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Hoi chimg QT dai va H/c QT ngin

H/c QT dai va H/c QT ngan
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TL: Sovari AA. et al. Long QT Syndrome. Emedicine. Medscape. Com Dec 2015
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Hoi ching QT dai va H/e QT ngin

Cac bénh kénh té bao ciia tim
(Cardiac channelopathies)

 H/C QT dai bam sinh (LQTS: congenital long
QT syndrome)

* H/c Brugada (BrS)

» Nhip nhanh that da dang phu thudc
catecholamine (PVT: catecholaminergic
polymorphic ventricular tachycardia)

 H/c QT ngan (SQTS: short QT syndrome)



Hoi ching QT dai va H/e QT ngin

Nguyéen nhan va sinh ly bénh

» Di truyén hodc mac phai (do thudc)
* Cac H/c di truyén:

— Romano-Ward

— Jervell va long —Nielsen

— Andersen -
— Timothy Con ban cai

e QT= biéu hién thoi gian khir cuc va tai cuc co tam that

* Phan tan (dispersion) xay ra ¢ 3 16p cua tim. Tai cuc keo dai
o 1op gitra

* TDR (transmural dispersion of repolarization): khoang cach
tir Tpeak dén Tend

» TDR 7 trén b/n LQTS, tao thanh chat nén (substrate) cho
transmural reentry



Hoi ching QT dai va H/e QT ngin

H/C QT dai bam sinh (1)

» Nhém bénh kénh té bao
(channelopathies)
 Pic diém:
— Ta1 cuc muodn
— QTc > 480 msec
— Tang nguy co: ngat, co giat, dot t do tim (SCD)
— Cau trac tim binh thuong
— Nguo1 khoe manh
— Tan suat > 1/2500

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627



Hoi ching QT dai va H/e QT ngin

H/C QT dai bam sinh (2)

e Khoi kich: gé’mg surc, bot, xuc dong, kich thich
nghe (TD: chuong bao thtrc...), tho1 ky hau
san

» Hau hét ngat thoang qua; 5% tir vong

* 20% dot tor nguo1 tre, autopsy binh thuong

* 10% SIDS (Sudden infant death syndrome)

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627



Hoi chimg QT dai va H/c QT ngin

Pinh nghia QTc dwa vao tudi, gidi

Prolonged Borderline

Group QTe, s QTe, s Reference Range, s
Children and adolescents (< 15y} =0.46 0.44-0.46 < 0.44
Men >(0.45 0.43-045 |<0.43
Women =) 46 0.45-046 | <0.45

TL: Sovari AA. et al. Long QT Syndrome. Emedicine. Medscape. Com Dec 2015
' \ \ l i \ 1) W ‘ ' : \




Hoi ching QT dai va H/e QT ngin
Can ban di truyén cua LQTS

* Di truyén tréi/NST thuong: H/C Romano- Ward

» Di truyén liét/ NST thuong: H/C Jervell va Lange-
Nielsen

* H/c Timothy (TS: Timothy Syndome): LQT 8

 H/c Anderson- Tawil (ATS: Arderson Tawil
Syndrome): LQT7

* H/c Ankyrm-B: LQT4

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627



Hoi ching QT dai va H/e QT ngin

Béang tom tit
cac gene dan
dén hoi chirng
loan nhip di
truyén (1)

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart
Disease, 2015, 10t ed, Elsevier; p 617-627

GENE LoCus PROTEIN

Long-QT Syndrome

Major LQTS Genes

KCNQ1 11p15.5 |l potassium channel alpha subunit (KVLQT1, K,7.1)

(LQT1)

KCNH2 7935-36 |, potassium channel alpha subunit (HERG, K,11.1)

(LQT2)

SCN5A (LQT3)  3p21- Cardiac sodium channel alpha subunit (Na,1.5)
p24

Minor LQTS Genes (Listed Alphabetically)

AKAP9 7q21- Yotiao
q22

CACNAIC 12p13.3  Voltage gated L-type calcium channel (Ca,1.2)

