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Diagnosis and Management of Inherited Arrhythmias:
Long- and Short-QT Syndromes, Catecholaminergic Polymorphic Ventricular
Tachycardia, and Brugada Syndrome

Hiroshi Suzuki
Uonuma Institute of Community Medicine, Niigata University Medical and Dental Hospital, Niigata, Japan

Inherited arrhythmia defines a group of diseases caused by mutations on genes encoding for ion-channel pro-
teins and proteins that regulate ion channels. In 1957, long-QT syndrome was first reported and described as an
inherited arrhythmia. Currently, catecholaminergic polymorphic ventricular tachycardia, Brugada syndrome,
short-QT syndrome, early repolarization syndrome, and progressive cardiac conduction disturbance are also
considered to be inherited arrhythmias. Although inherited arrhythmia is a major cause of sudden cardiac
death in young individuals, it can be prevented by earlier diagnosis and clinical management. Progress in genetic
analysis has enabled the diagnosis of inherited arrhythmias in patients with syncope and/or cardiac arrest of
unknown origin and facilitated more suitable management of inherited arrhythmias. Guidelines for diagnosis
and management of inherited arrhythmias have recently been published by the Japanese Circulation Society.
Here on the basis of the guidelines, I review inherited arrhythmias with a particular focus on long- and short-QT
syndromes, catecholaminergic polymorphic ventricular tachycardia, and Brugada syndrome.

Keywords: inherited arrhythmias, long-QT syndrome, short-QT syndrome, catecholaminergic poly-
morphic ventricular tachycardia, Brugada syndrome
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SR QT EREMREF (SoX1E LQTS)

1. #1E

e R M QT EEJEMAE (long QT syndrome: LQTS)
FLEXTO QT MMRDEENMREOBEMEARIRT
& %. Torsade de pointes (TdP) EMHIN S XML
FHH (VT 2LE#ME) (VE) DEES N, Ko
ZENE G| SR TS, TR BIEMICBE L e A A >
F¥ 3NV 3— R I FREDTEEKTH 2.
BFELETICAEL & 17 DK FAIH S i
HoTWV5.

2. &F

SR, BAERENRE LA ZY 7O T
2,000 AIC 1T AV, HA®D 15 S TONIL TR
1,100 NI 1 AEIREETNTWVS 2. LT RRE
D 5. HFHEWAHSEBEHEPHTOFRIENZ L,
e 2 D RV NRBABE L MBI ORI & U T
LQTS AV & A e 2.

3. JRHELIE
DEHIEOTEBIEMICED 2 Tk AF v F v =Ib
I, NaF v )b, LB CaF v IV B X UTEED

Fig. T Mechanisms of LQTS and SQTS

(b) Lars

KT+ x)VhH 3. Na, LB Ca F + 3V T
MOMBINICZNFN Nat, Ca* BB EIL, WiED
W (I, Iea) WAEC, Bz TS ERHT
%. F1KF v 3V TIN5 Hfastic K+
DREIL, FICHMEERNEC THIMZET K
IMEMTS. KF ¥ xould, Bimomsiic < —mk
& KER 1) ZET2F ¥ U000 Mgk
D> Th S ) < BIEEGH K B T, Ik 5 E)
EHEUDF v )b, EHICHAETEREKF v 3V
(I, F¥ %)V) HdH% (Fig. 1a). LQTS TIEE T
HWIC K D Na, Ca F v FIVOBRETTHESD K F+ 2 I)LD
BREIX R T O, FHomniENS. Lk
LAV CRIEEIEN R NEE U, OEX LTI
QT RIFFAMERE T % (Fig. 1b). FEMi/H (EAD)
S DZEEFNC K 2 0B WNGEN G [ &R L0, R
Y9 —75 H M £ 5 phase 2 reentry 5 VT *® VF %=
i s g 5.

4. BIHE=R

B TEROMEMm KO, LR LQTS I35k K
PEERUE DA T HEE N Tz, Jervell and Lange-
Nielsen SEMRERFIE, FoRMEEMZ M, M CHEE G
EMECEA%Z & %. —J7 Romano-Ward JEfZR 1Z

(a) Contributions of ionic currents to an action potential in a ventricular cardiomyocyte (upper panel) and electrocardio-
gram (lower panel) in a normal subject. Red and blue arrows indicate inward and outward currents, respectively. (b)
Contributions of ionic currents to an action potential in a ventricular cardiomyocyte (upper panel) and electrocardiogram
(lower panel) in a patient with LQTS. In a patient with LQTS, an abnormal increment in an inward current or an abnor-
mal decrement in an outward current causes prolongation of the action potential duration. In LQT1, LQT2, LQT3, LQT7
and LQTS, I, Ik Ina, I1, @and lc, are affected, respectively. Double and narrow arrows indicate an increment and a dec-
rement in a current, respectively. (c) Contributions of ionic currents to an action potential in a ventricular cardiomyocyte
(upper panel) and electrocardiogram (lower panel) in a patient with SQTS. In a patient with SQTS, an abnormal decre-
ment in an inward current or an abnormal increment in an outward current causes shortening of the action potential
duration. In SQT1, SQT2, SQT3, and SQT4-6, Iy, Ik lki, and I, are affected, respectively.
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Fe RV Z DS, mE THEROERS IR
L5,
ZTORBIETFERNRLZ LHE XN (Table 1),
BIE TREGIRZ2 I & Nz LQTS 35 D) 75% 18 x
TERNEEING. ZTDS5HED 0% L% 5D
LQT1-3 TldiE s 74 & RERIOBHAH 5 M 7R -
T3, EHICHACEB TR TEARIBN DL 2 A
T X BERBHOENERE SN TWS. FHEITERK
FHENZDWT LU D D 7%,

