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TABLE 47-1. Acquired form of Brugada syndrome.

1. Antiarrhythmic drugs
A. Sodium channel blockers -
Class IC drugs (flecainide, 72
propafenone®)
Class 1A drugs (ajmaline,*? procainamide,**
disopyramide,®® cibenzoline™’)
B. Calcium channel blockers
Verapamil*
C. B Blockers
Propranolol, etc.
2. Antianginal drugs
A. Calcium channel blockers
Nefedipine, diltiazem, etc.
B. Nitrate ' , :
Isosorbide dinitrate, nitroglyceline,* etc.
(. Potassium channel openers
Nicorandi, etc.
3. Psychotropic drugs
A. Tricydlic antidepressants
Amitriptyline,** nortriptyline,” desipramine,**
clomipramine,® etc.
B. Tetracydlic antidepressants
Maprotiline,” etc.
C. Phenothiazine
Perphenazine,” cyamemazine,* etc.
D. Selective serotonin reuptake inhibitors
Fluoxetine,* etc. :
4. Otherdrugs .
A. Histaminic H1 receptor antagonists
Dimenhydrinate,* etc.
B. Cocaine intoxication!
C. Lithium®
S. Hypertestosteronemia*
6. Low visceral fat*
7. Myocardial ischemia )
A. Right ventricular infarction/ischemia®’
8. Vasospastic angina**®
8. Temperature
A. Hyperthermia (febrile state)™'
8. Hypothermia™**
9. Electrolyte abnormalities
A. Hyperkalemia®
B. Hypercalcemia®
11. Meal, increaed insulin level”
12. Polymorphysims in SCN5A®

pilsicainide,

Class 1A sodium channel blockers (ajmaline,
procainamide, disopyramide, cibenzoline, etc.),
which exhibit less use-dependent block of fast Iy,
due to faster dissociation of the drug for the
sodium channels, are expected to show a weaker
ST-segment elevation than class IC drugs.??+*
However, the net effects of IA drugs on ST-segment
augmentation are influenced by their blocking
effect of I, to ameliorate their blocking effect of
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Iy.- Ajmaline is reported to induce or enhance
Type 1 ST-segment elevation more frequently
than flecainide, a class IC drug, probably due to
less inhibition of I, by ajmaline.”®*! Disopyramide
and procainamide show weaker accentuation of
the ST-segment elevation due to their smaller
effect on fast Iy, and mild to moderate action
to block I,,.”>* In contrast, quinidine generally
normalizes ST-segment elevation owing to its
relatively strong I, blocking effect, and is proposed
to be a pharmacological treatment for the Brugada
syndrome.’>”

Class IB sodium channel blockers (mexiletine,
lidocaine, etc.) dissociate from the sodium channel
rapidly and therefore block fast Iy, principally at
rapid rates. At moderate and slow heart rates,
class IB drugs have little or no effect on fast Iy,
thus are unable to cause ST-segment elevation.”

Iy blockers such as verapamil (Figure 47-3)
and B blockers are expected to accentuate ST-
segment elevation and possibly to induce VF as a
result of inhibiting I, 1.* Recently, it is reported

A B Verapamil 10mg C Washout
e b
— —
Vi V1 "_‘V. vi “‘V >
'
V2 V2 ‘_V/\*
V3 v3 _4/\\
V4
V4 44/\;
Vs _J/\‘
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vé vé I 1mV
1 sec

FIGURE 47-3. Acquired form of Brugada syndrome induced by
intravenous verapamil in a patient with atrioventricular nodal
reentrant tachycardia (AVNRT). During AVNRT (A), intravenous
administration of 10 mg verapamil successfully terminated AVNRT,
but unmasked Type 1 coved ST-segment elevation in lead V1 and
Type 2 saddleback ST-segment elevation in lead V2 (B, arrows). The
ST-segment elevation disappeared after washout of verapamil

©.
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47. Acquired Form of Brugada Syndrome

that vasovagal syncope is accompanied in some
patients with Brugada syndrome. B Blockers are
often used as a first line of therapy for vaso-
vagal syncope. Therefore, unmasking of Brugada
syndrome must always be taken into account in
the use of P blockers for vasovagal syncope.

Antianginal Drugs

Calcium antagonists (nefedipine, diltiazem, etc.)
and nitrates, which have a blocking action of I,.;,
are often used as a first line of therapy for isch-
emic heart diseases. An I¢ arp Opener, nicorandil,
is another choice of therapy. These antianginal
drugs are expected to provoke ST-segment ele-
vation in patients with the “acquired” form of
Brugada syndrome.”*

Psychotropic Drugs

Many psychotropic drugs have been reported to
unmask Brugada-like ST-segment elevation. These
include tricyclic antidepressants (amitriptyline,
nortriptyline, desipramine, clomipramine, etc.),
tetracyclic antidepressants (maprotiline, etc.), and
phenothiazine (perphenazine, cyamemazine, etc.),
most of which block fast Iy, usually with overdose
(Figure 47-4).** The selective serotonin reuptake
inhibitors (SSRIs), such as fluoxetine, are reported
to produce ST-segment elevation, probably as a
result of their effect to depress fast I, and I, . %

Other Drugs

Dimenhydrinate, a sedating, first-generation
histaminic H1 receptor antagonist, commonly
used as an antiemetic, is reported to produce
Brugada-like ST segment elevation.* Dimenhy-
drinate exhibits an anticholinergic action and
blocks fast Iy,; the latter effect may cause the ST-
segment elevation. ST-segment elevation is also
reported to be provoked by cocaine intoxication
mainly due to its fast Iy, blocking effect.* More
recently, lithium was reported to unmask Brugada
ECG.*

Hypertestosteronemia and Low Visceral Fat

All of the mutations so far identified in patients
with Brugada syndrome display an autosomal
dominant mode of transmission. Therefore, males
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FiGURE 47-4. Tricyclic antidepressant-induced acquired form of
Brugada syndrome. Type 1 coved ST-segment elevation was
observed in leads V1 and V2 during oral nortriptyline (100mg/
day), a tricyclic antidepressant (A, arrows). The ST-segment
elevation disappeared after washout of nortriptyline (B, arrows).

and females are expected to inherit the defective
gene equally. However, clinical Brugada pheno-
type is much more prevalent in males than in
females, especially in Asian countries.” The male
predominance in the Brugada syndrome is at least
inpartduetointrinsic differencesin the ventricular
AP between males and females.* Recent clinical
studies suggested that a male hormone, testo-
sterone, may be attributable to male predomi-
nance in patients with Brugada syndrome. Matsuo
and co-workers reported two cases of asymp-
tomatic Brugada syndrome, in whom coved type
ST-segment elevation disappeared following
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orchiectomy as therapy for prostate cancer,”
indicating that testosterone may contribute to the
Brugada phenotype in these two cases. Our recent
data suggested that males with Brugada syndrome
were independently and significantly associated
with a higher testosterone level and lower body
mass index compared to age-matched control
males, indicating a critical role of testosterone on
the male predominance in Brugada syndrome.*
These data also suggested that hypertestoster-
onemia and low visceral fat may be risk factors in
provoking the Brugada phenotype.