CAV3 3p25 Caveolin-3

KCNE1 21g22.1  Potassium channel beta subunit (MinK)

KCNE2 21g22.1  Potassium channel beta subunit (MiRP1)

KCNJ5 11g24.3  Kir3.4 subunit of I, channel

SCN4B 11g23.3  Sodium channel beta 4 subunit

SNTAI 20g11.2  Syntrophin-alpha 1

Andersen-Tawil Syndrome

KCNJ2 (ATS1) 17qg23 I, potassium channel (Kir2.1)

Timothy Syndrome

CACNAIC 12p13.3  Voltage gated L-type calcium channel (Ca,1.2)

1) W t l | i




Hoi ching QT dai va H/e QT ngin
Short-QT Syndrome

KCNH2 7935-36 |, potassium channel alpha subunit (HERG, K,11.1)
(SQT1)

Béng tém tat
KCNQ1(SQT2) 11pl15.5 |, potassium channel alpha subunit (KVLQT1, K,7.1)
r R KCNJ2 (SQT3) 17q23 li; potassium channel (Kir2.1)
cac gene dan o

, CACNA1C 12p13.3  Voltage gated L-type calcium channel (Ca 1.2)
d A h Ao h r (SQT4)
en (.)l c lrng CACNB2 10p12 Voltage gated L-type calcium channel beta 2 subunit
l h ° d ° (SQT5)
O z.ln n !p l CACN2D1 7921- Voltage gated L-type calcium channel 2 delta 1 subunit

A (SQT6) q22
truyen (2) Catecholaminergic Polymorphic Ventricular Tachycardia

RYR2 (CPVT1) 1g42.1- Ryanodine receptor 2

q43
CASQ2 1p13.3 Calsequestrin 2
(CPVT2)
KCNJ2 17q23 li; potassium channel (Kir2.1)
(CPVT3)
CALM1 14g32.11 Calmodulin1
TRDN 6q22.31  Triadin
Brugada Syndrome
TL: Tester DJ, Ackerman MJ. Braunwald’s Heart SCN5A (BrS1)  3p21- Cardiac sodium channel alpha subunit (Na,1.5)
Disease, 2015, 10t ed, Elsevier; p 617-627 p24
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Hoi ching QT dai va H/e QT ngin , - ,
Bang tom tat cac gene dan dén hoi chirng loan
nhip di truyén (3)

Minor BrS Genes (listed alphabetically)

GPDIL 3p22.3 Glycerol-3-phosphate dehydrogenase 1-like
CACNA1C 12p13.3  Voltage gated L-type calcium channel (Ca,1.2)
CACNA2D1 7q21- Voltage gated L-type calcium channel 2 delta 1 subunit

q22
CACNBZ 10p12 Voltage gated L-type calcium channel beta 2 subunit
DLG1 3q29 Synapse-associated protein 97
KCND3 1p13.2 Voltage-gated potassium channel (l,,) subunit K 4.3
KCNE3 11q13.4  Potassium channel beta subunit 3 (MiRP2)
KCNES Xq22.3 Potassium channel beta subunit 5
KCNJ8 12p12.1  Inward rectifier K* channel Kir6.1
HCN4 15q24.1  Hyperpolarization-activated cyclic nucleotide-gated

channel 4

MOG1 17p13.1  RAN guanine nucleotide release factor 1 )
SCN1B 19q13 Sodium channel beta 1 V'I_ -
SCN3B 11g24.1  Sodium channel beta 3 | "= \'
SLMAP 3pl4.3 Sarcolemma associated protein

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627
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Hoi ching QT dai va H/e QT ngin , - ,
Bang tom tat cac gene dan dén hoi chirng loan
nhip di truyén (4)