LQT1 DFREKELE T, I, ZHE LB F v )bz d—
K9 % KCNQI TH%. LQTI TidF v 2 IVDREHE(L
TZREUZERICED I, DD T 5. I 135

Table 1 Genes causing long QT syndromes

Genetic  Disease-associated Effect on channel
Subtype gene function

Romano-Ward syndrome

LQT1 KCcNaT 4 lks

LQT2 KCNH2 4l

LQT3 SCN5A T Ina

LQT4 ANK2 Multichannel interactions
LQT5 KCNE1 4 ks

LQT6 KCNE2 4y

LQT7 KCNJ2 P

LQT8 CACNAIC Tlear

LQT9 CAV3 T Ina

LQT10 SCN4B T Ina

LQT11 AKAP9 4 lks

LQT12 SNTAT1 T Ina

LQT13 KCNJ5 4 lkach

LQT14 CALM1 Multichannel interactions
LQT15 CALM2 Multichannel interactions
LQT16 CALMS3 Tleat

LQT17 TECREL Tlear

Jervell and Lange-Nielsen syndrome
JNL1 KCcNQT 4 Iks
JML2 KCNE1 4 ks

lks, slow delayed rectifier potassium current; Iy, rapid
delayed rectifier potassium current; ly,, fast inward sodium
current; lgy, background potassium current; lc,., L-type
calcium channel current; |, early transient outward potas-
sium current; lgacp, Muscarinic-gated potassium current.

Table 2 Expert consensus recommendations on LQTS diagnosis’

IS X 0 IEMEE E N B T2 D BRSO 170 oD 1% |
MWREV. Ko CEER R EHIRIFC QT MR E
L, DAY FZERI LT,

LQT2 DJFFE(EFE, Iy, ZECSF v 2 )VEa—
K9 % KCNH2 TH 5. LQT2 TldF v X IVOREHEL
FERAECZERICKD I, DT 5. Ik, EEHER
AR 2 32 TR DB MO REINRE . Ko
TIBENA b LA HYM F LRI O TORERE 8130
ARV MR LT,

LQT3 O AEE T TdH % SCN5A 1F Na F ¥ * )
Dar 7=y Fed—RLTW5. Iy ZOfiEEE
ROPTMZET U, @A EEEd 5. LQT3
TRF ¥ 2IVORNEHEDEE S NS 7, B
EN, QT MEAEET 5. Z2FRE, BERAIS.OAN
YhEREILRTV

LQT8 1 LM Ca F ¥ )V Dal ¥ 7 1=y b d—
R9 %51 CACNAI DEFEICK . LB CaF v
FIVORERETTHEIC K D, T, DEINL, T Mihd
N, QTIEENETLS. BRERE2GIERZMES
Timothy JEfERE & L THHIHRG SN, MEEASNT
Wiz, U UIESE, &Rz fED a0 LQTS WVik
HEEINTEHZED, BEERELQTS D 2.5% & D
WMELHS Y. LQT3 I LIERE T Z2RL,
b X A

1) ER

BRI AEIRIE, el SREERIEDIMRETH 5.
g, FEIZEREILT A TP Tl S, 2E
SRIEDZ L IFTAP M VEICBITL RT3 EEZ S
NTWV5. —ikoEFEEE>REOERIZN & LT
LQTS ZZHHIC B RETH 5.

2) BuREE

HATGERS 2 (HP5 OHA KF 4% HRS -
EHRA * APHRS &5 [d A7 — b A >~ h D2 Wi eI
it> T3 (Table 2)%7. [ Wi EUEICH % LQTS
) 24 23714 Schwartz 217 ¥ T Y (Table 3),

)

1. LQTS is diagnosed;

a. Inthe presence of an LQTS risk score =3.5 in the absence of a secondary cause for QT prolongation and/or

b. In the presence of an unequivocally pathogenic mutation in one of the LQTS genes or

c. In the presence of a QT interval corrected for heart rate using Bazett’'s formula (QTc) =500 ms in repeated 12-lead elec-
trocardiogram (ECG) and in the absence of a secondary cause for QT prolongation.

2. LQTS can be diagnosed in the presence of a QTc between 480 and 499 ms in repeated 12-lead ECGs in a patient with unex-
plained syncope in the absence of a secondary cause for QT prolongation and in the absence of a pathogenic mutation.
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Table 3 LQTS risk score®

points

Electrocardiographic QTc"™ =480 msec 3
findings"' 460~479msec 2
450~459 msec (male) 1

QTc™ 4th minute of recovery from exercise stress test =480msec 1

Torsade de pointes™ 2

Visible T wave alternans 1

Notched T wave in 3 leads 1

Low heart rate for age™ 0

2

1

0

Clinical history Syncope™® With stress
Without stress
Congenital deafness

Family history™ A. Family members with definite LQTS 1
B. Unexplained sudden cardiac death younger than age 30 among immediate family members 0.5

Score: =1 point: low probability of LQTS; 1.5-3 points: intermediate probability of LQTS; =3.5 points: high probability. *' In
absence of medications or disorders known to affect these electrocardiographic features. *> QTc calculated by Bazett formula
where QTc=QT/V RR. ** Mutually exclusive. ** Resting heart rate below the second percentile for age. *® The same family
member cannot be counted in A and B.
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Fig. 2 Twelve-lead electrocardiograms of LQT1, 2, and 3

(a) LQT1; T waves are broad-based in our case. (b) LQT2; T waves are low-amplitude in our case. (c) LQT3; T waves are
late onset (data from Dr. Horie, Shiga University of Medical science).

