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Beyond Beta-blockers: Moving to Gene-

specific Therapies for Channelopathies



Cardiac Channeloathies in 2018

• Long QT Syndrome  
• Catecholamine sensitive Polymorphic Ventricular 

Tachycardia
• Brugada Syndrome
• Short QT syndrome
• Early Repolarization syndrome



Uninterrupted use of Beta Blockers is  the 
Primary Treatment..

for LQTS as well as CPVT

+  Genotye specific 
therapies



HRS/EHRA/APHRS 2013, ACC/AHA/ HRS 2017

I

I

II A

LQTS



I

II A

Beta blockers are recommended in all patients with a 
clinical diagnosis of CPVT based on stress induced 
ventricular arrhythmias

Therapy with beta blockers should be considered for 
gene positive family members even if they have a 
negative stress test

CPVT

HRS/EHRA/APHRS 2013, ACC/AHA/ HRS 2017



Males < 13 y ++
C loop region mutations ++
Exercise ++
Sleep/rest in females > 13 y++

Females > 15 y ++
Transmembrane Pore region ++
Auditory, sudden arousal ++
Post partum, pre-menopause period ++

Neonates 2:1 AV block++
∆KP mutation++
Sleep/rest+ 

Long QT Syndrome Genotype-Phenotype Correlations

75%





Cardiac events may occur 
particularly for patients 
with LQT2 and LQT3 genotypes 
despite β-blockers

Priori, JAMA 2004

Beta Blocker Response depends on the genotype

Genotype specific 
therapies



Oral potassium improves 
repolarization in patients with
LQTS Type 2

Gene Specific therapy for LQTS Type 2

Dysfunction of 
the hERG 
potassium
channel - ↓ IKr

↑ Serum K+ 
and 
extracellular 
K+      ↑ Ikr



Compton et al. Circulation. 1996, Etheridge,et al  JACC 3003

Effect of Potassium on Resting QT intervals and 
Morphology in Patients with LQT2 

Patients given KCL and spironolactone to target serum 
K+level 1.5 mEq/l above baseline



LQTS Type 2  females are at highest risk 
post puberty and post partum related to ↑
Estrogen
� Progesterone has protective effects against long QT–

associated arrhythmias

� Avoid Estrogen only OCP

Nakamura, Circulation 2007

Gene Specific therapy for LQTS Type 2



Na channel blocking agents could
Attenuate INa in LQTS Type 3

Gene Specific therapy for LQTS Type 3

SCN5A

Dysfunction 
of Na 
Channel- ↑
INa



Ruan,Circulation. 2007, Benhorin, Circulation 2000, Schwartz, Circulation 1995, Moss, JCE 2008, Tan, Heart Rhythm 2017

Flecainide (Class IC) in SCN5A  

D1790G mutation carrier

Mexiletine(Class IB) in specific 

mutation carriers
Ranolazine in SCN5A- ∆ KP 

mutation carriers



QTc: 560 ms
Functional 2:1 AV block

24 month old with long QT syndrome 3  which resolved at 6 months of age and 2:1 AV block last week  



Oral Mexiletine: 
QTc: 470 ms
1:1 AV conduction



Increasing rate by Atrial Pacing Shortens the QT interval without sympathetic 
stimulation in LQT3

Gene Specific therapy for LQTS Type 3



BMJ 2015

Class Ib anti-arrhythmic

� Shortens action potential by inhibiting 

rapid inward INa

� ↓ ICa2+ , reduces the rate of 

depolarization in the plateau phase of 

the action potential and increases the 

refractory period, thus preventing EADs

Gene Specific therapy for LQTS Type 3
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Life Style Management in LQTS
Genotype Specific Triggers

Peter J. Schwartz et al. Circulation. 2001;103:89-95

Association 
between SIDS and 
LQTS?



When Sleep is a trigger? How do you Reassure 
Parents?

Co-Sleeping?

Heart Rate Monitors?

Micro sensors?