Myocardial Ischemia in the Right Ventricular
Outflow Tract

Acute myocardial infarction (AMI) or acute
ischemia involving the RV outflow tract (RVOT)
mimics ST-segment elevation similar to that
in Brugada syndrome, as a result of the depres-
sion of I, and the activation of Ixrp during
ischemia.”

Several reports have demonstrated a com-
bination of Brugada syndrome and vasospastic
angina or induced vasospasm with acetylcholine
(ACh) and/or ergonovine maleate (EM).** Along
the same lines as the AMI, vasospasm of the
coronary artery supplying the RVOT region is
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expected to produce Brugada-like ST-segment
elevation. Noda et al. systematically evaluated the
frequency of induced coronary spasm and the
change of ST-segment elevation with intraright
coronary injection of ACh and/or EM in patients
with Brugada syndrome.”” Coronary spasm was
induced in 3 (11%) of 27 Brugada patients,
suggesting that coronary spasm was not rare in
Brugada syndrome. The ST-segment elevation
was augmented by 11 (33%) of the 33 right coro-
nary injections [Ach, 6/11 (55%); EM, 5/22 (23%)]
without any induction of coronary spasm (Figure
47-5). VF was induced by 3 (9%) of the 33 right
coronary injections [Ach, 2/11 (18%); EM, 1/22
(5%)]. These results suggested that mild ischemia
and vagal influences act with the substrate respon-
sible for Brugada syndrome to elevate the ST-
segment and precipitate VF by decreasing Ic..
and activating Ix.,1p, and that the congenital and
possibly acquired form of Brugada syndrome may
place a patient at higher risk for ischemia-related
sudden cardiac death.

Temperature: Hyperthermia (Febrile State)
and Hypothermia

A number of reports have demonstrated that a
febrile state can unmask Brugada-like ST segment
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m| S —J
mp A \ —J/\
aVR A oy : . . VR SR " oA
3 : "'A/La N ‘J\/\——
aVL {
i
aVF “
i

FIGURE 47-5. Type 1 coved ST-segment
elevation induced by intraright coronary
injection of acetylcholine. A 12 precordial
lead electrocardiogram (ECG) under base-
line conditions (A) and coronary injection
of 50 g acetylcholine (ACh) into the right
coronary artery (B) in a patient with

| 1mv diagnosed Brugada syndrome. Injection

of ACh augmented the ST-segment eleva-

1 sec tion in leads V1 and V2 (B, arrows).
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elevation and provoke VE.*' Some functional
studies have demonstrated that high temperature
(febrile state) reduced I, in the mutant sodium
channel, and was expected to accentuate or
unmask Brugada ECG.”

On the other hand, a prominent ] wave
associated with ST-segment elevation mimick-
ing Brugada ECG has long been described as an
Osborn wave in hypothermic states due to
accidental exposures to cold.** This is probably
due to a low temperature-induced increase of I,.

Electrolyte Abnormalities

Severe hyperkalemia® or hypercalcemia® is asso-
ciated with ST-segment elevation in the right pre-
cordial leads as in Brugada syndrome.

Meal and Increased Insulin Level

The increased insulin level after meals or the
glucose tolerance test is reported to accentuate or
unmask the Brugada ECG.” This effect may con-
tribute to circadian or day-to-day variation in the
degree of ST-segment elevation in this syndrome.
Although insulin increases outward current by
activating the Na*/K* pump and stimulates Ic,,
the predominance of the former is thought to
contribute to augmentation of the ST-segment
elevation.

Polymorphisms

Amutation or polymorphismsingenesresponsible
for the congenital form of LQTS (LQT1, KCNQI;
LQT2,KCNH2;LQT3,SCN5A) have been identified
in some patients with “acquired” forms of LQTS.*
This naturally suggests that some patients with
the “acquired” form of Brugada syndrome may
inherit polymorphisms or other mutations in
SCN5A or other genes. We recently identified a
haplotype consisting of six individual DNA poly-
morphisms within the proximal promoter region
of the SCN5A gene only in a Japanese population,
which reduced transcription of the cardiac sodium
channel mRNA.” This suggests that individuals
carrying these 6 polymorphisms would display
mild reduction of Iy, and would be candidates of
“acquired” form of Brugada syndrome.
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NEREA R OHE, REN OCEME), QT M
ERENZ ETRETFERIB/ESINA TS, 20
9%, Brugada JEMRBE, £RMLQTS » 3 &
(LQT 3), H#THCEEEREL EO—HOBE
T, e bLH NatF YA VEEFTH S
SCNSA W REEFERNRAE SN TEY, Nat
FrAVREVIHIBETRIFEbhEI LI D
5. RETIL, Brugada FEEHICBITA.LERE
ft., ECIZQTHRMICEAZ Y THE L DI,
Na®F ¥ 2 UG & v ) B8 A & Brugada SEBEE
DLBEREIZOWTEST 5,

f

' I. Brugada fEf&RE¥

i
—

Brugada fEfE#1%, 1992 4EiZ Pedro & Josep

Brugada fiE (% 8%

AR H - HERSE]

7 Brugada %3 2%, Bor bk N ERYH
&7, 12FHBLERO VI~ V2 (V3) FFEI2 BT
LAY ST LA L LEMB(VE) x ERL T35
FLWEEHL L THDO THRHKILTTHEL
722, VF O#ESEDOFIERIZ 40 ~ 50 % T
HoHH, LTLL VEXFERSKTRLTY,
VFIZLBERDLNDRMEERRRFROKIE
BE, KIRIZEIHRO ST LA RH2HEITITEN
w2 %Y, ARIEBEBIT, EEMICBHIZEL
M/F=8:1~10:1), $7BEXEEDLTY
THIRIZZVOPEHTH 5, ML ST LR
Eid, EmE MO coved BI(AILEE) & Tl &
(24 % saddle back B (|F#k) TH % (B 13-1 A,
B)Ye THIZEHBILZ ST LRI, ML EE
(EICHSEEE), B OHL, B KEIRE,
SEMERE, BTAEREEAZOHE, BHES
BERBELETIFDOOLNEILEDLD, ZALD
RELXDETHLEND B,