BENGE D A A 37 535 8L LD & O d LQTS & i .
%%éh%.é%kzﬂﬁQTLE@%l#&w 7

QTc=500ms ® QT 4E £, & 72 ld LQTS O 5 7- 1 I
WERDDEDE LQTS LHEEZKT 5. e
3) DEXE

DEXRTEELZOE QT &L, T, TdP, T H4
WEF VA (TWA) OFHITH 5. QTIEELE, O Fig. 3 Torsade de pointes
AR IE U7z QTc TRHT 5. &2 Wi 13 Bazett
MIFIC &2 QIc ZHWVWS. THEIZERTFRHICKD 4) &fEEER - RIVZ2—0ER

K% (Fig. 2). TdP I3FEMMzHEIcQatnsg LQTS Z2&E 5 B LR LK 72 TR EA D
O BB 2T 2 RENE VT TH 5 (Fig. 3). BNT ENBD B D TRG RV 2 —0EE XS EU A

TWA 1 T I DOJEREPmIED 1 1T L IcZ(bd B 8% ERCAHMId 5. LQT1 D 36%, LQT2 D 19% hVZ ks
TH% (Fig. 4. LEHPMORNLENZRL, B D QTe MEH X3 MUK L S hTwa. MR
BHNINARNY FDY R T HVE. OFEFERIZ LYy RIVD—RNTH 5. 2011 F

ARNRBERSBSFRIME £3BbE F45



253

q\l l—p‘v_i m-i ES N \'U-E ] B "I IRAEY) iSRRARERAr =aD

.1-.4,4}_“,.,_?_,A.._.H_.__“_:,. R

Fig. 4 T wave alternans

ICYE E N7z Schwartz D A 37 ¥ (LQTS U A 7 A
a7) TEEFEIEY] 4 570 QTc A FHMIEE & LT
BTN, IHIGEAMICK S QTc D&(kITE
RS X ORI D 0, B FROTROSEICE
1% 9. RIVZ—ERIGES ARG B 1T
A, HEIRFEFOFMME TE5F|mhdb5b. L LT 1)V
R—FRENFT T PO ENELT BDT, FIVZ—
DERD QTc DA TOBWIIEERICTNETHS 0.

AT 3T 2 VAR EBTEMED LQTS DK+
BETHOTHICERTHS. EHAMREBRD KL
Z—DLEXTOZWHDREERFNCITRRICEID BNS.
LA LU TAP #FFD Y A7 %S O THERENDHP &
TP ETH D, TaTS S a— )L~
73 KNEOBRZIEH] L BRMEhgs 2 g L, #E0
ERiONVBEWDE & TITS.

BRIER/K B fad Bl d B AR BN 2 LIS 5 DK
ZAEHFIHICE %, BT /KIERIC I SR T
BEIRIC, 1RKERIT % & RIS & 75 D fRIRIC
5%, INERARHELL R TR0 i N C &
VAEARR
5) BEFRE

BRI K ZIERPARNBREDE WD S T 7
D, LQTS MEEbNZL51E, B TREDMEREIG
Exo T, B TrREORE BViEcl, LQTS i
IRZH & NIzl oikg: - EEAHOPUERMNTH 5.
6) FROIEREE TCOEER

INR TR E WO 7281 Bazett #f 1E T3 @EE
WIS 5. Z T THROERE R E/NRDOZ 7 1) —
ZVIRRCIE, OB OFEN XK D D750 Fridericia
HIENHERINTWS. HEEHIETQTIEEE LT
M U7B0E, QT bz~ =27 )Lik (g ©
BRI 5. RIS ERDERZ O A RS54 1V
BN TEE 20, FREZWINE Bazett #ifi (£ 72

WA, HiRO@EY, LQTS OHINCIZZeEfRFIC QT MHikR
WIEFHIEHNORIND 5. HEH), HEHA L APE
R 72 2R & U 7o — i Rk e e e A oD RT3,
LQTS OXIKIED D B, iR D.LEXZT TH
Wred, RIS EB) 40 EE X Holter (OVFEX T
QT IERZFHEIT NETH .

6. 'R M

PR, S, QTc, WIFEMEEIC KD U X7 HE
B, MR FEENC K BENO—RICHERIVE VDS
NH5. TANATAIE QT HibE2%EHE L, R
I, TA RS VA=)V QT IEE & B RER%ZF
3%‘3‘%) 12)_

DAY MY ZZ IRV - LR TR R D
N, 1L EERRTTIEBEREAE L, LRO 54T
H3 Y. BEHILIE 20 E TIIMAEERERL Y, 18~
40 TR LMD FPED 3 51272 % 12

AR TRIRICOA R N ) A7 Z Rt U< DO
5T, LQT1 TR 1I~12 R CTHRDY R 7 &<,
LQT2 T 13 A L TRMED Y AT hEh -l R
IZ, LQT2 OLMIZBHEIC R ZRiE T OANY FD
DR B E T2 0. R - ER TG
R Y A7 W52 %, LQT1 RN I RIRAD
%<, FrERBOREZRVNC EAEZWL. —J7 LQT3
TRAREIACIE TP Z G RIEEIICEZE 7oy 7
ERDDBENHO, TOXSEHNIHAEZOFRHEE
%b\m'

QT MEE L TWAIEEY X7 HEW. FENZE
LT D 20 i ARIGH D) 27 OMETTIR Y, Qle=
500 DHIEIFAO RN T Th- 2. —), Bia TR
WEBO DD QTc MIEHHIF (<440ms) D1 N
Y RYURATE013%/4F K<, 10 AR To1 NV
LR Lifilidah -7z 2.

FHAODANY P RAESGBRK T THS. 7MATT
DAY SHBFAEL, BEBIEKIC X 21H5TE Kz
RS BHNEE ) A7 T, 1A CHRAphziE 34
BRHCEIETH B ©.

FlBERTEREMICE>TE Y AVITEERS.
LQT1 T EE @M C )V — T D2 B E )
A7 T, LQT2 TREEEHEED I At 2 AZRHFF
&SV AT THB 0.