Early Repolarization Syndrome

CACNALC 12p13.3  \Voltage gated L-type calcium channel (Ca,1.2)
CACNA2D1 7q21- Voltage gated L-type calcium channel 2 delta 1 subunit
q22
CACNBZ 10p12 Voltage gated L-type calcium channel beta 2 subunit
KCNJ8 12p12.1  Inward rectifier K* channel Kir6.1
Progressive Cardiac Conduction Disease
SCN5A 3p21- Cardiac sodium channel alpha subunit (Na,1.5)
p24
TRPM4 19q13.33  Transient receptor potential cation channel, subfamily

M, member 4

Sick Sinus Syndrome

ANKB 4q25- Ankyrin-B
q27
HCN4 15q24- Hyperpolarization-activated cyclic nucleotide-gated |
q25 channel 4 i,
SCN5A 3p21- Cardiac sodium channel alpha subunit (Na,1.5) R '
p24

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10t ed, Elsevier; p 617-627

' \ | | i)W u l |




Hoi ching QT dai va H/e QT ngin

Nén tang di truyén cac dang LQTS

Type of LQTS

LAT1

LAT2

LAT3

LQT4

LATE

LQTE

LATT {Anderson syndrome)
LATE (Timothy syndrome)
LATS

LQT10

LaTN!

LaT12

JLN1

JLNZ2

ovari AA.

| ‘ : \

et al.

Chromosomal Locus

11p15.5
7q35-36
3p21-24
4q25-27
21g22.1-22.2
21g22.1-22.2
17923.1-q24.2
12913.3
3p25.3
11923.3
fq21-g22

11p15.5
21q22.1-22.2

o“.;" S

Mutated Gene

KVLQTT or KCNQ1 (heterozygotes)
HERG, KCNH2

SCN5A

ANK2, ANKB

KCNE1 (heterozygotes)

MiRP1, KNCEZ2

KCNJ2

CACNA1C

CAV3

SCN4B

AKARY

SNTAI

KVLQTT or KCNQ1 (homozygotes)
KCNE 1 (homozygotes)

drome

' |

medicine. y- ape. Com Dec 20

lon Current Affected
Potassium (lks)
Potassium (lkr)
Sodium (Ins)
Sodium, potassium and calcium
Potassium (lks)
Potassium (lkr)
Potassium (k1)
Calcium (lcs-Laiphs)
Sodium (Ima)

Sodium (Ins)
Potassium (lks)
Sodium (Ina)
Potassium (lks)

Potassium (lks)

L




Hoi chimg QT dai va H/c QT ngin

Réi loan dién thé hoat dong/bénh kénh té
bao co tim

BrS LQTS,
KCNES3/ i
KCND3 I @ $ .CACNAC1 AF SQTS
@ KCNQ1
?
essars | | (s KCNHZI
@ LQTS
LQTS SCN5A
¢ i SQTs || AF
Na
BrS i 'Kl
ATS KCNJ2 e
cep | | sss &
‘/'

0 Sodium channel [ 8
Potassium channel g 2
& Calcium channel I

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627

' L\ l ) ‘ i)W \ 1) { LOMUGS l




Hoi ching QT dai va H/e QT ngin
Twong quan kiéu gene va kiéu hinh hoi ching QT dai
bam sinh

KCNQ1 (LQT1) KCNH2 (LQT2)

Ce76

Swimming 35%

Exertion/emotion N,
/ Auditory
e a2 triggers
* Boi 101, gang suc:

bién c0 tim ¢ dot Postpartum
bien KCNQ1 period
(LQTI)
* Khoi kich nghe, N\
hau san: LQT2 SCNS5A (LQT3)
*  Bién co ltc ngd, | @i
khi nghi: LQT3
* Chenbeta bdo vé
tot LQT1, kém 10%
hon LQT2, LQT3

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627
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Hoi ching QT dai va H/e QT ngin

H/c Andersen- Tawil
| (ATS)
e MO ta dau tién 1971

« RO0i loan nhiéu co quan: li€t chu ky, hinh thé bién
dang, loan nhip that

* Tuoi: 5 tudi (8 thang — 15 tuoi)

