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DOPERF & FHDORME (Determinants
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BE 1 hNRERAORERERE (ARNERBERSBES)

2019 £ D EEF

ASD 2467
PDA 1037
VSD 4109
CoA 302
IAA 62
Complete AVSD 263
Incomplete AVSD 66
TOF 441
PAVSD 116
PAIVS 93
TGA 206
cTGA 70
DORV-VSD type 119
DORV-Tetralogy type 102
DORV-TGA type 50
DORV-Other type 50
Truncus arteriosus 42
TAPVC 162
sV 163
HLHS 145
TA 74
Ebstein 93
Origin of PA from Ao 11
Absent PV 8
Vascular Ring 65
AP Window 13
Cor triatriatum 23]
BWG syndrome 17
Coronary AVF 62
Other Coronary Anomalies 25
Pulmonary AVF 13
10469

Total CHD + Valve (42%8) 12264
A 865,234
CHD H4EE 1.42

2020 £ D EEF

ASD 2037
PDA 1010
VSD 3967
CoA 263
IAA 55
Complete AVSD 268
Incomplete AVSD 75
TOF 401
PAVSD 113
PAIVS 76
TGA 201
cTGA bb|
DORV-VSD type 125
DORV-Tetralogy type 91
DORV-TGA type 50
DORV-Other type 26
Truncus arteriosus 43
TAPVC 175
sV 155
HLHS 134
TA 64
Ebstein 86
Origin of PA from Ao 6
Absent PV 21
Vascular Ring 49
AP Window 4
Cor triatriatum 27
BWG syndrome 12
Coronary AVF 57
Other Coronary Anomalies 36
Pulmonary AVF 19
9701

AR 840,835
DERBFER 1.36

FHEE SN
valvular AS 1556  WPW 458
supra AS 36  PSVT (WPWLS) 254
infra AS 3 Af/AF 79
AR 132 LQT 314
MS 24  Burgada 25
MR 279 CPVT 13
valvular PS 595 ARSI LERMEOEAE 15
supra PS 50 VT 121
peripheral PS 413  Sick sinus syndrome 37
TR 99  Complete AVB 57
TS 9 1373
1795
BEF - REERYE SIEH
IPAH 27  Down syndrome 763
Eisenmenger 14 18 trisomy 152
PF3Rk PAH 15 13 trisomy 49
HCM 93  Asplenia 141
DCM 95  Polysplenia 66
RCM 14 22q.11.2 REGEREE 81
LVNC 64  Wiliams 34
ARVC 7 Marfan 72
EFE 2 Noonan 49
Bk DI A 113 Turner 33
IR RS BERTR 9  CHARGE syndrome 1
RS 61  VATER Association 25
SRMEOBRIBTE 1 1476
AR BRAE ACBE 2E 2
D AR ZE 5
DERR 6
DRIEBESOELE 25
553
valvular AS 141 WPW 405
supra AS 27  PSVT (WPWLLA) 282
infra AS 8  Af/AF 77
AR 102  LQT 335
MS 21  Burgada 21
MR 242  CPVT 12
valvular PS 620 NSNS LEBHEOERA 14
supra PS 62 VT 102
peripheral PS 439  Sick sinus syndrome 39
TR 87 Complete AVB 42
TS 13 1329
1762
BIEF - REGRY 2020 REEH
IPAH 35  Down syndrome 770
Eisenmenger b 18 trisomy 170
P3A% PAH 14 13 trisomy 38
HCM 70  Asplenia 128
DCM 90  Polysplenia 67
RCM 8  22q.11.2 R&IERREE 72
LVNC 47  Williams 30
ARVC 6  Marfan 81
EEE 2 Noonan 40
Rt 0% 79  Turner 23
FLIRIERIRA BRI 10  CHARGE syndrome 14
OVBRIES 62  VATER Association 25
SR DBRIBE 3 1458
R AR OB 28 0
NS H 0 e 7
DERE 2
DFRETRAOELE 26
466
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2022 FF D EEF

ASD 2089
PDA 1047
VSD 3710
CoA 309
IAA 52
Complete AVSD 210
Incomplete AVSD 74
TOF 356
PAVSD 106
PAIVS 65
TGA 160
cTGA 41
DORV-VSD type 135
DORV-Tetralogy type 71
DORV-TGA type 40
DORV-Other type S5
Truncus arteriosus 35
TAPVC 135
sV 144
HLHS 99
TA 43
Ebstein 85
Origin of PA from Ao 11
Absent PV 8
Vascular Ring 78
AP Window 12
Cor triatriatum 19
BWG syndrome 9
Coronary AVF 65
Other Coronary Anomalies 42
Pulmonary AVF S

9298
HAEK 770,747
DR BFAER 1.43

FBRIE 2022 SEEH
valvular AS 143
supra AS 22
infra AS 8
AR 117
MS 31
MR 258
valvular PS 574
supra PS 50
peripheral PS 469
TR 79
TS 6
1757

IPAH 30
Eisenmenger 4
PIER PAH 9
HCM 65
DCM 76
RCM 9
LVNC 62
ARVC 3
EEE 3
AMEDH% 101
FLRIEIEF BEFRMTZ 5
IDVEAES 76
FRMEDRRIBIE 2
AR DR 1
NEREOEEEE 6
DiERE 4
DRMERBESMIMELE 23
IREOHE 3
482

KVRBRERFIEREOMNERS CRREOSHBEHERTRULE

19

WPW 455
PSVT (WPW BU44) 263
Af/AF 69
LQT 412
Burgada 34
CPVT 19
NRZ/SIVRZEDERR 16
VT 85
Sick sinus syndrome 36
Complete AVB 38

1427
BEF - REERE 2022 AW
Down syndrome 621
18 trisomy 140
13 trisomy 25
Asplenia 91
Polysplenia 47
22q.11.2 R&FEMRRE 80
Williams 27
Marfan 74
Noonan 50
Turner 29
CHARGE syndrome 9
VATER Association 22
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LIFERT. BEOSHICRBEIRSBZEDPT, MALXKELEE (ACHD) DEEDZE, HE, IEICTH
HOEREXRULTEDH#SICSNEY. MEPRERSBFUREREDMITICSIEHiE, 2020410 8 27 BIC
EFED SBERBANKEEARSTBHIRERINE UL, ZI T, [HAZKENER] [BTEERXIE] &,
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(BABRSBFER, BARNERER, BFRNRBRSZER, HAXKEVEREZR, BARREARZER, BARD
[EOENEFER, BALII—RFR, BERERARZESR) B ULZBEROREZVEZEZE, HEMKIORBER
SR RHERBR CTHRILCVEREFNEENTT

SSBRAHICHEIBBEOESRICKDEREERZREDFRIENEL, Z0D 5% HBAISELTVXT. ZN
ICHEV), REBOBE, SHEPRABEICHIDEEEBUZEEPHABUNBSENINEICEOTVERT. U
HUBHS, INBHSHANDBITICELT, IWNEEENSHAERIC ROY 77D MM F(SER Uz B R ik
BNEEN LT UERESNTLABNZ ENMERENTVEY. &z, EEEUOEN S, BITEEEZLECT
DRERMEEBREICHUT, @INEHSHAICWVEZDBIEBENLBICITONTOVRN T EEiEHES
NTWVETY.

INFTTOBRTEEXEAHEUTE, EEAIOBESN, RREESE, =5ICIEBA ACHD Z220ER
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3 |BESE (BEEHEEER)

Mhttps://www.nanbyou.or.jpo/wp-content/uploads/upload_files/20190516_016.pdf
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M https://www.j-circ.or.jp/cms/wp-content/uploads/2022/04/gaiyouzu.pdf

5 |5‘E9E'EIB\3§:§0)EEA’\G)$§FJIZ?§IC MY BIEE (02&3A)

Mhttps://www.j-circ.or.jp/cms/wp-content/uploads/2022/04/ACHD_Transition_Teigen_rev3_20220426.pdf
[Of=sa0]
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Background: The Japanese Network of Cardiovascular Departments for Adult Congenital Heart Disease (JNCVD-
ACHD) was founded in 2011 for the lifelong care of adult patients with congenital heart disease (ACHD patients).
This network maintains the first Japanese ACHD registry.
Methods and results: From 2011 to 2019, the JNCVD-ACHD registered 54 institutions providing specialized care
for ACHD patients in 32 of the 47 prefectures in Japan. The registry collected data on the disease profile for
24,048 patients from 50 institutions and the patient characteristics for 9743 patients from 24 institutions. The
most common ACHDs were atrial septal defect (20.5 %), ventricular septal defect (20.5 %), tetralogy of Fallot
(12.9 %), and univentricular heart (UVH)/single ventricle (SV; 6.6 %). ACHD patients without biventricular repair
accounted for 37.0 % of the population. Also examined were the serious anatomical and/or pathophysiological
disorders such as pulmonary arterial hypertension (3.0 %) including Eisenmenger syndrome (1.2 %), systemic
right ventricle under biventricular circulation (sRV-2VC; 2.8 %), and Fontan physiology (6.0 %). The sRV-2VC
cases comprised congenitally corrected transposition of the great arteries without anatomical repair (61.9 %)
and transposition of the great arteries with atrial switching surgery (38.1 %). The primary etiology (86.4 %) for
Fontan physiology was UVH/SV. In addition, developmental/chromosomal/genetic disorders were heterotaxy
syndromes (asplenia, 0.9 %; polysplenia, 0.7 %), trisomy 21 (4.0 %), 22q11.2 deletion (0.9 %), Turner syndrome
(0.2 %), and Marfan syndrome (1.1 %).
Conclusions: Although the specific management of ACHD has systematically progressed in Japan, this approach is
still evolving. For ideal ACHD care, the prospective goals for the JNCVD-ACHD are to create local networks and
provide a resource for multicenter clinical trials to support evidence-based practice.
© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

