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Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a rare cause of heart failure in the young. We
report a pediatric case of ARVC with severe heart failure. The patient was a 9-year-old boy who was noted to
have paroxysmal ventricular contractions at his regular school electrocardiogram check-up. Cardiac magnetic
resonance imaging showed severe biventricular enlargement and dysfunction. He underwent orthotopic heart
transplantation at 10 years of age. Genetic testing revealed two mutations related to ARVC. He had a nonsyn-
onymous single-nucleotide polymorphism in desmoglein 2 (DSG2; c.1481 A>C: p.Asp494Ala) and transmem-
brane 43 (TMEM43; c.601G>A: p.Asp201Asn). Coexistence of these mutations may lead to severe ARVC in
the young patient.
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AENRIF AT Z00E  (arrhythmogenic right ven-
tricular cardiomyopathy/disease; ARVC) (& 30~40 ji&%
TRIET B MBI OIETH 5. NEFAO
ARVCIZBI 2 F L £ o TG R A AHMETO
FREIM L HEEENTWVS . —4T, Pilmer 513
INFIIZEIRFED FIRRIC K B a2 170, 116 BilDZEsR
JED S H 14 BIAS ARVC THo 2L i LT05 ».
C OFE RGN FIE D ARVC 38 1%, Koh, 1
Wi & DB IR ERIR (R Y 2R E, RIS il
DESEH (Ventricular tachycardia; VT) 202 #iH)
(Ventricular fibrillation; VF) 1 &K D22 3E L L THE
JES BHILD O ATRENEZ R 5.

SIFEAL 9 ﬁ’(?ﬁiu@lffﬁf&o)ﬁ%‘buuf ERUEAN
a7z f5H &S N, FEEORR ARVC L2 S NTE
Bz ReER LTz, %‘%&E}L\Ti}fﬂi%z LDl Al
B, 2 DOBIETFERDMERENTFRTIENTH -
eleHmEd 5.

ERERTH > 72 9B I, AROIERTRES TO
HRAFEZEM SN PRRZOLER TR 6%
RRCIE R Z R R0 12y, 9 3 WH TOMAT
IS T QS /82—, LEMEIANIG (PVC) %
iz (Fig. 1. REFREZETHEE 2RO, ZIER
DIESF ORI X I o Te. PROERRZ =22
DERCIIENE, BjE, 75 R7Z &0 RAERIZE
HENE T2, 95 5 M AEICI R E Bz
HHET 2 K5Ik > Tz, iz 2R 30
Bkt 67% & 0EKZ 3R, BNP1474pg/mL & E i T
Hole. DARIEED X UAEIRIGHR & L TRIRE,
PDEIII FHESE, BHWEE, 7 I+ X0 ZRnEnic
9 AT, PVCIZXT 2 47— 7 )VBEH H A 45t
ICHERE & TR o Tz,

B%MRE B E 142.0cm (+1.0SD), {A 32kg
(—0.1SD). HBARET, HREGREIZEIMmL. K
FTIRREZRDT, WKE lem BEMAIL 2. 77
Hiéi%ﬁﬂ)&b‘ot

RERR @ 12 FE0EXTIE QRS MM AE il ¢KE
fii, V1-3§ ﬁh_ SWTIEA T oa U ziRd iz (Fig

Fig. 1 Electrocardiogram at annual school check up

A: 6 years old, B: 9 years old. A; Electrocardiogram showed normal pattern. B; QS pattern in lead |, and premature ven-

tricular contraction were noted.
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2a,b). [MEME TIE BNP 895.1 pg/mL & &ifHZ 588
Tehd, T OO MRE AT RIS BT 2R ah >

IVHE & 13 3# %8 D non-sustained VT Z iR 7z, L
AL TIE fQRS 173ms (>114ms), RMS40 3.0uV

7z. Holter /0y 7E [X C & A5 %k 5 0D 2 5 0 2= 1 Y

(<20uV), LAS 88.5ms (>38ms) &SI ZiEDHT.

1 5 ot

e e

e

Fig. 2 ECG and diagnostic imaging at admission
a: Twelve leads ECG showed sinus rhythm, north-west axis and PVC. b: Epsilon wave was found in V2 (arrow). c: Chest
X-ray showed moderate cardiomegaly without lung congestion. d: Biventricular dilatation was noted with echocardio-
gram (apical four chamber view). e: multi-detector CT showed fatty change in the right ventricle (arrow head). f: Cardiac
MRI revealed significant biventricular dilatation and reduced contraction. Fibro-fatty replacement was not prominent on
this MRI image.

Table 1 Cardiac catheterization data

Pressure (mmHg)
0, saturation (%)

Systolic Diastolic / EDP Mean

Right Atrium — — 13 59
Right Ventricle 36 EDP17 — —
Pulmonary Artery 34 18 25 59

PA Wedge — — 13 —
Left Ventricle 77 EDP15 — —
Cardiac Output 2.4 (L/min)
Cardiac Index 2.3 (L/min/m?)