« ECG: QTU dai, séng U nho cao, NTT that, NNT da
dang

e Hau hét khong TC/CN. Dot tir: rat hiem
» Di truyén troi/ NST thuong

Dot bién KCNJ2

e Chan doan phan biét véi CPVT

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627
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Hoi ching QT dai va H/e QT ngin

Hoi chirng QT ngiin
(Short QT Syndrome)

+ M6 ta lan dau: nam 2000 Gussak & c/s
 Piac diém:

— QT <320 msee

— Rung nhi con

— Ngét
— Tang nguy co dot tur

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627
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Hoi ching QT dai va H/e QT ngin

C:in ban di truyén H/C QT ngin

» Di truyén troi/ NST thuong
* 6 gene da xac dinh

* SQT1, SQT2, SQT3, SQT4, SQTS,
SQT6

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627

' l | | 1) \ | |




Hoi ching QT dai va H/e QT ngin
Twong quan ki€u gene- ki€¢u hinh/
HCQT ngan

* <60 cases/mo ta

* ECG: QT <320 msec (QTc < 340 msec)
T cao, nhon, doi xtrng (SQT1), khong doi
xtrng (SQT2, SQT4); SQTS: ST chénh
[én giong hoi chimg Brugada

TL: Tester DJ, Ackerman MJ. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier; p 617-627
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Hoi ching QT dai va H/e QT ngin

Cau truc cua kenh ion

| ] ] v

Sodium
conductance
channel

Calcium
conductance

1\

channel .

Potassium
conductance
channel

C N ¢ N ©C(f c

TL: Rubart M, Zipes DP. Braunwald’s Heart Disease, 2015, 10*" ed, Elsevier.
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Hoi ching QT dai va H/e QT ngin

Nong dog ion trong va ngoai té bao co tim

ION EXTRACELLULAR INTRACELLULAR RATIO OF
CONCENTRATION CONCENTRATION EXTRACELLULAR TO
INTRACELLULAR
CONCENTRATION
Na® 145mM 15mM 9.7 +60
K* 4mM 150 mM 0.027 -94
Cl 120mM 5-30mM 4-24 -83
to
-36
Ca?* 2mM 107" M 2x10* +129

Although intracellular Ca®* content is about 2mM, most of this Ca?* is bound or
sequestered in intracellular organelles (mitochondria and sarcoplasmic reticulum).
E, = equilibrium potential for a particular ion at 37°C.

TL: Rubart M, Zipes DP. Braunwald’s Heart Disease, 2015, 10*" ed, Elsevier.
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Hoi ching QT dai va H/e QT ngin
Kénh va dong chay dan dén san sinh
dién thé hoat dong

Atrial & Ventricular Cells Sinoatrial Node Cells
Ina —— 0 or small
ICa-l  — ~»—  lcaL
[:Ca-T = - ~ lca-T
NS] ——=— INa/Ca

—
|||< J—— . [ . e TE S, lK
ho i;- ?
lCL O £
pump - SE——— | e | oump
[IKATP | m— ?

TL: Rubart M, Zipes DP. Braunwald’s Heart Disease, 2015, 10" ed, Elsevier.
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Pic diém
dién thé
xuyen
mang/loai
cO vu

PROPERTY

Resting

potential (mV)
Action potential
Amplitude

(mV)

Overshoot

(mV)
Duration
(msec)

Vmax

(V/sec)

Propagation

velocity
(m/sec)

Fiber

diameter (um)

SINUS
NODAL

CELL

60-70

0-10

100-300

1-10

=<0.05

5-10

ATRIAL
MUSCLE
CELL

—-80to -50

110-120

30

100-300

100-200

0.3-0.4

10-15

AV
NODAL

T70-80

5-15

100-300

5-15

0.1

1-10

VmaX =maximal rise of membrane potential.

PURKINJE
FIBER

—90to -95

120

30

300-500

500-700

100

TL: Rubart M, Zipes DP. Braunwald’s Heart Disease, 2015, 10*" ed, Elsevier.