In Japan, the number of adult patients with congenital heart disease
(CHD) in 2007 was >400,000, which accounts for >50 % of all Japanese
patients with CHD [1]. However, only few cardiologists specialized in
adult CHD (ACHD), and these patients were thus primarily treated by pe-
diatric cardiologists. Until around 2010, this care model resulted in pediat-
ric cardiologists caring for most ACHD patients, particularly those with
complex CHD and/or severe comorbidities, such as residual cyanosis, crit-
ical arrhythmias, heart failure, pulmonary arterial hypertension (PAH),
and Fontan physiology [2]. Furthermore, in many cases outpatient care
may be discontinued for ACHD patients because of improper transfer to
this care setting. In an ideal setting, the care for ACHD patients would be
provided at ACHD-specialized and well-equipped institutions with a
multidisciplinary team comprising ACHD specialists or experienced physi-
cians, including adult cardiologists, cardiac surgeons, pediatric cardiolo-
gists, and interventionists, and other medical staff such as mental health
specialists and nurses specializing in ACHD [3].

Because the lack of cardiologists interested in ACHD was a critical
problem [3], we undertook a project to provide cardiologists specialized
in ACHD. To meet this goal, we founded the Japanese Network of Cardio-
vascular Departments for ACHD (JNCVD-ACHD, https://www.jncvd-achd.
jp/ and https://www.jncvd-achd.jp/english/?I=en_US) in 2011 with 8 in-
stitutions, which has since grown to 54 member institutions by 2019
(Fig. 1). All member institutions complete the uniform registry file to pro-
vide their data on ACHD patients. This article summarizes these data.

Materials and methods
JNCVD-ACHD institutions

The criterion to become a member institution of the JNCVD-ACHD is
that the institution should aim to provide a multidisciplinary care
system for ACHD patients with care provided by cardiologists who are
willing to specialize in ACHD and cooperate with pediatric cardiologists.

Registry file and data

Each JNCVD-ACHD member institution received and maintained an
original registry file (FileMaker Pro, Apple Japan, Tokyo, Japan) that is
used for the collection of their data for ACHD patient age 15 years and
older (Online Fig. 1). The 18 categories for CHD diagnosis were: 1) aortic

526

stenosis (AS); 2) atrial septal defect (ASD); 3) atrioventricular septal de-
fect/endocardial cushion defect (AVSD/ECD); 4) bicuspid aortic valve
(BAV); 5) congenitally corrected transposition of the great arteries
(ccTGA); 6) coarctation of aorta/interrupted aortic arch (CoA/IAA);
7) Ebstein disease (Ebstein); 8) mitral valve disease (MV); 9) pulmonary
atresia with intact ventricular septum (PA-IVS); 10) pulmonary atresia
with ventricular septum defect (PA-VSD); 11) patent ductus arteriosus
(PDA); 12) pulmonary stenosis (PS); 13) persistent truncus arteriosus
(PTA); 14) total anomalous pulmonary venous return (TAPVR); 15) trans-
position of the great arteries (TGA); 16) tetralogy of Fallot (TOF); 17)
univentricular heart/single ventricle (UVH/SV); and 18) ventricular septal
defect (VSD); and others. Patients with previously diagnosed double-
outlet right ventricle (DORV) were recategorized into one of the 18 CHD
categories or others because DORV comprises several anomalies such as
UVH/SV, ccTGA, TGA, TOF, and VSD.

Registry protocol

The original registry file data were created by retrospectively collecting
the data on new patients. To transfer the data, PDF and Excel files were cre-
ated from the original registry file. The PDF file data (Table 1) contained
only information on the number of adult outpatients in each CHD category
and were transferred annually to the JNCVD-ACHD secretariat at the Uni-
versity of Tokyo, Japan. After obtaining approval from the ethics commit-
tee of each institution, password-locked Excel file data containing
anonymized patient information (Online Table 1) were also transferred
to the JNCVD-ACHD secretariat via the internet. These data collected
until 2020 were used for analyses in the present study.

IRB approval

This study (reference no. 10680) was approved by the Ethics
Committee of the Office for Human Research Studies, Graduate School
of Medicine and Faculty of Medicine, the University of Tokyo, Japan.

Statistical analysis

The statistical software Origin Pro 2019 (LightStone Corp. Tokyo,
Japan) was used to determine mean age differences between the
groups. Because the Kruskal-Wallis test did not show Gaussian distribu-
tion in all the analyses performed, a p-value of <0.05 by Mann-Whitney
test indicated significance.
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a) JNCVD-ACHD distribution
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b) Population map
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Fig. 1. Distribution of the 54 Japanese Network of Cardiovascular Departments for Adult Congenital Heart Disease (JNCVD-ACHD) institutions. (a) The 29 of 47 prefectures in Japan with
JNCVD-ACHD institutions are shown (green), implying the lack of an ACHD-specialized institution in 18 prefectures (white). The number of JNCVD-ACHD institutions is in red. (b) The
population for each area is shown as colored. The 29 areas with one or more institutions shown in panel (a) covered all densely populated (23 millions) areas, whereas the other 18

areas had <3 million people in each.
Results
JNCVD-ACHD registry outlines

Fifty-four INCVD-ACHD institutions were located in 32 of the 47 pre-
fectures in Japan, covering all densely populated areas in Japan (Fig. 1).

Datasheets provided as PDF files for 24,048 adult outpatients with CHD
(ACHD outpatients) were collected from 50 (92.6 %) of the 54 [NCVD-
ACHD institutions (Table 1). On average, 480.8 + 626.4 (37-4021; me-
dian 319.5) ACHD outpatients received care in each institution. For the
anonymized patient information provided as Excel files, although the
collection rate of 44.4 % among 24 institutions was much lower than

Table 1

Profiles of adult outpatients with congenital heart disease in the Japanese Network of Cardiovascular Departments for Adult Congenital Heart Disease.
Main diagnostic name (Abbreviation)  PDF files Excel files

All All Female Age (Dec 31st,2020)
N N N All Male Female

Aortic stenosis (AS) 503 (2.1) 108 (1.1) 44(40.7)  299+122 286+82 318 + 164
Atrial septal defect (ASD) 4941 (205) 1978 (203) 1273 (64.4) 4744216 462 +222  48.1+212%
Atrioventricular septal defect/endocardial cushion defect ~ (AVSD/ECD) 1089 (4.5) 366 (3.8) 228(623) 3584154 338+138 37.1+162
Bicuspid aortic valve (BAV) 951 (4.0) 381(39) 147 (386) 447 +200 445+203 449+ 196
C i corrected t ition of the great arteries (ccTGA) 589 (2.4) 219(22) 102 (46.6) 39.0+ 148 375+ 141 408 +154
Coarctation of aorta/interrupted aortic arch (CoA/IAA) 807 (3.4) 343 (35) 162 (47.2) 298+ 108 293+ 116 304+ 99"
Ebstein disease (Ebstein) 390 (1.6) 187 (1.9) 105(56.1) 422 +179 406+ 181 435+ 178
Mitral valve disease (MV) 287(12) 116 (1.2) 76 (655) 308+£97  293+101 316495
Pulmonary atresia with intact ventricular septum (PA-IVS) 334(1.4) 124 (1.3) 68 (54.8) 28.0 4+ 6.8 264 + 6.5 29.3 £+ 6.7
Pulmonary atresia with ventricular septum defect (PA-VSD) 599 (2.5) 260 (2.7) 131(504) 311498  31.1+£102 312493
Patent ductus arteriosus (PDA) 599 (2.5) 256 (2.6) 192(750) 4414219 303+ 133 4874223
Pulmonary stenosis (PS) 630 (2.6) 282 (2.9) 161(57.1) 3264142 31.1+144 3384+ 139"
Persistent truncus arteriosus (PTA) 91 (0.4) 22(0.2) 9(409) 299+6.5 295+52 304 +82
Total anomalous pulmonary venous return (TAPVR) 292 (1.2) 98 (1.0) 46 (46.9) 295497 282+ 6.8 31.0 £ 12.0
Transposition of the great arteries (TGA) 993 (4.1) 414 (4.2) 132(319) 301 +87 29.8 + 8.0 30.8 £ 9.9
Tetralogy of Fallot (TOF) 3093 (12.9) 1360 (14.0) 662 (48.7) 364+132 360+132 369+13.1
Univentricular heart/single ventricle (UVH/SV) 1592 (6.6) 619 (6.4) 275 (444) 295487 294 +8.7 29.6 + 8.7
Ventricular septal defect (VSD) 4920 (20.5)  2135(21.9) 1178(55.2) 3514147 342+151 358 4 145"
Others 1348 (5.6) 475 (4.9) 247(520) 3784169 357 +164 397 4+ 17.1"*
Total 24,048 (100) 9743 (100) 5238(53.8) 3764171 358+163 3914+ 17.5"

N: the number of patients, The Kolmogorov-Smirnov test did not showed Gaussian distribution in the data of age. * p < 0.001, **p < 0.01, *** p < 0.05 vs Male by Mann-Whitney test.

