd 53mm

v’ CRT decreased LVDd and increased LVEF, thereby improving the patient’s heart functions.

Du RZ. J Geriatr Cardiol. 2014 Dec;11(4):357-62

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

Risk of CLBBB

Incidence

v Total 2-3% -> persistent 0.3-0.7%

Timing of the onset

v" Similar to CAVB (<1week ; dominant)
v’ Late-onset and reversible CLBBB were less likely to be spontaneously recover

Treatment

v’ Steroids
v' CRT
v’ Retrieval of device
* Evenif carried out much later, it could lead to spontaneous resolution of LBBB

Risk factors

v' Device over-size

v’ Lage delivery sheath

v’ Longer procedural time

v Eccentric occlude / Oversized thin-waist occluder

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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# Post operative TOF
# Residual VSD
# History of bacterial endocarditis

* 34y, Male * 3y Total repair

. 163cm, 58kg (VSD patch closure +RVOT muscle resection
+ PA valvotomy + MPA plasty, non transannular patch)

* NYHAI

lidte

%
- ik anld (AYx84)
oy Juat Foriy

%0 et b e i e

SR e e

ity
//

PP e

fgpir=e
vty
I aitfi

16y Bacterial endocarditis

(vegetation on mitral valve treated by only ABx)

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

Qp/Qs 1.5
LVEDV 114ml/m2, LVEF 72%
RVEDV 125 mi/m2, RVEF 45%
PR RF 3%

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Transcatheter Closure

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

Previous reports of transcatheter closure of residual VSD

*  Percutaneous Closure of Postoperative Ventricular Septal Defects With the Amplatzer Device

— N=9 (TOF 4/ 9) Walsh MA. Catheter Cardiovasc Interv. 2006

*  Transcatheter Closure of Postsurgical Residual Ventricular Septal Defects: Early and Mid-Term Results

— N=22 (TOF 6/22) Jaspal S Dua. Catheter Cardiovasc Interv. 2010

¢ Clinical Experience of Transcatheter Closure for Residual Ventricular Septal Defect in Pediatric Patients

- N=12 (TOF 2/12) Wanping Zhou. Congenit Heart Dis. 2016

«  Transcatheter Closure Versus Repeat Surgery for the Treatment of Postoperative Left-to-Right Shunts: A
Single Center 15-Year Experience

— N=27 (TOF 5/22) Xinghua Gua. Cardiol Res. 2017

¢ The experience of transcatheter closure of postoperative ventricular septal defect after total correction

— N=6 (TOF 2/6) Kouakou NYN. J Cardiothorac Surg. 2019

v No serious complications
v’ Satisfactory short and mid-term outcomes

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Transcatheter Pulmonary Valve Replacement

‘ Balloon Expandable Valves ‘

5y

‘ Self-expanding Valves ‘

\ Self-expanding Prestent I

MV

o)

Neil D.et al, Journal of the Society for Cardi i &

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

v’ Conduit
v’ Prosthetic valve

— v Native RVOT

. 2022;1(6): 1-12

Recommendations for PVR aHA/AcC vs ESC

TABLE 6 Recommendations for Pulmonary Valve Replacement in the Asymptomatic Patient with Repaired Tetralogy of Fallot

Common to Both

AHA/ACC Only

ESC Only

RVEDV =160 mL/m*
RVESV =80 mL/m?

Ventricular size

RV systolic dysfunction
LV systolic dysfunction

RV systolic pressure
Objective exercise capacity
Tricuspid regurgitation
Ventricular tachyarrhythmia

RVEDV =2x LVEDV

Mild or moderate

Mild or moderate

=2/3 systemic pressure
Progressive reduction
Requiring surgical intervention
Sustained

Progressive: confirmed by repeated
‘measurements

Progressive

>80 mm Hg
Decrease
= Moderate

Preoperative mapping and transection of
VT-related anatomic isthmus

Egidy Assenza G, et al. J Am Coll Cardiol. 2021 Nov 9;78(19):1904-1918.

I_(im) I (2006)

Venus P valve

] (2013)

/
!