7. BE

HIED A RZ A4 > Cld/NREHOIEYpRE, JERY)
BEERANICHEL T W B @, BESLIC) R EH%
TV, B ZERE L TWL.
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1) £FER

LQT1 *° LQT?2 TIERIEMFIEE R AGAN & 72 0
DANY R HRF V. K LQTL 135&#EE), 7
MTEIKIKHF DA N RPN TH Y, TV
TOLANY FEZ. ERRERIE, PRIDIERMR
BOHA RIA 2V DEKOEMRZ DEE 2 25
Tz fz& iz, & S HEAS BRSOl =
BOEHEEMNCLEETHS. £ QT EEMEHDH
LDHHNEEZ BT LB RYITHS. N TRICRIEIC
%% DR ERERZEMERE OB 70T 1
RYIFETH 5.
2) EipEE
BUEWIEENIRIZ, DAY ROV ZAZIIHEITT
WD, 1~12 %D LQTS 3015 fil & w5 & LUz iis
T, BHEWEENLARY MY X7 7% 53%HH LT
72 ¥, KRS LQTI & LQT2 TRASEN T & h
LQT3 £ W TOEMENRETIN TS, BEMEHE
DOHTE L1 IERIRTEDBL FIRME X O & EEDE
LENTVS Y, LQT3 ICIEIENE Iy, D A
VLT UREHIEREEENTVS P, LQT1-3 LSt
DIEDPHEDOWEIIESNTVB D, LQI7ITE 7 L
HAZ KA, 7 LQTS8 I Ca HEHIH 2V DR
L DHEND 5.
3) FEEMnEE

Rl ZOAFRIRSHIEN 2R (ICD) HilE A IABSESIT /N
HOEREZR L, RANOHEEESE LT L), KED
M, NEYMEHCOIHEDZ IR EN D, RADH
WERZOEFUTIDEDIIIMED 5. FHi< LQT3
D1 RXFH DIz D ICD fi ZAFIFEEICIT S X E
TH5.
NR—=ZAA—=hE, WIRDPEER &40 TdP &7z
THIDEILE 755, F 7 LUEKTERAREE D 72 DIRIRIC X
BRI LIS R—AA—HIENTHS.
TR AR ISR 1 HAR TEERBREIEN TH D,
FEEAETDNTOARVHE ARG ENS.

QT rEkeief&ss (SQTS)

1. #BE

QT HifiEMRE (short QT syndrome: SQTS) .0y
X TD QT b7 D e h R 0D 8 5 AR T,
2000 FEICH D THE SNz, VT, VERULE #l 5l
(AF) MHEEEI N, KDFEFEESIEDFRIN 725,
DTGB ENLIC B U 72 A A > F v 2OV G 7 FBHE D
JFHHEE L THISNTWSD, B BEDEE SNk
WIEGIAVEBL 15 B >

ARNRBERSBSFRIME £3BbE F45

2. &%

BUEE TICH 100 BIOIERR G D D 5. BUENZ
<, B3 7:3 Th-o722. DEIRENZH 495D
1T, 5530 MUFA8HLLER DY, HED
INRIZDWTRRRZ T HiH i, 85 7 FH SRR 2
R, 15 AT EhizDk sfilth b ¥, Ik
WICRENTWS. FEFRICHEDN DD, BT
10~20 I TORIEDIZ EAETED, L TRIIE
EROROIZ -7, O XS KRNk
JWEYDFENRBEINS. MEDESNTED, /h
IR ORFRE THHS iz d DId 7R,

3. REEE

SQTS TIEEIn THHIC K D DFHEBI BN Z TS
% Ca F ¥ TI)VDOREHEIR R K F v 2V OFERE THED
O, HOMADRES. OFMELA)LCEiEEE
NFEGERERI MG L, DR E Tl QT MIbRAYEAES
% (Fig. 1c). ANE—Txf/MIc S phase 2 reentry
MVER VT Z5| &3 &2 5N, LQTSIZH
%7, ERAASHAE 7. 0E THREBO Y TV
FU—EAZ LT K, AF ZET LT,

4. EHER

HIEL TIC 6 DRABELTFNHLMNMCZ> TV
(Table 4). MIETRIL RBAIOBHE —EBICH 5.
SQT2 @ KCNQI-V141M Z B HNEHR VT E R ORIk
EEHESHIE AF DR T, QT s D AW ERER 4
FIRLEREFEDRWHEH > 2. oG R ET
IRNIRGIIFE T, BBEREEL, WRIGEDER 572,

5.
1) fER

DANRY ME, ZERFOFEERFOFIEN 8 HITH
% WIELDA N S INEREDRERG H D, AR
JERIEIERBE DR E LTCEMEEh T3 ®. %
T2H20%IC AFIZEH L TEHDO, 8IS 5K =ik

Table 4 Genes causing short QT syndromes

Genetic Disease-associated Effect on channel
Subtype gene function
SQT1 KCNH2 Tl
SQT2 KCNQT Tl
SQT3 KCNJ2 Tl
SQT4 CACNAIC dlear
SQT5 CACNB2b dlear
SQT6 CACNA2D1 lear
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Z5TEDHB. AFIE SQT1-4 ICHEN D - 7= 2.
FPEBUIIEIRGI T - T2
2) BE%

BWIHEHEIZ R E N TV B D, EmORMER LT
W3, 2011 £ Gollob 5M3]sH T SQTS DFZWHENE
IR LY. QT EEREREEED Schwartz 217 D
koicxarikEncwa. QT MFECHA, Jpoint-
Tpeak ff@, REAEME, SRIERE, M5 TFMEORHZ
ek L, ZWid 5. 2ok, ZWiEER 2013 FIC
HRS + EHRA + APHRS &HIA7T— F A2V F THEZE
A (Table 5)7, 2015 FEICRMDIHR 2D HA RS
A Y TRENEY. 202 DTIE QT Rk RO H
T SQTS E7Z2Wi L A % 7= EIRZWrd 2 AlREMEN H
%. HRS * EHRA * APHRS &[] A7 —k X2 kTl
QTc=330ms, RWMOIEREESAA R4 > Tk Qlc
=340ms D SQTS &£ 752 %. TOIHLANE 2 DDk
FITIZEECTHS. VI NOBZMENETE Bazett
DLfEZAVWTWS. HIEH A RS54 2T,
SQTS DBWHEHEIIRENTWERWA, BT QTc
<330ms, Tl QTc<340ms D &1d SQTS %
565 BN B LTS .