527

Downloaded for Anonymous User (n/a) at National Cerebral and Cardiovascular Center from ClinicalKey.jp by Elsevier on May
29, 2024. For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All rights reserved.

43



A. Yao, R. Inuzuka, A. Mizuno et al.

that for the PDF files, disease categorization was similar between the
Excel and the PDF files.

Patient characteristics

The mean patient age was 37.6 + 17.1 years, and female patients
were significantly older (Table 1). Slightly more than half of the patients
were female (53.8 %), and female predominance (>55 %) was observed
in ASD, AVSD/ECD, Ebstein, MV, PDA, PS, and VSD, whereas male pre-
dominance was noted in AS, BAV, PTA, TGA, and UVH/SV (Table 1).

Two simple CHDs, VSD and ASD, and two complex CHDs, TOF and
UVH/SV, were the four most common ACHD, in approximately 60 % of
all patients (Table 1), followed by TGA, BAV, AVSD/ECD, CoA/IAA, PS,
PA-VSD, PDA, and ccTGA, ranging from 4.2 % to 2.2 %; biventricular in-
tracardiac repair (2V-ICR) was performed in 62.9 %. Almost all patients
underwent 2V-ICR for cyanotic complex CHDs (87.7 %-99.0 %), includ-
ing AVSD/ECD, PA-VSD, PTA, TAPVR, TGA, and TOF, but not UVH/SV
and PA-IVS (Table 2).

Serious anatomical and pathophysiological disorders

Pulmonary arterial hypertension

PAH, including Eisenmenger syndrome (ES, Online Fig. 1), was ob-
served in 292 (3.0 %) patients, including 101 patients with 2V-ICR (1.6 %
of 2V-ICR) and 191 with non-2V-ICR (5.3 % of non-2V-ICR; Table 2).
Most (58.2 %) of those with PAH had ASD (102 patients) or VSD (68 pa-
tients). In 114 patients (1.2 %), ES was observed, primarily VSD, ASD, and
AVSD/ECD. Among 54 patients with unrepaired VSD-PAH, 46 (85.1 %)
had ES. In contrast, among 69 patients with unrepaired ASD-PAH, 20 had
ES (29.0 %).

Systemic right ventricle under biventricular circulation

Of all patients, 2.8 % had a systemic right ventricle under
biventricular circulation (sRV-2VC), comprising ccTGA without ana-
tomical repair (ccTGA-sRV, 76.3 % of ccTGA; 61.9 % of sRV-2VC) and
TGA with atrial switching surgeries (24.9 % of TGA; 38.1 % of SRV-2VC;
Table 2). Patients with ccTGA-sRV consisted of those with classical 2V-
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ICR (functional repair, 29.2 % of ccTGA) and with no significant surgery
required (47.0 % of ccTGA).

Fontan circulation

Fontan circulation was observed in 580 (6.0 %) of all patients
(Table 2): 501 cases (80.9 %) with UVH/SV and 53 (42.7 %) with PA-
IVS (Table 2). Of the ccTGA cases, 20 (9.1 %) underwent Fontan surgery.

Developmental/chromosomal/genetic disorders

We investigated the incidence of heterotaxy syndromes (asplenia,
polysplenia), trisomy 21 (Down syndrome), 22q11.2 deletion, Turner
syndrome, and Marfan syndrome. The mean age was significantly youn-
ger in patients with versus without asplenia, polysplenia, trisomy 21,
and 22q11.2 deletion, whereas patients with Marfan syndrome were
significantly older (Table 3).

More than 90 % (76 of 83) of asplenia cases (0.9 % of all ACHD pa-
tients) were categorized with UVH/SV, representing 12.3 % of UVH/SV
cases (Table 3). Polysplenia was most common in UVH/SV (48.6 %), rep-
resenting 5.7 % of UVH/SV cases. Of those with UVH/SV, 17.9 % had a
heterotaxy syndrome. Less frequent but noted were asplenia (0.8 %)
and polysplenia (4.9 %) among AVSD/ECD cases.

Among the studied chromosomal/genetic disorders, trisomy 21
was the most common (388 patients, 4.0 %) (Table 3), especially in
AVSD/ECD (114 patients, 31.1 %), whereas most (128 patients) had
VSD (6.0 % of VSD cases). Moreover, trisomy 21 had a high preva-
lence in patients with PDA (9.4 %), PTA (4.5 %), TOF (4.1 %), Ebstein
(3.7 %), and ASD (2.0 %). The presence of 22q11.2 deletion was most fre-
quent in TOF (43 patients), with the highest prevalence (11.2 %) in PA-
VSD, both of which accounted for 79.1 % of the patients with 22q11.2
deletion-ACHD, whereas VSD and CoA/IAA accounted for 9.9 % and
7.7 %, respectively. Turner syndrome was not often observed (19 patients,
0.2 %). This syndrome mainly influenced the incidences of BAV and CoA/
IAA (Table 3). Patients with Marfan syndrome accounted for 1.1 % of the
total population (Table 3). These patients were mostly categorized into
others.

Table 2
Clinical Status of adult outpatients with congenital heart disease in ]NCVD-ACHD.

Dx Total PAH 2V-ICR Non 2V-ICR (palliations, Fontan, no cardiovascular repair) SRV

N (%) N (%ofDx) N (%ofDx) PAH (% of 2V-ICR) N (% of Dx) PAH (% of non 2V-ICR) ~ ES (%of Dx)  Fontan (% of Dx) N (% of Dx)
AS 108 (1.1) 1(0.9) 73 (67.6) 0(0.0) 5 (32.4) 1(2.9) 0(0.0) 0(0.0) 0(0.0)
ASD 1978 (203)  102(52) 1282 (64.8) 33(26) 696 (352)  69(9.9) 20(1.0) 0(0.0) 0(0.0)
AVSD/ECD 366 (3.8) 17 (4.6) 333 (91.0) 4(12) 33(9.0) 13 (39.4) 12(33) 0(0.0) 0(0.0)
BAV 381 (3.9) 1(0.3) 143 (37.5) 0(0.0) 238 (62.5) 1(04) 0(0.0) 0(0.0) 0(0.0)
ccTGA 219(22) 4(1.8) 116 (53.0) 1(0.9) 103 (47.0) 3(29) 1(0.5) 20(9.1) 167 (76.3)
CoA/IAA 343 (35) 6(1.7) 317 (92.4) 4(13) 26 (7.6) 2(7.7) 2(06) 0(0.0) 0(0.0)
Ebstein 187 (1.9) 0(0.0) 60 (32.1) 0(0.0) 127 (67.9) 0(0.0) 0(0.0) 5(2.7) 0(0.0)
MV 116 (1.2) 1(09) 41(353) 1(24) 75 (64.7) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
PA-IVS 124 (1.3) 1(0.8) 4(32) 1(25.0) 120 (96.8) 0(0.0) 0(0.0) 53 (42.7) 0(0.0)
PA-VSD 260 (2.7) 23(88) 228 (87.7) 10 (4.4) 32(123) 13 (406) 7(27) 0(0.0) 0(0.0)
PDA 256 (2.6) 11(4.3) 187 (73.0) 2(11) 69 (27.0) 9(13.0) 7(2.7) 0(0.0) 0(0.0)
PS 282 (2.9) 1(04) 162 (57.4) 1(0.6) 120 (42.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
PTA 22(0.2) 0(0.0) 22 (100.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
TAPVR 98 (1.0) 3(3.1) 97 (99.0) 3(3.1) 1(1.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
TGA 414 (4.2) 14 (3.4) 373 (90.1) 10 (2.7) 41(9.9) 4(9.8) 6(1.4) 1(02) 103 (24.9)
TOF 1360 (14.0) 17 (1.3) 1337 (98.3) 13 (1.0) 23(17) 4(17.4) 3(02) 0(0.0) 0(0.0)
UVH/sV 619 (6.4) 10 (1.6) 3(0.5) 0(0.0) 616 (99.5) 10 (1.6) 7(1.1) 501 (80.9) 0(0.0)
VSD 2135 (21.9) 68 (3.2) 1119 (52.4) 14 (1.3) 1013 (474)  54(5.3) 46 (2.2) 0(0.0) 0(0.0)
Others 475 (4.9) 12(2.5) 234 (49.3) 4(1.7) 236 (49.7) 8(34) 3(0.6) 0(0.0) 0(0.0)
Total 9743 (100.0) 292 (3.0) 6131(629)  101(1.6) 3604 (37.0) 191 (5.3) 114 (1.2) 580 (6.0) 270 (2.8)

AS, aortic stenosis; ASD, atrial septal defect; AVSD/ECD, atrioventricular septal defect/endocardial cushion defect; BAV, bicuspid aortic valve; ccTGA, congenitally corrected transposition of
the great arteries; CoA/IAA, coarctation of aorta/interrupted aortic arch; Ebstein, Ebstein disease; MV, mitral valve disease; PA-IVS, pulmonary atresia with intact ventricular septum; PA-
VSD, pulmonary atresia with ventricular septum defect; PDA, patent ductus arteriosus; PS, pulmonary stenosis; PTA, persistent truncus arteriosus; TAPVR, total anomalous pulmonary
venous return; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; UVH/SV, univentricular heart/single ventricle; VSD, ventricular septal defect; Dx, diagnostic name of congenital
heart disease; ES, Eisenmenger syndrome; N, the number of patients; PAH, pulmonary arterial hypertension; sRV, systemic right ventricle; 2V-ICR, two ventricular intracardiac repair.