‘ I
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VENTRICULAR

MUSCLE CELL

—80 to -90

110-120

30

200-300

100-200

0.3-0.4

10-16




Hoi ching QT dai va H/e QT ngin
Dién thée hoat dong ghi nhan trén mo
khac nhau cua tim

PF

E Vv

A
— HB
WB ! <20
0 an
%= 70 2 P R T "
98 55 258
61 \
C F

O (OCNSIO  CORNSIAd) wd U Y CORACONS K




Hoi ching QT dai va H/e QT ngin
Cac xét nghiém can thiét trén b/n
nghi ngo LQTS

« K+va Mg++ huyét thanh

» Chtrc ning tuyén giap

* ECG b/n va gia dinh

* Khoi kich bér}g epinephine hoac 1soproterenol
trén b/n c6 bi€u hién gid1 han (borderline)

» Khdo sat di truyén b/n va gia dinh



Hoi chimg QT dai va H/c QT ngin

Diagnosis of Long QT Syndrome (in the absence of
secondary causes for QT prolongation)

This
LQTS s
experts
LOQTS is dagnosed in the presence of a This
confirmed pathogenic LOTS mutation, panel of
irespective of the QT duration. ris |
ECG diagnosis of LOQTS should be
considered in the presence of a QTce Thie
=460 ms in repeated 12-lead CCGs in panel of
patients with an unexplained syncopal experts
episode in the absence of secondary
causes for QT prolongation.

ECG  electrocardiogram; LOTS - long QT syndrome; QTc  corrected QT. E%@.
*Class of recommendation.
BLevel of evidence.

“Reference(s) supporting recommendations.
TL: Priori SG. et al. Eur. Heart Journal, August 29,2015. doi: 10. 1093/eurhearty/ehv 316
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Hoi ching QT dai va H/e QT ngin Criterion Points
ECG findings *

> =430 3
T‘ A h A QTe, mst 450-469 2
leu c uan 450-45% in male patient 1
X y Torsade de pointest 2
c h a n d 0 a n T-wave alternans 1
Metched T wave in 3 leads 1
LQTS (Risk Low heart rate for age§ 0.5
Clinical history
With stress 2
S CO re) Syncope] Without stress 1
Congenital deafness 0.5
Family history
A Family members with definite LOTS# 1
B. Unexplained sudden cardiac death < 30y in an immediate family member 0.5

*In the absence of medications or disorders known to affect these electrocardiographic features.

T0Tc calculated by Bazett's formula

TMutually exclusive

§Hesting heart rate below the second percentile for the age. \g\

[IMutually exclusive

; Sovari AA. et al. O Q1 Syndrome 'md'cine. ledscape. Com Dec o
R\ (N
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Hoi ching QT dai va H/e QT ngin

X1r tri
LQTS (1)

TL: Priori SG. et al. Eur. Heart Journal, August
29,2015. dot: 10. 1093/eurhearty/ehv 316

Risk stratification and management in Long QT
Syndrome

Recommendations

The fnllc:wingare
recommended in all patients with a
diagnosis of LOTS:

(a) Awoidance of QT-prolonging drugs
(http//www.crediblemeds.org).

(b) Correction of electrolyte
abnormalities (hypokalaemia,
hypomagnesaemia, hypocalcaemia)
that may occur during
diarrhoea, vomiting or metabolic
conditions.

(c) Avoidance of genotype-specific
triggers for arrhythmias (strenuous
swimming, espedially in LQTS1, and
exposure to loud noises in LQTS2

ients).

Beta-blocke = recommended in
pati with a clinical diagnosis of LOTS.

1CD implantatiorpwith the use of beta-
bloc T recommended in LOTS
patients with previous cardiac arrest

434

435

436-
438

Beta-blockers should be considered in
carriers of a causative LQTS mutation
and normal QT interval.

ICD implantation in addition to
beta-blockers should be considered in
LQTS patients who experienced

syncope and/or VT while receiving an
adequate dose of beta-blockers.




