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A Large Family Report of Catecholaminergic Polymorphic Ventricular Tachycardia
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Catecholaminergic polymorphic ventricular tachycardia (CPVT), one of the inherited fatal arrhythmic syn-
dromes, is usually diagnosed as bi-directional ventricular tachycardia during exercise. CPVT often causes faint-
ness and/or cardiac arrest in younger adults resulting in a poor prognosis, with 60 % ten-year survival. Although
50-60% of CPVT is caused by the mutation in the cardiac ryanodine receptor gene (RYR2), most are sporadic
and familial cases are rare. Here we report familial CPVT cases of a 34-year-old woman (proband) and her two
sisters. All of them had been implanted with a cardioverter defibrillator (ICD) due to syncope or resuscitated
after ventricular fibrillation (VF). Additionally, five of her family members died in their thirties. The genetic
study identified a novel pathogenic variant, F4087L, in the RYR2 gene in the proband, her sisters, and proband’s
son and niece. Even after ICD implantation, defibrillator shocks were needed to cope with VF in the proband
and her sisters. However, additional pharmacological therapies such as beta-blockers, flecainide, and Ca channel
blockers could suppress the recurrence of syncope or VF in all patients. These findings suggest that early clinical
and genetic diagnosis for CPVT may provide appropriate pharmacological and non-pharmacological therapies
to patients and their asymptomatic family members, including infants, for primary prevention of sudden death.
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AT AT I VEREZIMLER (Catecholamin-
ergic Polymorphic Ventricular Tachycardia: CPVT)
&, K, O IR 2 9 EBGEEE AR D —
DTH 5. LMD EX TIIHRE 20T, HE)P
BHEIOZL, 1737 I0R5ICKDZELE
HASME (Polymorphic Premature Ventricular Con-
traction: PVC), ZJ5MEdD 2 W IF 2B ED.LEFH
(Ventricular Tachycardia: VT) WA S, DEEAMH)
(Ventricular Fibrillation: VF) 12#179°%. CPVT i
AFEENBSAEIRICKDZMENZ D, Fndd L<
3ZDFRIFEC CPVT B BB r AR 2RO %
matEmEns V. Ko TEIETZKNE, THEk
JEB TIEFEEZMNC DN 2 ERTME L5 5.

AFEFITIE, EEDOEFIIRE 2 728 5 YRR IR 5K
JEMH O, FIFUGE & BT L TR RIFETIIETRAT
ROCR#H, VI/VE) IE—HLUTHEZLHY T /Y
VERAEWEET (RYR2) RENFEES NI, T
EDRBIBAZHENERD CPVT DENIREIE TN
F TR, ARHE T, G Lo nhmik, BT
PREIEIRDIEDBMNIC E TE- TR L, SRFizIc
[l & N7z RYR2 DL 72 TSR DIRFII T IS
DT, #HTOERZMATHRET %.
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B Gl IEBIII-2) 13 34 APk 16 DI,

HEDZ = i g LECGE A S 7z, Holter
DERTZIBME 1A VT 2388 (Fig. 1A), #HH)
PR T2 B PVC 2 2 L, THEREFANARLT CPVT
oW niz, #EEZEEL, 77/ a—)VNRZE R
LTz, 81 FUEIRT O 20 IR IS HHA AR BIAE
(Implantable Cardioverter Defibrillator: ICD) AHiAF
fhi7 fiitT L7z, ICD fiAH R E <& VT OB & 7%
SREHE LTV, EERBHA LT VT S VE OB
WHo, BRAHNEZ 2 IS ONAEIRO B X
WU, % 10 45/ T VI/VE IS LI R—
2 (Antitachycardia Pacing: ATP) 8 [a], [RiliE) 2 [a]
WHEFT E NI, K2 4EHTC VT ISHS % ATP 27
HITLUE ICD OIFH)IE L.
REE: A5 A0S b5, Efid 12, KB 13
WCMRIEL T (Fig. 2). F7=RH GiEfl11-2)
& 35 DRFIC O 4G THREIC, BEAMEEE GERIT-2)
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Fig. 1 The Holter ECG (Upper: CC5, Lower:

NASA, 1T0mm/mV, 25mm/s)

(A) Proband (Case lI-2): before initiating the admin-
istration of antiarrhythmic drugs. Asymptomatic
polymorphic ventricular tachycardia and bi-direc-
tional ventricular tachycardia were recorded. (B)
Proband’s son (Case IV-1): about Thour after forget-
ting to take B-blocker. Asymptomatic polymorphic
ventricular tachycardia and bi-directional ventricu-
lar tachycardia were recorded.