I. Brugada fﬂ?f@ﬁb
BRIRESBREEE

2002 £ D% 1 [ Brugada EEEE Iy ¥ R
KFOWMEETIZ, HHWL ST LAN3I 2D/
F—Igsh/(typel I coved BIT] 5 F
72X STER A EMA S 0.2mV UL EEA, type
2 ! saddle back I TEADOFHF270.1mV L EE
7, type 3 ! saddle back Bl TE A D E 5 A3
0.1 mV Kif) (B 13-2)¥, LA L, 2005 F0% 2
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[
11 %X QT ERERE S TOEGES

A RHIF B Na F v 3 /LEME
ENIHAZ Rl EMTHAZFE
V, = Vv, "
/ 7/ /
V. -*-"‘\/‘ V, = _\__
Sa idle-bac?( Coved
Coved
2 1
type 1) (typfj) tvpi )
Vs ] v, [ 7] T
L
VA _.._/ [ V‘ i "'l/_'
) 3 - 1
Vs Lo~ Vs | & ]
Ve | ] Ve i ,_',/\__;

C SfhhiE vi-vs B

7 7/
V, ,_a‘(_ r/ —.ai,\,_
54 / A/
Vo i fath N |3rd [ | 2rd
| Saddle-back Coéed
type 1)
i L L]
V, .J(g . i
!. | |
Ve [ W L/
! | L
Vs | inl i LA
Ve __.!JL _-jf;— "}‘/\“ |1 mV
1 sec

13-1 Brugada SEfRBEEBED Vi ~ Ve BEOCBRCIE4 L v 51H)
A ERI1 REREEAS S V2 B T coved ST LA 22T 5 (type Vo '
B. fEB)2 © FefRBFICIL V2 58 C saddle back BI ST ER (type 20 # 2L Tw a4, ¥NIVH 4 = F40mg DFHEICLY

coved ® (type 1) D ST LA % 5,

C. B3 RHHLERT, REOE4PBMICBY A V1 - V2 HELLEREH T Brugada #:0 ST LA % B 2w,
$#3, 2HETVI - Ve BLLERZEHT S L BB % coved B ST EF (type) EE2 L T2 5,

Brugada JEEBE /U BERE (Wilde 0458

5/2/99 13/2/99
type 1
YN R T
V,
T T Coved type
11
N
V.
[l H .
v, A
3 ] B
|

= ==

500 msec

13-2 %1 [ Brugada EERBEI Y AZET
{218 ¥ N /- Brugada JEREICE T 2 ST EROAHR
(X3 L 51H)

% 170

ERESETIX, Na*F ¥ AVERE (T LA =
F, 7RV Y, ELVAIL=ZFRE)DERED
BEEIZ»H53 (X 13-1 A, B), coved BIST
5 (type 1) 2 LREMFIZHBIFT TV B9, coved B
ST ERi, © VF OfEE, @ BAELTS
SR LR, @ RRTE U5 RUT) OFKE,
@ coved B! ST LADOFIEE, © BRAEBFHR
ETOVFHE, ©® £WHRME T30 REE
MBFE, 055 12UEERDBH5EE
Brugada JEfRB L BRI SN 5Y, SHITAFEDN VL
~ V3 ZE(V1, V238 4 Bhf) T1d ST LAY E
BE $ 7213 saddle back B TH, BAMMEESE (V)
V, 555 3 % 7243 2 i) T coved B! ST EF %5
B 584D, Brugada EREE & RO REIRIENE
AETHLOLEZ6N05(E13-1C)57, LA
L, BAOEESHEEHHE 13 5-1M485%
L ZE RS (Brugada SEMEEE) ORRE & £ OEFEI
B$ Rl oF s T, EPNatF vl



]

$£138 Brugada fEiRE ||

A baseline
Epi

Endo
AP 7

cos | U

B 1t thaw tle Th

—

bl bl
"Loss of dome" in Epi

Epi
rd Endo
AP pd
ECG

4 —

STLH

13-3 Brugada IEEfRE¥ICH 1T D ST LR O#HF

EUTEE) BT % 1T o T D type 1 # 2 S %\ type 2,
type 3, HBHVIXSEARED ST LRZ B2 8
EAK ISRBRENTEY, ZROOFHI
type L LA THBEZEDHL LoV, &
N7 72 BUT coved B type 1 LERAE 52 5
NTVRVWTTEEERTETE RV, 4B 5%
BRBBENLETH B,

II. Brugada fEfRE¥ D& (EFEZER

19984, B b Na*FrAvaHr71=y
b2 22— K32 SCNSADEENND THES
n", 0%k, SCN5A E[E U 3 FHahiEss
% Brugada RRDIME SN2, WELEFDOR
FHEFRBIZEENR TV, SCNSA DERH
Fl5E S B DIZEERRIC Brugada SEBE & 20T
SNBBED18~30%THoHHY, HiE,
Brugada JEfRBE & QT EH 2 &3 5 EH T,
Ca* F ¥ ANDal¥ 72y b B2bH T2
v bEEFNRFHRI—FT B CACNAIC L
CACNB2 DRUZFERNBE S N7z,

' V. Brugada EEfRE¥ICH TS
1 ST LR & VF ORF

Brugada SEBBICH1F 5 ST LR, QT HMRZ

EDLBRELIZOVWTHLSZICIE, ZhooM
FAFHIRE DWW THRET L LEN D 5,
Brugada EfE OB E TRIEESN TV A
SCNSAZEREIZX A Na™F v 2 VBRERE 21T,
Na™ F v A VOREERIE, Na*F v AL5— Mg
WORE, MRNEABEDORY (trafficking
defect) R ENRHE SN TV B, ThbitdtE T
BEREERE 1T fast Nat B (In,) DA (loss- of -
function) TH ), ZhHAFEDIHIZSTLERR
VF 2 EORFRICEET 3204, AR O
DEEEMBNAOR THAWREL Z £5%, BIIRETR
BELCHYR % B v 7-EEM Brugada SEREEE
TVICE BRI D GO AL 2o 220 ? (13-3),
LA EMRE & ORI R O 1S BY B LI (AP) i
DERDE L, APE1MD notch ThH b, T
bbb, LHHEMMTIZEY: notch 2580 2 DI
LT, LOHEME T notch 2883, [
COSMEMRE T, ABICHRTEZOLHER
BT notch MRV EAFHE SN TS, k b2
B2 OB T, Z® notch DEEKIZIE, B
#EMIZIE 4-aminopyridine (4- AP) B — B4t
& KT &R (I,) PHERET 2 2 Ll shTwn
%o EHLIZZDE 1M notch 243, I, BAMC,
notch {25/ & K < dome DEAICH S5+ 5 L &l
Ca* Bl (Ic,-p) %, £ OHRISBICHET S
fast Ina B RBNZHEET 5. Tabb, £14
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SR QT ERERE S ZTDERERR