2 patients with residual shunt-associated ES after 2V-ICR for TGA were included in 6 TGA-ES patients, while other ES-patients were composed with those with non-2V-ICR.
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Table 3
D hre tic disorders of adult outpatients with congenital heart disease.
All ACHD Heterotaxy Chromosomal/genetic disorders
Total Asplenia Polysplenia Trisomy 21 22q11.2 deletion Turner Marfan
Total (%) 9743 (100.0) 83 (0.9) 72(0.7) 388 (4.0) 91 (0.9) 19(02) 103 (1.1)
Female (%) 5238 (53.8) 42 (49.4) 39 (54.2) 178 (45.9) 46 (50.5) - 58 (56.3)
Mean age (yrs)
All 376 +17.1 269 + 7.6 288+78" 304 +£99' 26.6 + 53 305+ 94 409 £ 150"
Male 358+ 163 26.0 £ 6.9 288 +82 302+93 271+54 - 38.7 £ 15.0
Female 39.1 £17.5* 278 +82 287+75 30.7 + 10.6 262 +5.1 - 42,6 +15.0
N N (% of each Dx) N (% of each Dx) N (% of each Dx) N (% of each Dx) N (% of each Dx) N (% of each Dx)
AS 108 0(0.0) 1(0.9) 0(0.0) 0(0.0) 0(0.0) 1(0.9)
ASD 1978 0(0.0) 3(02) 40 (2.0) 0(0.0) 2(0.1) 2(0.1)
AVSD/ECD 366 3(0.8) 18 (4.9) 114 (31.1) 0(0.0) 0(0.0) 0(0.0)
BAV 381 0(0.0) 0(0.0) 1(03) 0(0.0) 6(1.6) 0(0.0)
ccTGA 219 1(0.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
CoA/IAA 343 0(0.0) 1(03) 2(0.6) 7(2.0) 5(1.5) 0(0.0)
Ebstein 187 0(0.0) 0(0.0) 7(3.7) 0(0.0) 0(0.0) 0(0.0)
MV 116 0(0.0) 0(0.0) 2(1.7) 0(0.0) 0(0.0) 4(34)
PA-IVS 124 0(0.0) 1(0.8) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
PA-VSD 260 1(0.4) 0(0.0) 3(1.2) 29(112) 1(0.4) 0(0.0)
PDA 256 0(0.0) 0(0.0) 24(9.4) 1(04) 0(0.0) 0(0.0)
PS 282 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
PTA 22 0(0.0) 0(0.0) 1(4.5) 1(45) 0(0.0) 0(0.0)
TAPVR 98 1(1.0) 2(20) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
TGA 414 0(0.0) 2(0.5) 3(0.7) 0(0.0) 0(0.0) 0(0.0)
TOF 1360 0(0.0) 2(0.1) 56 (4.1) 43(32) 2(0.1) 1(0.1)
UVH/sV 619 76 (123) 35(5.7) (0.6) 0(0.0) 0(0.0) 0(0.0)
VsD 2135 1(0.0) 2(0.1) 128 (6.0) 9(0.4) 2(0.1) 2(0.1)
Others 475 0(0.0) 5(1.1) 3(0.6) 1(02) 1(02) 93 (19.6)

AS, aortic stenosis; ASD, atrial septal defect; AVSD/ECD, atrioventricular septal defect/endocardial cushion defect; BAV, bicuspid aortic valve; ccTGA, congenitally corrected transposition of
the great arteries; CoA/IAA, coarctation of aorta/interrupted aortic arch; Ebstein, Ebstein disease; MV, mitral valve disease; PA-IVS, pulmonary atresia with intact ventricular septum; PA-
VSD, pulmonary atresia with ventricular septum defect; PDA, patent ductus arteriosus; PS, pulmonary stenosis; PTA, persistent truncus arteriosus; TAPVR, total anomalous pulmonary ve-
nous return; TGA, transposition of the great arteries; TOF, tetralogy of Fallot; UVH/SV, univentricular heart/single ventricle; VSD, ventricular septal defect; Dx, diagnostic name of congen-

ital heart disease; N, the number of patients.

p <0.001, " p < 0.01 vs all other ACHD by Mann-Whitney test; * p < 0.001 vs Male by Mann-Whitney test.

Discussion

This study presents data from the first national ACHD registry in
Japan, including diagnostic profiles and clinical characteristics of outpa-
tients treated for ACHD at JNCVD-ACHD member institutions, which can
be a resource for ACHD clinical studies. Based on the CHD diagnosis,
even patients with severe ACHD, including complex or cyanotic CHDs,
Fontan circulation, and developmental/chromosomal/genetic disorders,
were transferred to the outpatient setting without restriction for treat-
ment by adult cardiologists in cooperation with pediatric cardiologists.
Now that a Japanese national resource for ACHD care has been created,
the next step is to assess JNCVD-ACHD for points of improvement.

JNCVD-ACHD and other registries

According to a report by Shiina et al. [1] the number of Japanese
ACHD patients was approximately 530,000 in 2020, including 175,000
moderate to severe cases, such as the outpatients in the current study.
Based on these data, approximately 26,000 ACHD outpatients, repre-
senting 0.02 % of the Japanese population, are cared for in 54 JNCVD-
ACHD institutions (Table 1), suggesting that the national registration
data are sufficient to represent the profile of all moderate to severe
cases. However, in terms of transfer to the outpatient setting, only 1/7
(14.7 %) of patients with moderate to severe CHD have been transferred
to the ]NCVD-ACHD institutions. This estimated low rate of transfer can-
not be explained by the lack of JNCVD-ACHD institutions in 18 of the 47
prefectures in Japan (Fig. 1). As previously reported [4], the referral re-
lationship between regional ACHD centers, such as the JNCVD-ACHD in-
stitutions, and local facilities in each prefecture (a local network) is
thought to be relatively important for the proper transfer of ACHD pa-
tients in each prefecture.

The Netherlands CONCOR registry, founded in 2002, has similar
criteria for voluntary participation as the JNCVD-ACHD registry. The
CONCOR registry has collected data for 17,198 ACHD patients from
107 hospitals till date in 2020, approximately 0.1 % of the total popula-
tion (https://concor.net/en/). This registration rate (0.1 %) and the num-
ber of voluntarily participating hospitals (107) were five times higher
and two times larger than those in the JNCVD-ACHD registry, respec-
tively, suggesting that the JNCVD-ACHD registry has much room for
improvement.

In this context, the next step is to encourage the JNCVD-ACHD insti-
tutions to make a locally suitable network for CHD care in cooperation
with local facilities in each prefecture, in addition to establishing more
JNCVD-ACHD institutions in the areas of need.

Patient characteristics

The mean patient age was 37.6 + 17.1 years, with younger patients
who had AVSD/ECD, CoA/IAA, or complex/cyanotic CHDs often
requiring 2V-ICR/Fontan surgeries (rather difficult open heart
surgeries), such as for PA-IVS, PA-VSD, PTA, TAPVR, TGA, TOF, and
UVH/SV (Table 1), especially among those with an additional develop-
mental/genetic/chromosomal disorder, such as a heterotaxy syndrome,
21 trisomy, and 22q11.2 deletion (Table 3). This young mean age of the
ACHD outpatients may reflect recent (these 40 years) advance of
medicine and surgical technique to allow most of infants and children
to expect for their adult lives. In another word, it was quite difficult
for newborn babies with CHDs before 1980, especially those with com-
plex CHDs, to survive in adulthood.

Regarding ACHD outpatients with 2V-ICR, it is understandable that
those with complex/cyanotic CHDs and/or valvular CHDs require
ACHD-specialized care for postoperative concerns and various comor-
bidities that occur later throughout their lifespan. Notable, however, is
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the large number of ACHD outpatients requiring treatment for simple
CHDs, such as ASD and VSD, who visited the ACHD-specialized institu-
tions (Table 2). This rate may simply reflect the high birth rates of VSD
(30%-40%) [5,6] and ASD (4 %-35 % of large variance caused by a large as-
certain bias due to low disease detectability) [5-8] (35.2 % and 19.3 %, re-
spectively, in Japan, Online Table 2). For those with repaired ASD, we
speculate that they may have had, in addition to PAH (Table 1), other con-
ditions such as RV dysfunction, symptomatic arrhythmias, or stroke in
adulthood [9]. Concerning VSD, the infundibular/conus/subarterial VSD
type that typically does not close naturally [10] may account for 30 % or
more of VSD cases in Japan [11], an extremely high rate compared with
the Caucasian population (approximately 7 %) [12]. Also in this type of
VSD, residual or postoperative aortic valve disorders may require medical
follow-up, contributing to the large number of adult outpatients with
repaired as well as unrepaired VSD in this study.

Pulmonary arterial hypertension

Epidemiologic data are lacking on the prevalence of PAH in ACHD pa-
tients. A European survey reported a range of 5 %-10 % [13]. However,
the data were based on echocardiograms as well as hemodynamic
studies; thus, overestimation was inevitable. Our rate of PAH was
based on PAH/ES diagnosed by hemodynamic criteria (mean pulmonary
arterial pressure 225 mm Hg and mean pulmonary arterial wedge
pressure < 15 mm Hg, Online Fig. 1) and clinically diagnosed ES,
guaranteeing the reliability (3.0 % and 1.2 %, respectively) for PAH/ES
and for ES only. Until adulthood, unrepaired post-tricuspid shunts repre-
sented by VSD was a more likely cause of ES (46 of 54 patients; Table 2)
than unrepaired pre-tricuspid shunts represented by ASD (20 of 69 pa-
tients). Based on an estimated 175,000 patients with moderate to severe
CHD, approximately 5000 ACHD patients with PAH/ES and 2000 with ES
may exist in Japan.

