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Background

• Estimated prevalence is 1 in 2,000

• Accurate measurement of QT interval is 
very important – usually lead II or V5

• Correction for heart rate: Bazett, 
Fridericia, linear regression modelsFridericia, linear regression models

• QTc measurements - resting, ambulatory 
and exercise

• What is ‘abnormal’ QTc?

• >450ms (male), >460 ms (female)?



QTc values in normal population and patients with LQTQTc values in normal population and patients with LQT

Taggart et al. Circulation 2007;115:2613–2620



Measuring the QT interval

2022 American College of Cardiology Foundation

Measuring the QT interval

Krahn AD et al. J Am Coll Cardiol EP 2022;8:687-706.



Expert Consensus Recommendations on LQTS Diagnosis

1. LQTS is diagnosed:

a. In the 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

HRS/EHRA/APHRS expert consensus statement on the diagnosis and 
management of patients with inherited primary arrhythmia syndromes

c. In the presence of a corrected QT interval for heart rate using 
in repeated 12- lead electrocardiogram (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 
ECGs in a patient with unexplained syncope in the absence of a secondary cause for QT
prolongation and in the absence of a pathogenic mutation.

Diagnosis

a. In the presence of an LQTS risk score ≥3.5 in the absence of a secondary cause for QT

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

HRS/EHRA/APHRS expert consensus statement on the diagnosis and 
management of patients with inherited primary arrhythmia syndromes

In the presence of a corrected QT interval for heart rate using Bazett's formula (QTc) ≥500 ms
lead electrocardiogram (ECG) and in the absence of a secondary cause for

LQTS can be diagnosed in the presence of a QTc between 480 and 499 ms in repeated 12-lead
ECGs in a patient with unexplained syncope in the absence of a secondary cause for QT
prolongation and in the absence of a pathogenic mutation.

EP Europace 2013;15:1389–1406



Schwartz Score

Definite LQTS is defined by an LQTS score 
≥3.5 points
Intermediate probability of LQTS by an 
LQTS score of <3.5 and >1 
Low probability of LQTS by ≤1 point. 
In the family history rows, the same family 
member cannot be counted in both 
categories.

Wilde AA et al. Heart 2022;108:332-338
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Provocation Tests

2022 American College of Cardiology Foundation

Provocation Tests

Krahn AD et al. J Am Coll Cardiol EP 2022;8:687-706.



Clinical Genome Resource curated gene panels for LQT

Entity
Genetic evidence strong/moderate 
for causation

LQTS KCNQ1 (AD/AR) (LQT1/JLNS)

KCNH2 (LQT2)

SCN5A (LQT3)

CALM1

CALM2

CALM3

TRDN (AR)

KCNJ2 (LQT7 Andersen
Tawil Syndrome)

CACNA1C (LQT8 Timothy 
syndrome)

Autosomal dominant inheritance unless stated.
*May be considered a milder or modifying form of LQTS that in autosomal recessive form can cause a milder form 
of JLNS.

Clinical Genome Resource curated gene panels for LQT

Genetic evidence strong/moderate Genetic evidence weak/disputed 
for causation

(LQT1/JLNS) ANK2 (LQT4)

KCNE1* 
(AD/AR)

(LQT5/JLNS)

KCNE2 (LQT6)

CAV3 (LQT9)

SCN4B (LQT10)

AKAP9 (LQT11)

SNTA1 (LQT12)

(LQT7 Andersen-
Tawil Syndrome)

KCNJ5 (LQT13)

(LQT8 Timothy 
syndrome)

*May be considered a milder or modifying form of LQTS that in autosomal recessive form can cause a milder form Specterman and Behr. Heart 2023;109:434-



Interpretation of Genetic VariantsInterpretation of Genetic Variants

https://www.nature.com/articles/gim201530



Action Potential and Ion CurrentsAction Potential and Ion Currents

https://link.springer.com/article/10.1007/s00424-009-0761-0/figures/1



Genotype–phenotype relationship for the three most important subtypes 

Copyright © BMJ Publishing Group Ltd & British 
Cardiovascular Society. All rights reserved.

phenotype relationship for the three most important subtypes 

Wilde AA et al. Heart 2022;108:332



Gene-specific Long QT syndrome electrocardiograms and torsadespecific Long QT syndrome electrocardiograms and torsade-de-pointes

(A) ECG characteristics in the three major LQTS 
phenotypes.

Eur Heart J, Volume 43, Issue 40, 21 October 2022, Pages 3997–4126, 
https://doi.org/10.1093/eurheartj/ehac262.

(B) Example of Torsade-de-pointes in a male patient 
with a SCN5A (c.1238C>A, p.A413E) mutation.



Schematic representation of the effects of genetic and 
environmental factors in LQTS 

Copyright © BMJ Publishing Group Ltd & British Cardiovascular Society. All rights reserved.