A B C D
arka-M 7—)1«717“-‘}‘/ +ENTHLAZF +Iv7aFL /-
(Ic,L (fast hyd ) (g 1)
W 50 mV
+~—Endo +«—Endo Endo «—Endo
_J Epi Ep| f \—Epi Epl |
ECG \/\__ J :
; 500 msec
J iR JEEE coved B ST k& ST{ET
FRORBRM T K

13-4 BREREEOHYED Brugada EREETIVICEIT 3 J HHE, coved BIST LR, HKRBM TR
LPREMRL (Endo), -OAMEMRL (Ep) DESHEM*EhREhEb 0 (APs) & LER(ECG) ORIFREG %R T (BCL =
2,000 msec)o (3CHK13 X Y3IH) .

A. IV FO—VED S Epi S OA TIEHEMSE 148 notch 2B, THII—HLTECG b/AS % JiEE#ED 5,

B. le, HEDTF V7 2+ Y v OSIZ2 Y, Epi MM TISE)EAIS 1 48 notch 28K L, Endo M2 & BRIZOMK
2k b, ECGL]knME*ED D,

C. 3517 fast Iy, EMEOE NV H 4 = F %3850 L7 Brugada FEEH € 7V Cid, Epi M8 T S 5124 1M notch %%
(%0, dome D4 I VvV OEEYZY, Endo ML DEMABEIWET 572, ECG L Brugada SEREFICARMIL

coved ®IST LR L #ERBUTHELZD 5,
D. Ica-L PR xgsrA4 v 7uFlL /- ilsh,

55 2 HIZA ) T notch & dome DI IZ
CNODBERZVEHEICES L, L, Rthosm
& K* Bt GRIEE KM & (k] OFHEILOEN
B4y (Ike) B & OBV A Ik ], ATP E&E#H K*
Bt (Ig-atp) % &) WM, FARAMEER
(Ica-1» fast Ina) 5B L3612, LFHRMAR
D notch A& HIZHE L % Y dome HHEKT S
(loss of dome), LABEMRTIIZ DX ) 2%t
BRI bhniy, LABE-LCHEMRETAE
REMABWMSEL, JHEE ZIRICHI &L STH
SHRERTH(E13-3, 13-4)"9, EHIZ, TD
dome D £ LHHRMBHM TR —IZEL S
o, TET S LOHHRMAEIR T dome 25HKT %
i & dome AR AL ROLHE, Th
SOMBBETRKELEIBRHOELDENA
L, phase 2 reentry &N B—FDY 7L 7
YavHHBEL, ThHVFE1LHE LB
iUE (PVC) o & Z 2 b B (B 13-5) %
B, EEOCRHRERLEELHUFO
Brugada €7 JViZ, 256 5O AP EREIRLEAS

172

notch 72534 L dome @ L, ECG L ST ERIZHEL TV 5,

ML EENREHER AV EREXT v E
VUERBAL, AEEBIIBITAVFOIIEE
& B EHAE (PVC), ZRMECERBVI)
2 VF O#F % & O ICHMICRET LW, B13-
6 A i3, phase 2 reentry I2& 2 PVC A B L %
»o 7z Beat 1 & PVC %3 L 7 Beat 2 D.LFHR
MOREM LD AP %, F13-6 B i3, Beat !
L Beat 2 BRIZOAMBEM A SR LS BHEE
T3 K 13-6 B OB DHEIRITIEEM AR,
120 ~ 190 msec DA TiZ AP dome #3R7=1 T
WAHERERT (K 13-6 AL a, b)o —

FEOFRIIEEMAEL, BT loss of
dome LTV 358 %RT (K 13-6 A DEBAL ¢, d)o
phase 2 reentry {2 & % PVC A% HH3R L7: Beat 2 T
1%, Beat 1 12H~T dome 2Rz TV B HKRED
SEIRAE < (190 msec), % 72 D dome ASRH
7= ERALASEH B D loss of dome ERALIERHEL, TP
#iA> & phase 2 reentry i & % PVC B LT
WwWaOHbhhs (K 13-6 B D 210 ~ 300 msec,
&EM), B 13-6 C i%, phase 2 reentry i & 5 PVC
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|
%135 Brugada EiRE | ’

A
: dome(+)
.JW‘ | ‘V\/\'\[\ N \ | 50 mv

Epit [ phase2reentry

Epi 2 J\\h) J\Uk\f\\k_ I 50 mv
ome\(-
|
Endo _}L M/\f\j\ | 50 mv

JV ’v\j 1o

covgd £ STESR BRMLEE 500 msec

RARBMT K

13-5 BIREREZE CHYR O Brugada ERBEFIILTHER SN/ phase 2 reentry IZ & BFESHR S M
DEBEBCIK 12 X hEIE, %)

withvd, BT 050 2 7 (Epi 1, Epi 2) 3 £ UNORBEHIEE (Endo) DiEBEN & L BN (ECG) D EIHEEEE % T
F (BCL = 2,000 msec) o

A. Epi 1 TIZBEVIEEHENIS 1 48 notch & dome % §8%, Epi2 Tid dome 2%l L, Endo L OEMABRIZL Y, ECG £
Brugada fEfEBEIZSLRINY 2 coved BY ST LR L #KEM Tk 2 0D 5 (KD,

B. Epil & Epi 2 I THORMAEIZL o T, phase 2reentry IZ& Y IEHBHRSENBFREIN TV S (EH),

A
Beat 1 Beat 2

ECG l/\____Jf\f \__
.
TN
N N

; ’\,.
S
AN X

500 msec

136 EEEXT YL JHEAVEBREREE OHYIEICHT 3 Brugada T7 I THRE S h - phase 2

reentry (& 2.0 EHISMRIE (PVC) (Ut 14 & H31H)

