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Summary

• The past 3 decades have seen the definition of (most of) the major 
molecular and genetic mechanisms controlling normal repolarization in 
the heart.

• Mutations (hundreds now reported) causing congenital long QT 
syndrome predispose to potentially fatal arrhythmias.  Drugs can 
phenocopy this effect.

• A minority of patients with drug-induced long QT-related arrhythmias 
have unrecognized congenital long QT syndrome.  Most don’t. 

• Common polymorphisms credibly associated with risk are now being 
defined.  



“This is a really interesting arrhythmia – no 
one knows anything about its mechanism”
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Clinical risk factors for drug-induced Torsades
• Female sex
• Hypokalemia, hypomagnesemia
• Bradycardia/pause pre-event
• Post-cardioversion for atrial fibrillation
• Unrecognized congenital long QT syndrome 
• Diuretics
• Testosterone deficiency
• 4th generation Birth Control Pills
• Inflammatory states
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↓outward current
• ↓IKr (KCNH2, aka HERG)
• ↓ IKs (KCNQ1+KCNE1)
• ↓ IK1 (KCNJ2)

↑inward current
•↑ “late” INa (SCN5A)
•↑ICa (CACNA1C)
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Mutations causing the congenital Long QT 
syndrome lead to 
• ↓IKs, IKr, IK1
• ↑late INa, ICa-L
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An “idiosyncratic” drug response
AR, 78 year old male

• Chronic coronary artery disease
• Normal baseline QT.  Paroxysmal AF. 
• 2 days after starting the very potent IKr blocker dofetilide …

No personal or 
family history 
of syncope, 
sudden death



An “idiosyncratic” drug response
AR, 78 year old male

• Chronic coronary artery disease
• Normal baseline QT.  Paroxysmal AF. 
• 2 days after starting the very potent IKr blocker dofetilide …

• KCNQ1 variant leading to R583C identified
• In vitro: ↓IKs
• Not found in >400 ethnically-matched controls; 0-3/100,000 in gnomAD
• ∴this is likely subclinical congenital Long QT Syndrome

No personal or 
family history 
of syncope, 
sudden death



Why did AR only get Torsades after 
~2,000,000,000 heart beats?

The concept of reduced repolarization reserve
Patient 1 Patient 2

Same QT-prolonging drug
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Exome sequencing to answer the question “Is drug-
induced long QT syndrome actually just 

unrecognized/non-penetrant congenital LQTS?”

Weeke et al., 2014



Kääb et al., 
Eur Heart J 
2004;24:649-657

Rechallenge of patients presenting with drug-induced 
torsades supports the idea that some patients have 

reduced repolarization reserve
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176 cases versus 207 drug-exposed controls with no 
QTc>50 msec 

~1500 Candidate SNPs/18 genes

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

0 500,000,000 1,000,000,000 1,500,000,000 2,000,000,000 2,500,000,000

-lo
g(

p)

bp Location

p=3.96x10-6

Chr21 - rs1805128

Kääb et al., 2012



0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 500,000,000 1,000,000,000 1,500,000,000 2,000,000,000 2,500,000,000

-lo
g(

p)

bp Location

p=9.13x10-7

Chr21 - rs1805128Odds ratios
• vs drug-exposed controls: 9.0
• vs population: 12.1

176 cases versus 837 population controls
~1500 Candidate SNPs/18 genes

Kääb et al., 2012



Chr21 - rs1805128
• Key component of IKs

• Rare KCNE1 mutations cause congenital 
long QT syndrome

• In vitro electrophysiology: D85N mild 
reduction in IKs, no change in computed 
action potential duration, potentially 
arrhythmogenic at slow rates when IKr is 
reduced.
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Data on other common polymorphisms

• Presented, in review. 
• Coming soon.  
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