\ Y
Harmony valve  Alterra Adaptive
017) (2018)

e

Harmony TPV 2020-

q ‘
v’ Native RVOT

v" Conduit
v’ Prosthetic valve

Gartenberg AJ, et al. Semin Thorac Cardiovasc Surg. 2023, 35(2):333-338.

v’ Class | indication in patients with suitable anatomy (ESC GL 2020)

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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)
Balloon Valve StenUframe ~ Yearoffirst  Country | Valvesizesat | Pre-procedural  Suitable Frame Frame
expandable or  material material published  of origin | implant imaging anatomy width (mm)  length
self-expanding implant (mm)
Medtronic Melody | Balloon Bovine Platinum 2000 Englnd | 18,20,22mm | Conduit, Same as 28,30
Valve jugular vein  iridium bioprosthetic implanted
valve valve size
S )~
Edwards SAPIEN | Balloon Bovine Cobalt 2006 United [ 20,23,26,29 Conduit, Same as 155,18,
“Transcatheter expandable pericardium  chromium States mm bioprosthetic implanted 20,225
Heart Valve valve, native valve size
E imaging RVOT
~
Medtronic Sclf-cxpanding | Porcine Nitinol 2013 United || 22,25 mm |ECG gared Native RVOT | 22,25 55,51 .
Harmony Valve pericardium States CTA
Edwards Alterra Self-expanding NA Nitinol 2018 United Accommodates ECG gated Native RVOT 40 49
Adaptive Prestent States 9mmS3THY  |[CTA
Med-Zenith PT- | Self-cxpanding  Porcine Nitinol 2019 China 20,23,26 |ECG gated NativeRVOT | 28,32,36, | 38-54
Valve pericardium CTA .44
Pulsta Valve Self-expanding Porcine Nitinol 2018 South 18-28 in 2 mm TTE or CTA Native RVOT 2232 28-38
pericardium Korea increments
Venus P-valve Self-cxpanding  Porcine Nitinol 2014 China 18-36in2mm  [Cardiac MRI | NativeRVOT | 2846 2530
¥ pericardium increments (does not
include
flared
ends)
S
Neil D.et al, Journal of the Society for Cardiovascular Angiography & Interventions. 2022;1(6): 1-12
Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

NEW RESEARCH PAPER

One-Year Outcomes in a Pooled Cohort
of Harmony Transcatheter Pulmonary
Valve Clinical Trial Participants

Matthew J. Gillespie, MD,* Doff B. McElhinney, MD," Thomas K. Jones, MD,* Daniel S. Levi, MD, Jeremy Asnes, MD,*
Robert G. Gray, MD," Allison K. Cabalka, MD,? Kazuto Fujimoto, MD," Athar M. Qureshi, MD,' Henri Justino, MD,’
Lisa Bergersen, MD, MPH, " Lee N. Benson, MD,' Daniel Haugan, MS,” Brian A. Boe, MD," John P. Cheatham, MD"

CENTRAL ILLUSTRATION One-Year Outcomes Following Harmony Transcatheter Pulmonary Valve Implantation

87 Patients implanted with a Harmony TPV and followed for 1 Year

21Pv2 45TPV2S
Ny
/4

'?;Q‘

26y (IQR: 18-37 y)
86/88 (96%)
29 (23-43) min

v Age
v’ Success
v" Fluoro time

The Harmony TPV device demonstrated favorable clinical and hemodynamic
outcomes across studies and valve types through 1 year.

Freedom from PR, Stenosis and Reintevention

100%

80%

60%

40%

20%

NSVT : 14/89 (16%), 7/14 (50%) were prescribed antiarrhythmics

S
91%

98%

0%
o

—TPV22 41
—TPV25 44

40
43

Gillespie MJ, et al. JACC Cardiovasc Interv. 2023 May 17:51936-8798(23)00561-7.

6

Months Post-Implant

40
43

12

30
26
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IMAGES IN INTERVENTION

Transcatheter Pulmonary Valve Implantation

Valve-in-Frame Procedure

Jason H. Anderson, MD, Allison K. Cabalka, MD

FIGURE 1

(A) Thrombosed 25-mm Harmony valve followed by (B) frame valvuloplasty and (C) 29-mm SAPIEN S3 valve-in-frame implantation.

Anderson JH, et al. JACC Cardiovasc Interv. 2022 Sep 26;15(18):1878-1879.

Fontan fff# — Stenting for branch PS—

Anatomical consideration

v" Long and tubular narrowing

v’ Kinking

v’ Elastic recoil

v’ External compression

v’ Recanalization of totally occlusion
v Rescue of wall injury

v’ Early postoperative period

J

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Fontan ff7#% — Stenting for branch PS—

« Heart failure
« Exercise
intolerance
+ Cyanosis

* RV systolic
dysfunction

« Progressive
R

« Very high
systolic RV
pressure

« ReL shunt
« Significant
branch PA
blood flow

imbalance
« Severe branch
PA stenosis

Hemodynamical consideration

AHA/ACC (2019) vs ESC (2020) Guidelines

v >50% DS
v" RVSP 50 mmHg
Flow imbalance

>50% diameter
narrowing and
+ RVSP >50 mm Hg or
- Redced PA blood flow

- Symptoms due to.
reduced PA flow

+Foca ing
- Significant branch PA

blood flow imbalance
« High RVSP.