:ﬁ. IR ORI 2 B OEEEN (AP) & L ER(ECG) B. LHEMALERLAZENE ¢ PVCHORT(E
E]

173
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[
|11 %X QT EREREEZOESRS

ECG —(V\’F\NWJ\____
DWW
AWV

A

13-7 BREXVYyELJEERVABREREZT OHYAICE T 3 Brugada EFIILTHER S h7-FESRE

SR CESER(VT) Coik 14 £ H51H)

DSHER R FRN R BAOFEEHEN (AP) & LB (ECG)
B. UMD 5 E28% L 72 phase map

C. VT ERI®-L48% APD map
D

»

. VI BRINOAEB» O R—2 v 7 LIZBROREEER

RHOBELERLRT. dome MR- NA-EA L
loss of dome EBALASEHE L 7= 53R (K 13-6 C O
L) DOEREFMICBEENEZDL> Twh,
phase 2 reentry 12X % PVC 2B T 5.048 ¢
PVC AHHEL 208 % B L 2R, dome A*
PRz 78R & loss of dome SRALAGEHEL, AP
5 R (APD) 0GB A K E {2 5 & phase 2

174

reentry i2& 5 PVC A RAET B I LA LML
ol

phase 2 reentry Ik % PVC 23| & T, ¥
BTHRELT 2 ERRREEE VI 2RETS
BELBERT L VEARETAHENDEVIIRE
N> EBRFHFEGTEIE ESITRF LI, B
13-7 A £ @ 13-7 B |2, phase 2 reentry 2 &2
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1
%135 Brugada EiEE | |

A .
i’H'\ ~— "ﬂ\- ~ ~ /'"\ SOOI N SO Ty S
ECG— ™, ST ST e
N N S N U
P B A VANAV AN WA IVAVIV S SOV
. Nl D e .

b r \\ \V RGNAYS “Jr\/\._/h'\j R AV SN SN NG SNV AN AN
"\'\ A\v ///-/\ M f \ Py W

¢ ! ’*\ NTTONNAAL Al e P AN N A
r . .

d ——~ \‘—-.._.‘,’/ AN A N NN A AN S L N
N\ .
-\ A N i/

g —- \}\ AN, TN AN A N A S W N N AW L

NN ANl A e e re

500 msec

Repolarization

D
)
20 10
1%010 5 \j
l\ 19 OO ‘

) 15 3
20257 [(ms)

Depolarization

13-8 BREEXYYETERERAVEBREREE CHYIRICET 5 Brugada EFIVTHERENLERT S

LEMBN(VF) Uik 14 £ D51

A LIHERB R 4 B OB RN AL (AP) & LR (ECG)

B. .LHHEER A & 5C$% L /- phase map
C. VF H#j®.[\ED APD map

D. VF RN LCABEMDSR—Y v 7 LABORRZER

PVC » 6 B L 7o R BRI S Tt VT BE DL LA IR
Mo ER RO AP &, LHERA SEEL
7- phase map ¥7R¥. B 13-7C ¥, VT EED.L
10 APD map # 7R¥. phase 2 reentry (24 %
VT % 148H @ PVC i&, dome ARz N7zERL &
loss of dome EBILAEHET 5 APD AEAKE »
B (0 13-7 COKH, R13-7B Do) HH R
LTwaat, BB OIER % HERER L7z %ic

BABELTVS, VIHIZ) Iy b Y =Dl

T& % phase singularity point (& 13-7B # Q) iZ 1

ErEnEn 2T, FLd—ELTnED5hH
Mdo —F, T A VFEIZIX(E 13-8A ~ C),
LA VT & FH, phase 2 reentry 2L 2% 144
H® PVC I dome 23R 7= L - L & loss of
dome ERALATEHET 5 APD BEATK & W ER{L (K
13-8 C D &ED, 13-8BO o) bHHELTWVS
A, VFO 2B URIEY = ) —EE»XER,
#34D phase singularity point(E 13-8 B #O) %
I BBOMS )Ly MY —EBHFEFLTY
5075 b5 (HM13-8B)o E13-7D &E13-8D

175
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[
[T 1 %Xt QT ERERYCZOEEES

% 13-1 Brugada SERBFFOMIIEAIKE

ST L ROEAF R E
BEFRE Iy, B (SCN5A), I, B4 (CACNAIC,
CACNB2)\
!
GEHBBOEMAEIZ BT S notch DK & dome
NDiH %
}
LT R R O B g B — (ST L&)

LERBORERFE
£ ERHME ORI B 5 A~ dome D%k
]
phase 2 reentry (OAHEMEARRS) — (L Z ML)
!
DB PREEBIE— (LB HE)

i3, ZRENSTH VT, VF HRHICOPIEN
PoR—Y 7 LEBOREBEERERTY, £
Bt VT RIS IEEEEAE 2V oIl LT(H
13-7 D), VFEHCIMZEBELRED, & (IR
BOBVERL (K 13-8 D ® Q) it VF @ phase
singularity point(& 13-8 B Q) & &M & { —
BLTwd, 2O Lid, VF ORI, BE
DORESB(ZE)REVPVLETHLI L TRT
H5LDLEZS5NS, Brugada EREFFTIE, —88
DBETNa " F Y ANVREZROLI DL
EMEERENETTHEEL LN, —EDIR
MEEORGNE - BRICHERT S VFIRET
% &3+ 1d, Brugada FEEH OME VF B{EDF
WAERKA 40~ S50 mEBEVC EHHBATERTDH
5EBbhaY,

DEDBERFHETR L EBRVBEI OREE Z
5N T 5 Brugada FEEFHOMBEMRE L &
13-1 127R" T

V. Brugada IEfREICH T B
D ERZNEFH

Brugada SEMEBEIC BT 5 ST LR UM DLER
ML LTI, QRSIBEORELEE, Al
Oy o5 —2(Vs, Ve BFBTSHARDD)R
E#8RMNOEH, PREMOER, 50, V,
FELPLE LARWTSEED QT REER %

