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Eo 5z w9 9 oy s]2e wHow w A4 #xEe] AEs,
Aol FolshA meh et 90X e FyZol WAt ]

FAAJ] dFS T, AE FA fdol HVE . o] Ay
e Fw F 5 dold AHsiglen A% Ado] hedt sAEelA,

e F7 ARE WE U4 4 9 1 A9 R sk

7t %S9 9 shear wave elastography, A3 Ae] #H7E {3t
3 A A} (Enhanced liver fibrosis score: hyaluronic acid, N—terminal

tissue  inhibitor  of

<9 WrkE ST AR

pro—peptide of collagen type III,

metalloproteinase—1, periostin), 2%
599 g9 A3E (B—type natriuretic peptide, soluble ST2)
ArE AT

16.9 (6.6-34.5) A o A¥& 20.3 (9.7-43.1) A9

o5& 925 (78-98)% ¢ Akx

N

FAwo] 14 H(21.2%), GWAAGHFo] 5 1
(7.6%) oA &A=y 43 AAES Holv= A= XS 3boA
40 (60.6%), computed tomography (CT)ZAFlA 337 (54.1%)

olrt. 173 oldel 7+ Wak 27 Fw % 11 W AT o] Foi



B8 24% F7Fekeh (95CI, 1.032-1.5, p=0.022).

7t stiffness ¥ 71E 9%t shear wave elastography a2 10.8%+2.2
kappa = E& A-A Gl vl F7tado]l #EHAAH. 93
ELF #% median 9.6 (8.1-12.6) = <7t¥o] S1%lt}. Periostin 7}

ELF @& % 5% F 43 Aol 34855 gashs 482

F 0
I3y age adjusted ELF & = A3 A7 AAAHdS
T2 A ¢t} N—terminal pro—peptide of collagen type III
(PHINP) = & AR eIM = Sd=ed, £8 & §F 43 7133
s7F FrE AASdY r=-0.77, p<0.001). & FE F 27

(A A7 15 doldh) ol PIIINP &= =& 7 score #t2 Hom, A7t

Aol wef fFAashes FAS B, I 2532 5743 shear wave
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BT BNP = £& & § 42 Alztel wah o] F7kshitt (BNP,
r=0.550, p<0.001).

T8 T 5 15 d o B FellA CT A 133 &2 Hole
=4 ELF #t°l non LC Il Bl&f =4 <13t (LC vs non
LC, 9.4%0.7 vs 8.8%0.5, p=0.048). Soluble ST2 = LC ZI&F°lA

non LC & vl&] =4 &2lxity (LC vs non LC, 40.1£15.5 vs
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AAAZNAE x5 AEo] FUbskaL, yolrt 5oj7kar Qleh 20 Al
ek AHA A SxE0 AFEE 1987-1988 A o 50% ol A]

2004-2005 ¥ 10% A== #4astsltt {Khairy et al., 2008}. =&

v

4ol AHA A3 (adult congenital heart disease) $HALS T &
TFEs T2 AAES 40 MY 94 5 @ AYE (projected H—year
mortality rate) ©] Uwk A<elo] 75 A9} B84 =4 = AxE 7))
Frgo] 7} &k (Diller et al., 2015}, dpAIRE, E& & Wy A
9 oole] &8t Vze] ddor dAAE A S5 TR o]
HlE FAEY, e =Y 271 10 dAEE 10%°14 {Dick et al.,

SAF ¥ 9lth {Pundi et al.,

b Asts, @AY S plastic bronchitis 2 o8 EAE©]

WS glov ol BWE & BAEY 7] AE 2 49 A<

n o] GAAE A e &2 2016 dell A A 4.1%
(>1000 case/year) FEZ Bixo] s 7 71 A= ot} {Society
of Thoracic Surgeons Congenital Heart Disease Database, Spring

2016 Harvest}. Australia and New Zealand Fontan Registry

HuoM= 2014 d7bA E® g ASAE 1266 ¥ (4.5 per



100,000 population) ©& HushHA], 33 20 d7F 2 vf o] Z71g

2o 72 A5t {Schilling et al., 2016} .

)
(0]
o

)

ol

glJN

Mo

rhd

)

Fontan—associated liver disease (FALD, &
Fao W gAeA HEE= 1o BRI AEEs et FALD
+ hepatic parenchymal change, hypervascular regenerative hepatic
nodules and ultimately hepatic cirrhosis & X383ttt {Daniels et al.,
2017}, =& gAtolq @ A FxE Qs dAske o] v &9
AHel (chronic hepatic congestion) 7} & 9¢1o & H7lATH 7H87 A
sinusoidal dilatation ¥} fibrosis 4A7lo] F#EEFW, ol dF3}
248 Aele] we} At 4= Q3 7FeF (hepatocellular carcinoma)
Al O 2 o]ojx] 7] %= Stt} {Asrani et al., 2013, Dai et al., 2014,
Kuwabara et al., 2018}. & 7| ¥#elA = A5 21 7/Hdel Fontan F&+
o 5 16 Ao 7+ 63 2 et (hepatocellular carcinoma) ¥ 3
o] Fo] wHxo ¢t A5 F AFESH Ao it Burt QIS
{Oh et al., 2016} .

oAzl @<le] sl x4 4ol WA & 5 repair process 7t A %3]
ZA%A ¢S ¢ extracellular matrix (ECM; collagens,
fibronectins, and laminins) ¢ =3t HAo=w AfF3lr7p @Ayt
olg] 7]#9 FHY3 remodeling ¥ 3= A7) 7eRAd 9 ALY

=3 Agdo] gtk {Wynn 2008, Speca et al., 2012, Huang et al.,

=

2015}, ZF A3t 1 el A glo] A= WA 3F &£

w2 17 A W2 244 vt {Nallagangula et al.,, 2018}. o]+&=



ECM & 24, 4, #39 wvFox 13 AxRz Friem ol
ECM turnover & RWFY3l= o8] direct marker E°] A& T},
3k periostin & collagen fibrillogenesis 28 ECM organization |
FTast EAZ d#HA glo {Norris et al., 2007}, 7434
fibrinogenesis =2 W24 Af3to] #oshH, &4 A HI R
To% 93s @t {Idolazzi et al., 2017} .

L [e)

Soluble suppression of tumorogenicity 2 (ST2) + 34 &2 WA

LA

AR Bxfo A o ko] Efo] ¥ Ao® delA Stk Cardiac
fibroblasts ¢} cardiomyocytes E°lA biomechanical strain injury
=2 angiotension II o 93] myocardial stress oA 71 ¥,

myocardial dysfunction, fibrosis, remodeling %3 <d#o] it}

oy

{Sanada et al., 2007, Pascual—Figal et al., 2015}. ST2 & BNP (
type natriuretic peptide) 2} &2l yo] &2 A% 7|5 g3t JaFS
Wz ok= Aoz 4R 9o {Dieplinger et al., 2009, Mueller et
al.,, 2016}, HTolv= E£8 Fe& B2 dAE LTS adult complex
congenital heart disease ¥AFe] AFA oA mortality o5l
E¥o] "ok x7t UdH {Laggan et al., 2018} .

Ultrasound—based elastography + liver stiffness & BH|Z 5% S

=
F7rE ¢ ol WY T shuE ofF b Ee] kel de 22ola gt
Cv

Transient elastography + 912 ZF& 3%} (chronic hepatitis

oX
©
Jo
r (o]
i,

nonalcoholic fatty liver disease %) H7lo| 1 F&

W oly 547 Qle Ao A A8 E 7] o531 B—mode gray scale



= A
Holx= ultrasound 2D—shear wave elastography (SWE) 7} H

ultrasound visualization ©]
AHE-E] 1 9t} {Bende et al., 2017}.
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congestion, chronic liver disease &% A27AL Hol:= S liver
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(1) Periostin

Periostin =742 human ELISA kit (Adipogen International Inc.

Liestal, Switzerland) and Spectra MAX 190/USA (Molecular devices,

china) & ARg&sto] AxzAe] AAlE el wel A E ST Serum
periostin < 2 3] F743st] T3+ ks ARSI

(2) Enhanced liver fibrosis (ELF) score

ADVIA Centaur XP immunochemical analyzer (Siemens Healthcare
Diagnostics, Ireland) & AF&3tol &% procollagen III peptide
(PIIINP), hyaluronic acid (HA), tissue inhibitor of
metalloproteinase—1 (TIMP—1) & AxAe] AAl" Hrjel ufef
S48 5 vad &2 34 et Aiksto] ELF e At

ELF score = 2.278+ 0.851 In (Cua) + 0.751 In (Cpue) + 0.394 In
(Crvp-1) .

Age adjusted ELF score = 2.278+ 0.851 In (Cua) + 0.751 In
(Cx_pmnp) + 0.394 In (Crivp-1)

X_PIIINP = (Z_ PIIINP) x standard deviation + adult average



Score += W9 7|5l wet #4353 (7.7 for a high sensitivity
exclusion of fibrosis, 9.8 for a high specificity identification of
fibrosis and 11.3 to discriminate cirrhosis) {Lichtinghagen et al.,
2013}

of o] dell HAR ol FAE2 FIsAlth

(3) Model for End-stage Liver Disease eXcluding INR score
(function of creatinine and total bilirubin, MELD—XI)

The MELD—XI score = ot#j9} o] AAtstlth.

MELD-XI =11.76 x In (serum creatinine, mg/dL) + 5.11 x In (total
serum bilirubin, mg/dL) + 9.44.

creatinine and total bilirubin values 7} 1mg/dl v]%te] ¢ 1mg/dL
2 AXeRit {Heuman et al., 2007} .

(4) Forns index

Forns Index = 7.811 — 3.131 x In [platelet count (107 /L)] + 0.781
x In [GGT (IU/L)] + 3.467 x In [age (years)] — 0.014 [cholesterol
(mg/dL)

Forns o] Ajtel wet <4.21 A-F Fdoz F7t stk {Forns et
al., 2002} .