3) DERXEH

QTclc &% QT FfiOF MR & BETH 2 M,
UROEESAD %, QT3 OAMIEEIC & b Bk
%. Bazett fi1E TIXIRARMH QT MIBREZ R4 E L C
SQTS Z B2, SEIRIFICIE QT REbE 2@/ ifi IE L
T SQTS Z /N2 Wi d 5% ah dH 5. — /5 Fridericia
HHIE CEIHIREIGBEZET T 220D 5. L 78k
FRICIZIEHE & QT WA A —/3—F v 73 5 alHEl:
5% V. TORDITLHIEL 60~80/5) T DR A HESE
ENTW3S

¥ THESEERFIRT, THEEIGERETFRT
WEBTEMISBNTWS. SQTL Tld@<, A

Table 5 Expert consensus recommendations on
SQTS diagnosis”

1. SQTS is diagnosed;
QTc (Bazett) =330ms
2. SQTS can be diagnosed;
QTc (Bazett) <360 ms
and one or more of the following:
(@ a pathogenic mutation
@ family history of SQTS
® family history of sudden death at age =40
@ survival of a VT/VF episode in the absence of heart
disease

Red font indicates differences from the European Society
of Cardiology guideline®®.

Mk TIENZ V. SQT2 3ki4 TH 2P, SQT3
TREAIENFRE T OMENZ V. FEIE AR 2
BN &0 2,
4) anEEER - RV —IDER

IR E AR RV X — 0EBEXIC BN T QT HkE
R L, IERICEE LD O Z kIt S QT Mo
ZNZLOOMRMTH % . KL E—DERIE
AF OFHMMICEEHTH 5.
5) ERDOEREZ TDEE

= IN LA SN 7/( >~ TCl3, Bazett fililET
QTc<330ms 7% 1 K2 O EAE & LTV B W,
/NFT QT Efie & 2 d 2 =-AE T K. Th B & X
YEMNDFENTWA., f@E /R, FICEERD
BHETIZ QT ﬁ%ﬁ@ﬁf&h\mb\ H AR O RO AR
ZOWME TR, BHEoOPPAR 1EAE, G 1FEED
QTc (Bazett fiiiF) O 13—v > &2 1)L, ThTh
337ms, 325ms TH Y 2, RAHLDTF—2%2E &
kf’FﬁJZé NI Wi EHE T EES W & 72 2 PTREMEDY &

. BARoRERTIE, RO T iz QT

Wﬁ{ﬂk%ﬂ% D3R UDERZIEITY % & HIC QT Fifiz

RBDBHNT DI o7z, AR OOEXBZEOE TN
t QT RIFROMEREMIENZ D—K EHERE Nz ORF
FT—H).

6. U RXUFHE

U 27 FHIE L S N TWinwy. QT B0 E
CEIEEOBIIRENTE ST, KHMERGI TR
QT FEAEOREIC X %V X7 DOERNLICIE B EMN 758
HNZWN

7. k&

YRS FIERICT AT TR Z L, S
HIE DA RE N TV,

HIEDHA R4V TRF Y 02— NI
FFTWw3 9. R SQTL T QT MMM IE# L 24
WdH A N2 MRS E NS 2, v &

O—)L 7% &0 I BEIE SQT1 ICxd 3 QT EEXE
X2 L0, Mol THIEMANGEN TV S

ICD MWEIBEBRILICE R CTH 5 H, QT b\@lﬁbcﬁ
L TWaTz, TiH%Z QRS &2 LEEHT 54
BhBB. FIEDHA RS54 TR, DfigFEDR
A6 & BIRFVED Rt VT/VE BRI ICD hld 2
AP THEREL, ZEIRFEDORIERED & 2 RN 13
FEDHE L L TN E LTV 5.
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A7AZ I VERSHEEORER (CPVT)

1. BE

AT A7 I VERZIEMOERIE (catecholaminer-
gic polymorphic ventricular tachycardia: CPVT) &
1960 4EIC 413 TG & NICEHENEREIR T H % 2.
FIEFICE S, EEPEEA N LA L 75> Tk
2RI G | Z T 9. R EE N T O RE VD
<, R HEODE AR BT 5. O
AN D Ca @R 5 BIER L) H (DAD) A
ANENROFEICEALG LT 5. BIEE THEEOMEG T
HEMNREEN TS,

2. B&¥

CPVT OHEEMEIE 10,000 AIC 1 EEDNTNS Y.
KOEOEE CEIKIBEFRIED 6% ThoTe. M
VeI NTWVED, BOPEDOEE TR
30D 2% D71, FHETBEENELANY b %
LTI T EMNZV. PPEIRD BT 2 F# L 7~12
®CTHD, 40/%F TIT 30%D CPVT HE I
AN g ot

3. fRRE4IE

DA Ca® " BhAEIC B S % 85 OB 5 T 5 H
DE K THIFEA Ca? " BEINANEEI & /5%, 5% & Na/
Ca 5ZHZR D forward mode (1 {HD Ca?* ASHIFIEA,
3fHD Na " HHIFNANEE) AEEEE N, —@EMn
M  ERIC K % DAD 27 & 9 2 N EENIRDEC 5.
IEAPFERIRRCIZ Y 7 ) D AR LB Ca F v
ZOVDSTEHEE L, ffEA Ca* W& b Bng 3 =R
BIRMEEE 0T Ix5.

4. BFHER

AL TR ER RN I N, EER & LB
TOBBEMNIHS MR- TETCWVS. FimEn I
DT Nt D N3,

CPVTLZV T /Y V2B ARE L1 RYR2 DZE BN

Table 6 Expert consensus recommendations on CPVT diagnosis’

WTH3 . V7 DR R IR ET %
Ca> i F v VT, vkl & Nz Ca®”
FIERENC Y 7/ ¥ V52750 B AT I IS AR &
N%. CPVTL TlEV 7T /Y V2R ADOERE THEIC K D
PRERHICE Ca> TSI NICIRIN S . D=l
N Ca’ M 5L, DAD B HEC 5. CPVT DK
e L, WREOKEEEEET 50, HAROHET
9 57 %I Z RGBT -T2 3. #9 10%MZRET 5.