FER -4 (R%&F) : 32 i KMt 14K OKF, ARTA
E—F ik U VE DR E N, Bl Bhds 2
UCEAE LT WioZ2iED S ANRHCHIN 22
Teo b Ly B XOLEE) R ER O KU B
#i#5 (Electrophysiological Study: EPS) TaZhfilc £ -
To. PRAJEERIFEER BATER GEFRIL) &
Niz. ICDHAFHFHESR L, 77/ a—)IVAIRTIA
FLTWIEA, 23 I aEHIc gk m L, EPS
KFIC Verapamil TEZEIEPVC VA LIz en 5
Verapamil NARDNEN & 7557z, JEEDFRTEH D,
[Al4F ICD MAR T 2 {7 L7z, D% 2 £ T ICD
TEENIE 1181 TH D Verapamil iZfiikE Nz, FLZR
2 <, LK 9 4EMIT 7 B0 VI/VEIZH LT ATP
PERME TR E N TV 5.

FEGI-5 (R3B) 125D, HERH R H I ZEIRIE
LTz, #ROIERGZ T, QT EEERE 23T 0E
B S OfEfE AR o o, IRERARRIE R T TH .
REM -7 GRER) : 27 s APk 11 DBy, MBkOH
WWRMUFIE L7, YR TOEMLE RO, H#HB)HIRE
(BE) RHELETOA ML Az T 2 X 5 5
L, 7a7o/a—)VAkRzHm L. 17 &RHCRX
DI 72 BRI ICD KA R T2 T L7z, VFIC
XU ICD fF#1M &% O Verapamil WEIME N, <
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Fig. 2 The pedigree of the proband’s family
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Filled symbols represent affected (syncope, ventricular tachyarrhythmias) patients; arrow, the proband; open sym-
bols, unaffected or unknown individuals; with an asterisk, individuals who were genetically tested, and with a slash,
deceased individuals. +: RYR2-FA087L variant positive, —: variant negative. ICD, implanted with a cardioverter defibril-

lator.
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Fig. 3 The appropriate shock for ventricular fibrillation (top EGM RVtip to RVring, bottom EGM Can to

RVcoil)

Rapid polymorphic ventricular tachycardia deteriorating into ventricular fibrillation, then the shock was appropriate.

D% VEICHT 2 Y ES) 258 72 T2 & Bkl 38 72
7T/ a—)UNCEE Uz, BENE L, 24ERT 9 [
(ATP6 [a1, BR#fHEH 3 [21) O ICD {F#iAd 0O (Fig. 3),
Verapamil 27 L /1A = FICZHE U7z, fHRFPIET L
HAZRZHRIELED, BHEY 7/ a—be T LhA
ZRTEML, VTIEEA U ICD fE#E A 1 [ oD &
kizolz.
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Fig. 4 Results of RYR2 gene analysis
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(A) Sequence analysis of RYR2 mutations from the proband, her sisters, and proband’s son and niece. There is a C—G
substitution at nucleotide 12261 in exon 90, converting phenylalanine to leucine at codon 4087. (B) Schema of the RYR2
protein. Clusters with frequent mutations are depicted with their location along RYR2 amino acid sequence. The variant,
which is related to CPVT is concentrated in the three places called Hot spot. SR, sarcoplasmic reticulum.

HEE A<, b Lw R IVEF AR A0
8187 [m1/77 E TOD ERZRER LA, BHO
PVC & AREIRO BT b > 2. MEEBWHNCIEE
Shkkholeh, RiENSZ 5 T0 ST/ a—
)V (Img/kg/H 73 3) WARZBIA U 7z, [AIREIC B
IR U7e CRERISHR 2k CHEdmsE hvni < I &
O ERETRE IR ERIE DD, £SO
EFOBRITZOMEHR L TITo T2 & L.
TRRERNA 1 ERRICHETT Uz b Ly R 2)VES) A e
5 (Bruce i) TR LUah -7, HEEEH
I 2 FEA%ICFT U7z Holter OEEKIT, Y075/ a—
IV NIR U sNTz 1 % OB T ORSE AR AR
JEIRDIZWZENE VT (Fig. 1B) Z788, PIARIZICD
BRATANER LUz epidiesni. Tarss )
H—)VIZER) & W Uy, BIEWEER G N T &
T3 VT OnREMEZEB L, NREERIT->72 T
L/1A4=F (34mg/kg/H, 97mg/m* 73 2) ZZi&h
L7z, ZDH%DBURFIRE TREBLS & [A—D# a4
7 () Zi8e, MEEZncE -7z LIk, Kt
75 SAEIRISHERR S TV,
FEGIIV-5 (8% © REEDF) : BIE 5% MR, 2%
RHOER FREZTTY, RS LR— OB ARz
72 CPVT CHEEZWI S iz, DI, Bz &
OEFNIERE UAJREAR D BT AV K 5 FEL