(5) APRI

AST to platelet count ratio & 2" Q= fibrosis = HjA] =&
A53she FAE s Zrh (K0.5/=1.5) {Wai et al., 2003}

3. 2 W9F AW WAE A¥ IR Ft

)



(1) Ultrasound investigation, 2D shear wave elastography (SWE)
59 AAES o]f£3Fe] {LOGIQ E9 system (GE Healthcare,
Waukesha, WI, USA)} 7t &xfellq 10 3¢ SWE S4& » 3}
median & Al AFESIGlTh ke FEAEHE oEES HUE
M]3l (abduction) HFEA Feth 53HE o] &ste] (4, liver
capsule 2cm ofdle] d#o] Gl HelA HIFst XS Zo} region—
of—interest & A43sto] S APt e liver stiffness AI=
kappa & H.113}$ T}

F7FR P 2e9E Aldee] ey 22 FE59 FrkE st
(liver parenchymal echogenicity, globular contour, surface
nodularity, hepatosplenomegaly, %} AZeA #AZEE=  nodule,
anteroposterior diameter of the hepatic inferior vena cava, middle
hepatic vein diameter, ascites). ©]8]3t AZAES MY O Z definite
coarse echotexture, surface nodularity, definite splenomegaly 2]

7o) #FEE= AL liver cirrhosis (LC) & Aslgl 1, LC ¢ Aot

b
@)

2 WEA] 7)1 A E3Y mild hepatosplenomegaly, congestion %
chronic liver disease 47S XHol&= 7% hepatic change & ZA¥}E
i sklom, HARE st go) sdE Gt dE9rt Aldekslt
(2) Liver volume measurement — & 65 3

59 software & Abgstel A9 T cardiac CT oA liver
volume & 3743tk (Liver Analysis application, Philips

IntelliSpace Portal, Philips, Best, The Netherlands)



4. 1 9] ArE

A 97157 A} Exercise pulmonary function test

Treadmill AR} 7] Vmax® Encore PFT system (VIASYS
Respiratory care Inc. CA, USA) & Agslo] AH7|5& H7F 81Tt
TR EFE OSAKA A (Gr 3)& AHE-3klth

Ag 24 0 5A 24 Py

Mann—Whitney test, ANOVA =2 Kruskal—-Wallis test 23l
vlaskelith gt dd 34 B7HE flei A= Pearson’ s correlation
%2 Spearman’ s correlation & AFE3IITE o3 WG] ML=
chi—square test % Fisher s exact test, linear by linear association
& Abgedth olge] WAzt wa WAE e AYHA B4 o

2AXE HALNES AYSAh BE BHAAE fo FES p-

|

value <0.05 = 3tk &4 #4 FA 213 (SPSS version



AT A

I d3A 534 %
& 66789 SA7E Aol AU (A4 23 7 34.8%, HA 437!
65.2%). A7 FoIAl Yoli= median 20.3 (F9 9.7-43.1) A o]t}
]

o]t} (Figure 1). NYHA Fc & class 1389 (57.6%), class II 25

U[o
M

ZE

mlo

o o]E Ayt Al7FS median 16.9 (6.6 — 34.5)d

ol

(37.9%) class 1II 7F 3 ¥ (4.5%)olRoH, A9A Atx E3t:

rir

median 92.0 (78—98)% ©]%lt}. Body mass index (BMI) + median
20.5 (14.3—29.0) (Interquartile range, IQR 18.5-22.5) o]t} &

14 % (21.2%) <M 3H4d4 FA9e] FAHd. 2ol A%

1278030t (Table 1,2).
d¥ 58 k&9 i wksieT, 2 N (33.3%) 71 7HE
% 3 M (21.2%), 4 7} (24.2%)StF. FHWMOZ sotalol =
HEg=0 $xt+= 11 ¥ (16.7%), renin—angiotensin system <A A
(RAS: ACE inhibitor and angiotensin receptor antagonist) &£
2= 47 4 (71.2%), ol=AE Agstes A= 19 ¥ (28.8%)
ojgitt. HEeWMudEs ARE AT =S Ak A= glllth
RAS inhibitor 2} diuretics & Z3-¢- A AFIM iF HEsta
Digoxin < 20 Al ©]3a}e] #Afell A 22.9% (8/35), 21 Al o] F FxpolA
<

61.3% (19/31)% o]z} we salola] 2go] o E3drt

10



(p=0.002). &AEL aspirin =& warfarin 2 58 Fo]3lt} (Table
3). Warfarin & -9 % el wel 589 2o|7l &=k (AP,
5/8, 62.5%; LT, 10/21, 47.6%; EC, 5/37, 13.5%; p=0.001) %

ZaY 17 2o 23] A=

il
s
T,

T Y A= ok 23 AER, FE
15 o4y AeeA o &t (12/34, 35.3% vs 3/32, 9.4%,
p=0.012). AZEI AEE 9.1% 6/66), YEH 2y e 21.29%

(14/66), AAEI 5= 10.6% (7/66) oA ®EaL AT

11
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Table 1 Baseline characteristics

Age, year <10 11-15 16—20 21-25 26—-30 31-40 41-50
N 66 3 20 12 14 10 4 3
Male, % 43(65.2) 1(33.3) 17(85.0) 9(75.0) 8(57.1) 4(40.0) 3(75.0) 1(33.3)
Time since Fontan, year 17.5%7.3 7.1£0.6 10.7£1.6 14.7+2.8 21.5*2.6 25.1£3.0 25.1£6.7 30.5%6.7
Age at Fontan, year 3.9+3.5 2.810.4 2.970.6 3.7t1.9 2.9%+2.5 3.3T2.1 9.1+9.0 11.5*6.2
2.6(2.5-3.2) 2.8(1.9-4.0) 3.1(1.8-8.1) 2.6(1.5—-11.2) 2.7(0.8—7.6) 5.7(2.7-22.3) 8.9(7.0—-18.5)

BMI, kg/m? 20.6t3.4 16.8+3.0 20.7*3.7 21.5*t4.1 20.6*3.1 20.7£3.2 21.1£2.0 20.2%1.3
NYHA functional class 17 10 10 8 4 3
I 38 13 5 4 3 2 0
11 25 4 5 5 4 2 3
111 3 . 0 0 1 1 0 0
Sp02,% 92.0t3.6 92.5*4.5 92.3t4.8 90.5*t4.2 91.1+4.2 92.6*3.5 86.0£8.5

92(78—-98) 91(89-96) 94(81—-98) 92(82—-98) 89(84—-96) 93(81-94) 93(89-96) 85(78—-95)
Isomerism
Right 13(19.7) 0 3(15) 3(25) 5(35.7) 2(20) 1(25) 2(66.7)
Left 2(3) 0 1(5) 0 0 0 0 1(33.3)
Inversus 6(9.1) 0 1(5) 1(8.3) 3(21.4) 1(10) 1(25) 0
Atrial arrhythmia 14(21.2) 0 0 0 3(21.4) 7(70) 2(50) 2(66.7)
Pacemaker 12(18.5) 0 0 3(25) 1(7.1) 5(55.6) 2(50) 1(33.3)
Protein losing 5(7.6) 1(33.3) 1(5) 1(8.3) 0 2(20) 0 0
enteropathy
BMI, body mass index; NYHA, New York Heart Association

13
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Table 2 Yolg A @& &4

AGE, Sex <20, Male <20, Female p >21 Male >21, Female p
N 27 8 16 15
Age 15.1£2.7 14.2+45 0.606 27.9%5.2 29.6%6.3 0.435
BMI 21.1+4.2 19.0£2.1 0.074 20.9%+2.9 20.4%+2.6 0.549
Age, Fontan 3.1+0.9 3.4%1.9 0.573 3.2%2.3 6.2+6.4 0.104
Elapsed time 12.0£2.6 10.8+4.4 0.348 24.7+4.0 23.3%5.1 0.417
Sp02,% 92.8+4.0 90.9£5.7 0.307 91.9£3.7 88.0x5.3 0.028
Hb 15.8=1.4 14.6x=1.4 0.048 16.2£2.3 15.1%x1.7 0.136
Platelet 209.5£75.0 270.0+95.2 0.068 164.0£53.5 247.1£57.7 <0.001
Albumin 4.5%0.3 4.5%0.3 0.854 4.7£0.2 4.3£0.8 0.086
AST 26.4£6.7 27.0%6.3 0.825 27.8x£8.5 21554 0.021
ALT 24.4%8.3 18.8+4.3 0.075 27.5%114 20.3%£8.9 0.062
Total bilirubin 1.3£0.5 1.1£0.5 0.492 1.7£0.9 1.1£0.6 0.039
GGT 55.0£27.7 77.0£28.3 0.073 72.4%458 78.1£40.2 0.728
Cholesterol 126.2£22.4 149.0£31.1 0.049 137.8%x26.3 143.2x22.1 0.609
Periostin 36.9+11.9 34.9%0.3 0.67 31.6%+8.6 27.5+£5.82 0.137
PIIINP 37.7£25.9 33.8=15.6  0.689 10.2£3.1 10.9£3.2 0.537
PIIINP Z score 10.9+£9.4 16.7+11.2 0.145 9.4+4.1 12.5%+4.9 0.71
ELF 10.1£0.85 9.8+0.55 0.362 9.4+0.75 9.1+0.67 0.342
Adjusted ELF 9.2+0.8 9.1£0.7 0.813 9.4£0.8 9.1£0.7 0.31
MELD—-XI 11.0x1.5 10.5%t1.2 0.362 11.9£2.4 10.4£1.5 0.04
Forns index 2.4%14 0.8+1.5 0.027 5.2%1.7 3.5£0.9 0.027
APRI 0.35%+0.15 0.28*0.11 0.2 0.47%0.23 0.23%0.06 0.001
BNP 24.6£20.8 27.0£33.1 0.821 77.3+85.2 76.4%+66.1 0.975
ST2 30.9+12.5 31.2%+9.2 0.955 41.3£15.8 34.6+12.2 0.231
Predicted HR 82.7%£15.1 90.0£9.7 0.313 82.7£14.3 75.1£18.1 0.233
Predicted VO2z  52.0%12.4 62.3£2.6 0.002 56.6=14.9 53.0£13.4 0.52
Peak VO2 26.8£6.5 26.2£0.9 0.861 25.0x£7.0 19.8£5.2 0.039
Peak SpO2 89.8%+5.0 89.0£9.0 0.789 88.9+4.6 81.6%£9.1 0.019
Total time 595+108 604.5£74 0.869 539+97 473£116 0.125
14
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Table 3 Medications

Age <10 11-15 16—20 21-25 26—30 31—-40 41-50
N (%) 66 3 20 12 14 10 4 3

B blocker 28(42.4) 0 3(15) 6(50) 7(50) 8(80) 1(25) 3(100)
Carvedilol 15(22.7) 0 3 4 3 3 0 2
Sotalol 11(16.7) 0 0 1 3 6 1 0
RAS inhibitor 47(71.2) 2(66.7) 17(85) 9(75) 9(64.3) 4(40) 3(75) 3(100)
Enalapril 39(59.1) 1(33.3) 13(65) 8(66.7) 8(57.1) 4(40) 2(50) 3(100)
Losartan 8(12.1) 1 4 1 1 0 1 0
Digoxin 27(40.9) 0 2(10) 6(50) 8(57.1) 6(60) 2(50) 3(100)
Warfarin 20(30.3) 0 1(5) 4(33.3) 5(35.7) 6(60) 2(50) 2(66.7)
Aspirin 46(69.7) 3(100) 19(95) 8(66.7) 9(64.3) 4(40) 2(50) 1(33.3)
Diuretics 19(28.8) 1(33.3) 4(20) 4(33.3) 4(28.6) 4(40) 1(25) 1(33.3)
Furosemide 11(15.2) 1 3 2 1 3 0 0
Spironolactone 19(28.8) 1(33.3) 4(20) 4(33.3) 4(28.6) 4(40) 1(25) 1(33.3)
RAS, renin—angiotensin system
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I & <

F% EFYS extracardiac conduit (EC) E}FYJ©] 56.1% (37 ¥) o=
71 @k o | lateral tunnel (LT) ©] 31.8% (21 1), atriopulmonary
(AP) ERSle] 12.1% (8 ™) olint. Aw & FeE= WS yols
median 2.8 (0.8-22.3) (IQR 2.4-3.6) °]lom F%2 1983 A
2011 d Afolell AlFE ST (AP & 1984-1994 |, LT & 1983
1 o] 2 1991-2001 W, EC = 1995-2011 ) (Figure 2).
Fenestration <= LT oA 13 W (61.9%), EC °lA 11 ¥ (29.7%)
Al dtt. EC conduit A7]= 4 AI7HA o RES AR O] Sxfol A=
22 mm (9 ), 20 mm (9 %), 18 mm (7 ¥), 16 mm (5 %) °=&
cheFatAl AFEE AL, 5-9 A2l BAelA 22 mm (3 ), 10 Al ©]4g]
Aol 22 mm (1 %), 24 mm(1 8) ©] AREEUAT EF T A