Class I (level of evidence C)

Symptomatic athletes with any suspected or diagnosed cardiac channelopathy be restricted 
from all competitive sports until:

�comprehensive evaluation has been completed by specialist

�athlete and his or her family are well informed, 

�treatment program has been implemented, 

�athlete has been asymptomatic on therapy for 3 months

2015



� Asymptomatic LQTS athletes (Genotype positive, phenotype negative) may participate in 
all competitive sports, Class II a (LOC, C)

� Competitive sports may be considered for an athlete with either previously symptomatic 
or ECG evidence of LQTS  (> 470 ms in males, > 480 ms in females), Class II b (LOC, C)

�precautionary measures and disease specific treatments are in place and 

�athlete is asymptomatic on treatment for at least 3 months

• Except competitive swimming in previously symptomatic LQTS type I 

2015



Class II a (level of evidence C)

AHA/ACC Statement Task Force 10, 2016

Life Style 
Managemnt 
in LQTS



Leenhardt, A. et al. Circulation 1995;91:1512-1519

Catecholaminergic Polymorphic VT

♥Affects young patients
♥Baseline ECG is 

normal
♥Exercise induced 

symptoms & ectopy
♥Rx- beta blockers



CPVT Genes

Priori et al., 2013; Leenhardt et al., 2012; Zumhagen et al., 2014

65%
3-5%



CPVT is a Lethal Disease: Baseline Risk is 
High

Holter recording of 8 year old boy with CPVT 
who was playing in the yard

Roston et al, Europace 2017



Exrercise Stress Test



A
Case
of
Nerves?



� Estimated 8 year Cardiac event rate is 27% (with β blockers) and 52% 
(without β blockers)

� β blockers are not 100% protective 

Hayashi, Circulation 2009

Pre- Diagnosis: 
50% symptomatic by 
puberty- males↑ risk

CA/ACA with 
& without 
beta blockers

Syncope with 
& without 
beta blockers

CPVT: Risk of Recurrent Events





Christina Y. Miyake et al. Circ Arrhythm Electrophysiol. 

ICD Treatment was successful for VF but not for 
Polymorhic VT and Bidirectional VT





Flecainide directly and indirectly affects RYR2 receptor and 

prevents premature sarcoplasmic reticulum release of Ca2+ into 

myocytes

Gene Specific therapy for CPVT 1 (RYR2)



Management of CPVT
In addition to Beta Blockers…

Flecainide is second line treatment

Class IIa

• Flecainide can be a useful addition to beta-blockers in patients 
who experience recurrent syncope or 
polymorphic/bidirectional VT while on beta-blockers

2013HRS/EHRA/APHRS Guidelines



Circ Res 2017



Collura, Heart Rhythm 2009

Left (bilateral) Cardiac Sympathetic Denervation 
(LCSD)

Removal of lower half of the stellate 
ganglion + T2-T4 of symptathetic 
ganglion

Beta blockers are ineffective, not tolerated 
or contra-indicated, ICD storms in LQTS 
and CPVT



Implantable Cardioverter Defibrillator

• LQTS

Recommended for all survivors of cardiac arrest

• CPVT

Recommend for Cardiac arrest, recurrent syncope or VT 
despite optimal medical management and /or LCSD

2013HRS/EHRA/APHRS Guidelines



Treatment directed to the patient should 
trump treatment of the mutation !





High risk 
channelopathy





Life Style Management

Class I

•Limit /avoid competitive sports
•Limit/avoid strenuous physical exercise
•Limit exposure to stressful environments

2013HRS/EHRA/APHRS Guidelines
2017 ACC/AHA/HRS Guidelines



Left Cardiac Sympathetic Denervation (LCSD)

• Recommended for high-risk LQTS and CPVT

• ICD is contra-indicated or refused and/or 

• Beta blockers are ineffective, not tolerated or contra-
indicated

• Recurrent ICD shocks

2013HRS/EHRA/APHRS Guidelines





Pharmacotherapy- NO RCTs
-Net effect of all drugs is to ↓ Ito

Quinidine

-Ito blocker

-suppressed VF induction 

-Prospective study of 25 patients: No 

arrhythmias at 6-219 months follow up 

-? Asymptomatic patients

-can induce acquired LQTS

Cilostazol

-Phosophodiestrase III inhibitor

-↑cAMP and Heart rate

-↓ Ito, ↑ Ca2

Belhassen , PACE 2009, Marquez, Heart Rhythm 2013, Kanlop, J Cardiovasc Med 2011, Shinohara, HeartRhythm 2014

Available in the U.S.