7=, TN E THiIfT L7 Holter DHVERTIE, 70750
BB Z R T E, HDHID PVC 2 3 O AR
o e, FREFERDZ I 5 LA TR A
Pixl, VTV UZRREILIINCEAFEETH S
T &P, HIREREED DR TR W R R
CHWIL, CNE TSR TRRBISREINTE .
51%1%, PVC O BIR W UL/ INER A 172 B AL,
BT E 7 LA A = ROFRIC K 5 NIRZ BHGG T & T
H%.

FEGIIV-2, 4 K 72 <, B TREZIT- T2
CPVT ICEH# T 2B TFARIEHED T o Tz,
FEBIIV-3, 6 : A% F 5 MEIRTH D, BisTH
BIISBIT>TWL FETHS.

BT

CPVT DFFIKRZWI W iEE LTV 2 R mE &k 2 A
GEGI -2, 4, 7) &, KHOBHEDH % FinE DES
CEFITV-1D) Z3s#t4 N GEFITV-1, 2, 4, 5) @
it 7 N (Fig.2%) ICHEZST, Bio &zl
To. R A ENLERESRTLE > 2 — R
EICHBNTY U AH—ETHEM L, RYR2#ENT 217> Tz,

T ORER, Kehix EAIEIREE 4 % G 111-2, 4,
7,1V-1) EHGEIRD 144 GiERI IV-5) ICFBWT RYR2
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WCHHOWEINY 7 > b (EE) (exon90 ¢.12261C
>G p.Phe4087Lew) ZiBs7iz (Fig. 4A).

zZ ¥

CPVT (& 1978 4E Coumel 5 1 & © 4 A\ 0 /) IR il
WD THAE N, 1995 4F Leenhard 5 X © /b
21 NOFEFINHE TN Y. 213 40 LU TIC S
JE L, FEIEFIIE 10 %A%k E— 2% %D, Sumi-
tomo 53 10 4 /FRE 0% FRE L ME L TEHD,
FREBOLEIEFS 250 Y. 2001 41 RYR2 AN
EETFE LU THDTHE SN, LU CASQ2, CALMI,
TRDN &\ 5 2B IEFEBRDPREE ATV S >0,
CPVT HE DK 50~60% 1B TFEENH D, ZTD
PR 7 RYR2 ZE 83 6% (Table 1), RYR2 2
WIS K% CPVT I3 H AR R BT & 50,
LD FBITH Y Y, WERISRIEDFIFIERHT
BHIE% TV, FHEFNED CPVT THRIEFIEIE
6% DHT, 9%%FINIFIEL >V LEEATY
%.

CPVT DAWRRIBLZIHAIKCIAEENTY
BNV, LEELERIZER COROMBERT R0
b, ARERFEEMZZEDLBRRETHD
JAT UL, EMEEREBEIINHTHS. Lz
o TERIID A - L ABEOLME, PVC Z3H7% E
CPVT ZEES BARKBKD A7) —=JIciF, &
ILFRITNZ OBMICEHTH 5.

S EfiEAT U 7285+ RYR2 1, exon DA 100 3T
CIKRSEREEIETTHS. TDIEHTCPVTIC
BRI B 0bNENN) T MIBEZF3DDERY b
2K b EHINBGFICERLTWVS Y. ARy 7
VMo TEBENS Phed087 I&Z DT 3D
HDZ S A2 —03FhichiiE U (Fig. 4B), JEH
IO HSRER S 2RI 5D eI N5.