(LT and EC) fenestration oJF+ Gzl F& X

o
of

A8 LC o, 3 HH B7F Axed AWAS HolA gkttt
T Al 9 717k median 22 (11-94) (IQR 19-30)%, S
1 717+ median 4 (1-35) (IQR 2—6)Y ©]%la1, cardiopulmonary
bypass time 2 median 146 (91-318) (IQR 120—-175)% o]t} &

67 (9.1%)9 @Al & Arss W 5 ¥ AP 9, 1 ¥
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Table 4 4% F<= B 4 4 75

Age <10 11-15 16-20 21-25 26—30 31-40 41-50
N 66 3 20 12 14 10 4 3

Fontan type
AP 8(12.1) 0 0 0 1(7.D 4(40) 2(50) 1(33.3)
LT 21(31.8) 0 0 2(16.7) 10(71.4) 6(60) 1(25) 2(66.7)
EC 37(56.1) 3(100) 20(100) 10(83.3) 3(21.4) 0 1(25) 0
Fenestration 24 1(33.3) 4(20) 6(50) 10(71.4) 2(20) 0 1(33.3)
Systemic ventricle
Right 37(56.1) 1(33.3) 13(65.0) 7(58.3) 7(50) 4(40) 3(75) 2(66.7)
Left 24(36.4) 2(66.7) 4(20) 4(33.3) 7(50) 5(50) 1(25) 1(33.3)
Undetermined 5(7.6) 0 3(15) 1(8.3) 0 1(10) 0 0
Ventricular function
Fair 54(81.8) 3(100) 18(90) 8(66.7) 12(85.7) 7(70) 4(100) 2(66.7)
Decreased 9(13.6) 0 2(10) 2(16.7) 2(14.3) 2(20) 0 1(33.3)
Poor 3(4.5) 0 0 2(16.7) 0 1(10) 0 0

EC, extracardiac conduit; LT, lateral tunnel, AP, atriopulmonary, ventricular function (echo)
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III 71AAE 4 4 7&

N5e e F A4

" =

o
ol
flo

Aol 56.1% (37 7)), Aol 36.4%
o A

Za9 B7HS 81.8% (54 ) o @AM A Vwo] dmsilon

(24 %) o] undetermined ventricle ©] 7.6% (5 %) o]

32

e S AFE 1.5% (1 3) oA F

(21 %) old HAxe dFE HIoHw 66.7% 44 W) AFI}
B A 3kt (Table 4).

19.7% (13 9) °|A right isomerism, 3% (2 %) °l|A left isomerism,
9.1% (6 ™) °llA situs inversus 7} = vt @A AE A
71 A A ge b3 Z9ktl (Hypoplastic left heart syndrome 3 ',
Tricuspid atresia 7 8, double inlet left ventricle 9 ¥, double inlet
right ventricle 33 %, complicated double outlet right ventricle 4 ",
complicated transposition great arteries 6 ™, pulmonary atresia
with intact ventricular septum 3 ™8, Ebstein anomaly Carpentier type
D1 %), &8 g3 22 Agso] Fukso]l ATt (Criss—cross
heart and variant 4 ™, total anomalous pulmonary venous return

4 7. dextrocardia 14 %).

18



IV. 8944}

o AT (K150x10°/w) o) 13 ¥ (19.7%) nlalFnds (02

e

mg/dL) 2 9 % (13.6%), GGT 7% (>35 IU/L)> 53 (85.5%) °lA]
gyt thAAES - AST, ALT, total bilirubin %o] A
HAY (AST>40, 3 H; ALT>40, 4 ). a —fetoprotein HE3F BHA
&2l =3t} (Table 5)
V &7 75 A

% 54 oA AFHAT. Peak VO: = 24.6%£6.6 mL/kg/min,

-+

predicted VO, & 54.2 £ 12.9%, predicted heart rate & 81.6
15.5%% A% o8t Peak VO, ¢ predicted VOy o] A4S
B w NYHA Fe © S7lete 4&s B3t (r=-0.645, p<0.001;
r=-0.555, p<0.001). °] &< &9 Aot 43 oA peak VOq
grol a4 E 259 HAME LC & 14% S7F 248 Bl (C
0.791-0.974, p=0.014). =3 peak VO: #°] w*&5% < BNP,
ST2 + 9u A 453kt (BNP r=-0.411, p=0.005; ST2 r=—
0.289, p=0.049). ELF, Forns index 3+ Aol #zw = ¢t

Age—adjusted ELF = #%7]s°] ¢2@dss o s a3y
(peak VO2 r=—-0.401, p=0.003; predicted VO2, r=-0.369, p=0.005).
Predicted VO: & 21 Alo]d¥} 20 Al olste] A& HlwadS o
oJu] 9= zpol7t ¢l O, predicted heart rate &= 21 Alo]AolA H
Sokou FAH Fodel vAAE Xt (84.0 £ 0.14 vs 79.0
£ 16.4%, p=0.238). Peak VO & 21 Al o] #xtelA] o woktk
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(20 Alolst 26.7 £ 5.9 vs 21 A o] 22.5 £ 6.6 mL/kg/min,
p=0.018). 21 Al o]’ &AfellA P9 g5 Hlws3le W peak VOq,
predicted VOg, predicted heart rate &5 oA oA ¢ EkO L} peak
VO2 Bt BAHCZ 7 o7k w7t ATt (peak VO2 & 25.0 *
7.0 vs ¢ 19.8 £ 5.2, p=0.039; predicted VO; 56.6 = 14.9 vs
53.0 £ 13.4, p=0.520; predicted heart rate, 82.7 £ 14.3 vs 75.1
+ 18.1, p=0.233). Peak Sp02 = 21 Ao|d oo FAAHT}
$ero}t (88.914.6 vs 81.6%29.1, p=0.019) ©]2] BMI, hemoglobin

SO g Aol FuA @,
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Table 5 Laboratory data

Age <10 11-15 16-20 21-25 26-30 31-40 41-50
N 3 20 12 14 10 4 3

AST, U/L 25.7%7.1 25.3%6.5 25.9%5.8 27.947.9 23.7+8.7 26.0%5.9 24.3+8.8 26.3110.4
ALT, U/L 235%9.2 19.3+1.2 22.3%7.0 25.4%9.6 21.6%7.5 27.3+13.3 25.8+14.2 22+13.1
Total bilirubin, mg/dL 1.3£0.7 0.9%0.7 1.2+0.5 1.3+0.5 1.7+1.1 1.3+0.7 1.240.6 1.0+0.2
GGT, U/L 66.8+36.5 61(25-97) 45(16-138) 67(36-118) 67(34-139) 66(52-224) 75(30-86) 72(16-75)
Total protein, g/dL 7.4%07 7.1+0.2 7.1+0.5 7.650.4 7.7+0.4 7.6%1.5 7.8%0.4 75%0.5
Albumin, g/dL 45505 46%0.3 4.4%0.2 47402 47502 45%0.9 4.6%0.3 41507
Prothrombin time INR 1.56+0.5 1.3£0.1 1.2£0.2 1.4%0.6 1.7+0.6 1.84+0.6 1.8£0.8 1.8+0.6
;Aggi/tueLbIOOd cell count, 6.26+2.12 5.10+1.31 5.95%1.57 5.89+1.01 6.26+2.07 7.22+3.24 6.88+3.94 7.07+2.57
Hemoglobin, g/dL 15.6£1.8 15.1+1.3 15.4+1.4 15.8+1.8 16.4+1.5 15.6+2.1 13.9+3.3 14.9+1.6
Platelet count, 10%/uL 214.3%76.7  216(190-246)  204(115-376)  202(105-423)  184(91-369) 241(58—-318)  185(144—217)  192(119-333)
Eg?fnt{i”retic peptide, 50.6+60.5 55(9-101) 17(9-78) 14(9-68) 41(9-197) 75(17-243) 60(35-73) 192(55-323)
ST2, ng/mL 34.3£13.3  22.6(18.8-25.5) 30.5(12.7-56.4) 35.7(14.3-58.8) 38.1(20.6-52.5) 30.8(23.1-61.0) 54.9(16.9-69.4)  36.3(23.0~64.9)
« —Fetoprotein, ng/mL 4.6%6.5 2.3(0.9-29.6) 3.4(1.3-4.6) 3.6(1.7-5.7) 41(1.6-42.9)  6.1(2.1-14.5) 3.5(2.2-8.9)

AST, Aspartate aminotransferase; ALT, Alanine aminotransferase; GGT, Gamma—Glutamyl Transferase
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Table 6 Cardiopulmonary exercise test

Age <10 11-15 16—20 21-25 26—-30 31—-40 41-50
Total N 66 3 20 12 14 10 4 3
Exercise test N 54 0 19 8 12 8 4 3
VO2 peak, mL/kg/min 24.6*6.6 27.7%6.1 244152 24.2*5.9 20.3%6.6 25.9*8.1 17.4x5.6
VOzpred, % 54.2+12.9 54.3+12.1 51.6+12.6 55.4+12.6 50.1+14.9 65.8+15.9 50.7+13.2
O2 saturation, basal 91.1x4.7 93.3*t3.8 91.6*3.3 89.1t4.9 88.6L5.4 93.8*t2.6 87.3*t7.1
O2 saturation, peak 87.5x7.1 89.8%6.0 88.8L4.6 84.0t9.4 85.1£6.8 91.5*3.8 83.3*6.7
Heart rate basal 84.9+14.4 93.2+12.5 81.3+12.5 80.8+10.1 82.5+19.9 73.8+17.7 80.3+3.1
Heart rate peak 1563.7+30.5 167.3£20.5 155.1*41.3 151.3*26.7 137.4*354 133.0£38.1 144.0L25.1
Heart rate pred 81.6+15.5 85.4+10.6 81.1+20.9 81.7+13.8 75.5+19.4 74.5+22.2 84.0+14.7
RER 1.12£0.1 1.1£0.1 1.2%+0.1 1.1£0.1 1.1+0.1 1.2%+0.1 1.2%+0.1
VE/VCO:2 37.7t8.4 34.2%7.6 42.6*6.5 37.3+4.8 42.1+10.7 35.0+5.9 41.0+17.3
SBP basal 114.8£17.4 113.5£15.0 103.0£7.4 121.0*12.7 118.0£30.5 116.3=8.1 114.3*£32.5
SBP peak 146.3+21.2 154.7£20.1 134.0£23.0 150.8*20.4 131.3£20.9 143.8*16.3 134.3=19.0
DBP basal 73.1+9.7 70.8+10.3 73.8+9.3 78.3*7.5 75.6+12.1 72.0+3.6 69.0+13.1
DBP peak 74.6%11.8 77.4%111.4 74.8+113.6 78.1*114.1 70.0£10.6 65.0£9.8 69.7t2.9
VOz peak, mL/kg/min, peak oxygen consumption; VOz pred, %, predictive VOgz, RER, respiratory exchange ratio
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59 AAMY, 7+ surface nodularity, definitely coarse echo
texture ¢ LC SAo°] WA #H&HAHE= AL 40 8
(60.6%)°1% o™, &3t LC 2702 7= oJ8d$ chronic liver
disease && early LC A7 (liver change)S Holx= 3AE714
EZohshd 63 W (95.5%) = thAte] At M wAgAd Al b 25

azde]l #EEY LC Adds /iR O SAS WEs & e
2

e
o
°
o
-
2
(=
2
o
il
&
B
f
T
5

<

S

)