CPVI2 Z A7 T A MY ¥ 285 T CASQ2 D
ZEANERTHZ . s T A Y N
ERNICIFIET % Ca b RISV T, VT ) IR
hEZEIST S, i CallikOBREHEH%. CPVT2
TRV 7/ V2 RE L DOREEIC K B i Maik
50 Caifith Calfr DFEFEIC X D, DAD A T
5. CPVT O 1% 772 58 5. 10 % F TITEFIFAE
U, Z2RAET 40% L SR TH 5.

T HICCPVT BB E LTURD 200 H 5.
LQT437 >+ Y B%Zd— RT3 EIET ANK2 D
HEDNRKNTHS. QTILEZED, AF PRIk, &
BIay ZeR T 7 UF ) v BIEHBERS
RUINTTA TV F v XV EHIRRIC DR E L D HK
HIMNH O, Na/Ca ZHRZ EICHA G B2 52 %.
QT EER /=X 3, HBAMT CPVT & £ L7,
HEEEAEZ 2 LflREsHESN, [T oFY v
FEMRRE] LIERC L H B0 LQT7 DEKBIEF T
» % KCNJ2DZEHTE, QTEEZRD T, CPVT
R UGS EhTn5 4,

5. WA
1) fER

HEB R D RADOZEIRIEN N TH 2 23, 15 A k
LA ABHEEHT 5 & &5 5. FALIIZRICIENRRE
DFKICERD 5 5. ZEREOLERMDIER R8T
AMAE LTEMEIN, BHIMNENSZLEH5.

2) PR

HAGDH A K< A > & HRS - EHRA « APHRS & A

AT — b AV FOBWHAEIHES> TS (Table 6)%7.

)

1. CPVT is diagnosed in the presence of a structurally normal heart, normal ECG, and unexplained exercise or catechol-
amine-induced bidirectional VT or polymorphic ventricular premature beats or VT in an individual <40 years of age.

2. CPVT is diagnosed in patients (index case or family member) who have a pathogenic mutation.

3. CPVT is diagnosed in family members of a CPVT index case with a normal heart who manifest exercise-induced premature

ventricular contractions (PVCs) or bidirectional/polymorphic VT.

4. CPVT can be diagnosed in the presence of a structurally normal heart and coronary arteries, normal ECG, and unexplained
exercise or catecholamine-induced bidirectional VT or polymorphic ventricular premature beats or VT in an individual >40

years of age.
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SEAREHIL T AR E N A RN R DB AR E L
TEENZHIOHR L 755,
3) DEREEE

LERLDEXTIE, RiRME, URENELDERED
DODIDWERFEERDBENHZDHRT, CPVT D
ZWIIREETH S, DB AEERISAIEAHFBERIFIC HY
B9 5. mm%blmﬁﬁmﬁézﬁﬁﬁVTﬁ%
BT, 2RMEEERBCZEEDHS. L LiBEIC
T 2 5101 VT DR T ER0EE, Wﬁ%f@
DBEIINGEDO HFRESR 2 BIRDARD G EH 5.
FEBREC B RFIC O, OMEIE LTS Tl e R
LQTS & OFERIMKEEELRER D D 2 Y, T ORRGE
5, WAEE/RO QT RREZHHlENZ L <, Eihg
A& T ERIC QT KfE S 611 CPVT O REMEA &
WC EAVREE N P,
4) KIVE—DEX - BfHER

B AAERBRDS 2RO A TH 5. EIEED
Hhn OO LIS, BRSO LS
HU, HENMETONMINTHB. THICVF LR
BEbdHs. RIVA—DLEXE, EHEMDTER
WELYIERIEEI A L AREOFHMiICEH TH 5. TE
7)) VAR S SEB) AN T E R WERNC A H
e LNEW.
5) BIFRE

HIEDHA RT A 2 Tld, MEEIERNICIZER K
BWHETHD, MHRLTVAD Y, HIEMRE
PSR,
6) EREREZ TDIEER

LEREOOE R TORFE VIRV, LERTO
DR EEZEETH B0, FKEE, BHEREICEES
%. %¢ HIEORIFRESD, HEHDEE A N L AR
& UTe— M miiba o5 O BN B B Il X,

%ﬁ@u X720 THIMAEST, RN EE) E RO
X Holter DEXZITOINETH 5.

6. URHE
IUTFYVARELEZLOLD, MEIEOFENES Y
AT WEN . ESIRERTOBWIHIE Y R 7 M

o,

7. BE

HPED A K=+ > % HRS * EHRA « APHRS &1r]
AF—F AV MCHEL TS 9,
1) £FEE

JEFHHIEIE CPVT 2FICHET, EHICARLA
BT BB NETH B,

2) EiEE

BHEBTSEN BRI T, KIC T LA A = RDHESR
INB. BENERKIEEEIROAR ST, B FHREZ
oM E & & CPVT 2N E—E IR L LT
RSN, BENEROTTEF Ru—)Lix & DO ER
MEFSENHER SN %, CPVTI01 fl7Z #oEmR L
WETIEY, BENEEENIRL TWEWT EA, DA
NV hOINI L FRIRTTH O, FHADGRN T
HREILDZAHEENRE I NG, TLAAZ R
BIEWTSEP AR T & I VT & 0 IR SIEFNIC B 5
N5, NI83)b 7z BEKERRISENTT 5 8 RIS RER
ThHs.

3) FEFYEE

ICD &, "JREZRNEHERZ TN TIATERIED
BOBICHEREE NG 7. 2L, REYIEENCEES 7
HTVTHFFEINZ AL D S, R/
9% ICD W ZAFH T EWM THBIAHTH O, HEIC
TRETHB. HEDVATFITF 4 v 7L Ea—T
4, CPVT O 3 #IC ICD MHEZIAE N, Z DK
PO 1 RXFBFHNTH > 7z, ICD FZ A FIER| D
40% I YIEEBIN B > T2 b, 20% IS ARNEYIEEI A H
D, ¥1% X ICDIFEMNFERE Lo L 7 MU A
JVAR—=LTHLEL TV,
RIEAREYIERT 1L, BUEWTENR T & LM, VT
72350 IR REI S0 BT N AR D R A i1 E B RE L T
LEEVHE LNERWA T, HATOMRBESIZ R,

Brugada fE{ZE# (BrS)

1. #1E

Brugada JEfERE (BrS) &, 1992 FFICHI& THid &
N7 VE % e OBREEREIRTS 2 . 12 %850
WX DL MEF IR ST FRZRH 5. 0D
I U Brugada DEM E KiEN 2, KHTIEFLT
%. HEDSHEFENHEENC VF 25| ST LT
IET B ONHIGIT, HAEDIE > < DFFOJHK &
FAHNTVS. SCN5A 75 & DR 5 OS5 A
&3, Brugada LEEX VF FEAEDKTIC IR D
RUMNDH 5.