ARRICBNTIE, KRFIEOLRHZRRLS &, #E
BT AFEORBEHRIL 100% TH > 7z, RYR2 DIRINZE
B OIWNRIBRICOW T DR IE#E TRV, Priori
51 CPVT DOFii# 30 Al DWW T RYR2 2 F 7 fizR
L, ZROH ST 14 KRB DONTE RYR2ZER
DMRZMAT LT Y. FEB LN OB ZE 52388
DX 4AFRDOBRT, 58O D 10 RSOV TIEAMFE
Bil7z o7z, Bin AR OBIEOEMIEIAHT, &
FEZRTEH CRIZ FRRTERD S TERE EFENT
BY, BERIIOVTOFREINTOERN. AFKR
KBV TERFBEDYRFINZTENTED, SEBIIE
THAREMIE T ICH B, BROFGEDIMICK DT
BRI EEZ BN, PHRTHDATREE ZNX, 5
BOYRIFHMCDENZTEAD &EZS. iz,
VT FIEICIE ARV E SN TWVSA, RYR2ZER
OREHEEHRMICZ L, EIEAREE OB NEIRRE
MR ZHRIED ) Z 7 Dy (U A7 4.2 %) &
DIEHIND 2 Y. ARRICHNTEEME2 AL 10 5%
RTIHLEL TS, CPVT DEZWICE > 25513,
TR Z21T5 C L HEETH D, RYR2ZNL
MR ENTGER, BIRNORHCHETIE X DS
WSO ANRBENE LRV,

HRRE, EBHHIRR>R R b L R Al £ OB
RIS Z, AEEART B D 72 b DSEYIEHRHHERE X
%. RYREROE -RIILENHLTH B, 707k
SR IVIEFNSH LT, 7 LAA = RianhE
XN 3. 2009 4 Watanabe 5 (3 CPVT IZ 59 %
TLAAZ ROGERAMZ®RE L. L% CPVT i
BENDT LA Z RICHTEZIE TV ANZHED S
TV 3. Roston H1F, 226 AD CPVT ## TRk
WisENARHIC 7 LA A = RZBIN L7235 D 53% T
JEIRDER L, FleTLAAZ REMTE 40% T
BEULREIROFIENMZ SN L #E LY, van
der Werf S I3EYI RO T L AAZ REEBINT 3

Table 1 Subtypes of catecholaminergic polymorphic ventricular tachycardia
Juvenile type
subtypes Adult type
CPVT 1 CPVT 2 CPVT 3 CPVT 4 CPVT5
Incidence 50-60% 1% <1% <1% <1% 30%
Inheritance AD AR AR AD sporadic sporadic
Onset of 10 years 7 years 10 years 4 years 2, 26 years >20 years(40 years)
Chromosome 1943 1p13.1 7p22-p14 14932.11 6022.31
gene RYR2 CASQ2 CALM1 TRD RYR2 30%
Sudden death 10% 42% 75% 18% 25% 0%

Modified from Ref. 4.

AD, autosomal dominant; AR, autosomal recessive; RYR2, Ryanodine Receptor 2; CASQ2, Calsequestrin 2; CALM1, Calmodulin 1;

TRD, Triadin-1.
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LA L, Kawata 5346l RYR2EFE A2 HT %
CPVT HEFICHBWT, HEYRaEm®%TEY 7.4 F£0i8
BRI T 7 61 (20.6%) ICBEEMEAEIRE BTz b
EEELEW K50, WY REaEEToCH T
DIEPBENZVIEAELH D, TOHAIZICD
REAF DTS & 75 5. ICD 13 BFE M SEIR M Rk 1
X B0 EE TR L, AT RENET I E - L
EHNMMD DML ENTIBHETH D, CPVT EEN
DRXTBEE UTHRYRGHR & fF L7z ICD DR X
PRG-I