A
=
)

1o
X
Y,
-
[ |
(7

6-10d A Ao 43.8% oA LC &3], 81.2% A liver change
53] liver change ¢ A% % F+= 11 d 4%
Aol A = ST

CT 9 7% LC &27d2 33 % (564.1%) oA ##=H, st LC
24L& o}y AW hepatosplenomegaly, hepatic congestion, chronic
liver disease 52 W37l #Ey = S5 Lk 49 ¥ (80.3%)
o] th. Nodule 2 4% 14 ¥ (23%) A A= AT

F 2295 o] &3] A3 shear wave elastography #H< 10.4 (7.0

- 17.2) kappa ©]$lt}. (Table 7)
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Table 7 G4 AAL (A% A% 8 £F

Elapsed time, year 6—10 11-15 16—20 21-25 26—30 31-40 p
Total N 16 16 8 16 7 3
CT/sono, N 61/66 13/16 15/16 8 16 6/7 3
CT Liver cirrhosis 33(54.1) 2(15.4) 5(33.3) 6(75.0) 13(81.2) 4(66.7) 3(100) <0.001
CT LC + Liver change 49(80.3) 9(69.2) 10(66.7) 8(100) 15(93.8) 4(66.7) 3(100) 0.120
Sono Liver cirrhosis 40(60.6) 7(43.8) 7(43.8) 5(62.5) 12(75.0) 6(85.6) 3(100) 0.004
Sono LC + Liver change 63(95.5) 13(81.2) 16(100) 8(100) 16(100) 7(100) 3(100) 0.030
Sono nodule 52(78.8) 13(81.2) 12(75.0) 8(100) 13(81.2) 4(57.1) 3(100) 0.438
Shear wave elastography 47 13 9 7 10 6 2
kappa 9.7£1.6 11.4x1.7 11.8£3.5 11.1£2.6 10.5*1.6 10.3£0.5 0.404
Min—Max (7.02-12.0)0 (8.9-13.9 (7.2-17.2) (8.1-17.2) (8.9-12.7) (9.9-10.6)
LC, liver cirrhosis
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253 HAMNA A 7e A7 #eld 34} (EF <50% =2 A7
ZNed 2= 12 3 (18.2%) = A 7% wE LC 29 o=

%
att (CT AAL A 715 %32 = 1L.C 54% vs. AstA & LC 54.5%,

A
p=1; 23 HA} 63% vs. 50%, p=0.517). + 15 Afole] o] U
EZ8 Ay 717k 9] Q= Aol Q1o ELF periostin, MELD—

XI, Forns index ¢ #o|%: #zE x| ookl BNP, ST += 4 7ls
dazt ol mkou FAA Foidel ol=A = Xkt (BNP 49.9
+ 52.1 vs 52.8 = 88.2, p=0.887; STZ 33.0 £ 12.6 vs 39.8 vs
15.7, p= 0.127).

VII EX|2F

VII-1 Enhanced liver fibrosis (ELF)

g% ELF #& B gxbelA fibrosis cutoff F<1 7.7 oot
Median 9.6 (8.1-12.6) ollom wAdelA ofgel wlEl &4
oY FAA Fo8ed= EEskA XSkt (9.8 vs 9.3,

p=0.061). <+ ol FA @AY Yo7t WEFH ELF i

DastE AedS BIY (r=-0.488, p<0.001). ELF #& A3tz
o= TIMP—1, PIIINP, HA Ze°| PIIINP wleo] vo]gl on] gl 2o
4 #AE BT (r=-0.806, p<0.001). Z=3F+ ELF kol 9.8

o

ofe® ol LC & Edfof sk #Ak 11-15 Al ApelelA 7H3
wol  #FEglon Yol AolE:  HAY (A1 ¥, 55%,

p=0.002) (Figure 4).
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Table 8 Enhanced liver fibrosis score

Controls N Mean Median Min Max skewness
Total 66 9.65 9.60 8.10 12.60 0.85
Male 43 9.80 9.70 8.20 12.60 0.99

Female 23 9.35 9.50 8.10 10.80 0.00

p=0.061
Age
<10 3 10.50 10.80 9.60 11.10 —1.46
11-15 20 10.01 10.00 9.00 11.70 1.03
16-20 12 9.87 9.70 8.90 12.60 2.22

21-25 14 9.27 9.05 8.10 11.00 0.88
26-30 10 9.27 9.20 8.20 10.80 0.36
31-40 4 9.23 9.40 8.50 9.60 -1.65

41-50 3 9.10 8.90 8.70 9.70 1.46

Figure 3 Yo]9 ELF X EE9 dAA PIINP (ng/mL)

r=-0.488, p<0.001 r=-0.806, p<0.001
13 125 e
12- 100~
o n- ° o
11 N ° Z 757
5 [e] o E
w

Age, year
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TIMP-1

Figure 4 ELF %to] 9.8 oA o® H& 3{AE59
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Count
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Count
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VII-2 Periostin

&34 periostin

AT el Tl ol gt

_0_31 A

o it

Eoy FAA FoAde Bolx ¢kttt (34.95 £ 11.07 vs. 30.09 + 8.26 ng/mL, p=0.089).

Table 9 Periostin, ng/mL

Controls N Mean SD Median Min Max skewness
Total 66 33.26 10.40 31.07 18.18 60.68 0.96
Male 43 34.95 11.07 32.65 18.32 60.68 0.74

Female 23 30.09 8.26 28.37 18.18 55.97 1.39

p=0.089
Age
<10 3 35.10 3.03 36.82 31.59 36.89 -1.73
11-15 20 39.97 11.55 40.55 22.47 60.68 0.36
16—20 12 30.98 11.05 26.71 18.32  50.75 0.61

21-25 14 32.93 8.95 28.20 2493 57.88 1.89

26—30 10 24.82 4.70 24.85 18.18 33.70 0.53

31-40 4 27.86 0.89 27.86 27.08 28.63 0.00

41-50 3 32.58 5.34 32.61 27.23 37.91 -0.22

29

Periostin, ng/mL

Figure 5 4Yo]$} periostin

707

60 eo

10

Age, year

AZ BRI} (r=—0.457, p<0.001). T3t periostin & FAA ¢



VII-3 BNP ¢} soluble ST2
B type natriuretic peptide (BNP)+&= yo]e} ko] A#A#AAE B3It (r=0.563, p<0.001). Soluble ST2 = yo]e} °k3t

Fo] ARBAZ RGOS FAF Fo4e] ol 2AE EFHAY (r=0.248, p=0.061).

Table 10 BNP, pg/mL Figure 6 4o]¢} BNP
Controls N Mean SD Median Min Max skewness
Total 57 50.6 605  26.0 9.0 3230 2.7 4007
Male 36 45.1 60.3 24.0 9.0 323.0 3.4
Female 21 59.9 61.2 32.0 9.0 243.0 1.2 300 ©
p=0.139 r
Age E o
<10 3 41.0 52.0 13.0 9.0 101.0 1.7 3 200- o .
11-15 15 24.3 20.8 17.0 9.0 78.0 1.7 o
16—20 11 22.0 18.3 14.0 9.0 68.0 1.8 5
21-25 12 52.7 533 205 9.0 1970 2.1 100-
26—30 10 78.1 63.7 75.0 17.0 243.0 2.1
31-40 3 56.0 19.3 60.0 35.0 73.0 -0.9
41-50 3 190.0 134.0 192.0 55.0 323.0 -0.1 0-
30



Table 11 Soluble ST2, ng/mL Figure 7 4o]2} Soluble ST2

Controls N Mean SD Median Min Max skewness
Total 58 34.3 13.3 31.6 12.7 694 0.7 70 o
Male 37 34.9 14.6 31.0 12.7 69.4 0.7 °
Female 21 33.3 11.0 32.2 18.8  61.0 0.5
p=0.96
Age —El
<10 3 23.3 3.4 22.6 18.8 25.5 -0.4 B
11-15 18 30.2 10.3 30.5 12.7 564 0.7 ::-
16—20 10 35.0 14.2 35.7 14.3  58.8 0.1 E
21-25 12 35.1 9.0 38.1 20.6 52.6 0.0
26—30 9 38.1 14.5 30.8 23.1  61.0 0.6
31-40 3 47.1 27.1 55.0 17.0  69.4 -1.2
41-50 3 41.4 21.4 36.3 23.0 64.9 1.0
T T T T
10 20 30 40
Age, year
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JZFo] 21 Skl A wrolx&= Aol #EH T (r=-0.529, p<0.001) PIINP = E& F<=

o,
u
>

_ﬁ,_
Z A3t Al7ko] 71 Ao A U] e AES B o (r=—0.77, p<0.001) Z score WS Ay} AIFA S FHEHA okgtrh
w3 PIIINP 9 A7 &ob d¥olM o & AS 1edto], PIINP Z score & o]&3dto] W3kdl PIINP o=
adjusted ELF & A4ttt (Table 12). o)A E¥ 5 £ A7hA o] wE F3lsh AFAHS HolA 2t (Figure

8).

Table 12 < ¥ 3} AZt3 ELF

Elapsed time, year 6—10 11-15 16—-20 21-25 26—30 31-35 )
N 66 16 16 3 16 7 3
ELF 10.2£0.8 9.9%+0.9 9.5+0.5 9.3+0.8 8.9+0.6 9.3+0.4 0.002
Adjusted ELF 9.2%£0.7 9.1£0.9 9.5+0.5 9.3£0.8 8.9£0.6 9.3%£0.4 0.049
<20y 35 16 15 4
10.2£0.8 9.9£0.9 9.6x£0.4 - - - 0.330
=21y 31 1 4 16
10.1 9.4+0.7 9.3+0.8 8.9+0.6 9.3+0.4 0.582
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Figure 8

4<% ¥ A3 ANz ELF, adjusted ELF

r=-0.529, p<0.001
13 13
117 ° ° %6 117 °o
o L ]
2% "o ° o o - ) ° o
L_IL o 2 @0 5 o o O O o L ° ©o o ° o o °
w o 800 OCP o & v g © ’ o ?2 97 G%%o?bd) C[::%D . )
o 0% 4 o 172 @ 9o o 0% 4
o 0% 3 S S o
i) o
[+
7 -
51 s
5 10 15 20 2 30 3% s 10 15 20 25 30 35
Elapsed time, year Elapsed time, year
Table 13 PIIINP (& ¥ 73 ARk, Yol]), ng/mL
Elapsed time, year 6—10 11-15 16—20 21-25 26—30 31-35 p
PIIINP 66 16 16 8 16 7 3
Total 47.7126.4 29.1£18.2 13.7£7.2 11.2x2.9 8.9%£2.9 11.4x5.4 <0.001
7 score 13.4=£7.2 8.7£9.8 16.0£11.4 11.6+4.2 8.814.6 12.3+9.1 0.274
<20y 35 16 15 4
47.7126.4 30.4£18.2 17.4£8.9 - - - 0.024
=21y 31 1 4 16 7 3
10.3 10.1£2.4 11.2x2.9 8.9£29 11.4x5.4 0.576
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Age, year <10 11-15 16—-20 21-25 26—30 31-40 41-50

n 66 3 20 12 14 10 4 3
PIIINP 42.2%+10.0 44.1%£24.5 23.5*120.1 11.4%+2.9 9.8+£2.3 9.4+3.7 10.6+6.0
Z score 17.5%4.3 8.9t7.5 16.3+12.7 11.9+4.2 10.1+3.8 8.814.9 11.5£9.7
Male 43 1 17 9 8 4 3 1
Z score 18.4 8.8£8.2 13.9+11.3 11.2+4.2 79%1.2 8.2%5.9 5.6
Female 23 2 3 3 6 6 1 2
Z score 17.0£5.9 9.6£2.2 23.7t16.4 13.0£4.3 11.6£4.4 10.4 14.5£11.7