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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Fig. 3 Histology of the explanted heart

A: Right ventricle (scale bar, 1,000um). Marked fatty replacement was seen. B: Right ventricle (scale bar, 500pm). Dif-
fuse fibro-fatty replacement was seen. C: Left ventricle (scale bar, 1,000zm). A small amount of interstitial fat was seen
in the left ventricle. D: Left ventricle (scale bar, 200zm) Myocytes are hypertrophied and disorganized.

HER AL X AR TR Z78 e (CTR 67%) (Fig.
20) DILI—TEWOEDOFRGILK, fBULKERE
DFERZALT (LVES 0.04) L #EE OEIE P2z 3
®7z (Fig. 2.d). ClHEE) E Rt SR C I3 R AR IR
& 15.4mL/kg/min (7D 38%), MM 2 M3
B 10.3mL/kg/min (FHIED 26%) & FEREIX 7%
Rz XIVF AT A A CT TR ERED R NTZ M
iz (Fig. 2e). /D MRI T HILO= THFED
PR EENHROE T BB 23%, A=EILER
AT 237 mL, FEEERINER 17%, fSHERAIAAR
179mL) %Zi8 7z (Fig. 2).

DA 77— 7 )V TS B AR N OO E Mz
TELED, HERHEETONT— T VARECLER
AT UInATENAEANE L U 72 T2 D A TEh ABHYREATI D
HTHREZK T U (Table 1). LLEOFSRE D, &
ZTH Task Force Criteria® & © ARVC &M L7z.

L

DAEIEEEE UCRIREE, BUikrsE, ACE FHIEEE,
7 A A0y ONIRZMEE THRIEE TV YRR
bitg, 17— IVBOLARICHLTINY /Y, F
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TRIVICKBiERZHE L. CRT-D (cardiac re-
synchronization therapy-defibrillator) &% L 7273,
narrow QRS T&%H H CRT DA NN T
k&, AT7—7IURRICImiTEIENEL LT &, 77X
FA T TPVC DAY FH—VHDNIT L5
RRAE IS D EHIWT LTz, Z O BRI § O
9 % T% BNP & 900~1,300 pg/mL 2 THERE L T
BO, W77 IVOREEAPID B REERIRI D
W TeDDERR OIS & E A Tz, 107% 0 W H Thi
WSR2 78T, HAERG AR OEPEEER
THEISOREZZ T 2. 1059 MH THERIL 1 1A
DR C Ol 2 325 72

FEHLOICBWT, WIRIICH O EZIICIRL, G
FEEEEMRRICE R S nmEOIERE Lz RD 7. M
FHNCIE, HRICBT BRI 22380, BRI
BUET 2P0 RS STz, FETIRD
IR DREAR & FEROFRHEAL D HAL D, BEEI R

Rz (Fig. 3). RIEMRUZEIERD BN Eh Tz
B E RO

ARVC B {n F AR DM & L T plakophil-
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in 2 (PKP2), desmoglein2 (DSG2), desmoplakin
(DSP), desmocollin 2 (DSC2), transmembrane 43
(TMEM43) ICHEWTBHEROZRZE T 2LV Y VI
BLTHEALY by =2 T AMEIC K O A H o4
et LTz, BTl DSG2 & TMEMA43 @ 552458
BT OiEG TiRDTz (DSG2 (c.1481A>C),

TMEM43 (c.601G>A)) (Table 2).
FEBIRAS N T B - T T DPRRALLARE (dilated
cardiomyopathy; DCM) B3 U 7238151+ (cardiac
Troponin T (TNNT2), beta-Myosin Heavy chain
(MYH?), cardiac Myosin-Binding Protein C (MYB-
PC3), cardiac Troponin I (TNNI3), alpha-Tropomy-

Table 2 Detailed descriptions of the genetic mutations detected in the patient

PANTHER
Gene Protein dbSNP Frequency t SIFT PolyPhen-2
subPSEC Pdeleterious
DSG-2 c.1481 A>C  p.Asp494Ala rs19329842 8 0.04% damagin g probably damaging  —2.23 0.317
TMEMA43 ¢c.601G>A p.Asp201As n rs13818227 6 0.06% tolerated benign -1.01 0.12

dbSNP; data base of single nucleotide polymorphism on the National center for Biotechnology Information. 1: Frequency in
1000 Genome phase 1 population. [Web resorce; NCBI dbSNP, SIFT, PolyPhen-2, Panther]

Family members 1 3 4
Proband
GTC GIAAC AAC  GTC GAC AAC GTC GAC AAC  GTC G/AAC AAC
i 1 1
TMEM43
Asp201Asn