Systemic right ventricle

A CHD-specific pathophysiology is sRV, and these patients are at
high risk of heart failure and serious arrhythmias [14]. In this study,
sRV-2VC was observed in 2.8 % of all patients, including those with
ccTGA without anatomical repair (61.8 %) and TGA after atrial switching
surgery (38.1%). These rates may correspond to the estimation of nearly
5000 adult patients with sRV-2VC in Japan, strongly supporting the
need for a treatment algorithm specific for sRV failure in this population.

Fontan circulation

The proportion of ACHD patients with Fontan circulation was 6.0 %,
about 1600 of those among all 54 J]NCVD-ACHD institutions and approx-
imately 10,000 in Japan. Most patients (86.4 %) with Fontan circulation
were in UVH/SV, resulting in the fourth highest composite rate (6.6 %,
Table 1) of UVH/SV in this study, despite a low birth rate of UVH/SV
(1 %-2 %) [5-8,15] (Online Table 2). These patients may develop
Fontan-associated liver disease in adulthood and are at high risks for
heart failure, valvular disorders, serious arrhythmias, venous thrombo-
sis, congestive organ failure, and protein-losing enteropathy [16]. Fi-
nally, some patients become candidates for heart and/or liver
transplantation. To date, no surgeries have replaced Fontan surgeries,
so effective treatment strategies must be developed to address such ad-
verse events in adult patients after Fontan surgery.

Developmental/chromosomal/genetic disorders

Heterotaxy syndromes

The heterotaxy syndromes of asplenia and polysplenia are strongly as-
sociated with complex CHDs [17], represented by DORV, including UVH/
SV [17]. Although UVH/SV accounted for most asplenia cases, only 50 %
of the study patients with polysplenia also had UVH/SV (Table 3). Because
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we did not include DORV as a diagnostic category, as described in Mate-
rials and methods, the high prevalence of heterotaxy syndromes in
UVH/SV is understandable based on previous reports [17].

Trisomy 21

Trisomy 21 is the most common chromosomal disorder, approxi-
mately 1 of 800 births worldwide [18], with CHD found in 44 %-66 %
of these infants [18,19]. The highest rate of trisomy 21 in this study
was in patients with AVSD/ECD (31.1 %), followed by PDA, VSD, PTA,
TOF, Ebstein, and ASD. These findings are consistent with the previously
reported prevalence [18,19].

22q11.2 deletion

As a rare disease, 22q11.2 deletion is estimated to occur in 1 in
4000-6000 live births, frequently with a cardiac malformation
(60 %-80 %), most often a subset of conotruncal malformations (TOF,
PTA, or IAA), VSD or ASD, and aortic arch anomalies [20]. In this study, pa-
tients with TOF and PA-VSD—which are developmentally similar—were
79.1 % of 22q11.2 deletion cases, whereas those with VSD and CoA/IAA
were 9.9 % and 7.7 %, respectively. Thus, the distribution of 22q11.2 dele-
tion in ACHD likely takes over its characteristics at birth.

Turner syndrome

Turner syndrome is rare, with a reported birth rate of approximately
50 in 100,000 girls [21]. Determining the precise prevalence of CHD is
challenging because Turner syndrome itself is difficult to diagnose be-
fore elementary school. The most common CHD comorbidity is BAV,
and CoA is the second most common comorbidity [21]. These rates are
consistent with our findings.

Marfan syndrome

Marfan syndrome is also rare, with a prevalence of 1 in 3000-5000
individuals. It is commonly associated with an aortopathy syndrome
due to a genetically malfunctioning transforming growth factor- sig-
naling cascade [22], and reported to not accompany any CHD except mi-
tral prolapse (approximately 50 % of cases) [22] In this study, patients
with Marfan syndrome were mostly in the “other diagnoses (others)”
category, whereas 4 patients had an MV diagnosis. One reason for the
low prevalence of MV may be because the physicians ignored the mitral
disease as a minor comorbidity. Based on these findings, it is important
to recognize that patients with Marfan syndrome in Japan, regularly re-
ceive care in general cardiovascular or Marfan syndrome-specific outpa-
tient clinics but not in ACHD-specialized clinics.

Study limitations

This study had several limitations. The JNCVD-ACHD registry data
were collected through December 2020 and do not include the survival
and mortality information. Therefore, we calculated patient ages as of
December 31, 2020, assuming that all were alive. Although the numeric
data for each study variable are not as precise as would be provided by a
transverse survey at the specific time point, the prevalence for each con-
dition and comparison among ACHD patients most likely reflects the
real-world setting.

Another concern is the possibility of multiple counts of one person
reported by different institutions, although no cases showed the same
birth year and month, sex, and diagnosis in the Excel file data (9743 pa-
tients) of patient characteristics, suggesting that even in the PDF files
(24,048 patients) of the diagnoses, the number of duplicate cases is neg-
ligible.

Finally, the diagnoses of genetic disorders were based on not genetic
tests but instead on the physician's choice of the listed diagnoses.
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Conclusions

The JNCVD-ACHD registry data represent ACHD patients in Japan
who require specialist care and have been transferred from pediatric
physicians to outpatient clinics operated by cardiology departments
for adults. These data may represent the diagnoses and patient charac-
teristics for moderate to severe cases of ACHD, including PAH, sRV,
Fontan circulation, and developmental/chromosomal/genetic disorders.
Although the JNCVD-ACHD system still needs to incorporate local net-
works for CHD care, in addition to adding more institutions in areas of
need, it is ready to serve as a resource for national multicenter clinical
trials for various challenges in ACHD, thereby contributing to establish-
ment of the Japanese evidence-based guidelines for ACHD.
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Clinical Investigations

Determinants and prognostic value of ™
albuminuria in adult patients with congenital
heart disease

Hideo Ohuchi, MD, PhD*", Aki Mori, MD*", Ayaka Fujita, MD ¢, Kenichi Kurosaki, MD, PhD?, Isao Shiraishi, MD,
PhD?, and Michikazu Nakai, PhD¢ Osaka, Japan

Background The determinants and prognostic value of albuminuria remain unclear in patients with adult congenital
heart disease (ACHD), especially in those with Fontan circulation (FC).

Methods We retrospectively reviewed 512 consecutive ACHD patients and investigated the determinants of urinary
albumin-to-creatinine ratio (ACR) and albuminuria (MAU) and their association with all-cause mortality. Demographic data
and laboratory and hemodynamic parameters were collected. Regression analysis and Cox proportional hazard models were
used to identify the relationship between log ACR and variables, and clinical factors and all-cause mortality, respectively.

Results Body mass index, aortic systolic blood pressure (ASP), arterial oxygen saturation (SaQ,), glycated hemoglobin
(HbA1c), B-type natriuretic peptide, and diuretic use were independently associated with log ACR. ASP, SaO,, and HbA1c
were independently associated with MAU (P < .05-0.001). The prevalence of MAU was highest in unrepaired patients with
low SaO, (50%; P < .0001). Log ACR and MAU were associated with exercise capacity and all-cause mortality (P < .0001
for both) independent of renal function. Patients with ACHD, MAU, and renal dysfunction (n = 23) had the highest risk of
all-cause mortality, while those without MAU or renal dysfunction had the lowest risk (P < .0001). These prognostic values
remained significant in separate analyses of Fontan and biventricular circulation (P < .0001).

Conclusions ASP, Sa0,, and HbATc levels were independently associated with MAU in ACHD patients. MAU and

log ACR were associated with all-cause mortality in patients with Fontan and biventricular circulation, independent of renal
dysfunction. (Am Heart J 2023;263:15-25.)

Multiorgan interactions in heart failure pathophysiol-
ogy have been highlighted. One typical pathophysiol-
ogy is cardio-renal interaction in adults with congenital
heart disease (ACHD).! Renal function is evaluated us-
ing both the estimated glomerular filtration rate (eGFR)

From the @Department of Pediatric Cardiology, National Cerebral and Cardiovascular
Center, Osaka, Japan, bAdult Congenital Heart Disease Center, National Cerebral and
Cardiovascular Center, Osaka, Japan, <Department of Cardiovascular Medicine, Na-
tional Cerebral and Cardiovascular Center, Osaka, Japan, @Department of Medical and
Health Information Management, National Cerebral and Cardiovascular Center, Osaka,
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Abbreviation: ACHD, adult congenital heart disease; ACR, urinary albumin-to-ci
olic blood pressure; BNP, B-type natriuretic peptide; B
ular circulation; Cer, 24-hour creatinine clearance; CVP. central venous pressure; GFR,
glomerular filtration ratio; €GFR, estimated glomerular filtration rate; ¢GFRce, estimated
glomerular filtration rate using the Japanese cystatin Cbased equation; FC, Fontan cir-
culation; HbAlc, glycated in; MAU, mi
MELD-XI, model for end-stage liver disease excluding international normalized ratio; ROC,
receiver operator characteristic; Sa02, arterial oxygen saturation.
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and the presence of albuminuria. In many diseases, such
as hypertension, chronic kidney disease, and diabetes
mellitus, as well as the general population,” albumin-
uria is associated with poor prognosis in a variety of dis-
eases.>* Although cyanotic nephropathy has been recog-
nized as a cause of albuminuria in patients with hypoxic
ACHD,’ its clinical relevance in terms of its prognostic
value of mortality has not been studied in a variety of
ACHD patients, including patients with Fontan circula-
tion (FC).%” There is a significant prognostic association
between albuminuria and ACHD with biventricular circu-
lation (BVC), whereas the association between albumin-
uria and adverse outcomes in FC patients has not been
well studied.® To this end, this study aimed to: (1) re-
confirm the high prevalence of albuminuria by using the
urine albumin-creatinine ratio (ACR) and identify the de-
terminant factors in ACHD based on the hemodynamics;
(2) establish the association of albuminuria with all-cause
mortality in our large cohort of ACHD patients, and to
identify differences in the prognostic values for all-cause
mortality between those with FC and BVC.
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Clinical Investigations

Prevalence and clinical correlates and ")
characteristics of “Super Fontan”

updates
Hideo Ohuchi, MD, PhD*", Aki Mori, MD*", Kenichi Kurosaki, MD, PhD?, Isao Shiraishi, MD, PhD?, and
Michikazu Nakai, PhD ¢ Osaka, Japan

Background SuperFontan (SF) is an excellent phenotype of patients with Fontan circulation and normal exercise
capacity. This study aimed to clarify the prevalence and clinical correlates and characteristics of SF.