Treatment of Arrhythmia Storms 

Isoproterenol

-↑ HR, ↑cAMP, ↑ Ca2, ↓Ito   

Milrinone

-Phosphodiesterase III inhibitor

- ↑cAMP, ↑ Ca2, ↓Ito 

Maury, Eurpace 2004, Watanabe, EurHeartJ 2006, Suzuki, JCE 2000, Szel, HeartRhythm 2013









• Observational evidence:  athletes with either concealed, 
electrocardiographically manifest, or symptomatic LQTS who chose to remain 
competitive- no deaths/  > 1000 athlete year

• Genetic testing is now a widely available clinical test used routinely in the 
evaluation of a patient with a suspected channelopathy

( LQTS 1 Vs other types of LQTS)

• No report of athletes with concealed channelopathic substrates in the 
United States experiencing their sentinel event during sport

• Observational evidence from American ICD Sports Registry : athletes with an 
ICD can continue to participate with negligible mortality

2015: Time for change? 

Aziz, JACC 2013, Johnson, BJSM 2013





















































• For an athlete with previously symptomatic CPVT or

• an asymptomatic CPVT athlete with exercise-induced

• premature ventricular contractions in bigeminy,

• couplets, or nonsustained ventricular tachycardia,

• participation in competitive sports is not recommended

• except for class IA sports (Class III; Level of

• Evidence C). Exceptions to this limitation should be

• made only after consultation with a CPVT specialist.
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Name Current Gain/loss of function Protein Gene Estimated Prevalence
BrS1 INa Loss Nav1.5         SCN5A 11-28%           
BrS2 INa Loss GPD1-L Rare

BrS3 ICa,L Loss Cav1.2α1 CACNA1C 6.6%
BrS4 ICa,L Loss Cavβ2b     CACNB2b 4.8%           

BrS5 INa Loss Navβ1 SCN1B 1%
BrS6 Ito Gain MiRP2 KCNE3 Rare

BrS7 INa Loss Navβ3 SCN3B Rare
BrS8 IK-ATP Gain Kir6.1           KCNJ8 2%

BrS9 ICa,L Loss Cavα2d     CACNA2D1 2%
BrS10 Ito Gain Kv4.3 KCND3 Rare 

BrS11 INa Loss MOG1 Rare
BrS12 IK-ATP Gain ABCC9, SUR2A Rare

BrS13   INa Loss SLMAP Rare
BrS14 INa Loss Navβ2 SCN2B  Rare 

BrS15   INa Loss Plakophyllin PKP2 Rare  
BrS16    INa Loss FGF12, FHAF1         Rare

BrS17    INa Loss Nav1.8 SCN10A 16.7%
BrS18    INa Gain HEY2                        Rare

BrS19 Ito Gain Semaphorin SEMA3A Rare

Obeyesekere et al 2015





Ionic Basis for Brugada Pattern

-Loss of AP dome in subepicardial cardiac myocytes

=↓INa

↓ICa2
↑ Ito
↑ K-

ATP
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� Pediatric literature
– Probst (Circulation 2007): 11 of 30 children (13 centers)

– Chockalingam (HRS 2012):  10 of 30 children (4 centers)

– Conte (JACC 2015): 10 of 40 children (single centers)

– Probst (HRS 2016): 21 of 106 children (many centers)