Figure 9 &< ¥ 73 A|7+3 PIIINP, ng/mL
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Table 14 <<= ¥ 733 AIZkF} periostin, ng/mL Figure 10 <& ¥ 733 ARt} periostin
Periostin & % % A3 A|7ko] 21 FApsoA] vropx|= Hgko] 2 Th
Elapsed time, 6—10 11-15 16—20 21-25 26—30 31-35 D |
vear " r=-0.444, p<0.001
Periostin 66 16 16 8 16 7 3 601 ; o
Total 40.8£11.7 34.1*£10.2 28.3%£6.9 31.7£8.5 23.5%3.7 32.5%x54 0.002 oo
<20y 35 16 15 4 £
40.8+11.7 33.9+10.5 28.8%9.3 - - - 0.088 8
>21y 31 1 4 16 7 3 &
37.6 27.8+48 31.7£85 235*+3.7 32.5%t54 0.098 1
20
Figure 11 € ¥ A3 A 4833 AEE o —
5 10 15 20 25 30 35
Elapsed time, year
r=0.550, p<0.001
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BNP ¢} ST2 %= &= $ A3y 7|3to] 71 3=

>
ke
flo

7

o
o

Belorv BNP oATt FAEEA  fojAdo] #AFHJT  (r=0.55,

p<0.001) (Figure 11). ©] ¥}l Forns index % AFP & ¥#% ZH3}

N

J3ke]l 21 Aol A Frteke AdFe Bt (r=0.787, p<0.001;
%

=0.355, p=0.005). NYHA Fc & F% $ A3 7]7to] 71 hxlolA
Z7heke AES BHow (r=0.394, p=0.001), &% 58 (peak VO.)
B F RS FE T AT FThel wet hAske ol
AZE At (r=-0.312, p=0.022; r=—0.348,p=0.010). AST, ALT,

total bilirubin % GGT ¢ 3t 71 #dH $x =3, shear wave

elastography, MELD—XI score, APRI, microalbumin/cr &< =&

o
o
oY,
>
2
>
—
(@]
P>
)
flo
rh
U
+
)

0{|
o
X%
N

1Zko] A5% o £

r 2]
B
i
32
o
rid
i
-
)
o
o,
o
>,
o~
r\*
of\

7 Al CT ZAFelA LC &
21.4% Z7F8k o (95CI, 1.096-1.344, p<0.001), & EFYF}
#gAQlel, E& & F A A 1 d F7F Al CT AAlIA LC &
24.4% Z7Vakdth (95CI, 1.032—1.5, p=0.022). ¥& £+ 5 A3

AlZE T A S7F A 2a b ARIA LC

rir

13.4% S7Fstlom (95CI,
1.042-1.234, p=0.004), F=etdat #AQlel, & 5 AIHAREo
19 57 Al 229l LC & 21.8% S7F8Fdth (95CI 1.023—
1.450, p=0.027).
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PIIINP

2% Alel AF 9 7l 5o Aole fReH, E® FE A7) Y
AaE ot vtk W CT o4 LC &3] gad 452 242
W (25.0%), 26 ¥ (78.8%) o E¥ 4% % 15 d o] A3t

7

gApEo A Eakth (p<0.001).

T4 % 15 @ vwk Ay S PIINP, shear wave elastography
e AAA wlE S ol Qldrh. o]EolAl shear wave
elastography @t AlZto] A3 &% F7kepgl om, PIINP + Z7]¢]
FHiA o R Eurb AlRtel Aol web fFAskglivt (Figure 12, 13).

T3t intrahepatic inferior vena cava % middle hepatic vein &
A AL elastography 3 &84 S7lste S Bt (r=0.62,
p=0.003; r=0.53, p=0.016).

Figure 12 E% 4« % 1549 A3 7|3} PIINP
r=-0.467, p=0.007 r=-0.301, p=0.084
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Figure 13 Z¥ &< ¥ 1543 AH 7|7 elastography

r=-0.204, p=0.328

r=-0.523, p=0.012

SWE, kPa

T T T T T T T T T U T T

15 20 25 30 35

Elapsed time, <15 year group

PIIINP k& 71Eel] B yo] 9 Ao waE A 7S o] &3

o
score W& 3992 w {Trivedi et al.,, 1989} Z} 159 Hjke

T F ARV 16 dVIFor on Qe AolE HolA gkgtou
15 d vwb A3 TOFeld Ay At wel faste AES

SAHY} (Z score, &%= T AFB77F 15
= 7

11.1 = 8.8 vs 12.1 .1, p=0.593) =3 15 @ vk A}
TI+5 )4 PIIINP Z score + shear wave elastography #t3 <2 A3

#AE 2At (Figure 14).
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Figure 14 Z% < ¥ 1549 A3 7|3 PIIINP Z score
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15 @ ol A3 3x= F CT A LC &7d& Hols

o

PN
=

b

riol

AH=ZelA ELF gkl non LC el vlsf A &¥3dtt (LC vs
non LC, 9.4 £ 0.7 vs 8.8 £ 0.5, p=0.048). ST2 % LC

non LC Tl vl A 1=t (LC vs non LC, 40.1 £ 15.5 vs
30.4 + 7.1, p=0.039). o] A|7]9] A=A ELF 9 SWE & A%
nlE AEshs Bes ZYoH (r=0.514, p=0.009), °]9]el%= ELF &=
AST, ALT, GGT &&= <o dadAE HEJv (AST, r=0.499,
p=0.003; ALT, r=0.405, p=0.018; GGT, r=0.397, p=0.027).
AA A elastography #¥ GGT + < #AIE Rt (P=0.010,
r=0.386)

Figure 15 £& < 1549 oA 3 AoJA ELF $ elastography

Figure 16 GGT ¢} elastography

P=0.009, r=0.514
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(@]
%,

7kel AelE YElY= Forns index, GGT &°] &

ek @R 15 oY fAtell A oful QA A &l FHglow,

wkoktl (15 4dmwh, 92.6+4.3% vs 15 d AT, 89.9 £ 4.8%,
p=0.038). Predicted VO, ¥ 54.2 * 129 %% #4& ooy
b owl QlE Aol #WEEA odgtth Peak VO ¥ BAA
T el EdatA Fatd oy 15 dold A IFolM o W
AES HAY (26.3 £ 6.7 vs 23.3 = 6.3 mL/kg/min, p=0.093).
o]l 15 W o]t A ZFelA viwk Z1Fe| vlEl VE/VO, 7F Ktk

9 ¥R F LA O 4] 255 4hE ni
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Table 15 E£& & A% £ 15d 7€ &7
Elapsed time, <15 year =15 year p
Fontan (n=32) (n=34)

Age, year 14.5*+3.2 27.8*6.1 <0.001
Time since Fontan 11.0£2.2 23.6+45 <0.001
Age at Fontan 3.56%£1.9 4.2+14.6 0.418
Weight at Fontan, kg 14.3£2.8 14.5£8.9 0.904
AP 0 8

LT 0 21

EC 32 5

Weight, kg 54.4%£16.0 55.9%10.1 0.656
Height, cm 160.612.0 164.7%=8.8 0.122
Sp02, % 92.0+5.0 90.7+4.5 0.256
Periostin, ng/mL 37.5%£11.3 29.3£7.6 0.001
PIIINP, ng/mL 38.4%+24.2 11.4*4.6 <0.001
Z_PIIINP 11.1£8.8 12.1%+7.1 0.593
ELF 10.1£0.8 9.3£0.7 <0.001
Adjusted ELF 9.2%0.8 9.3+0.7 0.569
MELD—-XI 10.9£1.5 11.1£2.1 0.84

Forns index 20x15 4.3%1.9 <0.001
BNP, pg/mL 25.5%124.5 73.1£73.6 0.002
ST2, ng/mL 30.8+10.9 37.6x14.6 0.053
SWE, kappa 104*1.8 11.1£25 0.305
CT_LC 7(25) 26(78.8) <0.001
LC + liver change 19(67.9) 30(90.9) 0.024
Sono_LC 14(43.8) 26(76.5) 0.007
LC + liver change 29(90.6) 34(100) 0.108

Elapsed time, <15 year >15 year p
Fontan (n=32) (n=34)
Hemoglobin, g/dL 154+1.4 15.8+2.1 0.441
Platelet, <150x103/w ~ 217.3X77.2 211.5x77.1 0.759
AST, U/L 26.4%6.1 25.1%8.0 0.467
ALT, U/L 21.9%6.1 25.1%f11.4 0.163
Total bilirubin, 1.3%0.5 1.4£0.8 0.474
mg/dL

GGT, U/L 58.9%29.5 74.7%41.4 0.091
Creatinine 0.74%0.20 0.79£0.14 0.174
PT INR 1.29£0.27 1.74%0.62 0.001
Albumin, g/dL 4.5+0.3 4.6%+0.6 0.549
Exercise test

Basal SpO2 ,% 92.6%4.3 89.914.8 0.038
Basal SBP, mmHg 112.6£15 116.6£9.3 0.484
Basal DBP, mmHg 71.1+x10.1 74.8%£9.4 0.229
Peak SpO2,% 88.8E£7.7 86.5£6.6 0.25
Peak SBP, mmHg 154.7+20.1 140.3+20.3  0.027
Peak DBP, mmHg 77.4%£11.4 725%t11.8 0.184
VO3 Peak, 26.3+6.7 23.316.3 0.093
mL/kg/min

VO predicted, % 51.9%t12.6 56.0£13.2 0.255
Heart rate pred, % 81.4%£15.2 81.7%£15.9 0.93
VE/VO:2 35.2%£74 39.7£8.7 0.045
Total time, min 591.8+103.0 520.0*115.3 0.021
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X
o A Aol mE v Ay A Fol HAA Foll vlel A3t Axeo]l =4 FAEUNT