Methods We reviewed 404 Fontan patients who had undergone cardiopulmonary exercise testing, and the results were
compared with clinical profiles.

Results Seventy-seven (19%) patients had SF, and the postoperative prevalence at 5, 10, 15, 20, and > 25 years was
16 (35%), 30 (39%), 18 (19%), 13 (14%), and O (0%), respectively. Compared with non-SF, SF patients were younger (P <
.001) and were mostly men (P < .05). SF was characterized by a current high arterial blood pressure and oxygen saturation
(SaO,), low systemic ventricle (SV) end-diastolic pressure, favorable body composition, superior pulmonary function, pre-
served hepatorenal and hemostatic functions, and better glucose tolerance (P < .05-.001). Pre-Fontan better SV function, low
pulmonary artery resistance, and high SaO, were associated with current SF (P < .05-.01). Furthermore, positive trajectory
of exercise capacity and high daily activity during childhood were associated with current adult SF (P < .05). During the
follow-up, 25 patients died, and 74 patients were unexpectedly hospitalized. There was no death in the SF group, and the
rate of hospitalization was 67% lower than that of the non-SF group (P < .01-.001).

Conclusions The prevalence of SF gradually decreased over fime. SF was characterized by preserved multi-end-organ
function and an excellent prognosis. Pre-Fontan hemodynamics and post-Fontan childhood daily activity were associated

with being adult SF. (Am Heart ] 2023;263:93-103.)

Patients with Fontan circulation exhibit lower exer-
cise capacity than their normal healthy peers, which is
strongly associated with high morbidity and mortality.*
Thus, exercise training could be one of the therapeutic
strategies, and several studies with exercise interventions
have been conducted and the beneficial effect of improv-
ing exercise capacity has been demonstrated.” On the
other hand, Fontan patients with normal exercise capac-
ity (=80% predicted normal value) have been defined as
“Super-Fontan (SF)”?; they are an excellent clinical phe-
notype that should be the optimal therapeutic target in
our practice.

Several studies have investigated the clinical character-
istics of SF patients.’"® These studies have found that SF
has a prevalence of 10% to 20%, and that patients are typ-
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ically young, non-obese, have an active daily life, a better
hepatic function, and no history of hospitalization. How-
ever, to date, no studies have comprehensively clarified
the clinical characteristics of SE including the hemody-
namics and multi-end-organ function. Furthermore, there
is no data on the significance of pre-Fontan hemodynam-
ics and past history of daily physical activity during child-
hood” in predicting adult SF outcomes.

Accordingly, the aim of our study was to clarify the fol-
lowing clinical characteristics of SF in terms of the cross-
sectional and longitudinal aspects: (1) prevalence of SE
(2) associations of current SF status with current hemo-
dynamics and pre-Fontan hemodynamics, current multi-
end-organ function, trajectory of exercise capacity,” and
daily physical activity during childhood determined in
our previous study.® Our findings could provide detailed
clinical profiles of SF and useful information for establish-
ing a better management strategy for these patients.

Methods
Subjects

We retrospectively reviewed 414 Fontan patients who
had undergone cardiopulmonary exercise testing (CPX)
between April 2005 and October 2021 in our hospital.
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Pulmonary Arteriovenous Fistulae
After Fontan Operation: Incidence,
Clinical Characteristics, and Impact
on All-Cause Mortality

Hideo Ohuchi®2?*, Aki Mori', Michikazu Nakai?®, Kazuto Fujimoto’, Toru Ilwasa’,
Heima Sakaguchi’, Kenichi Kurosaki' and Isao Shiraishi’

" Department of Pediatric Cardiology, National Cerebral and Cardiovascular Center, Suita, Japan, ? Adult Congenital Heart
Disease, National Cerebral and Cardiovascular Center, Suita, Japan, ° Department of Medical and Health Information
Management, National Cerebral and Cardiovascular Center, Suita, Japan

Background: The Fontan operation is a surgical procedure used in children with
univentricular hearts. Pulmonary arteriovenous fistulae (PAVF) is a major complication
after a Fontan operation. However, the incidence and related clinical pathophysiology of
PAVF remain unclear.

Purpose: This study aimed to clarify the incidence of PAVF, its clinical characteristics,
and its influence on all-cause mortality.

Methods and Results: We serially assessed the presence of PAVF using pulmonary
artery angiography and/or contrast echocardiography during catheterization in 391
consecutive patients who underwent the Fontan procedure and compared the results
with the Fontan pathophysiology and all-cause mortality. PAVF developed in 36 patients
(9.2%), including 30 diffuse- and six discrete-PAVF types. The PAVF-free rates at 1,
5, 10, 15, 20, and >25 years after Fontan operation were 97, 96, 93, 88, 87, and
83%, respectively. The mean arterial blood oxygen saturation (SaO») in patients with
diffuse PAVF at each corresponding postoperative stage were 90, 91, 91, 91, 89, and
88%, respectively, indicating lower SaO, levels than those in patients without PAVF (all
p < 0.01). However, there was no difference in the SaO. levels between patients with
discrete PAVF and those without PAVF. During a median follow-up period of 2.9 years
after the last catheterization, 31 patients, including 12 patients with PAVF, died. Patients
with PAVF, especially those with diffuse PAVF, had a higher mortality rate (o = 0.01) than
those without PAVF (hazard ratio: 3.6, 95% confidence interval: 1.6-7.8, p = 0.0026).

Conclusion: Patients who underwent Fontan surgery had an increased incidence of
PAVF as they aged. Discrete PAVF did not influence SaO, or mortality, whereas the
presence of diffuse PAVF caused hypoxia and was associated with all-cause mortality.

Keywords: Fontan operation, pulmonary arteriovenous fistulae, arterial oxygen saturation, heart failure, mortality
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51 Coarctation, VSD 2y M
52 Coarctation, VSD 2m F
53 Coarctation, VSD 3m F
54 TOF 17y M
55 TOF 2y M
56 TOF Sy M
57 total conus defect, PS 2y F
58 total conus defect, PS 38y M
59 Ebstein 15y F
60 SLL cTGA with Ebstein 6y F
61 d-TGA with CoA 3m M
62 DORYV, straddling AVV 4m M
63 Biventricular origin of both GA (BOGA) im M
64 Biventricular origin of both GA (BOGA) 6m M
65 p-TGA 2y M
66 Coarctation, VSD im M
67 Coarctation, VSD 2m M
68 IAA im M
69 IAA 26d F
70 IAA 2y M
71 simple CoA 2m M
72 simple CoA im M
73 Coarctation, VSD 28d M
74 Coarctation, VSD 5m M
75 Coarctation, VSD 2y F
76 Coarctation, VSD 2m M
77 Coarctation, VSD 4m M
78 DORYV, straddling MV im F
79 DORV, subA VSD 2m F
80 DORV, subA VSD,PS 10y M
81 DORV, subA VSD,PS 2y F
82 DORV, subP VSD(TB anomaly) 5m F
83 DORV, subP VSD 2y M
84 DORV, doubly-committed VSD 12d M
85 DORYV, doubly-committed VSD 10y M
86 DORV, doubly-committed VSD 6y M
87 DORV, non-committed VSD 23y M
88 SDL DORV 31y M
89 SLL DORV Ty F
90 ILL DORV 4y M
91 ILL DORV,PS 2m M
92 ILL DORV, AVSD Sy M
93 IDD DORV 6y M
94 DORV, subA VSD(closing) 1y M
95 DORYV, subP VSD(closing) 2y F
96 DORV, straddling TV 3m M
97 DORV, straddling MV 6y M
98 AVSD 2y M
99 AVSD 9y F
100 AVSD Ty F