Brugada Syndrome in Children



Barsheshet, Circulation 2012



• • • • Chockalingam et al 2012



Treatment Strategies in Symptomatic
Children with Brugada Syndrome
• Many children only at risk during fever

• Strict use of anti-pyretics and hospital admission during febrile illnesses

• Control of post immunization fever 

• Quinidine as an alternative to an ICD appears to be effective

• ICD (try to avoid ICD implantation)

• β-blockers in BrS/conduction delay phenotype (loss of function SCN5A) as adjunct 
to ICD to prevent ICD storm

• RaLonale: ↑conducLon delay at faster high rates - ↑risk of VT, atrial arrhythmias

• Controversial -Not recommended in adults

Chokalingam Circulation EP 2012, Probst Heart Rhythm 2016



Largest Pediatric Study

106 patients, age 11±6 years

� One-third spontaneous BrS pattern

� Symptomatic 25% (aborted SCD/VT 6%, syncope 14%, other 5%)

� 58 of 75 (77%) genetically tested patients: SCN5A mutation

Treatment:

ICD (21%): 2 appropriate shocks, 41% had complications

Quinidine (10%): 8/10 patients had no arrhythmias

Outcome (Follow up 54 months):

Life threatening arrhythmias in 10%

Fever as a trigger in 27%



PACE 2015





Circulation EP 2015



Miyazaki, JACC 1996

Acetylcholine



Recommendations for Competitive Athletics

� Asymptomatic (Genotype positive, phenotype negative)
� Full participation with precautionary measures

� Avoid drugs that exacerbate BrS

� Electrolyte/hydration replenishment

� Avoidance of hyperthermia or training related-related heat exhaustion or heat stroke

� Prompt treatment for hyperthermia, febrile illnesses

� Acquisition of a personal AED

� Establish an emergency medical plan with school or team officials

� Symptomatic and/or Phenotype positive
� Full participation with precautionary measures

� Asymptomatic on appropriate treatment for 3 months

AHA/ACC Scientific Statement 2015



Two Studies on Exercise in Brugada Syndrome

50 males with BrS (SCN5A + and SCN5A-) 

vs. 35 controls
- ↑ QRS duration with exercise in BrS(SCN5A+)

- J point elevation and Coved pattern in 

earlyrecovery

-No VT/VF with exercise

93 patients with BrS (SCN5A + and 

SCN5A-) vs. 106 controls
- ST↑ ≥0.05 mm in 37% of BrS

- ST ↑ correlated with ↑ HR recovery

-Risk factor for subsequent VT/VF in both           

symptomatic and asymptomatic patients



Makimoto, JACC 2010

Pre-Exercise Peak   Recovery 3 mins Recovery 6 mins

V1

V2

V3

V5

Exacerbation of 
BrS Pattern in 
Recovery after 
Exercise



Acute Sympathetic Stimulation

Parasympathetic Withdrawal

Exercise in Brugada Syndrome

↑ Hear Rate

-↓ ST Elevation

?   ↓ Ventricular Arrhythmia 

susceptibility during sports

RECOVERY FROM EXERCISE

Rapid Heart rate Recovery

-↑ ST segment Elevation

-↓ Hear Rate at rest 

Vagal rebound

? ↑ Ventricular Arrhythmia 

Susceptibility AFTER  sports      

-especially in conditioned athletes

EXERCISE



T1620M

Control



Circulation. 2011;123:1270-1279













Ambulance rhythm strip (A) and ECG on admission (B), both showing wide-complex 
tachycardia, which could have been supraventricular tachycardia with aberrant conduction or 

VT (less likely). 

Priya Chockalingam et al. Pediatrics 2011;127:e239-e244



















B-Blocker therapy resulted in 
83% reduction in cardiac events 
in females with LQT3 but not in 
males where the incidence of 
cardiac events is significantly 
less

-Typically use other Na-
channel blockers as “Add On” 
therapy to B-blockers



Oral Beta- blockers are still first line therapy for 
preventing life threatening arrhythmias in all Long QT 
Syndromes