Right ventricle (N=37) Left ventricle (N=24)

mean=*SD Median Min Max p value mean=*SD Median Min Max
Age, year 21.35*8.76 20.2 9.8 43.1 0.388 22.35+7.72 24.5 9.7 41.2
Time since Fontan 17.30%7.43 14 6.6 34.5 0.305 18.59%6.99 20.95 7.1 28.3
Age at Fontan 4.06*+3.76 2.9 1.5 22.3 0.281 3.78*13.56 2.6 0.8 18.5
Height, 163.65+9.16 165 143.7 183 0.929 162.77+£12.67 163.5 133.5 183.8
Weight 53.77%+12.00 50 33 89 0.075 59.0£15.02 61.95 31 98
BMI 19.91+3.14 19.1 15.5 28.4 0.017 21.96*3.59 21.15 14.3 29
Sp02, % 92.12*4.56 93 81 98 0.216 90.7*4.76 92 78 97
Periostin, ng/mL 35.03*+10.29 32.65 19.22 60.68 0.026 29.49%8.95 27.18 18.18 57.88
PIIINP, ng/mL 26.93+20.04 17.51 6.92 78.91 0.017 16.67+12.08 11.56 4.66 51.16
PIIINP Z score 12.38+9.61 9.13 2.13 21.45 0.257 9.94*4.98 9.78 0.61 42.61
HA, ng/mL 51.82%+59.00 33.93 15.93 321.44 0.540 49.23+48.92 31.74 11.34 228.20
TIMP-1, ng/mL 217.07%*91.79 185.40 108.90 666.90 0.284 188.53128.19 183.60 148.00 238.90
ELF 9.78+0.81 9.70 8.20 12.60 0.034 9.34*0.76 9.25 8.1 11.0
Adjusted ELF 9.25*0.80 9.20 7.8 11.3 0411 9.08*0.70 9.0 8.1 11.0
ST2, ng/mL 35.563+t14.13 34.83 12.74 64.9 0.454 32.4*112.97 29.8 14.3 69.43
BNP, pg/mL 55.61£65.65 32.5 9 323 0.706 52.76 £59.01 26.5 9 243
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Table 17 &% < ¥y 3 v|m

AP or LT (N=29) EC (N=37)

Mean SD Median Min Max p value Mean SD Median Min Max
Age, year 28.3 5.8 26.3 19.8 43.1 <0.001 15.9 5.4 15.4 9.7 39.2
Time since Fontan 24.4 12.1 23.3 16.8 34.5 <0.001 12.1 3.5 12.0 6.6 22.0
Age at Fontan 3.9 3.5 2.8 0.8 18.5 0.51 3.9 3.6 2.9 1.6 22.3
Height, 165.0 8.6 166.0 146.4 182.3 0.155 160.9 11.7 162.0 133.5 183.8
Weight 56.6 10.6 52.6 40.5 73.0 0.24 54.1 15.0 52.0 31.0 98.0
BMI 20.7 2.9 20.9 15.7 27.7 0.67 20.6 3.8 20.2 14.3 29.0
Sp02, % 90.4 4.6 92.0 78.0 96.0 0.052 92.5 4.5 94.0 81.0 98.0
Periostin, ng/mL 29.09 8.29 27.11 18.18 57.88 0.003 35.77 10.81 36.03 18.32 60.68
PIIINP, ng/mL 10.93 3.35 10.67 4.66 17.51 <0.001 35.18 24.73 31.51 8.77 126.71
PIIINP Z score 11.29 5.05 9.83 2.13 22.78 0.769 11.83 9.66 9.78 0.61 42.61
HA, ng/mL 57.94 59.47 38.15 11.34 239.07 0.651 38.75 22.17 32.55 18.57 106.32
TIMP—-1, ng/mL 217.73 102.85 181.45 152.60  666.90 0.544 205.08 55.37 186.60 108.90 376.10
ELF 9.32 0.76 9.25 8.10 11.00 0.001 9.89 0.75 9.70 8.60 11.70
Adjusted ELF 9.27 0.72 9.20 8.10 11.00 0.540 9.15 0.77 9.00 7.80 11.30
ST2, ng/mL 38.42 15.00 37.10 16.97 69.43 0.059 30.70 11.13 30.33 12.74 58.82
BNP, pg/mL 80.88 79.39 64.00 9.00 323.00 0.003 27.07 24.85 18.00 9.00 101.00

AP, atriopulmonary type Fontan operation; LT

, lateral tunnel type; EC, extracardiac type
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Figure 17 E%& < 9 7F vn
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AP 52 LT 39 E8& & U2 152 EC &2 B2 =9

5.8 vs 15.9 £ 5.4, p<0.001; elapsed time 24.4 £ 12.1 vs 12.1 =£
3.5, p<0.001). A3t AZEL EC Fold o =A BHEHAGY
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(periostin, 29.09 £ 8.29 vs 35.77 = 10.81, p=0.003; PIIINP, 10.9
+ 3.4 vs 35.2 £ 24.2 p<0.001; ELF, 9.32 £ 0.76 vs 9.89 £ 0.75,
p=0.001). PIIINP Z score 9} adjusted ELF ¥ & Z1&%F9 zfol7}
ek (PHINP 11.8 £ 9.7 vs 11.3 = 5.1, p=0.784; adjusted ELF
9.2 £ 0.8 vs 9.3 £ 0.7, p=0.540). BNP = AP =2 LT oA
E=9rom (80.88 £ 79.39 vs 27.07 £ 24.85, p=0.003) ST2 &= AP
=& LT o] EC of vla] Eort A4 #9442 Holx fskth

(38.42 £ 15.0vs 30.7 &£ 11.13, p=0.059).

EC &% % A o=z #438%& d, ELF %, PIINP &
T= T A e AeF Fadske S Bo (ELF, r=-0.408,
p=0.012; PIIINP, r=—0.602, p<0.001). vt PIINP Z score %
adjusted ELF = A3 AIZt#te] A#AAdS Holx] ¢tth Forns index
= e T A 7130 o) ARBAE BoeH (r=0.77, p<0.001),

Holx ¢kt EC

o~
o
1o
rO
ry
oX,
o

periostin, BNP, ST2 5<& A3} A
T OdFelAd e F AR U1 12 (6.6-22)d o]tk

2
11 % (33.3%) oA CTA LC &7o] #zEI}

(

AP or LT 8 F&& w2 3x+= % % A% 7|7+ Forns index,

i

BNP 7} <ko] A##aAES Btk (r=0.699 p=0.001; r=0.451,
p=0.021). AP or LT &% I5°lA T+ % Z3 7172 24.4 (16.8-
T

A LC 270] S,

of
3
oo
(@)}
R
2,
o
(@)

34.5) year |1 22
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XIII. Functional status ° o& %7}

ST2 & %A NYHA Functional class 7} £X] &2 3kxlof A
AR o® =A gl =Heloen (Fe I, 31.3 £ 12.2; Fe II, 37.3 £
13.5; Fc III, 47.4 + 16.8, p=0.056), BNP & H]=3et A#E Kt
(Fc 1, 30.0 £ 25.9; Fc II, 71.6 £ 81.1; Fc III, 115.7 £ 70.5,
p=0.005).

Functional class & 1 (38 W) ¥ II o]A(28 W) o2 F 1

il
o
f

hrel st 11 ol IFelA Bae] Agel wgtw Ea

_'?,
B AR dglov ') e Al do] Bl ™Y Aol st
0

rh
au’

£ 6.0 vs 20.8 £ 7.6 year, p=0.001; Fontan age, 3.3 = 3.3 vs 4.6
+ 3.7 year, p=0.148). CT oA #Z¥+= 7+ LC ¥ H3} 241

FolM ZF Apol7E gl o g vtel BEEE LC 2342 11 o)

a5 f Zotk (n=16, 42.1% vs n=24, 85.7%, p<0.001). FA

CowmaAgEE mE 0 ol 1EdA Bgoy

WAy T A foldelt WA Eadith EE 5% A

O

CPB time ¥ ICU Al&F 713, € 7% 11 o] 1wl Ho
Ao AV BAA F8S Holx it *FFst
AN 715 AAF A3 1ol 154 predicted VOs, peak VO, EF 4
FA ZelE 2t} (predicted VOs predicted, 60.1 £ 11.0 vs 46.2 *+
11.1%, p<0.001; peak VO, 28.1 £ 5.3 vs 19.9 £5.1 mL/kg/min,

p<0.001). SpO: = basal ¥ peak EF II oA IFA 1 Xt}
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wWokow basal WubgE H]2E O peak WHNEol AFS I o)A
5N ¥ gt (SpOs basal 92.7 £ 3.2 vs 88.9 * 5.6%,
p=0.007; SpO2 peak 89.8£5.2 vs 84.5 * 8.3%, p=0.010; heart
rate basal 86.5 = 14.9 vs 82.7 = 13.8 /min, p=0.346; heart rate
peak 167.6 = 19.9 vs 134.8 = 32.6 /min, p<0.001). Carvedilol ¥}
Sotalol B II o]A T1iFolA e AFgo] @8t er} RAS inhibitor <
A okt zpol= gldth. Digoxin, furosemide, spironolactone E5
II o] ZFelA Akge] o &&k3ith. Warfarin 2 I °]% Ll A]
aspirin = I Il ARgo] ¥ @Wol Fe o W& & oke AR

Aolg w3,
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Table 18 Functional class ¢l

e RS At

Total Fcl Fc >2 p

54/66 31/38 23/28
VOz2 predicted, % 60.1£11.0 46.2*11.1 <0.001
VO2 peak, mL/kg/min 28.1+5.3 19.9%+5.1 <0.001
VO2z AT predicted 34.7+12.4 28.0+6.6 0.029
Oz pulse 9.56+24 8.4+3.0 0.159
O2 pulse predicted % 77.8£19.6 76.5125.2 0.840
VE/VCO:2 36.7t4.4 39.1+11.9 0.369
SpO2 basal, % 92.7%+3.2 88.9%+5.6 0.007
SpOz2 peak, % 89.8+5.2 84.5+8.3 0.010
Heart rate basal, /min 86.5£14.9 82.7£13.8 0.346
Heart rate peak, /min 167.6£19.9 134.8£32.6 <0.001
SBP basal, mmHg 116.5%£16.5 111.6+£19.2 0.400
SBP peak, mmHg 148.6*17.9 142.9£25.8 0.434
DBP basal, mmHg 73.3%9.3 72.9+10.9 0.906
DBP peak, mmHg 76.8£10.9 71.1£12.5 0.123
Fc, functional class
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Table 19 Functional class ¢ W& £3

Total Fc 1 Fc >2 p

N (%) 66 38 28

Male 26 (68.4) 17(60.7) 0.516
Age, year 184 £ 6.8 25.4 £ 8.5 <0.001
Age at Fontan, year 3.3 £ 3.3 46 £ 3.7 0.148
Elapsed time from Fontan, year 15.0 = 6.0 20.8 £ 7.6 0.001
CPB time, minute 137.3 * 31.0 175.8 &£ 55.2 0.004
ICU stay, day 3.9 £ 2.4 6.8 £ 6.9 0.033
Hospital stay, day 25.4 £ 12.2 30.1 £ 18.9 0.255
Arrhythmia 4(10.5) 11(39.3) 0.006
Pacemaker 1(2.6) 11(40.7) <0.001
Protein losing enteropathy 1(2.6) 4(14.3) 0.154
Carvadilol 4(10.5) 11(39.3) 0.006
Sotalol 1(2.6) 10(35.7) <0.001
RAS inhibitor 26(68.4) 21(75.0) 0.595
Enalapril 22(57.9) 17(60.7) 0.818
Losartan 4(10.5) 4(14.3) 0.714
Digoxin 8(21.1) 19(67.9) <0.001
Warfarin 5(13.2) 15(53.6) <0.001
Aspirin 33(86.8) 13(46.4) <0.001
Diuretics 5(13.2) 13(46.4) 0.003
Furosemide 2(5.3) 8(28.6) 0.014
Spironolactone 5(13.2) 14 (50.0) 0.001