176

EPRESIN TV 5,
A. Brugada fEfRBFICEH T 5 QT kg

Brugada SEEBED 2T, 5% % SCNSAZLR
*ETHEETIE, BETHIBRERMELQTS
EDEB (X —N—F v TIEER) 2RO, EH
ZQTHHOER*BOLIHENH L. LiL,
COL)LREREHERY TR, —8&HIC
Brugada SEEBDOBEIIBIT S QT BEMIIEEH
HEEZEZzOLNTE, LA L, B, Brugadaf
BEEOBED QTHEE, LEROFHIZL-T
By, REBHOREOEETHLAEMLE
EmE BT 2 EMREHFE (V) ~ Vs FE, &
CIZV2FH) T, ERRBFE(V,~ Vo) &
MOFEIIHEREEL TWAE I EAFEINTY
51718 Pitzalis 5 id, Brugada EEEHEEDI
72328l%, NatFx AV EWETHL 7L 74
Z RFOBEIZE Y type 1 D coved BI ST LR
RahiBaBRL BRI o -BEEO2H
LT, CO2BT, BHFELERD QT
BFHEZEEL, BEFCTRAURBSEE, L
Vo FEIIBITZ QTHHEOERIBEETH- 1
TEERELTWAY, F7-, CastroHevia b3,
Brugada SEEEE D BE 29 Bl 27 BT, V, HH
OQTHEPREELTVWAEL, V, FHOBE
QT(QTc) B[ A% 460 msec LA E DB AL M1E 4
RY FPORERPBOIEERELTWE, ¥
EEMESBRMOEODEDERETHALT
BEHA(BTH 25 TEREEE TORETSH
% Tpeak-end B b, Brugada FEERTIZV, Fil
TEETH5 I L%, Tpeak-end FFfH AT 100
msec Bl EIZB KL TV ABRAIZH.LIEANRY
FOREENBVELTWAY, ZhoDHER
5T 5 V, FilO QT BMERR Tpeak-end HH
DA, EI coved B ST EFITFI&HTL
FELIERY A RKBUETHOFEICE A LEER
bhb,

BiE, #%56 %, Brugada EBEHOBE 280
BV, Nat F v A VERETHLE NI HA
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|
%138 Brugada [EIRE | |

A B
T EE EERHIRIAL 6 5

- . ’ ! \ . .
..—'\,_..-'\'..-.'V_-—I i — A » P

[ 3 E £ " " “ Ky " » -
'

. - IJ - - B 5 - T /
R Ji\_.—v'\_.- N A i A
| § 3 . X i
" 3 EO o) . |l - [ “ “ o) B . -
i AN R H 1 R “ v
- Sl 8 .

_4'\,—‘.4\,-.‘1\,- N
1

_}/ e e e A

J '

|- ' R T
e e S R ]

a
t

e o

W 2 2 18 L ! '." < i 2 o [t
' L S [ { s
B e
B b ; B

e e o e _"AJ'/_J, Py .!_/__‘._/\__-'/\_ A e e

13-9 ENT H A Z FEHFRID Brugada FERBENOBED 87 ABEEOER(A) E EERHBER LMY S
s BELALER(D~F, 5~6)(B)(Xik18 L HEIAD
E5. F6 il THAIAL type 2 @ saddle-back & ST LR %2 8D 5 (KN,

A B
e v v E I HETRLILIAL 6 A
-’l\/--"\f'*'i\/-"l'v—-"\f-—':‘—'*‘-"— —.I—-——.'————l\/—-—‘\z— N

h A k] " " K ~l' a B u "
- ! i t
NN ,,-l\“-,," \,._~|/\, A A _.,.,__\‘___‘\,___I\,_
\ y

B [ £ 5 nl ! \,} ] B " u “

N Y P T
N .,"\,_4_-\. -’ .l/ sﬂfg_\‘/-_.,/\_.ﬁh._'\._..;\,_

” W Y ul - “ "

y) {

. AR LA
o o "_""/”“'v»’\“‘" - e LA e A e |

n 3 8 o' n‘ :1' -:| ° B Bl u 9

e e il i/ PRV UL W P,
v § b !
“ " 2 £ i a' @ El n 2 x; w )
. Yo }
_»,___:'__.-V___v._,_.»efswy/' L..r/ g ‘_!./-__/\_._'Aﬁ_.__“_

n u o o i3 . o - 6 K 3 a

)
B D ALY NNV NN VN P

13-10 BT h A = FEHEED Brugada IERBOBRED 87 AGKREOER (A) E HEFR MG & Rig T
%56 BNAUER(D~F, 5~6)(B) (i 18 X h3IH)

= MHHERIA T 87 AAKRELERZEHL, H  24msec; p<0.05), ¥VIhA = FEpiEkid,
TR (recovery time (RT) : QRS BIEEA LT 6 HTELIAZIIEEL-OWH LTSI AT
BOFKR—REHMEE TORMOARELER 3 EET, EEE(ART) (AR EKER*
CBIZEMELHMIRT LA (R13-9, 13- KBT56 S THEHFIIKREDo7(28 £ 38 vs.
0. 87 MaARMHBHFEBERMT265H8E 7+ 17msec; p < 0.05) (B 13-11 C)*, [ 13-12
SD~F, 5~6) & #0Mho 81 AT/ Tl 13, K 13-9, [ 13-10 OEH D4 ik H B 4EIR
T8 2 (R 13-11), 151E RT(RTC) BERIE, A1 OREW L LEBER(ES) & FRl s 5 FRBEHOL
POERMBERE KBTS 6 S THO 81 A SHEML & LAEMILO AP B ART. EA Y
CHNRTHBICEELTHY (325 + 46vs.302 £ A 4 = FEHERT O saddle-back B! ST LR DORsIC

177
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:
11 %%t QT EEEREEZOERES

A RTc(6 &) B C
(ro p<0.005 RTc(813M &) ARTC
} - p=NS ) p<0.05
° 500 1 150 1
450 .
g *xg 450 100
400 b ® l
*0 . l 00 50 I o
i1
] ‘ [ ' 350 0 1 ! T i
300 I ' ‘ _ - ! I l -
L ' I [ ]
250 ! 250 ) ¢ -100
a0 | 325146 354142 wol 302E24 309423 Lol 28%38 717
REIEAD Btk BESER Bixik 6 BB~ 81BAR

13-11 Brugada SEfREOBRE 28 FICE I ENLT B Z FBFRIEOBMERB LM 18 L v 51H)

A ERmHBHIREY BT 5 6 FEL(D~F, 5~6) DHEIE RT(RTC)