(A) LQTS-associated mutation causes prolongation of the QT interval on the ECG. 
(B) Environmental factors such as certain drugs (which decrease repolarisation reserve) or 
hypokalaemia, or genetic factors (ie, deleterious alleles) act in a conjoint manner with the LQTS
associated mutation to further prolong the QT interval. 
(C) Protective alleles counteract the effects of the mutation and may reduce the QT prolongation.
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Abnormal ECG findings are unrelated to regular training or expected physiologic 
adaptation to exercise, may suggest the presence of pathologic cardiovascular 
disease, and require further diagnostic investigation

Prolonged QT interval 

International Consensus Standards for ECG Interpretation in Athletes

Prolonged QT interval 

• QTc > 470 ms (male) 

• QTc > 480 ms (female) 

• QTc > 500 ms (marked QT prolongation)

Abnormal ECG findings are unrelated to regular training or expected physiologic 
adaptation to exercise, may suggest the presence of pathologic cardiovascular 
disease, and require further diagnostic investigation

International Consensus Standards for ECG Interpretation in Athletes

(marked QT prolongation)

European Heart Journal (2018) 39, 1466–1480



Management Options

• Avoid electrolyte issues, such as hypokalaemia
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Vigorous Exercise (>6 METS for >60hr / year) Study
Obrázek nelze zobrazit. V počítači pravděpodobně není k dispozici dostatek paměti pro otevření obrázku nebo byl obrázek poškozen. Restartujte počítač a otevřete příslušný soubor znovu. Pokud se opět zobrazí červený křížek, bude nutné obrázek odstranit a v ložit jej znovu.

Vigorous Exercise (>6 METS for >60hr / year) Study

Lampert R et al. Circulation 2024;150:516-

N=1,413



Management Options

• Advice about participation in sports

• Avoidance of certain medications

• https://crediblemeds.org/login• https://crediblemeds.org/login
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Management Options

• Advice about participation in sports

• Avoidance of certain medications

• Medication
• beta-blockers (ideally, nadolol / propranolol)
• Mexiletine (LQT3 and some evidence for LQT2)

• Devices
• Pacemaker
• ICD

• Left cardiac sympathetic denervation

Management Options

Advice about participation in sports

Avoidance of certain medications

blockers (ideally, nadolol / propranolol)
Mexiletine (LQT3 and some evidence for LQT2)

Left cardiac sympathetic denervation



5-year risk models
Mazzanti vs                Rochester

LAE – life-threatening arrhythmic events; n=1,710

year risk models
vs                Rochester

Predicted 5-year risk of life-threatening arrhythmic events (ACA, SCD, or appropriate ICD 
shocks) for patients with a single mutation in LQT1, LQT2, or LQT3. Blue colour indicates 
a predicted 5-year risk of <4%, yellow colour 4% to < 6%, and red colour ≥ 6%. Numbers 
in this figure are percentage. Wang et al. Front CV Med 2022



Schematic flow chart for the therapeutic choices in LQTS

Copyright © BMJ Publishing Group Ltd & British Cardiovascular Society. All rights reserved.

Schematic flow chart for the therapeutic choices in LQTS

Copyright © BMJ Publishing Group Ltd & British Cardiovascular Society. All rights reserved.

Wilde AA et al. Heart 2022;108:332-338



Long QT Syndrome: importance of reassessing arrhythmic risk 
after treatment initiation

Long QT Syndrome: importance of reassessing arrhythmic risk 
after treatment initiation

M (minus 1 point), F (500, 550 ms), A (age), C (cardiac arrest), 

Dusi et al. Eur Heart J 2024;45:2647-2656

M (minus 1 point), F (500, 550 ms), A (age), C (cardiac arrest), 
T (events on therapy)

N=946, no history of aborted cardiac arrest before 
diagnosis or cardiac events below age 1 yr

M-FACT score > 2

LQT 1,2,3 and genotype-negative patients included



Inherited Cardiac Diseases Clinic

• Multi-disciplinary
• Cardiologists (adult and paediatric), specialist nurses, 

geneticists
• Liaison with forensic staff, genetics counsellors, 

psychologists

• Detailed personal and family history• Detailed personal and family history
• Previous cardiac investigations
• Protocols for investigation
• Genetic testing, where appropriate, which may 

facilitate cascade screening
• Provision of information (verbal and written)
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Novel InsightsNovel Insights



KCNQ1 suppression-replacement gene therapy in transgenic rabbits with type 1 long QT syndromereplacement gene therapy in transgenic rabbits with type 1 long QT syndrome

Bains S et al. Eur Heart J 2024;45:3751-3763



From patient-specific induced pluripotent stem cells to clinical translation specific induced pluripotent stem cells to clinical translation - lumacaftor

Schwartz P et al. Eur Heart J 2019;40:1832-1836



From: Use of Artificial Intelligence and Deep Neural Networks in Evaluation of Patients With 
Electrocardiographically Concealed Long QT Syndrome From the Surface 12

JAMA Cardiol. 2021;6(5):532-538. doi:10.1001/jamacardio.2020.7422

Performance of Convolutional Neural Network (CNN) in Concealed Long QT Syndrome (LQTS) Detection Receiver operating 
characteristics curve and confusion matrix showing performance of the CNN to distinguish patients with concealed LQTS (correc
QT [QTc] ≤450 milliseconds) from those dismissed normal. NN indicates neural network.

Use of Artificial Intelligence and Deep Neural Networks in Evaluation of Patients With 
Electrocardiographically Concealed Long QT Syndrome From the Surface 12-Lead Electrocardiogram

538. doi:10.1001/jamacardio.2020.7422

Performance of Convolutional Neural Network (CNN) in Concealed Long QT Syndrome (LQTS) Detection Receiver operating 
characteristics curve and confusion matrix showing performance of the CNN to distinguish patients with concealed LQTS (corrected
QT [QTc] ≤450 milliseconds) from those dismissed normal. NN indicates neural network.



Summary

• LQT affects ~1 in 2,000 of the population

• Multi-disciplinary team approach essential

• Accurate measurement of QTc interval and calculation of Schwartz score

• Genetics offer diagnostic and, on occasions, prognostic and therapeutic 
options; cascade screening available when genotype identified

• Risk stratification important – dynamic process

• Increasing patient expectations about personalised medicine. Shared 
decision making very important. Optimisation of therapeutic options of clear 
benefit.
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