AAC GA/CC AAC AAC GA/CC AAC AAC GAC AAC

! Il ‘
DSG2
Asp494Ala
Age (years) 9 45 49
Symptoms
palpitation + -
fatigue + -
syncope - -
ECG
arrythmia + -
epsilon wave + -
inverted T wave n/a -
“Late potential  positive 1 negative positive negative
ChestX-p T
cardiomygaly + -
congestion +/- -
ARVC diagnosis
major 2 1 1
minor 1 1 0

Define Possible

Possible

Border line

Fig. 4 Descriptions of genetic testing and clinical characteristics of the family members

Age at genetic testing, symptoms and the results of clinical/genetic examination are shown in this figure. The mutation
in DSG2 was detected in proband, his sister and his father. TMEMA43 mutation was detected in proband and his mother.
All family members were asymptomatic. Father had PVC in ECG and positive result in late potential and diagnosed as

borderline ARVC. n/a: not available
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osin (TPM1), cardiac alpha-Actin (ACTC), Myosin
light chain 2 (MYL2), Myosin light chain 3 (MYL3),
alpha-Tropomyosin (TPM1)) IZBIL CTEMETZ1T-
MO FTNOBIEFICBNTERR & x5 AR
5ot

KIFEOBLTFREL T LI A, KIENTE
IR CEE AR ZRDT: (Fig.4). LML, X
RN DSG2 & TMEMA43 Wi /7 D52 69 % DI &
WRoArTHoTz. iz, HKIROLEX, KX ‘f‘ﬁ
@Ij— BIEEM O ZT{To 7z 5, BIR

FLvE X T 0= P I 2 788, E@EEEHT

*/E;i\.%fa? 2 7z. Holter LVEEX Tld 2 AT DEJH %
R MGG 258 Tz, Dl MRI T34 0%
D EF WA T LTz (RVEF41%). Ol 7 —
TIVIRE TR BIIRIC K %2 S, LVEF48%,
RVEF39% T /2. LV I& segd Bl CUUHDIE %
728, RV & diffuse hypokinesis T > 7z. i LR
TIENENARRHEL IR A D NG > o WDFIIEK, D
@ﬁ 21, ﬁéﬁﬁﬁﬁ%a@t IVEVALSY- SR

1% ARVC borderline &2l L, DUEIRREEBIS
2115 TV 5.

z B

/NEHFEIED ARVC BFRIRETH B EEZA BN
2N, ASEFNE A ROOEE R 2 2RI 9 kIR IC RS
WHcE D, OB T ADAIRETH > 7z, AREFID
K& U TR EHFERIED ARVC ThH BT L &, HIE
IEEEDARIERZFRER NS 2 LI LT 5N
2.

ARVCOFK E LTT AEY — LHEZ >80
' (PKP2, DSG2, DSP, DSC2, junctional plakogrobin;
JUP) T RAEY —LBHEZ 2878 (desmin;
DES, TMEM43, titin; TTN, Lamin A; LMNA, phos-
pholanban; PLN, ryanodine receptor2; RYR2, trans-
forming growth factor betal; TGFBI) DZ: SV
ENTHD, FEILFEEDFIETRICE Z 25781
L CRELOWENRHS "7, LAL, ThbHo
HEDOHTE 20 K TOFRIENRE DN TVBIC L
EE5.

F7z, ARVCIZ BT % FFRANDIEHANZAL D
HEJR I TRIE D © ORGEFEUC L U2 O - SHE Y
mezeEnNTHY, HEZCBOTILELETO
WREPEIRE TR Y, BIE T & LTiE DSG2,
DSC, PLN, TMEM43 @O ¥ H ARVCIZ B % foib
ZANDETFICHGLTVE EENTVS 2. A
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B Tl& DSG2 & TMEM43 \C AR B 1= h, VT
71% National Center of Biotechnology Informations
(NCBD) D7 —%~\— 2RIl single nucleotide poly-
morphism (SNP) & L THEREINTVWEEDTH->
7z (Table 2). LA L, Table 2IC/RT LI IcWVTh
@ SNP & f#HEHICB T 2HEITIFEITULNEDTH
D, ARVC EBEIEHLOFE T D 7R hS D FEIE F i h
ENT EN SRR Z NS E LicY > TIVEED BIE
R E N7z SNP F— & R — 2T G ARFEERMRIE L T
WAATREME I H B, L7z > TSNP Th-> THIRA
LR TH B HEMEIETRE T E R,

DSG2 (c.1481A>C) ICBIL Tid polyphen *° SIFT,

MNHmRm;é%MT@&yﬂﬁgﬁﬁﬁﬁ%%k

REMEDNEWERTH Tz, HARAND ARVC ICH
?%@ﬁf@$%ﬁkﬁ%htDﬁ2@M&A>@
LRABOERPREETNTNS Y T eh D, DSG2
(c.1481A>C) I L TIX ARVCHIEICHF S LT
2 AlREMED ED