90



91



WFZERRRDTATICEE T 2 — 5k

EEE
FHRA | XA A bvAs EREERo | & OB 4 Wi | iR (R | =
PEE 4
ARG DR B EBE O fBHKRE, |5 HOBEREFZER BT 2021  |457-458.
I - HOPEDME)S « &)= oK 3k, | #2021
P INTE— K
ARG |[DEHRAHEE - |GHE 15, [BARERSS SO B 2021 |538-544
PR FLBRAFIE. I o
i
IRARETE  [EUR - 08 OEER |RAETR, O IR B O dHpEE [HOR 2021 [2-6
APAPRT S (YR SR R, HENR R
NFZ 0T 4
2
ARSI B DIEIRIRARIS, DR B O EEITE (BT 2021 [7-13
U A 7 Gt g VR R, HEA
NFZ T4
2
IRAFETG BN e RIYE DR BRARIETR,  [TEBR a2 iR 2Bt O 2021 [10-17
DR FEEEE, |7 U — b
ez, | K ML 9%
H B —, E\ it 8 R %
IRAFEIG  |COVID-19 & B AN SERASETR,  |[EBR 22 iR 2L O 2021 [343-350
KPR B MR, |7 U —Fh
ehigeE, | K ML 9%
BB, & - IERIR
A, |5
e &
s e RO B O BUPEIRAESL [ CTOT7HRHE (SO E |AAR 2021  |152
i\ W T 7 i 3] He KM DR R
L RAE MDMDCT
ARG |NSERIEOR  (@IRRR, |4 B OIGREESER (30 2022 |434-435.
28 e #2022
A B,
IINEE— Rk,
i
RAMIR & 1E K& 68 A0 3, [EBREs R Bt [H 2022 |273-275
. -2023




AR A e RMEORE [k, PINERZ R CoF A = A HR 2022 |66-71
BB NRER DR R = ntroversy tt
DHRHITND, [
YDk IR
WEE ~BAT T
D N2
RAMG PERIERBOBOHE 1, [(ERGREBREMEILE  |[H 2023 [p30-35.
TR R, [BroiniE2024
. -2025.
RAKIE (&I KX M A BRAADTEE 1, ERAR BRI (AU 2022 [p273-275
iE B & R 10 R B S D16 #2022
. -2023.
IRAKE | A JE RO RE 1 — Rk, PNIRFBLRZ R ColTh A [ U 2022 [p66-71
BB N0 BB ntroversy *t
DR EHZ TV,
ED X IR
WRHE~BITT S
e
SN [IERIZW O A LB A i) IR 72 W7 D2 W & 16| H0 2020  |p31
Y VIERE i L WAEGIE YT
BRI - IR, N
SARERK ERIREEOBIT 4 B O/NRIREFER |HOL 2020 |p535-536
HIEE I ISR LTI
A ERMEOIEEDI 4 B OIREEIEFER |0 2021 |p1475-14
[(E RS &HVol 63 76
=4#F9% [Fundamental insilYoshihide Molecular Me/Springer 2021 |p173-175
ght into pulmonaMitani, Hi|chanism of c¢
ry vascular disefrofumi Sawlongenital he
ase: perspectivelada art disease
s from pediatric and pulmonar]
PHA in Japan. y hypertensi
on
SAEE PPERMEOKRB ORI IOR, |5 B OIGFREIEFEERE H 2021 pl475-14
eSS AT, INEF20214EHR 76
Epk
SRES KRR b o WIEIEKR, |5 B OWRBIEEEER R [2022 p1470-14
B - AEOFERE R ARG, NEF20224 R 73
HTECTORYFWVE—/MK W
5
SREIE GG, FEBREE B OB S B 2022 [p175-177
st 22-2023




ST LR PIRREE LR (A AR [ 2022 [p187-189
AR |(DETRRHE R 120 (R A5 B0 2022 |p182-184
—AEER BEETREXE WEMEE 120 (R EE [ 2022 |p184-187
—REK | BRE B R 120 (R A S B0 2022 p189-190
=4 F9 [EisenmengerfiEfE R 120 B A =) [ 2022  |p189-190
it
=RFBR |LEPRRRE TEER AR ETLEL (O 2023 [p289-293
AT DVEYRE
=R | TRBR AR R R B 2023 p39-45
IR TR 20241
-25
R KA LA A M4 HREE B N AR
Akagi T. Transcatheter closur|] Cardiol. 2 |77 3-9 2021
e of patent foramen 021:77:3-9.
ovale: Currenteviden
ce and future perspe
ctives.
Takaya Y, Akagi Morphological assess [Catheter Car |97 135-141. 2021

ments of deficient

T, Nakagawa K, ents o _.e ctent p
osterior—inferior ri

Nakayama R, Mi [m for transcatheter

diovasc Inte
V.

ki T, Toh N, It|closure of atrial se

ptal defect.
o H.

Ogura S, Takaya [Percutaneous closure |Cardiovasc |36 256-259. 2021
Y, Akagi T, Na | of residual atrial
kagawa K, Ito |septal defect after

H surgical closure

Interv Ther.




Suruga K, Takay [Efficacy of Saline C|J Am Soc Ech |34 97-98. 2021
a Y, Nakayama [|ontrast Transthoraci |ocardiogr.
R, Akagi T, Nak |c Echocardiography f
agawa K, Watana | or Identifying High
be N, Haruna M, | Risk Patent Foramen
Toh N, Ito H. Ovale
Inoue S, Igaras |Cost—-Effectiveness A |J Stroke Cer (30 105884 2021
hi A, Iguchi Y, nalysis of Percutane |ebrovasc Di
Akagi T. ous Patent Foramen O |s
vale Closure Preven
t
Takaya Y, Akagi [Efficacy of treat—an [Heart 108 382-387. 2022
d-repair strategy f
T, Sakamoto I, or atrial septal def
Kanazawa H, Nak |ect with pulmonary a
azawa G, Muraka |[rterial hypertension
mi T, et al
Akagi T. Incidence, Predictor |L Am Heart A |10 E016617. D0 (2021
s, and Mortality in [ssoc. 1:10. 1161
Patients with Liver / JAHA. 12
Cancer after Fontan 0.0 16617
Operation.
Atsushi Yao et |Status of adult outp |Journal of C 80 525-531 2022
al atients with congeni |ardiology
tal heart disease in
Japan: The Japanese
Network of Cardiova
scular Departments f
or Adult Congenital
Heart Disease Regist
I
Masahiko Umei, |Clinical Outcome of |Internal Med |61 851-855 2022

Akihito Saito,
Katsura Soma, T
oshiro Inaba, M
asae Uehara, Is
sei Komuro, Ats
ushi Yao

Closure of a Small A
trial Septal Defect
in a Patient with Pu
Imonary Arterial Hyp
ertension.

icine




Yoichi Takaya ,
Teiji Akagi, 1
chiro Sakamoto,
Hideaki Kanaza
wa, Gaku Nakaza
wa, Tsutomu Mur
akami, Atsushi
Yao, Mamoru Nan
asato, Mike Saj
i, Mitsugu Hiro
kami, Yasushi F
uku, Shinobu Ho
sokawa, Norio T
ada, Kens uke M
atsumoto, Masao
Imai, Koji Nak
agawa, Hiroshi

Ito

Hideo Ohuchi, M
asaaki Kawata,

Hideki Uemura,

Teiji Akagi, At
sushi Yao, Hide
aki Senzaki, Sh
ingo Kasahara,

Hajime Ichikaw
a, Hirohiko Mot
oki, Morio Syod
a, Hisashi Sugi
yama, Hiroyuki

Tsutsui, Kei In
ai, Takaaki Suz
uki, Kisaburo S
akamoto, Syunsu
ke Tatebe, Tomo
ko Ishizu, Yumi
Shiina, Shiger
u Tateno, Aya M
iyazaki, Norihi
sa Toh, Ichiro

Sakamoto, Chisa
to Izumi, Yoshi
ko Mizuno, Atsu
ko Kato, Koichi
Sagawa, Ryota

Ochiai, Fukiko

Ichida, Takeshi
Kimura, Hikaru
Matsuda, Koich
iro Niwa; Japan
ese Circulation
Society Joint

Working Group

Efficacy of treat—an
d-repair strategy fo
r atrial septal defe
ct with pulmonary ar
terial hypertension

JCS 2022 Guideline o
n Management and Re
Interventional Thera
py in Patients With
Congenital Heart Dis
ease Long—Term After
Initial Repair

Heart

Circulation
Journal

108

382-387

1591-1690

2022

2022




Takaya Y, Nakay|Importance of saline|/Int J Cardiol38 515-520 2022
ama R, contrast transthorajvasc Imaging
kagi T, YokohaCic echo cardiograph
y for evaluating lar
ma F, ge right—to—left shu
Miki T, Nakagawpnt in patent foramen
ak T o vale associated w
oh N, Tto IL. igh cryptogenic stro
Takaya Y, AkagilEfficacy of treat—anlHeart. 08 382-387. 2022
T, Sakamoto I,|d-rep air strategy f
Kanazawa H, Nalor atrial septal def
kazawa G, Muraklect with pulmonary al
ami rterial hypertension
T, Yao A, Nanas
ato M, Saji M,
Hirokami M, Fuk
u Y, Hosokawa
S, Tada N, Mats
umoto K, Imai
M, Nakagawa K,
Ito H
Takaya Y, Akagi|latrogenic Atrial SelCirc ]J. 86 1740-1744. 12022

T, Har a H, Ka
nazawa H, ITkari
Y, Isotani A,
Shirai S, Kubo
S, Morikawa T,
Naganuma T, Saj
i M, Kuwata S,
Hiasa G, Watana
be Y, Yamawaki
M, Imai M, Mats
umoto T, Yamamo
to M, Murakami
T, Asami M, Miz
ote I, Okai T,

Bota H, Ito H.

ptal Defect Requirin
g Transcatheter Clos
ure Following Transc
atheter Mitral Valve
Repair.