2. BFE

NEENH D, HET7VTIKEWV. BEAZHRLE
LR EDHTRBMNZ L, AFOWE TEBEMND
95%7% 15 %. Brugada DLEXNYID THIBIT 500
30~40 i®ANE <, FPILFEDEIFRR I 50 A
THs. —J5, NRNCE DL, #ETOD Brugada
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(a) Normal

Transmembrane
action
potentials

ECG (V2)

(c) Coved type

Transmembrane
action
potentials

ECG (V2) M

(b) Saddleback type

(d) Heterogeneous loss of AP dome

| Dispersion

|
\«—— 3! Epicardial Dispersion

I/

Fig. 5 Schematic representation of right ventricular epicardial action potential changes proposed to under-
lie the electrocardiographic manifestation and arrhythmogenicity of Brugada syndrome

Endo, endocardial cell; Epi, epicardial cell. Modified based on “Reference No.51".

DB OSEEIE 0.005%FRE L MG ENTWVS O, %
TN TR BEOMZZIEE AL WY, NE
BENE DI, FLRHICRIET MRS &H D *©,
FERGI D T3 27,

3. JREEEIE

BrS OAND, HEFRESOHIEEC B % Fo D
RY—NTH% T EHRBENY, Brugada DX
DR TH 5 a7 RERIDY RV 7B ST R
HABIRMEDOE R & 7E > T 5.

HERHEEOONEE (endo) &AM (epd) Dif
BEMEEICZENDD D, TOENAEZ 12 5FE0
BHOLMERFLENGER L TV B LA DT EMNTE
%. endo M epi & D BN E WV ELEXOEN I
M CEFD I, e KT &% %. endo W
TS B8, SEICHSHT B DI epi DTz,
TE BN RERER I epi MBI, F 72 epi A endo 1T
UL DFELTWVS. TOEWZFHICERR
TREL, ZO® end IR epi TH 1 NS 2
HTD ./ vF & F—L (AP dome) FERMWHEILD.
U LZDOEN AN D T D78 ST 1FIFIFHE
FRICFEERE NS (Fig. 5a). BrS TXMRAY NN

ARNRBERSBSFRIME £3BbE F45

RO (N E EIRO WA I Z EiR o )
T, epi TD/ v FMNKELLD, endo & DENAN
PIEY R)LNw ZHIO ST ERMET % (Fig. 5b).
RN EBROE SR T LR ALY
LF v 2IVDOIEMEDEN, F—LERAEEL,
end X D & epi DFMAENS 28 T JEH R
L, 37 RBD ST EFIcZ(T % (Fig. 50). /-
&SI AN E BRI S &, LAY
T LT v RIVDTEHALENT, epi D 2 HHD F— L
WKL, epi WEMNCHIHd % (Fig. 5d). 9%
& epi BOTEXMZIES5DE (epicardial dispersion
of repolarization) M KS % 728 phase2 reentry %
BE D, Ioy 3EBHIROLE 22, EMRFEE
KR REMR R TETHA L, ST LA & VED
BIHENBZLEEZLNTNS.

—J7, AETRHEEARE T OREEIE 2 £ DO i) st
WATLRREATHZ LV EREHZ .

4. ECENER

SCN5AIZ Na F v RIVOBEEI T2 & 72 5 93815
TRENHME SN BrS1) V. Na F v 3 )L OKEEE
KDL EH OB 2[R L, TN
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Fig. 6 Twelve-lead electrocardiograms of BrS

in 3rd intercostal space

Black arrows indicate coved type ST elevation (type 1 Brugada electrocardiogram). A white arrow indicates saddleback

type ST elevation (type 2 Brugada electrocardiogram).

WA E BFROBMADZEC UTRRBICE G 3 % LR
n, 1AV Frr R LTI—A BN BHIETIE
23 DG Y (BrS1-23) DAL MNCE>TWV5S
7, BrS1 A% 15~30% & i BBV E L.

LA UTETE, 143V F v RIVKE LTIRASBTZ
TN DN T, OB T, RIE, &
Hefbdx B RINER - BRIBERNZ FHTHRA S K1
ToTW5.

BIETH L RBRIOBHEIC DWW T, ITEAFN S
SCN5A Z55 L T OBIGA IR iz 2. T DR
TlX, SCN5A ZREEMEREDEEMERECLE L, #IELOA
ANV b OFREEMmOERITEL, DAY MFREREN

Eho .

5. Bl
1 ER

b, HEV, SRR, B, R 8
WD, Ephs, BERE, B2, FohRT
&, FEEARFICHIET 5 T ALY, Bk LM
LENBHHDS.

2) Bl
HAMBERBEYEDH A RS54 29 Tld BrS Z0&

KR TRELTWV5. A A%RRE (EHIES %
W ENIADRRLER) TD XA 71 Brugada LEEX, B
FEENC K283 (EWMIR D % WIZs &R E) <
DX A 7" 1Brugada DEX, F/zld C: FHIEMTH
AT VAT UTe 2 A 7 2 £7213 % A 7 3 Brugada .0y
X7z BrS LT 5. & BICHEKED A I THAE
fge Pk BrS INEEMRE BrS 1771 %.
3) LEXZH

Brugada L&D ST EFIE T FRLEH R)LNy
IR ENS. a7 PR, JRfHED ST E&F
ZIEMELT, KFEETZEEALRDTITBEMET
BICHATL (Fig. 6), ¥ RNy 7RI, | RffiET
FR U ST IMRAICIE N 28, BEiE THE I
GlEREERFIEE 72id 2 P T #1795 (Fig. 6).