ARVC T & % 5 - 22 JRBESE 5l T D DSG2 25 8 D
SEBIRE 3 H % 1V B, AIEFITH S NI
(c.1481A>C) ICBIL TIE TN E TOME TIIFEF
JENDFHIIREINTWVARWL., £z, AFRICEBWL
THEREOREWMNERED DSG2 DEREHLTWVWS
WIKEDPDDHETHIEICE > TV &5k DSG2
(c.1481A>C) BHMEMNFHIFEICBID > TWaENE S
MOHIWHINEETH 5. MORKRENAFIETH S T
Eh5, TOEBRNIEICE S DNIFIRIERDZ DD
BEW - IRENGEE SR H 56D EHEREINS. TD
MICBE LT, AEFITIE TMEM431c6 7 2/ BAL
D BRI RS 12 T & BFIEICH S LI TRENE 2%
BT B ENDS.

ARVC5 DK & % TMEM43 DZF (c.1073C
>T: p.S358L) TIFZA M TMEM43 DIFEIC K D,
T ATV =LK Z > 78 7 BRI B R RS 2 > %
JEORBICHE R 5 A, HERERLOLRANDIR
BOEBICHFEGTEHL VI MENDD. AFKRICE
I} % TMEM43 DZ ¥4 BRI T b 2 R FEIEIC
£ 5 TRV polyphen, SIFT, PANTHER Off
513D LB HMOERTHRIEICES LD TIX
BWEEZOND. FDizh, TMEM43 (c.601G>
A) DEENT ATV — LK 2 2787 EDE BRI
Bl 52 2 EM LTS B ORER DEBR® X
INTBERED RN 2 89 5. DSG2 (c.1481A>C),
TMEM43 (c.601G>A) W3 NIZHBWTE 5% HKAE
FRATIC K DIRRETE RN D EF 5O 25T L T < b
Ehdb. T, B FEENRSD DNTRKIED.OE
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BT I— & EHHICFHIN EE E E 2 5.

RRER T OMZEIC B VTR TERDOD % iHERT)
=MEEFMEET) CWETET, ZRERTFOX
VN EREERRNT 2 B L 9 5. TNE TORZEIM
RSP FHEREINC K> TITbN T &z, ThHORE
SUEEAICK D, BILEE MBS R A HE
LEWEWSIICH - 7H, b b AN LSHEM ST
GiPS #ilf) 2 13 E 2 psk D MR 2 O T T %2 vl e
& U7, BEHC ARVCICHEWT & B #E sk iPS fiflg o
WA E AR Z P s h T g 1319,

ARVC DBETBEIETDEZ DT AT Y — L2
VIRVETHHD, W UTIRIFEENEE 2D, &
BHBITREDEITH DD ZDRBRIHS N Tk
V. LA L, DlEFAE ARVC OFRK D SIS
LT3 &9 5 BIRENMRFIN D 5.

HDEE IHERHEEZ KT 20051 =00
i p i (secondary heart field; SHF) (CHiIR L,
Wnt/B/1 7 = 7 F )V SHE DIE IR « #EHFIc B
KBEZHES TV 7 IS EFET 2 EE
K7 PPARyIGEHBA T = Vi K b il Eh T3
N, BhT =i FREEDRE L 7z junctional pla-
kogrobin (374 T PPARy®D 7' 1 & — &2 — I fE5
L, AT = & AHIIC PPARyFEEIZ (e 5. T
AEY —LOBRFEICKD junctional plakogrobin Y7
AV —=LICRTETE LAY, BRICBITT5C L
2 PPARyDFEBUEE, NRIHZEMENDRMNS. D5y
a2 DM SHE ICHKR T 2 HE0MTH %
LA EHHY THB. L, ThETORETIE
DSP OFEBUNHIT T OBIGHERE N Y OHTH
0, MOTFTAEY —LKERZ 2 IRTERIETAEY —
LSRR 78 B DA FIC K - T AEOHR D IR
ENBENETHTHS. FDizsd, SEOWIZETIEM
e as L MR BE R OFHmIC 2 Wnt/Bh1 T =¥
FIVOFHIEEFT > TV L T EMR 87 EREBEDIRHT
BEUARVCOERZEHICHHTH B L EZENS.

=
=] A

NRICHBWTE ARVC I EIEOLAZE ORI E &
LTEBLS Z2HEETHD. FROMIEHRZIEZD
BRHICHMTH - 7z, NRIAFIED ARVC BB
ST U TEARHZR SN2 WD, KRR Tl DSG2,
TMEM43 © 2 DOELFZAZRMB S LT\ 5 ek
WEZBNTz. ARVC EZW LI aIcidRKGEs &
DG TR ZITV, BRDDZ5EIIEEZITS
TENEETHS.
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