Peripheral

- Symptoms

« Decline in RV
function

« Progressive TR

« R-L shunt

]

Moderate-severe

> alvarps

No indication to valve
replacement

!
|

Indication to valve.
replacement and

ymptom:
No symptoms and (any):
« Exercise intolerance
« Decline in RV function
+ Progressive TR
«RVSP >80 mm Hg
« R-L shunt

Symptoms

Moderate-severe
obstruction and

N7 Symptomsof |
L—  ov — - Heart Failure
CE/AER - Exercise intolerance
L « Cyanosis.
Severe DCRY, b

‘asymptomatic

|——» Severe valvar PS —|

No: lla
Ves: |

v High CVP
v' Desaturation due to RL shunt

JACC Guideline Comparison. J Am Coll Cardiol. 2021

Fontan / Single ventricle

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa Universi

Hospital

Heart and Vessels
https://doiorg/10.1007/500380-020-01691-0

ORIGINAL ARTICLE

Chesk for
Updates

Clinical trial of the CP stent for pulmonary artery stenosis: the first
investigator-initiated clinical trial for pediatric interventional
cardiology in Japan

Takanari Fujii'© - Hideshi Tomita' - Toshiki Kobayashi? - Hitoshi Kato® - Hisashi Sugiyama® - Ayumi Mizukami® -
Hideaki Ueda®

CP Stent™ Specifications
Stent Configuration Platinum Bare Covered
Length (Number ‘Wire Stent Stent

(CM) of Zigs) (Inches) Catalog No. | Catalog No.
16 8 0.013 CP8Z16 Cvrd. CP8Z16
2 8 0.013 CP8222 Cvrd. CP8Z222
28 8 0.013 CP8228 Cvrd. CP8228
34 8 0.013 CP8Z34 Cvrd. CP8Z34
39 8 0.013 CP8Z39__| Cvrd_CPBZ30 |
45 8 0.013 CP8Z45 Cvrd. CP8245

v' Platinum-iridium alloy

v' Expandable up to 10mm - 24mm

v Less artifact on CMR

v Approved in more than 35 countries including the US and Europe

Heart Vessels. 2021 Feb;36(2):291-296.
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Fontan ff7#% — Stenting for branch PS—

PLPS of post Fontan
T

-}

CP stent

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital

Fontan fii#% —EERXE - A XT7vT —

Stent expansion of restrictive Fontan conduits to nominal
diameter and beyond

Thomas Salaets' | Bjorn Cools PhD* | Pieter De Meester? ® | Ruth Heying PhD? |
Derize Boshoff PhD* | Benedicte Eyskens PhD' | Stephen Brown DMeD'?® |
Bart Meyns PhD? | Filip Rega PhD? | Joeri Van Puyvelde? ® |

Werner Budts PhD?® | Marc Gewillig MD, PhD! ®

16mm - 20mm [ZH A X7y T H AT RE

Salaets T, et al. Catheter Cardiovasc Interv. 2022 Nov;100(6):1059-1066

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Fontan fif#% — Fenestration {ERL—

Ilﬂﬂ PN

Transcatheter creation of a pulmonary artery
to left atrial fenestration in a failing Fontan

circulation using the Atrial Flow Regulator (AFR) T

Product specifications

Emma Pascall @, Matthew I. Jones, Alexandra Savis, Eric Rosenthal @ and
Shakeel A. Qureshi®

Department of Congenital Heart Disease, Evelina London Children’s Hospital, Guy’s & St Thomas NHS Foundation
Trust, London, UK

Pascall E, et al. Cardiol Young. 2021 Aug;31(8):1376-1379

Pediatric Heart Disease and Adult Congenital Heart Disease Center, Showa University Hospital
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Circulation: Cardiovascular Interventions

Transcatheter Thoracic Duct Decompression for
Multicompartment Lymphatic Failure After Fontan
Palliation

Christopher L. Smith, MD, PhD; Yoav Dori, MD, PhD; Michael L. O'Byme®, MD, MSCE; Andrew C. Glatz®, MD, MSCE;
Matthew J. Gillespie, MD; Jonathan J. Rome®, MD

Smith CL, et al. Circ Cardiovasc Interv. 2022 Jul;15(7):e011733
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