Fc, functional class; CPB, cardiopulmonary bypass; RAS, Renin—angiotension

system
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Table 20 Functional class o W& J4 L AxS53 HA
Total Fc 1 Fe >2 p
66 38 28
CT_LC 16(47.1) 17(63.0) 0.216
CT LC + Liver change 27(79.4) 22(81.5) 0.840
CT Nodule 7(20.6) 7(25.9) 0.622
Sono LC 16(42.1) 24(85.7) <0.001
Sono LC + Liver change 37(97.4) 26(92.9) 0.570
Sono nodule no 9(23.7) 5(17.9) 0.170
several 25(65.8) 15(53.6)
numerous 4(10.5) 8(28.6)
SWE 10424 11.3£1.9 0.164
Ventricle function fair 33(86.8) 21(75.0) 0.207
decreased 4(10.5) 5(17.9)
poor 1(2.6) 2(7.1)
Ventricle type RV 21(55.3) 16(57.1) 0.422
LV 13(34.2) 11(39.3)
Undetermined 4(10.5) 1(3.6)
AVVR mild 36(94.7) 23(82.1) 0.125
>moderate 2(5.3) 5(17.9)
AoVR mild 38(100) 27(96.4) 0.424
>moderate 0@0) 1(3.6)

CT; computed tomography scan, sono; ultrasonography, LC, liver cirrhosis; SWE,

shear wave elastography; AVVR, atrioventricular valve regurgitation; AoVR, aortic

valve regurgitation
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Table 21 Functional class °] W& dAAA}

Total Fc 1 Fc >2 p
66 38 28
BNP, pg/mL 30.0+25.9 76.9%t79.9 0.009
ST2, ng/mL 31.3+12.2 38.6+13.9 0.040
Periostin, ng/mL 33.7£9.5 32.7£11.6 0.689
ELF 9.6£0.8 9.7+£0.9 0.652
Adjusted ELF 9.0+0.7 9.5+0.8 0.013
Hemoglobin, g/dL 15.6£1.7 15.6+1.9 0.964
Platelet, X 10% /it 205.7+68.8 226.0+91.0 0.318
Na, mmol/L 140.2x2.3 139.4x2.9 0.440
Uric acid, mg/dL 59*+14 6.6+1.5 0.068
Albumin, g/dL 4.6%+0.3 4.5%0.6 0.196
AST, TU/L 24.3*+5.9 27.6*8.2 0.053
ALT, TU/L 23.0+8.6 24.3+10.2 0.592
Total bilirubin, mg/dL 1.2+0.5 1.56=0.9 0.109
GGT, IU/.L 59.8+38.2 77.2+31.8 0.064

BNP, B type natriuretic peptide; ST2, Soluble suppression of tumorogenicity 2;
ELF, enhanced liver fibrosis; AST, Aspartate aminotransferase; ALT, Alanine

aminotransferase; GGT, Gamma—Glutamyl Transferase
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XIV. Liver volume
Functional class 7} 2 ©]4, vo]7} 21 A ©]7%, Right isomerism ©]
NE BT, 2oTelA LC o] A= A, FAHo] = 459
SA=olA liver volume ©] © Zou FAH Foido E=EshA=
Fotglth, @ AAgETol e A% volume/weight, volume/body
mass index, volume/body surface area #°] E5F Z=A =t
(40.0 £ 6.9 vs 29.1 £ 5.9, p<0.001; 96.1 £ 5.7 vs 77.6 £ 16.5,
p=0.016; 1294.7 £ 173.5 vs 1007.7 = 193.3, p=0.002). 44
g A9 A% volume/weight, volume/body mass index ZtO]
44 3 Al v =AUk (31.2 £ 6.8 vs 27.5 = 6.1, p=0.036;
82.9 £ 15.7vs 73.1 £ 17.7, p=0.028)
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Table 22 Liver volume

liver volume p Volume/weight Volume/BMI Volume/height Volume/BSA
Male 42  1686.5%452.8 0.1 28.8%5.7 0.091 80.1£16.3 0.455 10.1£2.5 0.495 1018.9£200.6 0.572
Female 23 1509.8+306.7 31.8+7.8 76.9+17.4 9.7+t1.9 1049.4+217.6
NYHA Fc 1 29 1559.4%+437.7 0.3 286*6.3 0.28 759*16.9 0.41 9.5*24 0.195 984.7£208.4 0.183
NYHA F¢ >2 26  1667.8+350.0 30.4%6.2 79.5+14.6 10.3*£2.2 1059.2+200.2
CT age <20 36 1589.9%t465.2 0.5 29.7+x7.1 0.808 77.7£18.1 0.477 9.8%£2.5 0.491 1018.3%£224.9 0.64
CT age =21 29 1666.21+341.9 30.1*+6.1 80.61+14.8 10.2*1.9 1042.4+185.1
Situs, others 52 1613.8%414.1 0.7 29.8%£7.0 0.723 782%16.6 0421 9.9%£2.3 0.776 1024.8%£214.7 0.703
Rt isomerism 13 1664.61424.8 30.5+4.8 82.3+17.2 10.1*£2.2 1049.5*170.4
CT liver change_. N 16 1426.8%£561.1 0.1 27.3£9.3 0.17 69.9%£23.5 0.065 8.8£2.9 0.018 1007.5%206.2 0.325
CT liver change.Y 49 1688.3+335.2 30.8+5.3 81.9+12.7 10.3*1.9 1064.7*+172.3
Sono LC_N 25 15632.4%t431.9 0.2 29.1*x7.3 0.431 76.8%€17.8 0.402 9.3£2.3 0.097 982.81208.2 0.147
Sono LC_Y 40 1681.2%+396.2 30.4%6.2 80.4+15.9 10.3*2.3 1059.1+200.9
Arrhythmia_N 51 15681.7*t4214 0.1 29.6*x6.5 0.468 77.6*17.1 0.191 9.7£2.3 0.135 1011.5*203.3 0.192
Arrhythmia_Y 14  1777.9%£355.0 31.1+.7.2 84.21+14.1 10.8*t2.2 1090.8 £208.1
PLE_N 60 1607.1+4184 0.3 29.1£5.9 <0.001 77.6£16.5 0.016 9.8%£2.3 0.068 1007.7£193.3 0.002
PLE_Y 5 1825.9*t312.1 40.0*6.9 96.1*+5.7 11.7£2.0 1294.7%+173.5
Ventricle_RV 37 1642.9%t393.1 0.8 31.2*6.8 0.036 82.9*f15.7 0.028 10.0%£2.22 0.797 981.9*£214.1 0.187
Ventricle_LV 23  1619.5+478.1 27.5%6.1 73.1+17.7 9.9+2.6 1056.5+1207.2

NYHA Fc, New York Heart Association functional class
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B AFdAE 9 T F 16.9 (6.6-34.5)d o] A#e 20.3 (9.7—

43.DAS gkl dd 3F ma ghel FEsh wsh 3 ojde =

Hw4 Z27]1%E (€ & 5-156 9 A% 1% A3 A% (PIINP,

GAAY A gl g A3t B dFE WA=
Qolo g <4 A Aol Al7]19] shock or hypoxemia, £& % A
AlgE= oy el &3 o]f <Qlgt insults, chronic venous
congestion, low cardiac output 5°| 59t {Rychik et al., 2012,
Schwartz et al., 2012, Surrey et al., 2016}. o]& 3 FPFS 7]

oj27] Aol WFE FIFAoR fAFHDZ, olF vugl <AdA st

2+ ATeM e, I 2ed AAMY HEE A2 AARAE] 60.6%
FEZ I ol delgla o] FH ¥ Australian and New
Zealand Fontan registry A7¢ <l 61% (hepatic fibrosis;
parenchymal changes, heterogeneous echotexture, surface
nodularity or hyperechoic lesions) ¢ H|$=3}tF (Mean age and
time since Fontan; 19.8+9.3 and 14.1+7.6 years) {Wilson et al.,
2018}, &3 o] g HA3 AL Ed Fe BHYRtE £ § A
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Alzrell wEk Frhehe A EE Btk Goldberg T IR & %

10 dolA

)
=
-
ofN
o
riot
N
|

(mean age of 17.3 £ 4.5 years and
mean time from Fontan of 14.9 £ 4.5 years) ©lA] liver biopsy %
Sirius red staining < %3 automated calculation of collagen deposit
B7FE ot Ee AtellA 3 Ast A Holw o]Zl2 IR FE
T 73 Ak wlEeear daEsklth {Goldberg et al, 2017}, HEgE
¥ ¥ % % surveillance liver biopsy 7% 3t Surrey 5 A9
3ty 2E Ao A {median age 17.7 (7.2—26.9) years, time
since Fontan 15.7 years (3.1—25.3) years} hepatic fibrosis 7}
#2571, fibrosis 27 (collagen deposit) 2 £& F& T Ay

A Zke] wpel S7FehS RLalskth {Surrey et al., 2016} .

AlZbe]l mEt SrbebeE S Aol e F HlwE V] He
o] MFH WAsk= Ae HEI AFEE vk Agnoletti T EE
T F 3 5 98 A Ve s FAEHAR (G dol: r),

liver stiffness & 3 5 WEtel, o]% 5 o H|&)| w=A F7F 3k %
o]Fo= HlwE etgHO T [FAHE= ARENS By Tk EE
2

I F 6-15d 717F Bk 12 A o] A} A liver stiffness 2
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shear wave elastography & =73}9 hepatic stiffness & S7F& 7t
4w dt Blaske] AR Sk {Kutty et al., 2016}

Enhanced liver fibrosis (ELF) test & ©]#3t extracellular matrix
remodeling ¥} fibrogenesis © ¥#oIs}+= direct marker 3 7}#]9]
Z3go 7 wEo]Ht}t (hyaluronic acid, N—terminal pro—peptide of
collagen type III, tissue inhibitor of metalloproteinase—1)
{Rosenberg et al., 2004, Xie et al.,, 2014}. ELF + o}#|¢} H 19}
o], oy 3 & Ageld BFFHCE e Hrbshrl 9@l
AREE DL ik ofdel AAE FES 2 A TS congestive

hepatopathy oA ] 2§ o7} ofyB 2 o] o7} 9la o ot

ek 7 FelA dEx ELF Ag7F X ¢kol ot AFE9 #e
skt
Aob A% 10.5 (9.5—-11.4)A412] nonalcoholic fatty liver disease

(NAFLD) #z#F 111 3& 2R liver biopsy ¢ ELF & 43t
Aol A<=, biopsy A cirrhosis A ©@A1€] fibrosis 7} &<l 76 87}
fibrosis 7} #ZE A ¢k 35 W Atele] ELF gk 9n| Q= ztol7t
AT [8.9 (8.6—9.2) vs 8.0 (7.7—8.1), p<0.001]. TESt fibrosis
A cutoff #HE 8.49 Z AASI T (sensitivity to 76.9%,
specificity 97%) {Alkhouri et al., 2011}. F = 38 2] ZEl 3kx}ofA
(27%6.6 years, 73.7% male) F3 3} &4 ELF & S743sto] v w st
AelM= ELF gkel fibrosis & =AE AlAMS:s @t 7.7 Hus

=Qrov, FZA 9 fibrosis dEE Aol UAth (mild fibrosis
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9.03 (8.38-9.25) vs severe fibrosis 9.20 (8.69-9.57), p=0.350)
{Munsterman et al., 2018} .