—J7, CPVT H#£# D ICD fiAAICE L T, /hNAE
TR AHEYEFHHZ N &, U—REAED—4
VEDRBARRERTAR: EDREL R Eh TV V.
Fiz, BRMIENC X 2 mmh MR EE XY, &
L AEMRZIENE VT D23 IR (Electrical Storm:
ES) ZAGEEL 07 FEICE B MDD B LS
&, BRBNC X2 0FEEOT AV FEH D,
ICD DO [EI{EB > A YIER) 2 5k 2 BN D % .
SEMIEB 20 % 72bic, JERERIME VT v rEhREC
HED R VRO E W VT ICH L TE, 3w
VEBN 2B B 720D TR ETH 5. #EITIE,
BRI AR & ICD Tia#HE L TV 5 BHEITHEY) 7% BR
MB 7 fifr L@ cE ah o mmiEN I n Ty
%. Pizzale 5 O¥EHIIE Dual-chamber ICD ##iA #1%
T, B L ZREMRLEMENC S U TAEYNICAFE)
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RYR2ZE¥LDH % CPVT H£H D VF I U T lRiS) 7z
ToletsR, ES LDt 6 MDRMEIZITo721cd
MO LFEE LTS P, X561, CPVT HBEA
@ ICD 12 & ZBRHIENE VE IS8 UL THRED, VT O
BEIERPR=2 VT LTOESRIENEERE S
NTWVW3 7Y ErRs X niz CPVT BFT T %
ICD DEFEL YA RV (n=136) Tl&, 79 50> ICD
FROAATE CPVT HBE IV CFY 5 4 0B HHAR
T, ICD@YIWESE 37 Bl (47%) TEMASEYIEE) I
1901 (25%) T, EHICTNNA AFHEOEIHED 22
Bl 29%) W@z, FHRICDOWVWTIZIEICD ] (n
=57) TZERIEIZ TS > 7= DITxt L ICD #IT 3
MEIRIE LT &5, CPVT EBEICHT % ICD O

BIFCOVTIREEIH IR LTS Y. L
e o> T, CPVT TE#A9 L ICD ZiE—#iR & &
9, BEWEELT LA Z FREICKZHEYEMZ T
MATH T EN, IBETRICBOVTRVEETHS &
WA 5.

ARRICBOTIE, HE L ZTOMS GFEH
I11-2,4,7) (FFEYnaHE (B &Ef O1-7 &7 LA
A Z RBHH) DA T VI/VE DHBZFEOIR LT
& ICD KA 2 T L7z, ATP *°FRHIEN T VT/VF
DE I EBEIER L TWS. CPVT BEAD ICD
ROARDEIAT%ICE U TR RRefiZ VDY, A%
FATIZICD AL 10~14 FFSB L, Ry /EH)
Fa<E L TWE. NREEAD ICD HEARICD
WTIEER S 20D, SRED LICE>ThED
fHiIATHD T N> I D—DEEZS.
CPVT & D ICD JSIC DWW TIFEHEICTXRET
B 2N, RIEREPIERGIEZ 6T 5 ARKRICBWL
T, HEYIBREEHH LTz S 2 TZRETR (R
b)) icHZTH O, ICD DR EYI THH- &%
ATWVWA. BIFHEOHE 11 GEFIIV-1) 37 arS
Ja—=)Le T LA = REHHPRED, +0aEyna
R TERMPARIRZRD I, ICD ATAR
ZRET 5. £, FIRETTBHRA3 A, FiTH
{ERFIC VT/VE DER SN TV S, FRAIENC X % ES
DFEERDLIHE A=Y D Eh 5 & ICD fEENE Al hEx
FRODIRWNEIBrE LL, YRTEEL TV AR
GEEIIII-7) WCBAL TiE, 7 Ra—Lkx Lo E
VBTN D Y, HEKEETHE2 7L 1=
R O B EDGHTET 5.

EkoH 2 7 GEMIIV-5 : RYR2 288 +) &, BIfE
F CHIEIRTAEIRO B E & <, EHMIC Holter
DEMZITOWRESE TR LTV 5. INARAY
A2 LS, 32 WIRDERICAEIRD B UGS
IR EYRGE 2 G T ECTH . Fihid DH
1 FORERMNS, BEWHE T L AA = RO ZE
RED—D2L LT3,

#&

WALFIRIE SRR FEEZH T %5 CPVT KRIC
BWTC, EE TR ZFEMINICI T, RYR2ISHIRD
JRINA R [HE Lz, SHAOME 2N &, wby)iesk
Yriagt (BEEWEE, T L AA = R) Ik > TRERD
HWHZIAZ % EWARETH . CPVT BE X HE
FEMNLICD BT LEAMTIEREVEDWEE H
Bh, KFEZRODX S BMHTNAY X7 EHIHL
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TIIIEMIEFE FCEABIRIEIRZRO T /I,
ICD DL L BRI NEEEZEZAEND.
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RIS DONT, BRI NEFEEME (COD 370,

T &
AL DEEE, 553 M AANAERG A RS -
(017427 H, M) THE L.

SR e =

EEDRE

FR T ETE S & U OME, 7—2IE, fsCms
Aol Peli—d, SSCER OIS EMR L, HENED
EREN RS 2T 7o, SHETIE, T2 EE T M
JERAENE, BUS TR, BENA OSSO M7z M
HURBBERELER{To 1. RTOEENHRRRO RIS
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