Hoi chimg QT dai va H/c QT ngin

L eft cardiac sympathetic denervztiDD

should be considered in patients with

symptomatic LQTS when

(a) Beta-blockers are either not
effective, not tolerated or

? 4 contraindicated;
u’ trl (b) ICD therapy is contraindicated or
refused;
(c) Patients on beta-blockers with an

ICD experience multiple shocks.
L
<&@m channel bloc mexiletine,

flecainide or ranoclazine) may be
considered as add-on therapy to shorten
the QT interval in LQTS3 patients with a
QTc =500 ms.

N\

441
443

Implant of an ICD may be considered in
addition to beta-blocker therapy in
asymptomatic carriers of a pathogenic
mutation in KCNH2 or SCN5A when
QTcis =500 ms.

67

Invasive EPS with PVS is not
recommended for SCD risk
stratification.

117 &

EPS = electrophysiological study; ICD = implantable cardioverter defibrillator;

LQTS = long QT syndrome; LQTS1 = long QT syndrome type 1; LOQTS2 = .

o long QT syndrome type 2; LQTS3 = long QT syndrome type 3; PVS = P

TL: Priori SG. .et al. Bur. Heart JomaL August : e e O — | QT: VT — i O \

29,2015. doi: 10. 1093/eurheartj/ehv 316 rachweardi SCD — siselden eardine detl '
*Class of recommendation.

b evel of evidence.
“Reference(s) supporting recommendations.




Hoi ching QT dai va H/e QT ngin

Tién luwong

» Tot: dugc diéu tri chen beta, ICD

» Con xoan dinh thuong tu hét; chi 4-5% tir
vong

» Tai USA: 4000 tir vong vé LQTS/nim

» Tan suat: 6% 0 tudi 40

» Pap tng voi diéu tri bang thuoc: giam tix
vong &0 LQTI1, LQT2 cao hon LQT3



Hoi chimg QT dai va H/c QT ngin

: s Class® | Level® | Ref®
R y S% | T -a:fnsed in the presence of a This
Chan doan QTc =340 ms. panel of
experts
A0 I 4
HOl Chu—'n g SQTS should be considered in the
° presence of a QTc <360 ms and one or
v more of the following:
QT ng an (a) A confirmed pathogenic mutation This
(b) A family history of SQTS panel of
(c) A family history of sudden death at experts
age <240 years
(d) Survival from a VT/VF episode in the
absence of heart disease.

QTc = corrected QT; SQTS = short QT syndrome; VF = ventricular
fibrillation; VT = ventricular tachycardia.

*Class of recommendation.

“Level of evidence.

“Reference(s) supporting recommendations.

N

TL: Priori SG. et al. Eur. Heart Journal, August 29,2015. doi: 10. 1093/eurheartj/ehv 316
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Hoi chimg QT dai va H/c QT ngin

Short QT Syndrome _

L
D implantatige/is recommended

in patients with a diagnosis of SQTS
who

Xl‘?l’ tri H/‘ (a) Are survivors of an aborted cardiac
arrest, and/or
| 4

(b) Have documented spontancous

T ngan =0
g (Quinidine or sotal y be considered

in patients with a diagnosis of SQTS
who qualify for an ICD but present a
contra-indication to the ICD or
refuse it.

P

P

118,
448

Quinidine or sotalol may be considered
in asymptomatic patients with a
diagnosis of SQTS and a family history of
SCD.

118,
448

Invasive EPS with PVS is not
recommended for SCD risk
stratification.

118,
19

9
a3
L}

EPS = electrophysiological study; ICD = implantable cardioverter defibrillator; ¢ ()
PVS = programmed ventricular stimulation; SCD = sudden cardiac death; SQTS
TL: Priori SG. et al. Eur. Heart Journal, August = short QT syndrome.
29,2015. doti: 10. 1093/eurheartj/ehv 316 *Class of recommendation.
“Level of evidence.
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