%7z Brugada DEXIEZ A T 1~3 I3 E N5 4,
ZAT1E]RAT2mm UL EDST FAOHZaT R
B 24T 2@ THET2mm Y FOST FROB S Y
RV ZRIC, DT 55 &8 < ST D
Imm MY EZ2RSTeE X THICRITIT 28D, XA
3%, JHO ST EAA 1mm Al TH RNy 7%
a7 RO DTH 5. ] T 1~2mmST EF
ZRT B DRI N TR,
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(a) pre (b) 30min

Lem/mV
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Type 1
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ECG pattern

Type 2
Brugada
ECG pattern

Fig. 7 An oral glucose tolerance test (OGTT) in a 10-years old with BrS
ST segment elevation in leads V1 and 2 during OGTT. ECG, electrocardiogram.

WE O MEEE (V1, 2) OFEMATE Tl Bru-
gada DEXZ/REIZWVA, 2 E co MM
FLERTHELT 2 L WH B DT BrS 255 A
%T V1, 2 OmEhifiiidiz &% (Fig. 6). i

%ﬁﬁ#’@k%%ﬂﬂéfhflﬂ
4) FROWZZ COER

PR RS D AT A ]\ 7/( YT, 21471
Brugada DEXZHIETNEZFRAEE L, JHA02mV
PLEDY Fobs3y 78 Brugada /0 X 72 B T U304
FTLEHMH LA TEXWVATRE LT3, Brugada
DEMIZIERIETZT MDD, 1[EO.LERT BrS
HEAT BT LIETEIR. ORI A O 542
SRFES® BrS DREIE, BRI WAL IR O — it
MEERbEE OWHTE, W~ e, DB AEBIRIRLE
PR EOFTRZROFNCIZER L, KA E o
FFLENZERNIC L 2RXETHS.

5) ®IVEZ2—DEH - &Rk

BrSIC#1J % ST FFHCIEHASHNEENH D,
EFIELTW2REH S, YEEHPKMIC Brugada
DEXKMBHEILT S eATLEVDN, 12 FEER
R —DBHTIHITE 2 ™. ErAfEiE Bru-
gada DVEXOBIELICHH TH 5. AmalBRIC I35
Yoeader, HEBHEE, REOREEAOMERBRYH 5. H
BB R &, K0 RN HTE TR A
7 lBrugada DENZHRT S LBeEE, TN T

BN DIV B IR B 21T 5 NETH
%, HANAMICIE Ta BE T Ic BED Na F v VK
B (ENWINAZFRE) BDHVWEN, ARTMRICXA
71 Brugada DLENZESH 5 LEMEEHIKTENS.

ARNRBERSBSFRIME £3BbE F45

MR £ T UE A EAPRERIIHIC & O Brugada O
BUEET B, AR T RICRISSE MBI L 720,
Brugada DFEXMWEZIC K T LB S . FEOIHE
EfakER Y o, WREEICE < OB AT 5 i
#BR % T Brugada DERMEEILTZ T DB 5
(Fig. 7).

6. XM
ERABIZHLE UTeMat e n, BERFT RO E
PEAVREENT NS, DHELLS VE ORI RO R
YA hEL, NEIRIEMERAN ORI O X 7130
{Z1E%° VE OREEFID 1/4, HEEMEGID ) R 713 A%
HRIEE A DRI D 1/4 & ENTN S Y e
REIDER A N> FFAERIE 0.5% LR 0P 7
NV FDZLIEMEIEFET2IFZERETH D, & HICHE
SEMRGITIE, BRI, KGR, BaFREisizy X
YEHEDSE L% O NRTIE, FMNO Brs 128 {ﬁJ
DRF LTSN D 0 7, SERFNHEEER S,
BN ARE G E @Ambébot it?%ﬁﬁ
VWD, JERE e BIRFEED R A T 1 LERERT
THolz. HHAED BrS/NEFIDFTH%LV X7 1EH
HTHO, ZOMANEENS.

7. BE

1) &EFEE

mﬁfu%%ﬁm4«/b® AR ERB T N2V
DFEEARF I FREAK Z2 TR IS U, Rz i3

5.
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2) EMEE

YL ICD I L C AR TH % D, ICD
Wi Z AR BE SN D % DT Z 72V B>, ICD 2 AR
Bl VE PO TDIChETH%. VFPiE LT
EIECT VAN DHEDIEF=V T, VFAL—LT
Ay rarL / —IVETH5.

3) FEEMEE

ICD ##i Z JAF A BrS Hi35 D Z2IRE T B D F #h M 7%
FEFHE NTHE—DWEEETH 5. HIED A A R A
VTR, DR EE 723 VERHED Z 1 T 1
Brugada LEXIBII ICD #Z AR D 7 5 A 1 D i
THbH, 247 1Brugada DLEXICHIA THEMREE
gt RIEEZES T2 L, IEREAREIEI I
FRA7ssA Ik z tEb7a) & 2 WIEE TR 263
Z01& 7 5 A 1la ® ICD s & ENiz. AR &
D& UTeif%e T ICD #f Z3A A TE BrS O Y1 FSh X4
f2.6% TdH-lzDlcxtL, EyfEE)z &3 ICD B
HEAGHEDOFERMN 8.9% L L E iz . /)
T EHITICD DAIHENZ W, RADT—ZIC
5 < ICD Wi Z A0 72 2 Tlded 2 DIFEEIC
BRNETH5.

NT—=TIVT TL—a »OREMNIESHE SNk
7ehy, HIEDHA oA 2 TEEYIRSTE VE R h—
LJER> ICD SEELE Y EBIFI~ DA FHPED T LT
WEWELTWS, NEFNIRSNTWAS A, ICD
WiZ AR EFEIBFIC T T L—3 3 V&1 5 12 3 i%EH
2018 fEICHR T iz o,

JEBIE 2SR LT K72 E o T E ERRY: L
RS, REFE I EICEREHR L LR d.
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