AleA= W B FirEol e oA AdAH el ELF &
g3k B a7k 3Tk o] Aol = significant fibrosis ] cut—
off value & 8.5, advanced fibrosis & 9.4, cirrhosis & 10.1 =
A AEFE o ELF 7} liver—related event (variceal bleeding, ascites,
hepatic encephalopathy, hepatorenal syndrome, hepatocellular
carcinoma, liver related death) A oS /&3 AR

B skt {Kim et al., 2014}.

-

O

13-72 Aol 73t 400 g S/l e ELF Aol
Lol 7} S7eE ELF #ho]l S718hs H skt (reference interval,
=20 year, 6.9-8.8; 21-30 year, 6.5-9.1; 31-40 year, 6.6-9.5;
41-50 year, 7.1-9.5; 51-60 year, 7.2—10.0; >60 year, 7.7—10.2).
o] Ao += ELF %kol 7.7 nvke] A 97} high sensitivity exclusion
of fibrosis ©]|2.2 biopsy 55 1#E For} flow, 11.3 %3 <
74-¢ cirrhosis 7FsA©] o} fibrosis staging & 93 biopsy =
uHd et doka shlth. ES fibrosis & WAISH=Y high
specificity detection of fibrosis & Hol:= F3& 9.8 = Wit
{Lichtinghagen et al., 2013}.

2 A9 ELF #2 9.6 (8.1-12.6) o2& 99 dFE HU ¥
AEFe B, 58] E& T 5 B 7IgF 15 |9 Rk ghApE ol A

10 A%8 o £XN2 Rl s ELF Zlo] 9.8 ojAo=w izo}
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fibrosis JElE a#lsllof st 52 11-15 Al Alolel 71 o]
P, ol F7kel wek ELF o] S7bE Belvhe fo Aok
o

Hlg =& ZAS 1elste], PIIINP Z score & ©]|£3)] age— adjusted

i,

W= Bk ey, o Ao PIINP FAH 7 Al

ELF & T3 Az yolo wE adjusted ELF kel xjol= #=x A
oSkt
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elastography #tol & % Z7|¥¥H F7tdo] flow, & F Ay

Z1Zke] whel 1ogke]l Frheke ZloRE #Qdd 5 glddn ol

AArelo A Al&E  shear wave elastography %2 5.3 Kkappa,
b7 3l slwsts= (F=4, transient elastography) #+& 9.3 kappa =

Bask A5 3ks #3139t {Bende et al.,, 2017}.
M

o
rlr
B

N

7] A 24 AR

=)

Aol A AR LA
PIIINP oA % #ZEHUY. & AFelMs 7]

gtoll Wik Z score & Artstel FA whel wlsl b Ho Se=

i

Hyu¥E A PIINP

glstitt. T3k PIINP #2 AUdoe=z & T x7] 77
oty (e 3 A 15 | olah) o]F 7Aoo

FAEHE 2718 1YY o]l =¥ & 3 vud x7|HYH (
AFoAE= 5 d Ay dxHE £33 collagen BAAS =3 AF3F

A8 Vs S AT
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| —

Procollagen type III N—terminal propeptide (PIIINP) + type III
collagen &4 wlA|9} @Alo A Ao r FEl¥ o] Y= PIINP 2
g3 FE+ collagen III o S wkYsttd {Diez et al., 1997}
{Edens et al., 2016} . Type III collagen <& & A soft connective
tissue ] 2°™, interstitial matrix ©] 9l fibroblasts °| ¢]3]

A ET, &4 3t fibroblasts < #|, 7F, T2, I35 5olA fibrotic

“|—‘
ol

ECM %802 Z4% uehhd k. 53 e 4% e 27

WA RE #Bolste] mild fibrosis A o]ARE PIINP 7} Z7}14 0]
Q1o cirrhotic liver oA+ A zteo] uls] 10 #f o] F7}% <]
At} {Karsdal et al., 2017} {Crofton et al., 1997}.

kR

3k, WA A Ao A= progressive liver fibrosis AYE] #el,
antifibrotic therapy ¢ %k %7}, 1¥]3 spontaneous fibrosis
regression 2] 7} collagen A ArE]  (fibrogenesis and
fibrolysis) 7} <Q3td], o]o] A3t noninvasive marker 9 <
st PIINP 7} A5t5] a1 glow, o] A 9] A5 active fibrogenesis
4l fibrosis 9] structural progression & 2u|st= Zo g o AZITE
{Karsdal et al., 2016} .

Karsdal S moderate—stage hepatitis C 7} & FAEA]
(hepatic fibrosis X &A 4459 placebo ) 52 F HHo=
2 3] 9] liver biopsy A¥E H}¥ O 2 regressors, stable, progressors
°f A HAdow EFI F PIINP 5 =74, Hlw3dle] progressors

kel oJu] A AsEHo aS B skt (14.60 19.4; 325



ng/mL p=0.004) {Karsdal et al., 2018}. Juhl &< systemic
sclerosis (SSc) 3A}F AFA, early SSc (FAEHA 2 d o]sh
IwelA el PIHINP 7} late SSc (57 A 10 W o] A3 9

normal control o H|3] &Ju] QA AEEH U

o
o

gelstltt {Juhl
et al., 2018}

Bl Ay W owd x7]e] PIHINP 7F Adidoz o ¥ AT
Holx= 4+ ] Utt. Smialek 5°] A3+ dilated cardiomyopathy
3219 fibrosis marker €74 diastolic dysfunction X9} A
glo] E= Telx 3 7iE, 12 7iE % PIINP gl H4 #Aashs
FAE B9t {Wisniowska—Smialek et al.,, 2018}. Safdar 5©]
idiopathic pulmonary hypertension 2FA}oA  AJ&3F  collagen
biomarker A7ollA= PIINP = #xb59 vo] 9l o] 7|33 59
AAAAE BItt {Safdar et al., 2014} olg3st A+ A3} 5L
Tostol & W 2 AN #F=E e F 27 (15 dolsh A

#EE PIHINP %7] 452 ©] Al7]el active fibrogenesis 7} %A skl

shear wave elastogrphy % ELF, PIINP R dAre] vl A%

£7de RYou Azl w2 Wl glo] HgF e nth the
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2 AFNM = 7Fe] 73 AE=E perostin & FASAT AASH
) Z oA periostin ol Wit HuES thS3 Ztt Allergy 7} 8+
9.2(95% CI, 8.7-9.7) Al°llA periostin & 41.8(IQR 39—-44.9) ng/mL
Atk {Sung et al, 2017y F TE AFIME EeTm 5-

6 shd (12 Al AZ) oA 49.8+13.3 ng/mL & X3 Ht}t {Kimura
et al, 2017}. ¥ <AFolx FA¥ periostin W= A A4
e MAE dA oot E' & §F FHSY A-de AR
Aol oul7t gtk AulFoz o yoloa Alrth
, 53] 20 Al mRbeld yole] wel periostin ol #

ki

=L
AL o] A1719] bone metabolism rate 9F @] Q1S ZHoF HITH

P>

{Merle et al., 2012, Stagi et al., 2013, Inoue et al., 2015}.
Periostin < collagen fibrinogenesis ¢} extracellular matrix

organization °| T3 == HAAE =2 HH HAFs P

oAth {Norris et al, 2007, Idolazzi et al., 2017}. SH AFEelA
periostin < myocardial infarction % cardiac healing ¥
remodeling ©l #ol3t™ {Matsui et al., 2010}, £3] myocardium =}
cardiac extracellular matrix remodeling ¢ Y ZHIE tissue
fibrosis 7} 8% %85 ste Zor dExl AFRA AHAME
periostin ¢ Wd ¥ E3E7} myocardial fibrosis & YXAd= =29
A7t FJAE AT {Zhao et al., 2014} .3kl % acute and chronic

liver fibrosis E9o|A periostin =7}S Holx= %5 {Huang et al.,
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Abstract

With the introduction of Fontan operation and the improvement of
surgical techniques, single—ventricle patients have survived and had
normal social participation. However, undesirable complications
could cause a negative impact on life and threaten survival. The
purpose of this study was to evaluate the postoperative
complications of fibrosis in patients who survived for more than 5
years after Fontan operation and to focus on liver—related
complications

A total of 66 patients were enrolled. They were examined for
complications such as heart failure, arrhythmia, protein—losing
enteropathy, hepatic fibrosis, and liver cirrhosis. To assess heart
failure, echocardiography and blood markers such as B-—type
natriuretic peptide (BNP) and soluble ST2 were used. Hepatic
fibrosis and liver cirrhosis were assessed by liver ultrasonography
(USQ), shear wave elastography (SWE), and blood markers such as
the enhanced liver fibrosis (ELF) score, the N-—terminal pro-—
peptide of collagen type III (PIIINP) and periostin.

The mean age of the patients was 20.3 (9.7—43.1) years, and 16.9
(6.6—34.5) years after the operation. Their mean oxygen saturation
was 92.5 (78—98) %, and most of them (63/66, 95.5%) had NYHA

functional class I—II status, and 14 (21.2%) were found to have
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supraventricular arrhythmia. Five (7.6%) suffered from protein—
losing enteropathy. Liver cirrhosis was detected in 40 (60.6%) on
USG and 33 (560%) on CT scan. Pre—cirrhotic liver disease was
detected in all patients after 11 years of Fontan operation by liver
USQG. Cirrhotic findings in CT scan were more common in patients
more than 15 years after Fontan operation than patients less than

15 years (78.8% vs 25%, p<0.001). Regardless of the type of
surgery, LC increased by 24% (95 CI, 1.032—1.5, p = 0.022) on
CT scan every 1 year after Fontan operation.

SWE value for liver stiffness was 10.8 £ 2.2 kappa, which
increased compared to normal in all age group. Serum ELF scores
were also elevated to median 9.6 (8.1—12.6). Periostin and ELF
scores were negatively correlated with years since Fontan
operation (periostin, r=—0.457, p<0.001, ELF r=-0.488, p<0.001).
However, age adjusted ELF did not correlate with postoperative
elapsed time. The PIIINP was significantly elevated in all ages and
negatively correlated with years since Fontan operation (r=-—0.77,
p<0.001). PIINP showed a high z— score at the initial stage (less
than 15 years) after Fontan operation and decreased with time.
SWE wvalues, measured by USG, increased with the elapsed time
after operation. BNP showed a positive correlation with years since

Fontan operation (BNP, r=0.550, p<0.001).
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In patients group more than 15 years after Fontan operation, the
ELF score with cirrhotic changes in CT was higher than without
cirrhosis (9.4%+0.7 vs. 8.8+0.5, p=0.048) and positively correlated
with SWE value (r=0.514, p=03009). Soluble ST2 was also higher
in the cirrhotic change group (40.1%£15.5 vs. 30.4£7.1 ng/mL,
p=0.039).

In this study, we confirmed the development of Fontan associated
with liver disease by measuring the elevation of SWE values and
the PIIINP from the relatively early stage in clinically asymptomatic
patients after Fontan operation. These changes progressed to
radiologic cirrhosis over time, and after 15 years of operation, and
the ELF and proportional SWE values were obtained. Changes in
liver fibrosis were also correlated with the heart failure identified
as BNP and soluble ST2, and the decrease in exercise capacity.

In conclusion, the biomarkers of fibrosis were elevated
significantly in the early years after Fontan operation, and the
Fontan associated liver disease progressed slowly in 15 years.
Keyword: Fontan procedure, liver disease
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