B. #Dfh 81 FFE HDIEIE RTc

C. MFUSFERNYE NI H A = FEHERI D RTc DHEREEE (ARTC)

RTciz, ¥V VA4 = FBERA»OERMBBERE XM T2 6 A Tho 81 SICEFICERLTHH (325 £ 46 vs,
302 = 24 msec ; p<005), ENIHAL = FEHERIL, 6 STEHIZATICERLADIINL (354 = 42 msec ; p < 0.005
vs. i), 81 ATRBEDERENATH S (309 = 23 msec; p = NS vs.Bil)e ZD72®, ARTcIZHABFMILEFEIREL KT 5
6 MTHEIZKEX V(28 = 38vs.7 = 17msec; p < 0.05)

*p < 0.05 **p<0.0005vs.81FFHEs

ENT HA Z KEEE AT HhLZ FEgEE

5T20 -RT\
i — N\ | >
(E5) 1
'
; L]
; t
; t
i .
saddleback-type coved-type i
! t
i 1
E DAE ;
1 //"“~\\ ! ‘ //_-\I\‘(*\ ;
v I "~ i transmural " P i
; 1 1 voltage : l R PPN
EEEN ’ 1 gradient - | \ \ race?
| y | i\/, v\ reentry
: Vi e g BN A\
' Y :I ' ! \.l ‘
L Yo o AN -3

13-12 BERURBEHEOCER(ES) & TR & h 2 RAFEHO LSRN & ORI OBEN B SR
E5 .LERIE 13-9, 13-10 L RI—EFDOLEBRTH 5.
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13, DOMERIIE TS 1 4 notch R, O
NI AP & DBEALZET ST LA %30 575,
LN AE APD (ZH UGS MR APD 13450,

LaL., EVIH A = FEEGOKKEY T ¥
#{9 coved B ST L H DL, L ABEMAE
AP IZIE R & REAIZ 2V AS, LAHEMAL AP T
i3, 262 notch AR %Y dome Dy [ 3 ¥ 7
ORI FED S A, 7213 loss of dome L7z %1
I B OHHEMERL 2> S @ phase 2 reentry 2 &
D2OHDAPRAELLLIRET S E, L4HE
fMia APD A0 HREMIML APD 2 % L TENS
BeAsiidn L, coved B! ST EFIZ5| & fiv THREK
Bt THEAHB T A2 L2599 FLHBTE %,
COWE, THERKSEZREL TV 3D05HE
W OBSBETHEIHIZ, LIZLIE QT
PRITBHOERZHIDDEZEZ LN B,
Brugada fEMREEIZ 51T 5 QT RRIIERAS, HER
MR A KT 2 5 EEE (L XV 5
WTHERDLNBEDY, LED L) L ERIASRH
FHBICHEBMBRB L TRI > TWwH I b
e TdH %,

B. Brugada FE{RE$(C & T 3 B D RIS

Brugada fE#: Ti&, QRS IEX PR OBE
T, HR7Oy 7 REMRIOEN, H20iE
A EHFNRARO HY BRI OBEEEZ L0
BomisEoBRERENAUMN»OBMEShTY
5'. Brugada fEfEBEDO—ZDOBEE TIE, Nat
Fr AVBIZTF O SCNSA DERZBD, hb
DEREDRDOLBETIIS SIRZERE OELED
RIEXNBZENs, SCNSAZREHTAHARE
ESCNSAZERYBLEVWEZIIBITALERD
B R IEE D AT bR T B, Smits 513,
SCNSAZERAKFSTHBEIISCNSALRZAEL
LUOBHITN, PREFML HVEELAEEICE
C. F72Na*F + R VEHERIC PR B % QRS
BEALVERTAIEEZHMELTVEY, T/,
Meregalli & i, Brugada SEEHOBET, 71
N4 = FEHERICEESED I, HIFED S K

]
%13% Brugada EiRa | |

BAERT A EAWMEL, TNEIAERHEE
BOEEREE KT 5D D& LTV E™, f&ift,
S, T 10 FROERBEA W S I8

BTE/ SCNSAER%H T 5 Brugada EEHD
B 8Bl& SCNSA EE % A S\ Brugada fEE
BOEE 36 6oL ENEE L BRI ttﬁﬂﬁ??
L7z (®13-13), BOoHEETH 5 P IEIE,
BEf, QRSUEI, Vo, Vs EEE), SE I, V5
FHE)1d, SCN5A GIERET SCNSA BB IZ LN

BIlEdol. 8612, ML LY 10 FR
OFBBEEHETIII N DREFEEENS (I
AEICER L7-2%, PQRME, QRSIE(V, FHE)
DIEREEL SCNSA R THEILKE o7,
Z DX ST, Brugada FEMEEE, & {12 SCN5A %
EHGRFORSBERIIBEMESTL, fido
BREX< Y €V BOERIREHER L
€T, INODFSMEFE D Brugada FEMFEFFIC
BIISVFORIEIHETAILZRRETEHD
EEZLND,

V. #=N=5 v TEREHE

3 B R LQTS, Brugada fEMREE, EITHL
BEfzE R 8 (Lenégre 3%), FIEMFEER SR
B, REUEZE 7oy 7883, BLAHEKEE
(RHAE 2 E2T22300b06T, —HOBET
IESCNSA LW EBLABEFERXAET S,
—7%, LEROEHROFRR % LD SCNSAE
ROMESINTEY, A== v THEEBELIT
EhTwa,

Bezzina 51X, Brugada #® ST LA & LQT3
¥ QT HMERZTTHRET, SCNSAD CK
WMIZBITAT I/ BIFALRE(1795insD) % [7] €
LTw3%®, Baroudi 513 Z DERDIBAEMT %
TV, TEHALHBEOEGBBI~D Y 7 b (Nat
BIRLDWA) & late Iy, DI (QTIER) 2R L,
Brugada fEME# & LQT 3 @ 2 D D EEREA
TEETHDELTWAE2, Kyndt 513, Brugada
FEEE & ETHOBIZERBE R —RKAAIZE
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[
1D skt QT ERERE CZOBRRS

A SCN5A BtEBE
1992 1999
V. ——\‘;'i‘\ 1 L~__‘/“\
1 N ]
J
"
\Y)

_va_J(L~ .