Takaya Y, WatanPulmonary arterioven|J] Cardiol Cal27 147-127 2022
abe N, Ikeda M, |ous fistula in a rar|ses.
Akagi T, Nakayle location: The impo
ama R, Nakagawalrtance of excluding
K, T oh N, Itopatent for amenoval
H. e.
Nakagawa K, Aka|Temporary balloon oc|Catheter Car|Epubahead 2023
gi T, Takaya Y,|clusion test can ove|ldiovasc Intelof print.
Miki T, Kijimafrestimate the risk ofrv.
Y, Nakayama R,|f acute pulmonary ed
To h N, Nishiilema after transcathe
N, Nakamura K, |ter atrial septal de
Morita H, Ito |fect closure.
H.
Miki T, NakagawDiagnostic Performan/Journal of CEpubahead 2023
a K, Ichikawa Klce of Cardiac Computlardiovasculajof print.
et al. ed Tomography for Defr Developmen
tecting Patent Foramt and Diseas
en Oval e: Evaluatiole
n Using Transesophag
eal Echocardiography
and Catheterizati o
n as Reference Stand
ar ds.
Sato M, Asagai [Platelet volume indi|Heart and Ve[37 2107-2118 (2022
S, Harada G, Shlces correlate to sev|ssels
imada E, Inai |erity of he art fail
K. Inai K. ure and have prog no
stic value for both
car diacand thrombot
ic events in patient
s with congenital he
art disease
Harada G, Inai Management of pregnal] Obstet Gyn|48 351-359 2022
K, Shimada E, Ijncy and delivery in |aecol Res
shido M, Shinohjw omen with transpos
ara T, Ogawa M. |[ition of the great a
rteries after atrial
switch operation: A
16—-year single—cent
er experience.
- Rae=i Paradox Pediatric Cal38 1-2 2022

rdiology and
Cardiac Sur

gery




SEN Xy e2 Wik Medical Tech|59 949-53 2022
nology
Rychik J, Atz AlAmerican Heart Assoc|A Scientificl2019 Aug |e234—e284 (2019
M, Celermajer Dliation Council on Ca| Statement F|6;140(6) :.
S, et al; rdiovascular Diseaselrom the Amer
in the Young and Colican Heart A
uncil on Cardiovascu|ssociation.
lar and Stroke Nursi|Circulation.
ng. Evaluation and M
anagement of the Chi
1d and Adult With Fo
ntan Circulation
Ohuchi H, Inai Mode of death and pr{Int J Cardio|2019 Feb (74-80 2019
K, Nakamura M, |edictors of mortalit|l 1;276
et al y in adult Fontan su
rvivors
A Japanese multicent
er observational stu
dy
Ohuchi H, Mori [Determinants and pro/Am Heart J. |2023 Sep;2|15-25 2023
A, Fujita A, et|gnostic value of alb 63
al uminuria in adult pa
tients with congenit
al heart disease
Tellez L, PayanEASL-ERN position palJ Hepatol 2023 Nov;7|1270-1301 |2023
cé A, Tjwa E, ejper on liver involve 9(5)
t al ment in patients wit
h Fontan—type circul
ation
Nakagawa K, Aka|Temporary balloon oc|Catheter Car 2023 Jan 14
gi T, Takaya Y,|clusion test can ove|ldiovasc Inte doi: 10.100
Miki T, Kijimajrestimate the risk ofrv. 2/ccd. 30556
Y, Nakayama R,|f acute pulmonary ed Online ahea
Toh N, Nishii |ema after transcathe d of print.
N, Nakamura K, |ter atrial septal de
Morita H, Ito |fect closure.
H.
Nakayama R, TakRelationship between/Cardiovasc I 200-206 2024 Apr;39
aya Y, Akagi T,| patent foramen ovalpnterv Ther. (2):

Takemoto R, Ha
runa M, Nakashi
ma M, Miki T, N
akagawa K, Toh
N, Nakamura K.

e anatomical feature
s and residual shunt
after patent forame
n ovale closure.




Miki T, Nakagaw|
a K, Ichikawa
K, Mizuno T, Na
kayama R, Ejiri
K, Kawada S, T
akaya Y, Miyamo
to M, Miyoshi
T, Akagi T, Ito
H.

Diagnostic Performan
ce of Cardiac Comput
ed Tomography for De
tecting Patent Foram
en Ovale: Evaluation
Using Transesophage
al Echocardiography
and Catheterization
as Reference Standar

ds.

J Cardiovasc
Dev Dis.

193

2023 Apr 2
6;10(5) :

Nakashima M, Na
kamura K, Nishi
hara T, Ichikaw
a K, Nakayama

R, Takaya Y, To
h N, Akagi S, M
iyoshi T, Akagi
T, Ito H.

Association between
Cardiovascular Disea
se and Liver Diseas
e, from a Clinically
Pragmatic Perspecti
ve as a Cardiologis
t.

Nutrients.

748

2023 Feb 1;1
5(3):

Nakajima M, Aka
gi T, Miki T, T
akaya Y, Ito H.

Pulmonary Arterioven
ous Fistula in a Rar
e Location: the Impo
rtance of Excluding
Patent Foramen Oval
e.

JC Case (in
press)

Toh N, Akagi T,
Nakamura K, Ka
sahara S.

Utility of angiopoie
tin—2 measured early
after the Fontan op
eration. Am J Cardio
1.

2023 Aug 24:
S0002-9149 (2
3)00686-0. d
oi: 10.1016/
j.amjcard. 20
23.07.125. E
pub ahead of
print.

Onishi H, Toh

N, Akagi T, Bab
a K, Kotani Y,

Takaki A, Kasah
ara S, Ito H.

Detection of hepatoc
ellular carcinoma du
ring Fontan—associat
ed liver disease fol
low—up: a report of
three cases.

Clin J Gastr
oenterol.

2023 Nov 30.

doi: 10.100
7/s12328-023
-01892-w. Ep
ub ahead of
print.




Holzer RJ, Berg
ersen L, Thomso
n J, Aboulhosn
J, Aggarwal V,
Akagi T, Alwi
M, Armstrong A
K, Bacha E, Ben
son L, Boékenkam
p R, Carminati
M, Dalvi B, DiN
ardo J, Fagan
T, Fetterly K,
Ing FF, Kenny
D, Kim D, Kish
E, 0 Byrne M, O
’Donnell C, Pan
X, Paolillo ],
Pedra C, Peiro
ne A, Singh HS,
Sendergaard L,
Hijazi 7M.

PICS/AEPC/APPCS/CSAN
Z/SCAI/SOLACI: Exper
t Consensus Statemen
t on Cardiac Cathete
rization for Pediatr
ic Patients and Adul
ts With Congenital H
eart Disease. JACC C
ardiovasc Interv.

2023 Dec 12:
S1936-8798 (2
3)01493

Akagi S, Kasaha
ra S, Akagi T e
t al.

Feasibility of Treat
and Repair Strategy
in Congenital Heart
Defects With Pulmon|

ary Arterial Hyperte

nsion.

JACC: Advanc
es 2024;3.

K FREE, Al
=H, Bk
Z, Ot s,
AR BT, RHE

B+, A )l JE
—, A EHAE,
A FHA
/NS jec

ik, Z5E R, i
] K, IE/KIE
i b NI L
ey Bk, ©

E&E, Hi %
A, Rl 1,

B M, A
B, OBEAR K,

W HE, K
0 H—, R 5%
Wk, EHEP OB,
VEBTHIER,
e, 5 B,
HLE B, M
5 ZRL

(BH&E 9 B OMEIEN D
FELTbESFS] H
AR SN
WHIxHES =2 — 2 (Japa
n Pediatric Life Su
pport: JPLS course)
gﬁﬁ%\éﬁfﬁké\?ﬁ@%

=

#1127

795-803

2023




Ayusawa M, Iwam
oto M, Kato Y,
Kato T, Sumitom
o N, Toyono M,
Yasuda K, Yamam
oto E, Nagashim
a M, Yoshinaga
M, Izumida N, U
shinohama H, Ta
uchi N, Horigom
e H,Higaki T, H
okosaki T, Abe
K, Arakaki Y, O
gawa S, Katoh T,
Takahashi N,
Hiraoka M

Guidelines for the s
econdary screening o
f heart disease in s
chools: electrocardi
o— graphic findings

of theinitial screen
ing

J Pediatr Ca
rdiol Card S

urg

9

39-52

2024

MNEBFELE 2 — &
HEELERE A KT
A v JEERAEAR TR
DR R

/N

i

R

7738

2023

Pt ckjuti ki =R AN
DR E MarfandE (e
B L FRE AR

/NEAE

602-6

2024

i
ll

i
ok
3
x

A LA A VA

Hifih

HRRAE

I
o

JE

FUERF R OB 17=
R RE ¥
—EX LT

DIFH LH DB

1Y <

HA

2021

https://

www. jci
rc.or.
p/cms/w
pcontent
/ upload
s/ 2021/
01/ 1ikou
iryo u_v
2_202 20
524. pdf




FEw

=~

hu)
et
%I,,

i

EEENDE

FRMODHEE O=r&HKE  |HAIERZ T A ARG A A 2021 |https://
A~DOR 1TE e AT www. jci
UM Y rc.or. j
p/cms/w
pcontent
/ upload
s/ 2022/
04/ ACHD
_Tra nsi
tion_ Te
igen_r e
v3_2022
0426. pdf