P: 120 msec P: 137 msec

PR: 200 msec PR: 229 msec
QRS(V2):142 msec QRS(V2):157 msec
QTc(V2):440 msec QTc(V2):464 msec

B SCNsABMRE

1996 & 2005 F

v A e

g |

P: 114 msec P: 114 msec

PR: 186 msec PR: 186 msec
QRS(V2):114 msec QRS(V2):114 msec
QTc(V2):380 msec QTc(V2):390 msec

13-13 SCN5A B34 Brugada JEFIE & & SCN5A 514 Brugada FERIRE O CEREEZEOERNE (o2l

ED5IA, Y%K

Vi~V FEOGERETT. SCNSA GHEEE Tid SCNsA BB F IC~, BiaEERETH S P ikIE, PREM, QRSH]E
(V; B8, BLIURSBEETHABE QTQTIEM (V; TR Fv-FhIERL TV 5, RUZABREHES, SCNsA
BREETRVTROLEIERD SOICERL TV A (7T£K), SCNoA BHEBETRERIIZDLVIBETHS (9

#£18).

¥, SCN5A @3 At v AER (G1406R) 3 E E &
N72T 5V ANDF —=N—F v THEGEHRRR L]
EHELTwb, —%, Priori b1, BRI
LQT3 LB SN BHTRR)IC7IL AL =
F2mg/kg ZFHEL-4%, 66T Brugada £
DSTER#RHO-ILZHEL, LQT3IDEE
DERELTOT7L AL = FERICEEZHREL
TWwa®, & 63, Brugada fEEEE LQT3 D
KRB 2 EFOHERARRT, SCNSADI X
Y ZAER(EBAK ZREL TV 5 (B 13-14),
ZOBRETIX, KEEN O V, #E T saddle-back
RO ST LA L FEWH LR QTEREZFRD/H(QTe =
521 msec) (B 13-14 A), AF L F 2 125mg D
FHEICL D, QTc 3FBRITHHE L (405 msec) (A
13-14 B), THIZ & ) SLOFMBFELERNT
Brugada #£® coved # ST LA MBI L 7 (A

180

13-14C, D)o %7z, B, 75~ AD Probst
X, 16 F% 78 $19 SCN5A Btk @ Brugada 02
EBOLh)T, BARE coved RIST LRIZ 2841
(36%) T L 2B b old, LELEMER
59 Bl (76%) 1252, B U Na™F v 2 VEEFD
SCNSA WCER2 AT HWERIE, Lh»oTH
BORBR 2 FERFOTREZREL TW5E%,

VI. Brugada FE{RB¥ICH TS
BIEFEFREABRERE

#1EF% B (polymorphism) D 1 2 TH 5 —3k
#% 7 (single nucleotide polymorphism ; SNP) i3,
IV, A O ilBREL &Y/ ALILT
VY LIHRET A ERABRTH D, B¥, BE
~BF oIl 1 OREOHETRDLAN, €

_’74._.
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2138 BrugadaEiRE ||

LQT 3 + Brugada

A AX U LFERER B

LQT+Saddle-back

L

I P v —— e Ml o e,
i 2 X '

i
/QTe =521 ms
i

‘
M~ V>~
i
.
)

aVvR vV,

aVL ~—m———

[}
A% LF 125 mg §iE =
(- V‘ “‘!‘,—-f\__,, | ,-__;.,.-f —_— V| “’._‘— H i

Saddle-back

I~ v,

! ‘
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Vz w!:"s— [ u"f‘ £t ; [ )
QT =405 ms ) , )
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P D X%JLF125mgkdit
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V5 i
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|1mV 1 sec
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13-14 SCN5AD I 2+ ZAER(E1784K) 2 & B * —/5— 5 v TEEMREE (LQT 3+Brugada FE R EE)

a5y ba— VDS V, 85T saddle-back B ST LA & FWH AR IEIE QUQTCBF R DIE R % 88 5(QTc = 521 msec)(A)o
AXLVUF L 125mg DEHEICL Y, QTci3FEBIIHEM L (405 msec), V, #5#{Lil%5 o saddle-back B ST EHZRL T
Ww5h(B)o C, D87 AAREBUEOMMBHERN.LCER(D~G, 4~7) %5 L, S (FE 2L ~NL) OF gL
LIERI(ES, F6)Tid, A ¥ ¥ LF YBHERIC, QTc H#iZ & ¥ Brugada SEREEEICHEBUAY % coved B ST LA MBAEILL T

V2 (D, KEDo

MY A T3 300 HE D SNP BFET 5 &
INTVE, CDHL, TIVEBEOELLEES
(non-synonymous)SNP i 24 5~ 40 5 T&» 1,
Z<DSNPIX7 I/ BOEIL% b3 (synony-
mous), FZFOREEIIIEE L Va5, B—»
TOSATTOy JRIIHLBEREEEIER
T Aa~—h—ERbl tddh s,

WIEFEEI, %R LQTS % Brugada fEM%
HELroB—@EHETERER (monogenic
arrhythmia syndrome) ® B H@ {5 F 2 KIS
CROHLENBEZENS, ThoOFEEETRERE
B s EF (modifier) & L TOREARE S
TWnd, —/T, —MRBEZEIIBVTH, BEF
LR WM TR FERORE LLT &)
CHRT2THEE LD 2, T/, ThHDORETF
ZRIAHEBENTHLI LI MONTS
Y. Brugada SEREANHER LSBT V7 HBIC
BV LD, ZALHDOANEERN L REFSE
DS T A REAEE IR TV,

i, #% 5, Brugada FEBEROEREERTF
TH 5 SCNSA LOBIREM TId 2 (gE(F o
E—F—)HBIS, HRAA(T VTN EHED6
DEHTLEEFEE(NNTO S L 7B EHFET
MOTEREL 2 (B 13-15)7, V¥ 7 x5 —HE
PHWCHELL-ZoNTu Y 47 BOiEEE
Hi, ZREzAL2NTOS L T ALK,
DRI BV TIZH60%ET LTV, 20
N7u¥ 47 BiE, Brugada EEHOBE & &
FEHBEOBRZFOVTROIIN —TIZBWT D,
21 ~24% L FIREDRETRD /245, n7Tus
17 B%%EFT5%HIE, homozygous(BB), het-
erozygous(AB) DIz, ZRIZHF S LhwhTuy
17 A @ homozygous(AA) IZkt~, LEXED
B Tdh 5 QRSIE L PREFM A BIZHE
EL T/ (E13-16)"", F7:, Brugada fEMEH
DBFIIBVTIE, NatF ¥ R VERIEICNT S
QRS 1§ & PR BRI OERE AT, homozygous(BB),
heterozygous (AB), homozygous (AA) DIHIZ K
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